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Granulite xenoliths entrained by Pliocene alkaline 

basalts are the only direct samples of the supposedly 
Precambrian basement below Northern Israel. 
Previous geochemical and isotopic studies have 
linked these xenolith suites to the basement of the 
Arabian-Nubain Shield (ANS) exposed to the south 
and east. We present new data on the zircon U-Pb-Hf 
content from mafic granulite xenoliths collected at 
the Qarnei Hittin Basaltic field (Eastern Lower 
Galilee, northern Israel). The U-Pb age distribution of 
the xenoliths shows a spread from young ages of the 
host basalt (4.2-3.8 Ma), through a dominant 305 Ma 
population, and a concentration of Cambrian to 
Neoproterozoic zircons (500-950 Ma). Prismatic 
grains with igneous textures peak at 305 Ma and 
indicate a melting event at this time. The spread of 
Neoproterozoic ages is taken to represent originally 
detrital zircons and points to a sedimentary 
component in the lower crust. εHf values in 
Neoproterozoic zircons spread from -25 to +10, 
further supporting the sedimentary origin of these 
zircons. The 305 Ma zircons bear exclusively 
negative εHf values (-1 to -19) with a mean at εHf=-
6. Our new data shows that the lower crust under 
Northern Israel experienced a complex geologic 
history, which included a phase of sediment 
subduction evident only by the zircon content of the 
xenoliths, a melting event at 305 Ma either by 
basaltic underplating or in situ melting of the lower 
crust, and Paleozoic metamorphism. Also evident is 
that the lower crust under Northern Israel records 
events which are unknown from ANS exposures to 
the south and may either represent a crustal domain 
that preserves a longer geologic history within the 
ANS, or that it pertains to a different crustal province.  
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Relative permeability measurements 

Steady state relative permeability curves were 
measured on Bentheimer sandstone cores for various 
thermo-physical conditions. Three experiments (core 
dimensions: L = 9.5 cm, d = 5 cm) were performed 
(one for liquid CO2 and two for supercritical 
(sc)CO2). Experimentally, CO2 was injected into the 
fully brine saturated samples at selected (constant) 
flow rates. At steady-state, fluid pressure drops and 
fluid saturations were measured (with a medical X-
ray CT scanner). 
Results and discussion 

The results confirm the reliability of the steady 
state method in terms of relative permeability 
measurements. All relative permeability curves 
displayed a flow rate dependency. High residual 
water saturations (0.46 and 0.44) were observed 
denoting an inefficient displacement process by 
scCO2.. Such inefficiency was reported in previous 
works. The low viscosity of scCO2 is likely the main 
cause of the high residual brine saturation. 
Contrariwise, we measured a low residual water 
saturation (Srw = 0.28) and low CO2 drainage relative 
permeability when the core was flooded with liquid 
CO2 (which has a significantly higher viscosity than 
scCO2) All measurements showed a good agreement 
with literature data. We conclude that fluid viscosity 
difference introduces a significant discrepancy 
between liquid CO2 and scCO2 displacement 
efficiencies.   
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The corellation betwen Sr and K2O characteristic 

of erupted West Javanese rocks and the existing of 
micro continent “argoland” beneath West Java Arc 
since Late Cretaceous that has been suggested by 
several researchers [1,2] is poorly known This 
research aims at casting light on the lithospheric 
interior beneath West Java Arc constrained by Sr 
isotopic ratio and K2O content studies. New Sr and 
Nd isotopes data are presented for Galunggung 
Volcano in West Java. The data are combined with 
published geochemical and isotopic data to reveal the 
involvement of crustal assimilation and subducted 
component in the magma genesis beneath West Java 
Arc. Our study shows that there is rough across arc 
variation for K2O and no across arc variation for Sr 
isotopic ratio. This phenomenon is due to medium 
K2O content and high Sr isotopic of Papandayan data 
and it is attributed as the mixing of clear mantle 
wedge (I-MORB + AOC + Indian Sediments) with 
Paleozoic to Pre-Cambrian Australian Granites as the 
missing “Argoland” which have separated from 
Western Australia in the Late Jurassic and collided to 
SE Sundaland in the Late Cretaceous [3]. 
Lithospheric interior beneath West Java Arc is 
presented. 

 
[1] Abdurrachman and Yamamoto (2011) Min Mag, 
75 (3), 401. [2] Smyth et al. (2007) Earth & 
Planetary Sci. Lett. 258, 269-282. [3] Metcalfe 
(2011) Gondw. Res, 106, 97-122. 
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IODP Expedition 360 Phase I of the Nature of the 
Lower Crust and Moho at Slower Spreading Ridges 
(SloMo) project of a Multi-Leg Drilling Project was 
conducted drilling into the lower crustal gabbroic 
rocks at Atlantis Bank, and penetrated from the top of 
ocean floor to 798.7 mbsf. The cored interval is 
742.7m and total recovered core length 469.65 m 
(63.2% recovery).  Olivine gabbro is the dominant 
lithology of the recovered core samples, followed in 
gabbro, oxide gabbro, and oxide-bearing gabbro. 
Lithological variation is small in the core samples. In 
order to understand the petrophysics of the site, we 
measured physical properties on the whole round and 
splitted half sections and, discrete samples and also 
took three runs of wire-line logging; Triple-combo, 
FMS and UBI. 

Phase II of the SloMo has proposed to drill 6 km 
through MOHO by the CHIKYU. In the meeting, we 
would like to present the preliminary results, 
especially of the petrophysical measurements, of 
IODP Expedition 360 and the future perspective 
leading to Phase II of the SloMo, a mantle drilling 
into ultraslow-spreading ridges. 
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Millennial climate change such as D-O cycles 
and AIM recorded in ice cores in both Hemispheres is 
known to show a relatively higher amplitude in the 
middle-level of a glacial cycle than in the interglacial 
state or severe glacial state. Here we ran several 
sensitivity experiments using a coupled atmosphere 
and ocean GCM (MIROC4m, renamed from 
MIROC3.2.2) and show that the response to fresh 
water release to the ocean and bipolar response 
highly depend on the background climate. The 
experiments were conducted with 500 years water 
hosing of 0.05 to 0.1 Sv (where 1 Sv is equivalent to 
the water flux of 10m sea level rise in 100 years) in 
the North Atlantic 50-70N under different basic 
states; modern climate state with the pre-industrial 
condition, middle glacial climate state and full glacial 
condition, mainly differing in the ice sheet 
configuration and atmospheric amount of 

Greenhouse Gases. The results under middle 
glacial condition show largest cooling/warming 
response in North Atlantic and a reasonable bipolar 
warming/cooling signal, which are consistent to ice 
core data and palaeoceanography data. We discuss 
the responses under different background climates 
and also compare them with the response to 
freshwater hosing under future warming climate.  
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Biomarkers was studied in same extreme oil set 

as earlier studied metals [1] – oils from reservoirs in 
crystalline basement (White Tiger, Romashkino  and  
etc.) ,  from Baikal (active rift system) lake water 
surface seeps  and Black sea bottom seeps, oils from 
oldest Proterozoic sedimentary rocks and  oils from  
seeps in young  sediments in Uzon active volcano. 
Oils from basement reservoirs was compared with 
OM and oils from  surrounding sedimentary rocks.    
All oils have outstanding peculiarity in biomarkers 
distribution.  
1. Oils from basement have different maturity and  

OM type depending biomarker distribution , 
which have strong correlation with  concrete 
surrounding sedimentary units – it’s not oils from 
“super deep sources”.  .  

2. Uzon volcano oils (sampled in one place every 3 
years) – have significant  different  distribution of 
biomarkers but all with absolutely non matured 
“face” – never seen oils with same maturity -  it’s 
“just generated” oils from separate  terrestrial or 
bacterium sources.  

3. Oldest oils shows wide range of maturity but  
strong two source OM types – traditional marine 
sources and “non traditional” for PR age “high 
plant” biomarkers type – based on 29/27 steranes 
and  aromatic steroids ratio – it can be correspond 
with PR specific bacterium  sources.  We see 
same biomarkers (including so called 12-13 
methyl  isoprenoids)  distribution in half of Uzon 
volcano “youngest” oils – this bacterium  are 
living in very extreme environments with  high 
temperature  and very high water acidity around   

4. In Black see oils we see biomarkers distribution     
( including “rare”  as T24 full range)   which  
have good correlation with different “age” oils 
from nearest   onshore  petroleum systems  

5. In oils from Baikal lake water surface seeps 
biomarker distribution show strong terrestrial 
sources with mutable maturity -  as it migrated 
from different sources – and part of them -  “just 
generated” oils.  

 
 [1] Ablya & Labutova, (2009) Goldschmidt Conf. 
Abs., A4 
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Erosion is a major global force in redistribution 
of soil and soil organic matter (SOM), and when 
combined with fire, it can cause major alterations to 
soil carbon (C) properties and long-term stabilization. 
The production of pyrogenic carbon (PyC) and its 
erosion post-fire are critical processes for the long-
term C budget within a soil; however, relatively little 
is known about the erosion of PyC. The Rim Fire 
burned over 250,000 acres in 2013 in Stanislaus 
National Forest and Yosemite National Park, 
California. Immediately after the fire, sediment traps 
were established along a hillslope in seven replicates 
of three treatment group combinations of slope 
steepness and burn severity (high severity burn, high 
slope; high severity burn, moderate slope; and 
moderate severity burn, high slope). Sediment was 
collected from the fences after every major 
precipitation event post-fire through the spring of 
2015. In the initial sampling period, the highest 
sediment transport corresponded with the largest 
rainfall events. Sediments and source soils for the 
eroded material were analyzed for total C, nitrogen 
(N) and their stable isotopes. A subset of soils and 
sediments was analyzed via 13C Cross-Polarization 
Magic Angle Spinning Nuclear Magnetic Resonance 
spectroscopy to investigate differences in SOM 
properties between the eroded and source material. 
Enrichment ratios for sediment were calculated by 
comparing concentrations of C, N, and PyC in eroded 
sediment with concentrations in source soils. The 
moderate severity burn sediments were enriched in 
bulk C and N, while high intensity burn sediments 
were enriched in PyC. This suggests that char 
produced under higher temperature is likely more 
susceptible to erosional transport compared to low-
temperature char. The erosion of PyC is a critical 
controlling process for SOM dynamics in eroding 
landscapes.   
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Noachian (prior to ca. 3700 Ma) terranes are the 

oldest and most heavily cratered landscapes on Mars, 
with crater densities comparable to the ancient 
highlands of the Moon and Mercury. Intense early 
cratering affected Mars by melting and fracturing its 
crust, draping large areas in impact ejecta, generating 
regional-scale hydrothermal systems, and increasing 
atmospheric pressure (and thereby, temperature) to 
periodically re-start an otherwise moribund 
hydrological cycle. Post primary-accretionary 
bombardment scenarios that shaped early Mars can 
be imagined in two ways: either as a simple 
exponential decay with an approximately 100 Myr 
half-life, or as a “sawtooth” timeline characterized by 
both faster-than-exponential decay from primary 
accretion and relatively lower total delivered mass. 
Indications are that a late bombardment spike was 
superposed on an otherwise broadly monotonic 
decline subsequent to primary accretion, of which 
two types are investigated: a classical “Late Heavy 
Bombardment” (LHB) peak of impactors centered at 
ca. 3900 Ma that lasted 100 Myr, and a protracted 
bombardment typified by a sudden increase in 
impactor flux at ca. 4100-4200 Ma with a 
correspondingly longer decay time (≤400 Myr). 
Numerical models for each of the four bombardment 
scenarios cited above show that the martian crust 
mostly escaped exogenic melting from bombardment. 
We find that depending on the chosen scenario, other 
physical effects of impacts were more important than 
melt generation. Model output shows that between 10 
and 100% of the Noachian surface was covered by 
impact craters and blanketed in resultant (hot) ejecta.  

If early Mars was generally arid and cold, impact-
induced heating punctuated this surface state by 
intermittently destabilizing the near-subsurface 
cryosphere to generate regional-scale hydrothermal 
systems. Rather than being deleterious to the 
proclivity of Noachian Mars to host an emergent 
biosphere, this intense early impact environment 
instead enhanced the volume and duration of its 
surface/subsurface geophysical habitable zone [1]. 

 
[1] Abramov & Mojzsis (2016) 
http://dx.doi.org/10.1016/j.epsl.2016.02.035) 
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The aim of the study is to GIS (Geographical 

Information Systems) based geotechnical 
microzoning of Antalya-Kepez district (292 km2) 
,where is on a major earthquake belt, by utilizing last 
10 years field and laboratory tests that based on 
ground surveys, geological studies that made for the 
district, seismic history and seismic data researches.      

Preparation of data sets and transforming to 
digital data of borehole points was achieved for 
Kepez district and outcomes of the studies were 
shown at the microzoning maps. 

Data of the field and laboratory tests also used for 
forming of spectral acceleration – period graphics due 
to shear wave velocity by using EERA (Equivalent-
linear Earthquake site Response Analysis) computer 
program. 

In the light of studies and calculations for Kepez 
district, cohesive, non-cohesive soils and travertine 
were found. Microzoning maps were generated due to 
soil type, bearing capacity, groundwater level and 
correlated for the district by using 296 borehole data. 
While generating microzoning maps boundaries of 
the area were created with ArcMap 10.1 and 3 
dimensional scene was created with ArcScene 10.1 
computer programmes. The DEM (Digital Elevation 
Models) data which have 30 meters of spatial 
resolution were applied both raster and polyline data 
and for the result topographic wiev of the district was 
generated and the data were treated.     
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Aluminium (Al) sulfates such as felsobanyaite 

(basaluminite) [Al4(SO4)(OH)10·4H2O] and 
hydrobasaluminite [Al4(SO4)(OH)10·15H2O] form as a 
result of the dissolution of aluminosilicates or 
aluminium oxides in the presence of sulfate at pH 
above 5 [1, 2]. Whereas the role of trace element 
uptake by common Fe-bearing sulfates such as 
jarosite and schwertmannite has already been 
extensively studied [3], much less is known about the 
role of Al-hydroxysulfates in these processes. Poorly 
crystalline Al hydroxysulfates may scavenge trace 
metals from mine waste and natural waters, and such 
processes are particularly effective at pH values 
above 6 [4, 5]. However, the structural position of the 
trace metals in the Al precipitates and their behaviour 
during the progressive transformation into more 
crystalline minerals with ageing remain unknown. 
Answering both questions is important for assessing 
the possible role of Al hydroxysulfates as temporary 
or permanents sinks for trace elements in natural 
environments or treatment systems. 

To clarify these questions, Al hydroxysulfates 
were synthesized under laboratory-controlled 
conditions similar to those encountered during the 
neutralization of acid mine or soil waters, and these 
were co-precipitated with trace amounts of As, Cu, 
Ni, Pb and Zn. The results show that, for pH values 
higher than 6, more than 90% of the As, Cu, Ni, Pb 
and Zn were scavenged by the Al precipitates. By 
contrast, less than 30% of these elements are 
associated with the precipitated phases at pH values 
below 4.5. The ageing of precipitates for 15 weeks 
does not seem to have any effect on the release or 
scavenging of any of the studied elements. We 
therefore propose that Al hydroxysulfates could be 
used to remediate neutral to basic mine waste waters. 

 
[1] Jambor et al. (2000) Rev. Min. Geochem. 40, pp. 
303-350. [2] Bigham & Nordstrom (2000) Rev. Min. 
Geochem. 40, pp. 351-403. [3] Nordstrom (2011) 
Appl. Geochem. 26, 1777-1791. [4] Lee et al. (2002) 
Appl. Geochem. 17, 569-581. [5] Munk et al. (2002) 
Appl. Geochem. 17, 421-430. 



Goldschmidt Conference Abstracts 11 

Mineralogy of Eolian Sands at 
Gale Crater, Mars 

C.N. ACHILLES1, R.T. DOWNS1, D.T. VANIMAN2,  
A.S. YEN3, D.F. BLAKE4, R.V. MORRIS5, D.W. 
MING5, E.B. RAMPE6, S.M. MORRISON1, T.F. 

BRISTOW4,  
S.J. CHIPERA7, B.L. EHLMANN8, M.G.A. 

LAPOTRE8,  
K.S. EDGETT9,  R. GELLERT10, A.H. TREIMAN11,  
K.V. FENDRICH1, P.C. SARRAZIN12, P.I. CRAIG11,  

J.A. CRISP3, J.P. GROTZINGER8, D.J. DES 
MARAIS4,  

J.D. FARMER13, J.M. MOROOKIAN3 
1Dept. of Geosciences, Univ. of Arizona, Tucson, AZ 

85721, USA, cheriea@email.arizona.edu 
2Planetary Science Institute, Tucson, AZ, USA 
3Jet Propulsion Laboratory/Caltech, Pasadena, CA, 

USA 
4NASA Ames, Moffett Field, CA, USA 
5NASA Johnson Space Center, Houston TX, USA 
6Aerodyne Industries at NASA JSC, Houston, TX, 

USA 
7Chesapeake Energy, Oklahoma City, OK, USA 
8California Institute of Technology, Pasadena, CA, 

USA 
9Malin Space Science Systems, San Diego, CA, USA 
10Dept. of Physics, Univ. of Guelph, Guelph, ON, 

Canada 
11Lunar and Planetary Institute, Houston, TX 
12SETI, Mountain View, CA, USA 
13Arizona State University, Tempe, AZ, USA 
 

The Mars Science Laboratory rover, Curiosity, is 
using a comprehensive scientific payload to explore 
rocks and soils in Gale Crater, Mars [1]. Two eolian 
sands have been sampled during MSL’s mission: the 
Rocknest sand shadow consisting of armored 
sediments [2] and Gobabeb, a sample from the active 
Bagnold dune field at the base of Mount Sharp. The 
CheMin X-ray diffraction instrument performed 
quantitative mineralogical analyses of the <150 µm 
portion of these sediments. Both deposits are 
dominated by basaltic minerals along with a 
significant portion of X-ray amorphous material. In 
addition, the mineral chemistry of olivine and 
plagioclase is unchanged based on modeled peak 
positions in the Rocknest and Gobabeb diffraction 
data. Bulk chemical analyses of the Gobabeb >150 
µm fraction from APXS suggest that the mineralogy 
is more mafic than the CheMin analyzed fraction. 
This presentation will compare the active, Gobabeb, 
and inactive, Rocknest, sand deposits and use the 
mineralogy to explore the weathering histories and 
sources for each sediment. 

 
[1] Grotzinger, Space Science Reviews (2012) 170 5-
56. [2] Blake et al. (2013) Science 341 1239505. 
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Regular analysis of the major element 

concentrations in waters from springs emerging on 
the Strengbach cachment is made for more than 20 
years for some of them and more than 10 years for 
the other. These data confirm the spatial variability of 
geochemical characteristics of the Strengbach sources 
linked, at least partly, to the soil and lithological 
variability of the substratum (Pierret et al., 2014). 
The data also indicate that at first order the global 
geochemical fluxes exported from each spring are 
mainly linked to the spring discharge without 
significant variations over the last 20 years of the 
relationship linking these two parameters. There is 
also no observation of a significant variation of the 
relationship between the exported cationic and silicon 
fluxes and the spring discharge over the last 20 years. 
Only a significant decrease of Ca flux (and 
concentrations) is observed for the Strengbach spring 
during the last 20 years. Numerical simulations, 
performed with the KIRMAT hydro-geochemical 
code for the “CS” Strengbach sources, show that such 
a decrease can be considered as the response in the 
“bedrock” of the water-rock interactions to the 
variations of the soil solution chemical compositions 
recorded over the last 20 years, marked by a 
significant increase of pH and decrease of Ca, K 
concentrations.  The simulation allows also for 
constraining the residence time of waters feeding the 
CS sources, ranging from 3 to 5 months. 
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Characterization of the concentration of titanium 
in quartz is particularly valuable because it is the 
basis of the TitaniQ geothermobaromater [1], the 
cause of quartz cathodoluminesent centers (CL), and 
a measure of quartz cooling history [2]. The 
partitioning of Ti between quartz and a fluid depends 
on the P and T of crystallization, the activity of Ti4+ 
in solution, and the crystal growth rate [3].   

We are growing quartz in cold-seal pressure 
vessels to determine the influence of crystal growth 
rate on TitaniQ. A Pt capsule containing a seed 
crystal is placed within a gold capsule packed with 
silica glass beads, water, and powdered rutile. The 
experiments are isothermal (800°C) and isobaric (1 
kbar). The silica glass supplies Si4+ and the rutile 
supplies Ti4+. The growth rate is varied by using 
different sieve sizes of glass. After an experiment, we 
collect scanning electron microscope 
cathodoluminescence (SEM-CL) images of the quartz 
overgrowth and newly formed crystals in the outer 
capsule. Ti measurements are made by electron probe 
microanalysis (EPMA). 

We observe a relationship between the sieve size 
of silica glass and the morphology of the quartz. In 
experiments with large silica glass fragments 
(.24892-.17526 mm), the overgrowth covers a smaller 
portion of the seed crystal and we observe dissolution 
textures on residual fragments of silica glass. In 
experiments with small silica glass fragments 
(.06096-.04318 mm), the overgrowth covers a larger 
portion of the seed crystal and has a high density of 
open-ended fluid inclusions. We find that quartz does 
not grow uniformly around the seed crystal, which 
complicates the measurement of growth rate. 
Titanium concentrations range from 434 ppm to 602 
ppm for three of the experiments, which is higher 
than the values predicted by TitaniQ of 274- 476 
ppm. 

 
[1] Thomas, Watson, Spear, Shemella, Nayak & 
Lanzirotti (2010), Contributions to Mineralogy and 
Petrology 160, 743-759. [2] Mercer, Reed & Mercer 
(2015), Economic Geology 110, 587-602. [3] Huang 
& Audetat (2012), Geochimica et Cosmochimica 
Acta 84, 75-89. 
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Tar balls, which are spherical organic particles 

emitted from biomass burning, are a form of brown 
carbon that influences climate. Tar balls dominate in 
certain aged biomass-burning smokes. However, their 
abundance, formation processes, life time, and 
chemical, hygroscopical, and optical properties are 
not well known. This study uses a transmission 
electron microscope (TEM) to analyze tar balls and 
aims to reveal their abundance in wild biomass-
burning smoke with various aging time and micro-
physical properties. 

Samples were collected from wild fires in North 
America during the Biomass Burning Observation 
Project (BBOP) 2013 aircraft campaign. The BBOP 
campaign was an aircraft-based field campaign to 
study the near-field evolution of particulate emissions 
from biomass burning from July to October 2013. Tar 
balls primarily originated from wildfires and were 
abundant in relatively aged smoke (>several hours 
from emission). The number fraction of tar balls 
increased as the biomass-burning plume aged and 
reached more than half of all aerosol particles with 

aerodynamic diameter between 100 and 700 nm (see 
figure).  

 
Figure 1: TEM image of tar balls from an aged 

biomass-burning smoke. The spherical particles 
attached to the lacey carbon substrate are tar balls. 
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Basalt rocks contain mafic minerals that will 
react with CO2-acidified waters and release metal 
cations (M2+) into solution that may combine with 
dissolved carbonate ions to form stable carbonate 
minerals. Such mineral carbonation provides long-
term secure CO2 storage, but as these reactions occur 
along fractures pathways, they may alter fracture 
permeability, and ultimately the viability of fractured 
basalts as CO2 storage reservoirs. 

 This study combines detailed petrographic 
characterization with a series of static and flow-
through experiments of CO2-saturated waters in 
contact with serpentinized and unserpentinized 
fractured basalt cores in an effort to understand the 
role of reaction products in altering fracture 
permeability. Saw-cut fracture surfaces were either 
milled or roughened with sand paper, in order to 
enable flow under confining stress. Experimental 
temperatures ranged between 45-150°C and a total 
CO2 pressure of 10 MPa was used throughout. Flow 
rates for the core-flooding studies varied between 3-5 
ml/hr, with the cores under 20 MPa confining stress. 
Static experiments were conducted in high-pressure 
batch reactors to evaluate dissolution-precipitation in 
zones with transport limited to diffusion.  X-ray 
computed tomography was used to follow fracture 
microstructure evolution, effluent chemistry was 
monitored to evaluate mineral reactivity, and fracture 
surfaces after reaction were examined by Raman 
spectroscopy, optical microscopy, and total carbon 
analysis.   

Calcium carbonate precipitation was observed in 
the static experiments, while continued dissolution of 
reactive mineral phases was observed in the core 
flooding studies. Carbonate minerals were not 
uniformly distributed with depth into the static 
fractures, and the extent and morphology of 
precipitates were different for the two basalts.  These 
results indicate the importance of fluid transport 
conditions in generating regions that may favour 
carbonate precipitation due to the development of pH 
and (M2+) concentration gradients. 



Goldschmidt Conference Abstracts 16 

Evaluation of Groundwater 
Quality and Contamination of 

Fluoride, Medak Region, 
Telangana, South India 

N. ADIMALLA1*, S. RAJITHA1, V. SUDARSHAN1 
AND XUBO GAO2 

1Department of Applied Geochemistry, Osmania 
University, Hyderabad - 500 007, India 

2School of Environmental Studies and MOE 
Laboratory of Biogeology and Environmental 
Geology, China University of Geosciences, 
Wuhan 430074, People’s Republic of China 
(*Email: adimallanarsimha@gmail.com) 

 
Hydrogeochemical investigation of fluoride 

contaminated groundwater samples from Medak 
district in Telangana are undertaken to understand the 
quality and portability of groundwater from the study 
area, the level of fluoride contamination, the origin 
and geochemical mechanisms driving the fluoride 
enrichment. The groundwater is the main source of 
water for their living. The groundwater in villages 
and its surrounding are affected by fluoride 
contamination and consequently the majority of the 
people living in these villages has health hazards and 
is facing fluorosis. The purpose of this study is to 
identify geochemical processes and using 
characterization of the major physico-chemical 
parameters of groundwater from study area. For this 
purpose, 194 groundwater samples have collected and 
analyzed for different water quality parameters, such 
as pH, EC, TDS, TH, calcium, magnesium, sodium, 
potassium, carbonate, bicarbonate, chloride, nitrate, 
sulfate and fluoride with the help of standard methods 
recommended by American Public Health 
Association. The results of the analyzed parameters 
formed the attribute database for geographical 
information system (GIS) analysis and final output 
maps. Fluoride ion concentrations ranged between 
0.4 and 7.1 mg/L with mean values of 1.69 mg/L in 
the groundwater suggest that favourable conditions 
exist for the dissolution of fluoride bearing minerals 
present in the granite and gneissic rocks in the study 
area, whereas, distribution pattern showed high 
concentrations in the vicinity of Siddipet, 
Chinnakodur and Nangnoor. Due to the higher 
fluoride level in drinking water, several cases of 
dental and skeletal fluorosis have appeared at 
alarming rate in this region. The highly alkaline 
conditions indicated fluorite dissolution as major 
process responsible for high concentration of fluoride 
in eastern part of the Medak. Fluoride has a very 
weak correlation with pH which may be due to the 
increase of alkalinity resulting from the increase of 
bicarbonate ions. While the deficiency of calcium ion 
concentration in the groundwater from calcite 
precipitation favours fluorite dissolution leading to 
excess fluoride concentration. The comparison of 
TDS versus Na/(Na+Ca) and Cl/(Cl+HCO3) points to 
the dominance of rock weathering as the main 
process, which promotes the availability of fluoride 
in the groundwater. The presence of high fluoride in 
groundwater poses a serious health threat to the rural 
populace in the region. 
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The intracratonic Paleoproterozoic Cuddapah 

basin initiated ~ 1.9 Ga ago is one of the largest 
sedimentary basins of India. The lower part of the 
Cuddapah Supergroup, hosts largest Uranium ore 
occurrence hosted in stromatolitic dolomites 
belonging to the Vempalle Formation. In this study, 
we carried out geochemical analysis on drill core 
samples of quartzites of the basal Gulcheru 
Formation underlying the Uranium mineralized zone 
and the carbonate-rich red shales overlying it. These 
sedimentary rocks were deposited in fluvial to shelf 
marine conditions on a rifting cratonic platform. 

In the A-CN-K diagram the Gulcheru quartzites 
as well as the red shales show effect of K-
metasomatism. The  pre-metasomatic Chemical Index 
of Alteration (CIA) values of quartzites are moderate 
ranging from 76 to 81, while the red shales yield very 
high values of >90 indicating intense chemical 
weathering of their source. 

The REE compositions of the quartzites are 
similar to the Archean TTG rocks of the Dharwar 
Craton although the basement rocks that surrounds 
the Cuddapah basin are dominantly 2.5 Ga granites. 
REE coupled with Zr/Cr mass balance modeling 
indicates that the red shales of  the Vempalle 
Formation are derived from a provenace consisting of 
20% TTG, 55% Amphibolite, and 25% 2.5 Ga 
granite. Thus it is apparent that a shift in the 
provenance took place during the deposition of the 
Gulcheru Formation to that of the Vempalle 
Formation. Incidentally, the U-rich stromatolitic 
dolomites belonging to the Vempalle Formation 
overlie a conglomeratic horizon that separates them 
from the underlying Gulcheuru Formation. We 
suggest that such a shift in the provenance coupled 
with intense chemical weathering inferred from high 
CIA values might have supplied Uranium in large 
quantities to the basin. Further, the Uranium 
mobilzation may be linked to the oxidative 
weathering following GOE at ~1.9 Ga [1] - the time 
window during which these dolomites have been 
deposited. 

 
[1] Kump, L.R. et al., (2011) Science 334, 1694-

1696. 
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Methane (CH4), a greenhouse gas of concern, is 

largely emitted from tundra environments. We have 
been continuously measuring the air space in soils 
and the atmosphere as gradient-based surface-
atmosphere fluxes for arctic tundra at Toolik Field 
Station, northern Alaska (68° 38' N) for two years 
(starting in October 2014). 

Despite a constant atmospheric CH4 
concentration, measurements within the soil profile 
showed high variability in air withdrawn from 
different locations. One soil profile indicated a CH4 
sink (i.e., CH4 oxidation) during fall, but oxidation 
ceased during the coldest months with concentrations 
similar to the atmospheric measurements. A second 
soil profile 5 m away showed production of CH4 (i.e., 
methanogenesis) with concentrations two-times 
higher than atmospheric levels, even during mid-
winter when soil temperatures were below −15 °C. 

At the landscape level, however, CH4 showed 
consistent emissions including during the arctic 
winter. On average, we measured a net source of CH4 
in fall, winter, and spring, with emissions averaging 
13.3, 14.9, and 17.9 mg m−2 d−1, respectively. This 
was in contrast with literature data showing little or 
no CH4 emission in winter. Our summer 2015 data 
coverage was not complete, which did not allow 
comparison with the coldest seasons. Footprint 
analysis, performed around the tundra gradient tower, 
showed that the highest CH4 emissions were from 
wetland areas of our study site; the upland areas, 
however, contributed for the lowest CH4 emissions. 
Our results indicated a high spatial variability, but 
emissions were largely dominant on a large scale 
throughout the year. 
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Dissolved potentially toxic elements (PTEs) in 

acid environments, such as those produced during 
and after mining and metallurgical activities, may be 
mobilized and transported extensively to surrounding 
locations promoting the contamination of soils, 
sediments, ground and surface waters [1]. However, 
high concentrations of PTEs can be naturally 
attenuated by a series of pH-buffering, precipitation 
and sorption reactions when fresh secondary Fe 
oxides, oxyhydroxides and oxihydroxysulphates (i.e. 
ferrihydrite, goethite, hematite, schwertmannite, 
jarosite), along with other low crystalline Fe phases 
are formed in these scenarios [2]. The purpose of this 
work is to deepen into the geochemical understanding 
of Fe-bearing secondary minerals behaviour when 
PTEs are present either during or after its formation 
by means of X-Ray Absorption Spectroscopy (XAS). 

Natural samples were collected from soil and 
sediments affected by mining waste-weathering 
processes at three different locations in Mexico based 
on in-situ X-Ray Flurescence analysis. Also, series of 
pure and PTE-dopped Fe-bearing secondary minerals 
were synthesized in order to get standards for 
comparison. EXAFS spectra of soil samples were fit 
by linear combinations of model compounds spectra. 

Lead and molecular-level arsenic speciation have 
been determined in soil and sediments impacted by 
acid discharge derived from mining-waste weathering 
by combining conventional techniques (XRD, FTIR, 
chemical digestion) with XAS. Both As and Pb have 
been found incorporated into the mineral structure of 
Fe-oxihydroxysulphates (jarosite, schwertmannite), 
indicating that both elements can be efficiently 
removed simultaneously while these secondary 
phases are formed. Subsequent thermodynamic 
stabilization of these phases due to incorporation of 
PTEs is likely [3, 4]. 

The results of this work have important 
environmental implications: Fe-bearing secondary 
minerals play a major role in controlling the water 
chemistry of many acidified streams by structural 
incorporartion of PTEs. 

 
[1] Sparks (2003) Environmental Soil Chemistry. 
Academic Press, San Diego. [2] Carbone et al. (2013) 
J. Geochem. Explor. 132 188-200. [3] Acero et al. 
(2006) GCA 70: 4130-4139. [4] Majzlan (2011) EST 
45: 4726-4732. 
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Naphthenic acids (NAs) found naturally in 

bitumen that become concentrated in oil sands 
process-affected waters (OSPW) pose a threat to 
aquatic ecosystems by seepage from tailings ponds. 
Previous research combined high resolution Orbitrap 
mass spectrometry with intramolecular carbon 
isotope analysis (δ13Cpyr) to characterise and quantify 
the acid extractable organics (AEOs) fraction 
containing NAs in groundwater near a major oil 
sands tailings pond [1]. Here, we build upon this 
work through further development and application of 
these techniques at a different study site. As observed 
previously, OSPW was characterised by an elevated 
δ13Cpyr value and high proportions of O2 and O2S 
species classes, and δ13Cpyr values in groundwater 
reflected mixing between OSPW and non-bitumen 
containing AEOs. To distinguish between different 
sources of bitumen-derived AEOs (i.e., natural versus 
mining-related), several additional geochemical and 
isotopic parameters were employed; the ratio of even 
over odd Ox species classes and sulphur isotope 
analysis (δ34S) of AEOs. While the potential for δ34S 
to distinguish sources thus far appears limited, higher 
ratios of even over odd Ox species classes in bitumen-
rich McMurray Formation groundwater compared to 
OSPW indicates a possible new tool to discriminate 
between different bitumen-derived AEOs in the 
Athabasca oil sands region. 
 
[1] Ahad et al. (2013) Env. Sci. Technol. 47, 
5023−5030. 
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A solar tunnel drier was used to dry Punica 

granatum seeds under the hot weather conditions of 
Pakistan. The drier consisted of a drying tunnel, flat 
plate collector and fans operated by a photo-voltaic 
unit covered by translucent plastic. The heated air in 
a solar flat plate collector flew to the drying 
compartment. The drier had a loading capacity of 10 
kg of fresh Punica granatum seeds. Moisture content 
of Punica granatum seeds was 85.16% removed in 7 
h. The moisture contents in the dried materials was 
determined using sensitive balance.  The use of a 
solar tunnel drier and blanching of sample led to a 
considerable reduction in drying time and dried 
products of better quality in terms of colour and 
aroma in comparison to products dried under open air 
sun drying. Data regarding the initial weight, final 
weight, drying time, ambient temperature and inner 
space temperature of collector was recorded during 
the spring season. The solar tunnel drier and 
blanching of Punica granatum seeds are 
recommended for drying. 
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In this study,One stratigraphic section of Jurassic 

sediments is selected. These sediments is related to 
Surmeh Formation and they are in the Interior Fars 
from High Zagros belt of Iran. Surmeh Formation 
(585/9 m thickness) is included five units.The age of 
them is Early to Late Jurassic (Toarcian-Tithonian) 
Diverse skeletal and non-skeletal grains with 
abundant red and blue-green calcareous algae, 
evaporites and early diagenetic dolomites in the 
Surmeh carbonates are similar to those of modern 
warm-water shallow-marine carbonates. Isopachous 
and fibrous intragranular sparry calcite cements 
resemble modern aragonite morphologies.  

Meteoric cements are equant, mosaic to drusy 
calcites. Burial cements only occur as vein fillings. 

Sr and Na covariance with Mn supports evidence 
of inversion of aragonite to calcite, with subsequent 
open phreatic diagenesis. Fe concentrations are a 
magnitude higher than Mn due to a reducing phreatic 
environment.  
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Fe(II)-hydroxide, or white rust (WR), is a highly 
reactive but enigmatic solid phase that acts as a 
critical reduced starting point in many Fe-based 
systems. Although assumed to be rare in natural 
systems exposed to today’s oxidising atmosphere, 
WR could have played a key role in mediating redox 
transformations and surface-catalysed reactions on 
early Mars and the early Earth [1].  

As an inherently unstable material, WR oxidises 
in air within seconds to form a mixture of Fe-phases, 
and it is an anomalously strong reductant capable of 
reducing protons in water to form H2(g) [2]. An early 
study demonstrated that this reductive capacity is 
further catalysed by UV light and by the presence of 
structural impurities (i.e., Ni, Fe(III) and Pt) [3], but 
in the absence of detailed structural characterisation, 
the basis for this reactivity remains unknown. 

Due to its reactivity, studies of WR are rare and 
hence a number of basic questions regarding its 
structure and reactivity remain unanswered.. Parise et 
al (2000) [4] refined the structure of partially 
deuterated WR Fe(OH0.86,OD0.14)2, prepared 
hydrothermally and heated to 90°C. Here, we 
investigate a fully deuterated WR (Fe(OD)2) 
synthesied at lower temperatures and through 
techniques designed to mimic precipitation in surface 
systems (e.g., 25 -50 °C). We used neutron total 
scattering to obtain a complete view of the WR and 
its magnetic properties. X-ray absorption 
spectroscopy was also used to refine the local 
structure and oxidation states of white rusts prepared 
at variable conditions.   

Results suggest a layered CdI2-type structure of 
white rust with magnetic ordering at 10K. The new 
structural compares well with XAS constraints and 
provides structural basis to its anomalous reactivity 
and its relationship to other well-known Fe-phases.  

 
[1] Schoonen, M., et al. (2004) Ambio, 33, 539-551. 
[2] Wander, M. & Schoonen, M. (2008) Orig Life 
Evol Biosph 38, 127-137. [3] Schrauzer, G. & Guth, 
T. (1976) JACS, 98, 3508-3513. [4] Parise et al. 
(2000). Am. Mineral., 85(1), 189–193. 
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The Aptian carbonate platform is the main target 
in Fkirine Exploration Permit. This carbonate 
reservoir has been proved since the late sixties in the 
Douleb, Semmama and Tamesmida fields in Central 
Tunisia. Due to the lack of well data in the block (log 
and core data) we carried out a number of sections on 
most of the outcrops of the Aptian in the localities of 
J. Fadhloun, J. Faroua, J. Kemkine and J. Garci. The 
main purpose of this work was to evaluate the 
reservoir potential of the Aptian Serj formation in the 
permit and to map the reservoir prone facies and their 
lateral extent and above all to build a play fairway 
map for the Aptian in Fkirine permit.  

On the stratigraphic side, we have been able to 
subdivide the Aptian section into 5 lithostratigraphic 
units (Figure.1). Which units correlate to Serj 
formation type section subdivision. The correlation of 
the logged cross sections and the EH-1, SNJ-1 and 
EF-1 wells showed an import variation in the overall 
thickness of the Aptian platform (Serj formation 
equivalent).  

The bed by bed logging and thin section analysis 
led to the identification of 7 facies associations. 
These facies associations correspond to the standard 
microfacies SMF1, SMF3, SMF5, SMF7, SMF8, 
SMF10 and SMF18 in Wilson, 1975 and Flugel, 
2004. The identified facies range from shallow 
lagoon with moderate energy to deep shelf setting. A 
map showing the facies distribution and the related 
depositional environment over the block have been 
generated. 

The petrophysical analysis in the lab of some 
samples picked from all lithological units showed low 
to moderate porosity and permeability values. It has 
been also confirmed by a “direct” permeability values 
measured in the outcrop in J. Fadhloun, along the 
whole section by the mean of a portable permeameter 
(Tiny Perm). The moderate values of the porosity and 
permeability of the reservoir are still in the range of 
values of the producing fields, where the fracture 
network is believed to enhance reservoir 
characteristics.  

This work will be integrated to the structural 
analysis of Fkirine Block and a Basin modeling study 
as part of a regional play analysis will allow the 
generation of the play fairway map of the Aptian. It 
will help to better decide on the drillable prospect and 
reduce the risk of the exploration in the permit.  
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An engineered cover system for mine tailings 

with a solidified layer was applied on a pilot scale to 
evaluate the field performance. The objective of a 
solidified layer was to reduce water infiltration, acid 
generation and sulfide oxidation. Hydrated lime and 
waterglass were used to produce calcium silicates 
which can serve as a binder for the solidification and 
stabilization of the layer. In the field, a solidified 
layer was installed at the top of tailings with a size of 
3m x 3m x 10cm by the solidification method and 
then covered with soil by additional 50cm. 
Volumetric water content and electric conductivity 
were monitored by depths in tailings and cover layers 
for ca. 15 months. From the field data, leachate with 
high salt contents was generated in the tailings layer 
at the early stage of the monitoring, however, about 6 
months later the objective could be accomplished as 
the solidified layer was stabilized. Especially, during 
the heavy rainfall season of the later stage, the water 
infiltration was continuously prevented in the system. 
Although pore waters in the soil cover layer showed 
alkaline pH and high contents of Na and Si, the 
solidified layer seemed to become gradually 
stabilized. It is reasonable to apply the system to the 
tailings with high risk (strong acid and high sulfide 
contents) considering strong alkaline properties of 
binders and site-specific field conditions.  
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The goal of this study is to deepen the 
understanding of past changes in the Pamir, a climate 
sensitive region located at the boundary of large scale 
atmospheric circulation systems. A 12.2 m sediment 
core with a basal age of ca. 30 ka BP was drilled at 
Lake Karakul (Tajikistan), a large closed brackish 
lake situated at 3,915 m altitude. The lake catchment 
is classified as alpine steppe to desert with MAT of -
3.9 °C and MAP of 82 mm [1]. Sedimentary aliphatic 
biomarker distributions were mostly dominated by 
mid-chain compounds with average δ13C values of 
ca. -14‰, revealing an aquatic macrophyte origin. 
However, three intervals (at ca. 30, 27 and 16-15 ka 
BP; possibly synchronous to Heinrich-events) were 
characterized by enhanced abundances of terrestrial 
long-chain n-alkanes as well as lower δ13C values of 
aquatic compounds. Changes in hydrogen isotopic 
signatures reveal three major periods throughout the 
record with δD values during the Holocene < LGM < 
H-events. This general trend is confirmed by a set of 
experiments performed with an atmospheric model 
with an embedded isotope module (CAM3iso-model 
[2]). The model simulations show changes in 
precipitation seasonality during cold spells as a 
potential factor controlling annual precipitation δD 
values. The results indicate shifts in atmospheric 
circulation as well as changes of source water for 
lipid synthesis at the Late Glacial to Holocene 
transition and possibly during H-events, with the 
latter also showing significant ecological responses 
within the lake catchment. Thus we infer a close 
coupling between Northern Hemispheric and Central 
Asian climate dynamics throughout the last 30 ka.  

 
[1] Mischke et al. (2010), PPP 289, 10-24 [2] 
Pausata et al. (2011), Nat. Geosci. 4, 474-480 
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Separation of aluminosilicates from diatom 
frustules is extremely difficult and thus the 
composition of diatom frustules remains unknown. 
Community members assume that diatom frustules 
are almost pure opal in the absence of analytical 
evidence.  

In the hope of acquiring compositional 
information for diatom frustules, we studied rare 
earth elements (REEs) in the settling particles 
collected in the Bering Sea, one of the most 
diatomaceous productive seas. We observed that the 
concentration of terrigenous elements in siliceous 
matter of settling particles showed a strange 
relationship with opal flux: hyperbolic relationships 
with non-zero asymptotic values. This relationship 
could mean that infinite diatom production requires 
an infinite supply of terrigenous matter. We 
tentatively assumed that the asymptotic values pertain 
to the REE composition of diatom frustules.  

The tentative composition has further been 
subject to several intensive studies. In this paper we 
describe the rationale leading to the presence of 
terrigenous elements in diatom frustules utilising two 
new pieces of supporting evidence below. 

1) Self-consistent calculation of REE 
composition of diatom frustules 

2) 27Al-NMR measurement of sediment trap 
samples 

By accepting the presence of REEs in diatom 
frustules, the picture of REE cycling in the oceans 
needs to be rebuilt. Our new understanding is much 
more simple, consistent and robust. Without the 
geochemical information provided by REEs, it would 
have been almost impossible to seize the elusive 
nature of diatom frustules.  If our conclusion is 
correct, its influence should be enormous and will 
have ramifications for, e.g. oceanic cycling of 
terrigenous elements (Si, Al, Fe, REE etc.), which has 
the potential to influence our interpretation of oceanic 
Nd isotope, sedimentary opal, clay and elements 
therein.  
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  Many examples of bio-accumulation, 

absorption, desorption, and mineralization of some 
metals and toxic elements are known. They are 
summarized in perspective  of  “evolving” surface 
area of the Earth (Earth-Surface). Hazen et al.[1] has 
mentioned on mineral evolution, which is important 
suggestion. “Evolution of  Earth-Surface” with 
central role of biosphere is evident in comparison to 
biological evolution. Examples of bio-accumulation 
of some metals are as follows: Mn nodules in deep 
sea has been suggested as stromatolite with fractal-
like signatures  [2] (Fig.1) and Precambrian Mn 
stromatolite is. Gunma Fe Ore is an example of BIM 
[3], which is recent deposit due to combination of 
microbes, moss and other organisms. Behaviours of 
toxic elements such as  As- and Cs- contamination 
are also related to microbes’ action [4] [5]. As near 
surface processes, microbes accumulate K, resulting 
in biotite-decomposition. Framboidal pyrite was bio-
synthesized using microbes, SRB (Fig.2).  
 
F.1 Mn nodule formation :  

 
 
 
 
 
 
 

F.2 SRB & Framboidal pyrite   
 
 
 
 
 
 

F.3 Mt. in magnet.bacteria  
 
 
 
 

 
Hypothetical order on evolutionary crystal form 

changes of magnetite in magnetotactic bacteria is 
proposed: from octahedral-, hexagonal prism - to tear 
drop-type (Fig.3).  

Their concrete processes and general scheme 
about relationship between minerals in geosphere and 
microbes in biosphere to “evolving Earth-Surface” 
are discussed.  
 
[1] Hazen et al., 2008, Am.Min.,93,1693. [2] Akai et 
al., 2013, Phys.Chem Earth, 58-60,42. [3] Akai et 
al.,1999, Am. Min., 84, 171. [4] Akai et al., 2013, 
Phys. Chem Earth, 58-60 , 2. [5] Akai et al., 2013, 
Phys. Chem Earth., 58-60,57.  
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Introduction 
Iron titanium oxides are of considerable 

importance in earth science as magnetic minerals and 
indicators of oxidation state. FeTiO3, Fe2TiO4 and 
FeTi2O5 are Fe-Ti endmembers of natural ilmenite, 
spinel and pseudobrookite, respectively. Although 
several high-pressure investigations on the Fe-Ti 
oxides have been made with a diamond anvil cell, the 
results are still controversial, particulary at pressure 
above 20 GPa. 

 
Experimental methods  

We have examined detailed phase relations in 
FeTiO3, Fe2TiO4 and FeTi2O5 up to 35 GPa and 1600 
oC, using  multianvil apparatus with tungsten carbide 
anvils. The quenched samples were examined by 
microfocus and powder X-ray diffractometers, and 
composition analysis was made using SEM-EDS. In-
situ X-ray diffraction experiments on FeTi2O5 were 
performed with a laser-heated DAC at SPring-8. 

 
Results and discussion 

FeTiO3 ilmenite (Ilm) transforms at 14 GPa and 
1200 oC to perovskite (Pv) which changes to LiNbO3-
type phase on release of pressure [1]. In contrast to 
Pv-postPv transition in MgSiO3, FeTiO3 Pv 
dissociates at 27 GPa into two phases: calcium 
titanate (CT) type Fe2TiO4 + O1-type TiO2 below 
1100 oC and Fe2TiO4 CT + a new FeTi2O5 phase 
above 1100 oC. The in-situ X-ray studies at 35 GPa 
showed that the new FeTi2O5 phase has orthorhombic 
symmetry and is 7 % denser than the low-pressure 
assemblage of FeTiO3 Pv + TiO2 O1. Fe2TiO4 
ulvospinel dissociates into FeTiO3 Ilm + wustite at 4 
GPa, which changes into Pv + wustite at 14 GPa, and 
further they combine into Fe2TiO4 CT at 17 GPa. 
These results indicate that Fe2TiO4 CT, TiO2 O1 and 
the new orthorhombic FeTi2O5 phase are stable 
phases in the FeO-TiO2 system in the upper part of 
lower mantle. A LiNbO3-type FeTiO3 phase recently 
discovered in shocked gneiss in the Ries Crater, 
Germany, was interpreted to be the retrograde 
transformation product of FeTiO3 Pv [2]. Based on 
the phase relations in this study, we estimate that the 
phase occurred at shock pressure between 14 and 27 
GPa. 

 
[1] Leinenweber et al. (1991) Phys. Chem. Min., 18, 
244-250. [2] Dubrovinsky et al. (2009) Meteorit. 
Planet. Sci., 44, A64. 
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Tertiary magmatism is widespread in Biga 
peninsula (NW Turkey). The studied Göloba pluton 
is located in Sakarya zone of 25 km northenwest of 
Balya (Balıkesir). Northerneast-southernwest 
trending the Göloba pluton covers an area of 
approximately 12 km2 with an ellipsoidal outcrop 
pattern. The pluton has generally syenogranite, 
monzogranite and rarely quartzsiyenite composition. 
The Göloba pluton show madium-grained, poikilitic, 
pertitic and graphic textures. It contain plagioglase, 
orthoclase, quartz, biotite, hornblende and, accessory 
minerals are zircon, sphene and apatite. 

Geochemically, major and trace element 
variations diagrams can be attributed to the 
importance of fractional crystallisation which was 
mainly controlled by plagioclase and hornblende. The 
ratios of %SiO2 are between 66 to78, 3.9-5.6 % K2O, 
3.0-3.8 %Na2O, and Mg# is between 7 to 17. 
Primitive mantle normalized spider diagrams of 
granitic samples exhibit significant enrichments in 
large-ion lithophile elements (LILEs); as well as 
depletion of high field strength elements (HFSE). 
Chondrite-normalized rare-earth element patterns of 
the samples are concave upwards with low- to-
medium enrichment. The calk-alkaline Göloba pluton 
has high-K series and volcanic-arc granitoids. I-type 
pluton is peraluminous with ratio of A/CNK > 1. The 
pluton was derived from crustal materials. According 
to whole-rock geochemical data suggest magma 
generation by dehydration melting of lower crustal 
component after the collision.  

 
This work was financially supported by 

TUBITAK (Project No: 114Y527) 
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Accumulating more geological and geochemical 

data on Archean sedimentary rocks is necessary to 
constrain the nature of Archean biosphere. For this 
purpose, geological and geochemical studies are 
performed on Fig Tree Group (~3.2 Ga) in the 
Barberton Greenstone Belt, South Africa in the 
present study. The objectives of this study are (1) to 
survey lower-Fig Tree Group, which were not 
described in previous literatures and (2) to constrain 
paragenesis of silicate, sulfide and carbonate 
minerals, and (3) to characterize the organic matter in 
the black chert. In particular, organic matter was 
examined by the Raman spectroscopy, besides stable 
carbon isotopic analyses. Result of outcrop survey 
revealed that strata in studied areas correspond to 
stratigraphy of Hofmann (2005). Mineralogical 
investigations showed that Ni-rich sulfide minerals 
were abundant and some of them were chemically 
zoned in the black chert. These observations suggest 
that strata in studied sediments in the lower-Fig Tree 
Group were silicified by later hydrothermal fluids 
which contain abundant Ni, most likely leached from 
ultramafic rocks. Raman Spectroscopic analyses 
indicate less mature nature of organic matter and the 
peak temperature lower than 330± 50℃. 
Additionally, δ13C values of the examined samples in 
the Fig Tree Group ranged from −27.9‰ to −23.2 
‰(PDB), which is within a range of organic matter 
produced by Calvin-Benson cycle using atmospheric 
CO2. 
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The isotopic composition of noble gases in 
corundum and the host rocks. 

Corundum rocks of the Northern Karelia are 
known for its anomalously isotopic light oxygen, and 
their forming fluid implies the involvement of 
isotopic light meltwaters from surface subpolar 
glaciers [1,2]. To determine the nature of the 
anomalies were analyzed isotopic composition of He, 
Ar, and ratios of He, Ne, Ar from fluid inclusions in 
minerals of corundum and the host rocks according to 
the technique of vacuum crushing. Argon in the fluid 
inclusions do not contain atmospheric component: the 
ratio of 40Ar/36Ar is from 4500 to 8200. Isotopic 
composition of helium, and the ratios 4He/20Ne, 
4He/40Ar also are corresponding to evolution of the 
fluid in endogenous conditions. The study of isotopes 
of noble gases has shown that in the endogenous fluid 
participating in the formation of corundum rocks, 
there were significant effects of fractionation. 
Observed a consistent change of parameters in the 
fluid, from the host rocks to the central part of 
permeable zone: increase of the isotope ratios 
3He/4He from 10-8 to 5*10-7 with decreasing δ18O 
value in silicates. At the same time elemental 
relations 4He/40Ar and 20Ne/40Ar are decreasing to 
more than order of magnitude, which indicate loss of 
He and Ne relative to Ar, confirming existence of the 
thermal gradient across the shear zone. 
 
Discussion 

Apparently, during formation of the rocks in 
endogenous fluid at permeable zones of shear 
deformation took place mass-dependent fractionation 
of stable isotopes of oxygen and noble gases. Taking 
into account existence of thermal gradient across the 
shear zone, this effect could be caused by thermal 
diffusion. Amphibolizing host rocks were analogous 
to the fluid pumps, providing a cascading of thermal 
diffusion separation cells, which strongly increase 
separation factors of isotopes [3].  

 
[1] Bindeman et al (2014) Geosphere, V.10, 308-339. 
[2] Herwartz et al. (2015) PNAS, V.112, № 17, 5337-
5341. [3] Akimova, Lokhov (2015) Journal of 
Materials Science and Chemical Engineering,  № 3, 
42-47. 
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Lower to middle crustal xenoliths (LCX) from 

Late Neogene to Quaternary alkali basalts collected 
along the   norhern Pacific continental margins 
(Seward, Chukotka, Northern cost of Okhotsk Sea, 
Primorie, Kamchatka, and Kurile Islands) studied in 
terms of petrology, geochemistry and isotopic 
geochronology [1]. Mineral thermobarometry and 
calculated seismic velocities (P = 5–12 kbar, T = 
740–1100°C, and Vp = 7.1 ± 0.3 km/s) suggest that 
LCX were transported from the lower and middle 
crust. Geochemistry of most LCX rocks show 
evidence for their formation through the magmatic 
fractionation of calc-alkaline magmas and subsequent 
granulite-facies metamorphism. The U–Pb SHRIMP 
ages of zircons from LCX ranges from the 
Cretaceous to Paleocene, clustering mainly within 
107–56 Ma (147 grains from 17 samples). The 
absence of older inherited domains in zircons from 
both the xenoliths and igneous rocks of the regions is 
a strong argument in favor of the idea on the injection 
of juvenile material and underplating of calc-alkaline 
magmas in the lower crust during that time interval.  

The oxygen isotopic composition of most dated 
zircons from  LCX shows near mantle value  of d18O 
[2] ranging from 7 to 5 ‰ (42 grains). Hf isotopic 
composition of  zircons from Okhotsk sea cost LCX 
have near depleted mantle value (eHf(i) +10 to +11) 
whereas samples from Chukotka records mature crust 
involvement (eHf(i) +4 to +1.5; mean 2.9 ± 0.5). 

Xenoliths data combined with existing surface  
geology allow to conclude that despite the exposures 
of Precambrian and Paleozoic rocks and the 
accretionary tectonic history of the northern Pacific, 
it is likely that a considerable portion of the lower 
crust of the continental margins is much younger and 
was generated by Cretaceous to Paleocene post 
accretion magmatic events. Yonger events which 
modify of lower crust under Archean cratons [3] also 
can be suggested. 

 
[1] Akinin et al. (2013), Petrology 21, 34-73.  [2] 
Valley (2003), Rev. Min. Geochem. 53, 343-385.  [3] 
Rudnick and Gao (2003), Treatise in geochemistry 3, 
1-64. 
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Troctolites were recovered during Integrated 

Ocean Drilling Program (IODP) Expedition 345 at 
the Hess Deep Rift, East Pacific Rise. The troctolites 
are divided into three groups based on textural 
differences; coarse-grained (1–10 mm in length) 
troctolite (CGT), fine-grained (~2 mm in length) 
troctolite (FGT), and skeletal olivine-bearing 
troctolite (SOBT). All troctolites exhibit magmatic 
fabric to certain degree. Fine olivine grains with 
similar orientation notably form clusters (~5 mm in 
length) in the FGT. 

Major-element compositions of olivine, 
plagioclase and clinopyroxene in CGTs are 
intermediate between those in gabbroic rocks and 
peridotites recovered from the Hess Deep Rift. In 
contrast, FGTs and SOBTs partly overlap with 
gabbroic rocks in mineral chemistry. Rare-earth 
element (REE) compositions of olivine in the 
troctolites show relative enrichments in light REE 
(LREE) and depletion in heavy REE (HREE) in 
comparison with troctolites from slow-spread crusts 
(e.g., Atlantis Massif). LREE/HREE ratios of 
plagioclase are relatively higher in the FGTs and 
SOBTs than the CGTs. Clinopyroxene REE patterns 
are consistent with precipitation after variously 
evolved LREE depleted MORB-derived melts.  

Thermodynamic calculations and numerical 
modelling using Rayleigh equation for mineral 
chemistry show that fractional crystallisation of 
primary MORB melt, interacted with the mantle, was 
the dominant process for the CGT formation. In 
contrast, transitional changes in mineral chemistry 
from the CGTs to FGTs and SOBTs, as well as 
olivine clusters left in the FGTs, are ascribed to 
variable degrees of interaction between unsolidified 
troctolite containing interstitial melts with migrating 
evolved melts to form FGTs and SOBTs during 
cooling. The mingled melts were undersaturated in 
olivine, hence pre-existing olivine grains were 
dissolved and segregated into fine olivine grains with 
skeletal habit.  
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Ciremai area is one of the Quarternary 

Stratovolcano located in West Java. Although 
geological studies of these volcanoes have been 
presented by some researchers, magma evolution of 
these volcanoes are still unclear. For this reason, 
volcanostratigraphy study of Ciremai and attached 
Gegerhalang volcanoes (Ciremai area) were 
employed to obtain a more detail orders of volcanic 
activity. Petrogenesis study were used to gain a better 
picture of magma evolution. Volcanic rocks of 
Gegerhalang have sieve, rim pyroxene texture and 
xenolith that distinguishes from volcanic rocks of 
Ciremai which have clots texture. Based on 
plagioclase composition, lavas from Gegerhalang 
(basalt) have higher anorthite content (An50-An70) 
than Ciremai (basaltic andesite) with  anorthite 
content An42-An58. Generally, the volcanic rocks from 
both volcanoes have range of levels K2O 1.2 – 2.37 
%wt. (medium-K to high-K series) (Fig. 1). Harker 
Variation Diagrams show that crystal fractionation 
occurs, but there is anomaly magma process which is 
magma mixing in the late of Ciremai volcanic 
activity (Fig. 2). From our study, concluded that 
Gegerhalang eruptions were influenced by 
assimilation and crystal fractionation while Ciremai 
eruptions were influenced by crystal fractionation and 
magma mixing.  

 
 
 
 
 
 
 
 
Figure 1: SiO2 vs K20 Diagrams (Le Bas et al., 

1986). 
 
 
 
 
 
 
 
Figure 2: SiO2 vs MgO (Harker Variation 

Diagrams). 
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Due to the multiple geochemical affinities of S 
(volatile, chalcophile, siderophile, incompatile) its 
abundance and isotopic composition in the Earth 
mantle have been affected by primorial Earth forming 
and differenciation events (e.g. core segregation, late 
accretion) but also by ongoing melt 
percolation/reaction and recycling processes.  In the 
upper mantle, S forms sulfides which are also the 
main redepository phases for highly siderophile 
elements (HSE: Os, Ir, Ru, Rh, Pt, Pd, Au, Re). The 
S-isotopic composition of the Earth’s mantle has been 
dimmed to be chondritic (δ34S=0±2‰; [1,2]).  
However in details, mantle data show large 
variability (-7≤δ34S<10‰; [2,3]) and rescent studies 
have suggested a non chondritic δ34S (≤-1.6‰, [4,5]). 

Here, by  coupling EMP, SIMS, LA-ICPMS and 
LA-MC-ICPMS, major elements, δ34S, siderophile 
and chalcophile (Se, Te) trace elements, and Os 
isotopes have been obtained in-situ on 200 sulfide 
grains from ≥30 mantle samples.  

Almost all sulfides from alkaly basalts hosted 
xenoliths or orogenic massifs have δ34S<0‰ (-7≤ 
δ34S ≤ 0.5). Further, the results unfold broad 
correlations between δ34S and HSE abundances and 
187Os/188Os. However, peridotite sulfides in inclusion 
in diamonds and in refractory olivines, having 
unradiogenic 187Os/188Os compositions (yielding 
archean model ages) show heavyer δ34S (-1 to +2‰). 
These features may suggest that the δ34S of the Earth 
mantle has evolved through time from a broadly 
chondritic composition to δ34S<<0‰ through 
accumulated metasomatic processes and/or crustal 
material recycling.   

References: [1] Chaussidon et al., EPSL 92 
(1989) 144-156. [2] Chaussidon & Lorand, GCA 54 
(1990) 1-12. [3] Ionov et al., EPSL 111 (1992) 269-
286. [6] Cabral, et al., Nature 496 (2013) 490-493. 
[7] Labidi et al., Nature 501 (2013) 208-211. 
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More than half of total global Oxygen Minimum 

Zone (OMZ) area is located in the northern Indian 
Ocean of the Arabian Sea and Bay of Bengal because 
of the conjunction of elevated biological production 
rates and weak intermediate ocean ventilation.  Yet, 
the dynamics of the OMZs in the Arabian Sea and in 
the Bay of Bengal display fundamental differences in 
terms of the intensity of the OMZ and the nitrogen 
cycle that remains poorly understood. Here we use an 
eddy-resolving ocean physical-biogeochemical 
coupled model to explore the role of eddy-activity, 
biological production, and time scales of water 
ventilation in generating and maintaining the 
contrasting features of the OMZs in the Arabian Sea 
and Bay of Bengal. The model results are compared 
to the observed hydrography, plankton, and dissolved 
oxygen and nitrate concentrations from several global 
ocean databases. The model is able to properly 
reproduce the dynamics of seasonal plankton blooms 
in both the Arabian Sea and the Bay of Bengal. 
Furthermore, the model captures well the contrasting 
distributions of the observed nitrate and oxygen 
between the two seas, and in particular, simulates 
water column denitrification exclusively in the 
Arabian Sea. We investigate the contrasts in eddy-
activity, production rates and ventilation timescales 
between the Arabian Sea and the Bay of Bengal and 
quantify their respective contributions to the observed 
differences in oxygen and nitrogen cycle in the two 
seas. 
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Eruptions from monogenetic volcanoes tend to be 

small but are particularly difficult to anticipate since 
they occur at unexpected locations and there is very 
limited instrumental monitoring data. Many 
monogenetic volcanic fields occur in high-density, 
populated areas and/or tourist destinations, and thus 
even a small eruption can have a major economic and 
societal impact. Here we use the results of 
petrological studies with historical accounts of 
seismicity for several monogenetic eruptions from 
Tenerife Island (Canaries), and combine them with 
literature data to propose a general model for the 
plumbing system, magmatic processes, and times 
scales of unrest. 

We find that the olivine crystals from deposits of 
mafic eruptions from Siete Fuentes, Fasnia and Arafo 
(1704-5) show evidence for open system, including 
three different mixing events. Results from studies of 
other monogenetic eruptions (e.g. Paricutin 1943, El 
Hierro 2011) also show evidence for open system 
involving magma mixing and/or crustal assimilation. 
Thus, these eruptions were fed by relatively complex 
plumbing systems involving one or more magma 
reservoirs, and the magma did not directly travel from 
the mantle to the surface. Modelling the Fe-Mg 
zoning of olivine indicates that the times since 
magma mixing, transport to the surface and eruption 
vary between a few months and a few days. 
Historical accounts of seismicity also vary between 
about several months and a few days and are likely 
related to shallow intrusions (e.g. failed eruptions) 
and transport recorded by the olivine crystals. We 
propose that early dike intrusions in the crust do not 
erupt (e.g., stalled intrusions) and make small 
plumbing systems, but they probably are key in 
creating a thermal and rheological pathway for later 
dikes to be able to reach the surface [1]. These 
observations provide a conceptual framework for 
better anticipating monogenetic eruptions in similar 
settings and magmatic fluxes and should lead to 
improved strategies for mitigation of their associated 
hazards and risks.  

 
[1] Albert, Costa & Marti (2006), Geology 44, 211-
214. 
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The petrology and geochemistry of peridotite 

xenoliths in the Cenozoic basalts from Ethiopian 
plateau (Gundweyn area) and rift (Dillo and Megado 
areas), provide important information on the 
evolution of sub-continental lithospheric mantle. 
These peridotites are mainly spinel facies lherzolites 
with minor harzburgites and show positive Fo content 
of olivine versus Cr# in spinel, suggesting the 
occurrence of variable degrees of partial melting and 
melt extraction. The lherzolite clinopyroxene (cpx) 
shows both LREE-depleted and -enriched patterns 
with higher HREE abundances than harzburgite cpxs 
that reveal LREE enriched patterns. The 143Nd/144Nd 
and 176Hf/177Hf of lherzolite cpxs range from 0.51285 
to 0.51370 and 0.28289 to 0.28385, respectively. 
Most peridotite samples plot between 900–500 Ma 
Sm–Nd and Lu–Hf reference isochrones that fall 
within the age range of the Pan-African orogeny. The 
initial Nd and Hf isotopic ratios calculated using 
previous ages determined from the study areas and 
this study plot away from the trend of the various 
types of MORBs, indicating that the peridotite could 
have been produced by melt extraction from the 
asthenospheric mantle. Petrographical observations 
combined with geochemical compositions of the 
peridotite show the occurrence of four major events. 
These are initial melt extraction, late metasomatism, 
later metasomatism and latest metasomatism. Initial 
event is identified by LREE depleted pattern, low 
87Sr/86Sr and, high 143Nd/144Nd and 176Hf/177Hf in cpxs. 
Late metasomatism event is sown by LREE depleted 
pattern in amphibole and later metasomatism event is 
indicated by LREE enriched pattern and correlated 
high 87Sr/86Sr and low 143Nd/144Nd isotopic 
compositions in cpxs. The event of latest 
metasomaticmelt infiltration is responsible for the 
formation of spongy texture. There is no significant 
difference between initially depleted and late 
metasomatised cpxs in 87Sr/86Sr ratios. This suggests 
that the metasomatic agents were mainly derived 
from asthenospheric mantle.  
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The remediation of hexavalent chromium, 

Cr(VI), in the subsurface is often achieved by its 
chemical or biological reduction to Cr(III). Cr(III) is 
sparingly soluble and is thought to precipitate 
primarily as mixed Cr(III)-Fe(III) hydroxides [1]. To 
induce the reducing conditions under which Cr(VI) 
can be transformed to Cr(III), a solution of electron 
donor such as lactate, acetate, or molasses can be 
introduced to the contaminated subsurface zone, 
increasing activity of microbes indigenous to the 
aquifer. While some of the Cr(VI) can be directly 
reduced by these microbes, solid phases including 
biogenic Fe(II)-bearing minerals are also produced 
and can chemically reduce Cr(VI). The objectives of 
this study are to assess the importance of these 
various electron transfer pathways on the rates and 
products of Cr(VI) reduction across a range of redox 
conditions.  

Laboratory column reactor studies were 
conducted using alluvial sediments from a Cr-
contaminated aquifer in central Switzerland. We 
varied the chemical composition of the influent 
groundwater, the timing of electron donor addition, 
and the duration of flow in the columns, in order to 
determine Cr products formed (a) by isolating the 
enzymatic-only reduction of chromium, (b) during 
iron reduction, and (c) during sulfate-reduction. 
Sediments from the columns were characterized 
using a suite of analytical techniques, including bulk 
and microprobe X-ray absorption spectroscopy, 16S 
rRNA microbial community analyses, electron 
microscopy, and wet chemical analyses. We found 
that while discrete Fe(III)-Cr(III) precipitates play a 
key role in sequestering Cr across the range of tested 
conditions, also present is diffuse Cr(III) which is not 
colocalized with sediment Fe, and may play a role in 
overall Cr stability following bioremediation. 

 
[1] Wielinga, B. et al. (2001) Environ. Sci. 

Technol. 35(3), 522-527. 
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The precise implications of cementitious waste 
leachate/repository host rock  interaction  has  been  
studied  in  the  laboratory, underground  research  
laboratories  (URLs)  and  in natural analogues (NA), 
in particular by  the study  of  natural  cements  in  
Jordan.  These 2 Ma cements  have  been  produced  
by  the  combustion  of organic-rich  clay  biomicrites  
and  are  very  close  NAs  of the industrial OPC 
(Ordinary Portland Cement) which is currently used 
for the encapsulation of lower activity radioactive 
wastes.  Following  interaction  with  groundwaters, 
natural  alkaline  leachates  (maximum observed pH 
of 12.9) are  produced  and  these  move out of the 
cement into the surrounding host rock, subsequently 
interacting with and altering it.   

The novel data from the sites studied in Jordan 
have now been used in a raft of assessments of the 
impact of cement leachates on the long-term 
behaviour of a waste repository including assessment 
of alteration of the bentonite buffer and bentonite 
repository and borehole seals, evaluation of changes 
to the host rock flow system and estimation of the 
longevity of cementitious waste forms (among other 
topics). 

Despite this wide range of uses of the Jordan 
natural cement data, there remain areas where further 
work could be carried out. Currently, most repository 
safety assessments (SA) do not include potentially 
positive processes such as carbonation of the 
cementitious wastes. This would act to ‘armour’ the 
cement against leaching, so increasing waste form 
longevity. To date, it has been ignored on the basis 
that no long-term evidence for carbonation exists – 
but preliminary data from Jordan indicate that 
carbonation has occurred and that the carbonated 
cement appears to be very stable. 

The potential impact of the carbonation process 
on repository SA will be examined here along with 
the currently available data from Jordan. Gaps in the 
database will be identified and appropriate sites in 
Jordan where these can be studied will be presented. 
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A set of mantle xenoliths (Obnazhennaya and 

Udachnaya kimberlite pipes) containing large ortho- 
and clinopyroxene crystals (up to 3 cm long) with 
garnet exsolution lamellae and grains was studied. 
Both thick (up to 1000 μm) and thin (50-100 μm) 
lamellae as well as cores and rims of rock-forming 
granular garnets were analyzed with LA-ICP-MS. 

Geochemically exsolved and rock-forming 
garnets have similar MREE distribution. LREE in the 
first one are higher than that in granular garnet, with 
[La/Ce]n ratio >1, up to 1.8 in peridotite and to 3.2 
pyroxenite xenoliths. In contrast, HREE abundances 
in rock-forming garnet are usually higher on several 
chondrite units than that in exsolved garnet. The REE 
distribution in garnet precipitated from pyroxene 
have its own peculiarity – curved or “square-root”-
shaped patterns (Figure 1). Variation of geochemistry 
for several generations of garnet results from the 
trace element fractionation during cooling and 
exsolution process controlled by diffusion. Thus, 
LREE enrichment in exsolved garnet is inherited 
from the pyroxene host. 

Figure 1: A bright example of fractionated REE 
patterns. 

 
The study was supported by RSF grant of №15-

17-30012. The work with LAT was funded by NSF 
grant EAR-1144337. 
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Speleothems and peatbogs presented in Belgium 

are interesting archives for atmospheric pollution 
record and climate variability. Both archives are 
reliable continental environmental archives of high 
interest due to their dating possibilities and their 
possibility to preserve multi-proxy records of 
environmental and climatic dynamics. Combining 
studies on speleothems and peatbogs from the same 
area will provide an age-constrained reconstruction of 
climatic variability at annual resolution for key 
intervals of the Holocene. The reconstructed 
precipitation and temperature curves in NW 
European settings, as proposed in HOPES, are 
essential to better constrain the Northern Hemisphere 
climatic record and to test climate models. Our 
strategy is derived from a comparative study of two 
continental archives speleothems and peatbogs. Time 
series of elemental and stable isotope geochemistry 
will be established for the 2 archives. For peatbog, 
the reconstructions of temperature (derived from 
stable C and O isotope), precipitation (derived from 
humification) and dust flux (from elementary 
geochemical signature) would track climate changes 
with subdecadal resolution. As an innovative part, 
Laser Ablation analyse of elemental geochemistry on 
impregnated peat section will allow to reach an 
annual resolution in the dust flux. For speleothems, 
records of temperature (derived from oxygen and 
carbon isotopic composition of calcite) and effective 
rainfall (derived from geochemical ratios) would 
reach a seasonal resolution.  
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Assessing the biogenicity of organics preserved 

in old rocks is challenging notably because of (1) the 
possible contamination by recent organic matter and 
(2) the inevitable degradation of organics during 
burial [1]. While the first issue requires high 
resolution techniques to demonstrate the syngenicity 
of organics with the host rock, the second one 
requires extensive experimental constraints to 
eventually reconstruct the original chemistry of 
fossilized organics [1,2]. 

Scanning Transmission X-ray Microscopy 
(STXM) is a synchrotron-based spectromicroscopy 
technique which allows microscopic observations 
with chemical sensitivity, i.e., in situ mapping of 
organics within rocks at a 15-nm spatial resolution 
[2], and spectroscopic measurements that offer a 
precise estimation of the nitrogen-to-carbon (N/C) 
atomic ratio of organics [3] as well as key 
information about carbon and nitrogen speciation at 
the submicrometer scale [4]. 

Here, we report STXM-based XANES data 
collected on experimentally fossilized 
microorganisms and abiotic organic aerosols. Results 
indicate that despite having experienced 250°C - 250 
bars up to 100 days, fossilized microorganims and 
fossilized aerosols still exhibit different molecular 
signatures, i.e., they remain different in terms of N/C 
ratio and carbon and nitrogen speciation. 

Although experimental simulations may not 
perfectly mimic natural diagenesis, these 
observations suggest that burial processes may not 
completely degrade the chemical and molecular 
signatures of organics, either biogenic or abiotic. This 
study illustrates the capabilities of STXM to bring 
key chemical and molecular information possibly 
indicative of biogenicity, even for ancient 
carbonaceous microstructures. 

 
[1] Bernard and Papineau (2014) Elements 10, 435–
440. [2] Gueriau et al., (2016) Elements 12, 45–50. 
[3] Alleon et al., (2015), Carbon, 84:290–298. [4] 
Bertrand et al., (2016), Topics in Curent Chemistry 
374, n°7. 
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The flow of fluids through nanopores is indeed 

very intriguing. At nanoscale, the fluids properties 
may considerable change due to the surface and 
spatial confinament effects. In this work, we explore 
the water and oil flow through amorphous silica 
nanopores to simulate the fluid infiltration on 
geological porous media by non-equilibrium 
molecular dynamics simulations. Particularly, the 
displacement of oil with and without previous contact 
with water to emulate an improved oil recovery 
process by water flooding at nanoscale (NanoIOR). 
The simulated silica nanopores are rough with 1 to 4 
nm diameters and have two different passivations to 
assess varying hydrophilicities. We have observed a 
barrier-less infiltration of water and oil on the empty 
nanopores, which indicates the possibility to have oil 
located on these nanopores. The radial density 
distributions, interfacial tensions, viscosities and 
critical applied pressures for infiltration have been 
determined for both hidrophilic and hidrophobic 
pores. For the water displacement by oil, a critical 
pressure of 1000 atm was observed, and after the 
flow was steady, a water layer remains adsorbed to 
the surface. Thus, hindering the direct contact of the 
oil with the surface. In addition, oil displacement by 
water was assessed. The simulations were carried out 
with and without the adsorbed water layer (AWL). 
Without the AWL, the applied pressure needed for oil 
infiltration was 5000 atm, whereas, with the adsorbed 
water layer, the infiltration was observed for applied 
pressures as low as 10 atm. Hence, the infiltration is 
greatly affected by the AWL, lowering the needed 
pressure to displace the oil in three orders of 
magnitude.  

 
Fig. A snapshot of the oil infiltrating water filled 

silica nanopore process by molecular dynamics. 
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Observations and modelling have shown how 
residual trapping leads to the immobilization of CO2 
in saline aquifers, limiting the extent of the CO2 
plume migration, enhancing the security and capacity 
of CO2 storage. Most major carbon storage projects 
currently in operation, however, are located in oil 
fields due to the potential for enhanced oil recovery. 
Unlike the water-wet saline aquifers, carbonate oil 
reservoirs are characterized by a mixed-wet state. 
There are, however, no observations characterizing 
the extent of capillary trapping that will take place 
with CO2 in mixed-wet rocks. Residual saturations 
were measured on a single limestone sample before 
and after wettability alteration with crude oil. A 
characterization of the asphaltene precipitation of the 
crude oil aided in the design of the wettability 
alteration process. Here we show that residual CO2 
trapping in mixed-wet carbonate rocks characteristic 
of oil reservoirs is significantly less than trapping in 
water-wet systems characteristic of saline aquifers. 
Our results show that one of the key processes for 
maximizing CO2 storage capacity and security is 
significantly weakened in oil reservoirs relative to 
saline aquifers. We anticipate this work to highlight a 
key issue for the early deployment of carbon storage 
– that those sites which are economically most 
appealing as initial project opportunities are the very 
locations in which the contribution of capillary 
trapping to storage security will be minimized. 
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Polycyclic aromatic hydrocarbons (PAHs) are 
colloquial descriptors that refer to different forms of 
organic compounds. PAHs are highly toxic pollutants 
that occurs in the environment exclusively as a result 
of human activity. Interest in PAHs measurement has 
been increased after the ecotoxicological effects of 
these compounds to non-target species became 
known around the1980's1. A new analytical procedure 
has been developed for the determination of PAHs 
compounds in water samples. The method is based on 
the use of magnetic nanoparticles for the collection of 
PAHs compounds from water samples, followed by 
hexylation of the target matrices using a Grignard 
reagent and quantification by high-performance 
liquid chromatography. The solid phase nanopartiles 
concept replaces conventional solid and liquid phase 
extractants with nanosized particles that can be 
readily dispersed in aqueous samples. Analyte 
partitioning between the solid and liquid phases 
occurs as the solid moves through the sample as a 
colloidal sol. By tailoring the size of the particles to 
approximately 250 nm diameters, they can be readily 
recovered together with the analyes by a magnet. 
Recoveries of all PAHs compounds ranged from 90.2 
± 2.1 - 96.6 ± 3.7 in natural water and from 913±3.2-
98.1±1.7 in sea water samples (n= 9 in both samples). 
The detection limit (the lowest detectable PAH 
concentration that can be reliably distinguished from 
zero PAHs concentration with 95% confidence) 
obtained was 1.5 ng /1. Repeatability (determined by 
analysis of 0.02 μg/ml of each compound six times 
consecutively) and reproducibility (determined by 
analysis of each compound μg/ml six times on three 
different days) were well below 8 % when the 
instrument was in routine operation. The proposed 
method will be very efficient in environmental 
monitoring programs of contaminants.  
 
[1] E. Węgrzyn, S. Grześkiewicz, W. Popławska, and 
B. K. Głód Meat and Fat Research Institute, ul. 
Jubilerska 4, 04-190 Warszawa, Poland, modified 
analytical method for polycyclic aromatic 
hydrocarbons, using sec for sample preparation and 
rp-hplc with fluorescence detection. Application to 
different food samples 
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Bentonite clay is considered as backfill/buffer 

material for underground repositories. When in 
contact with water, bentonite begins to swell, thus 
filling voids in the backfilled underground facility 
and, owing to its high swelling pressure and low 
permeability, forming an effective barrier to 
advective groundwater flow. Thus solute transport in 
bentonite is dominated by diffusion.  

Bentonite clay is composed predominantly of 
montmorillonite with few accessory minerals. One 
important characteristic of montmorillonite crystals is 
their negative surface charge. The effective diffusion 
coefficient of an ion in bentonite depends on the pore 
structure of the bentonite as well as on the 
electrostatic properties of the dominant clay minerals, 
the polarity and valence of a specific ion as well as on 
the ionic strength of the solution. In reactive transport 
simulations the electrostatic effects of clay surfaces 
on ion transport are commonly implemented via a 
Donnan equilibrium formulation. A recent 
benchmark proposal by Alt-Epping et al. [1] has 
shown, that the Donnan approach is appropriate to 
reproduce experimentally determined breakthrough 
curves of ions in a bentonite core. 

Here we us an approach first proposed by Gimmi 
[2] to simulate reactive transport in a bentonite 
involving Donnan equilibrium which is based on the 
Nernst-Planck equation and does not explicitly solve 
for Donnan equilibrium. We use this approach to 
rerun the benchmark proposal by Alt-Epping et al. [1] 
and to test the implications of two underlying 
assumptions of the explicit Donnan formulation: 1) 
the same activity coefficients in and 2) instantaneous 
diffusive equilibrium between the free water and the 
EDL pore water. In additional simulations we apply 
this method to the multibarrier KBS-3 repository 
design developed by Posiva (Finland) and SKB 
(Sweden) to determine sulphide fluxes released from 
the bentonite backfill which could cause the corrosion 
of copper canisters containing the spent fuel. 

 
[1] Alt-Epping, et al. (2014) Computational 
Geosciences. doi:10.1007/s10596-014-9451-x. [2] 
Gimmi, T. (2016) Simulating Donnan equilibria in 
clays based on the Nernst-Planck equation. (in prep.) 
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Interstellar dust (ISD) is the condensed phase of 
the interstellar medium. In-situ data from the Cosmic 
Dust Analyser on-board the Cassini spacecraft reveal 
that the Saturnian system is passed by ISD grains 
from our immediate interstellar neighbourhood, the 
Local Interstellar Cloud (LIC). We determine the 
mass distribution of 36 interstellar grains, their 
elemental composition, as well as a lower limit for 
the ISD flux at Saturn. Mass spectra and grain 
dynamics suggest Mg-rich grains of silicate and oxide 
composition, partly with iron inclusions. Major rock 
forming elements (Mg, Si, Fe, Ca) are present in 
cosmic abundances, with only small grain-to-grain 
variations. Sulfur and carbon are depleted in grains 
with respect to cosmic abundances. The ISD grains in 
the solar neighborhood appear to be homogenised, 
likely by repeated processing in the interstellar 
medium, including condensation processes in cold 
molecular clouds. 
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The purpose of this study is to compare two 

seperate pliocene aged coal units found in eastern and 
western part of the Konya Basin located in Central 
Turkey in terms of their element content. First of 
these areas, The Karapınar coal units are 100 km. east 
of Konya, and the second unit Ilgın is about 90 km. 
west. Both areas are analyzed for their main and trace 
element enrichments and compared. 

In the Karapınar area; pre-Neogene basement 
rocks comprise Jurassic – Cretaceous units. These 
units are overlain by Neogene fluvial sediments and 
lacustrine deposites. Coals are found in the lacustrine 
sediments. In the Ilgın area; the pre-Neogene rocks 
are made of Palaozoic – Mesozoic metamorphic 
rocks and crystalline limestone.  Coal bearing 
sediments lie unconformably on the Mesozoic – 
Palaeozoic rocks.  The Pliocene coal bearing units are 
made of conglomerate, sandstone, siltstone and 
claystone.  

When Karapınar coals are compared to the 
average universal coal content,  high element values 
are found for As, Cs, Ni, Sr, U and V. In the case of 
Ilgın, Ti, Cs, Rb, Ta, Th, As, Nb, La, Ce, Pr, Nd and 
Sm are above average. Only As and Cs are the 
enriched elements in both areas. Lithologic 
differences of the areas are the cause of the variations 
of the element enrichments. 
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The Atacama region in northern Chile hosts the 

driest desert on Earth and is the world’s premier 
source of natural iodine, which is mostly 
concentrated in the nitrate-rich “caliche” soils. These 
deposits are unique due to their mineralogical 
features and extension, with iodine concentrations in 
excess of 500 ppm. However, little is known about 
the regional setting and distribution of iodine in 
Atacama. 

We present a comprehensive survey of iodine 
concentrations and isotopic ratios (129I/I) of different 
reservoirs including rocks, soils and waters. Nitrate 
deposits were found to have iodine concentrations 
significantly higher than mean values in the earth 
crust (~700 ppm). In case of fluids, the highest 
concentrations were measured in groundwater below 
nitrates in the Central Depression (3.5-10 ppm) and in 
geothermal fluids in the volcanic arc (1-3 ppm). 

In most solid reservoirs, 129I/I values are below 
the pre-anthropogenic input ratio of 1500 x 10-15, 
demonstrating that anthropogenic additions are absent 
in them. Regarding fluids, we identify two main 
groups. The first one includes the natural waters, 
which have 129I/I ratios substantially above the pre-
anthropogenic threshold value of 1500 x 10-15, 
indicating the likely presence of anthropogenic 129I. 
There is a second group, where the natural waters 
have 129I/I ratios lower than 1500 x 10-15, which vary 
between ~215 and ~1300 x 10-15. 

Geochemical mixing models reveal that the 
measured 129I/I ratios are in agreement with multiple 
sources of iodine, including variable contributions 
from old organic sources (i.e., marine sedimentary 
rocks) and younger fluids such as volcanic fluids, 
pre-anthropogenic and anthropogenic meteoric 
waters. Our results show that the large variation 
observed in the isotopic ratios is indicative of 
significant mixing and circulation of fluids of 
meteoric, sedimentary and volcanic origin along the 
Chilean continental margin over scales of millions of 
years. 
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The gases emission, from the geochemical point 
of view, is the first sign directly related to the 
beginning of a volcanic event. Seismic tremors are 
usually the equivalent signals from the geophysical 
perspective. In both cases, these signals are from an 
eruption that has already started and for which, often, 
the reaction time of society is too short (see for 
instance the recent tragical episode on September 
2014, at Mount Ontake).  

Volcanism on Earth is predominantly submarine, 
and despite the existence of important physical and 
geochemical research about it, this is mainly focussed 
on the seawater-rock interactions when the eruption 
was underway. We have applied noble gases (He, Ne 
and Ar), inert and little affected by chemical or 
recycling processes in the inner Earth, to study 
degassification processes, from melt and fluid 
inclusions to the sink, in several worldwide 
submarine volcanoes (Spain, Japan, Antarctica).  

Results revealed the potential to be a powerfull 
tool to assess their geochemical evolution from the 
mantle source     -once the eruption is triggered (?)-, 
to the surface before the eruption is already 
inevitable. This novel forecasting indication may help 
to constrain the arrival time of a subaqueous eruption 
that in turn, offers an invaluable extra time for a more 
efficient reaction of society. 
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As the isotopic record of ancient oceanic 

conditions becomes better resolved, reports of coeval 
but discordant geochemical/isotopic proxies are 
becoming increasingly common. Bulk-rock 
geochemical fingerprints within carbonate minerals 
consist of a mixture of materials with different 
origins. Deciphering whether changes in stable 
isotope and trace elements derives from the relative 
contribution of secular change versus from variation 
in the origin of the components of bulk rock is critical 
in order to extract meaningful information about 
depositional and diagenetic environments.  

We have collected samples from across 5 m 
laterally spaced carbonate samples within discrete 
beds from the Ordovician Decorah Formation 
(Missouri, USA). These samples have been analysed 
using cathodoluminesce allowing the visualization of 
the Mn2+ and Fe2+ contents of calcite cements. In 
addition, Laser Ablation Inductively Coupled Plasma 
Spectrometry (LA-ICP-MS) data have been collected, 
which is a powerful tool allowing the acquisition of 
high resolution trace element information but rarely 
used in carbonate rocks. We applied this technique to 
map the distribution of trace elements (Ca, S, Mg, Fe, 
Ba, Sr). The high-resolution maps of trace element 
variability show major differences between clasts and 
cement, as well as subtle variation in concentrations 
between fossil clades. Fossils showing different 
stages of micritization contained higher proportions 
of TEs and significant differences among fossil shells 
and background matrix were observed.  

These preliminary data set the stage for further 
detailed analyses to assess the reproducibilty in stable 
isotopes across a discrete bed. Paired with secondary 
ion mass spectrometry (SIMS) measurements, this 
high-resolution approach can distinguish trace 
element and isotopic signatures between primary and 
diagenetic phases, enhancing our ability to interpret 
geochemical signatures and reconstruct 
biogeochemical cycling over Earth history. 
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The Indian Ocean is one of the key oceanic 

regions to elucidate the global thermohaline 
circulation. For this reason, revealing the present 
circulation pattern in the Indian Ocean would extend 
our knowledge on both present and past global 
circulations. Under the GEOTRACES program, we 
determined the Nd concentration and isotopic 
composition of seawater in the south Indian Ocean 
and Indian sector of the Southern Ocean to 
investigate the present regional ocean circulation. 

Two stations, ER-11 (30°S, 65°E) and ER-12 
(37°45'S, 57°37'E), in the south Indian Ocean, and 
one station, ER-14 station (62°S, 40°E), in the Indian 
Sector of the Southern Ocean were studied. Nd 
isotopic composition was determined on a MC-ICP-
MS, NEPTUNE at the HISPEC, NTU, and Nd 
concentration was determined on a ICP-MS, 
Agilent7500 at JAMSTEC.  

At ER-11 station, the surface to 200 m depths 
data show εNd = -13.0 to -11.5, indicating an existence 
of the South Indian Central Water (SICW). The εNd 
values gradually increase along with depths around 
1000 m (εNd = ~ -8), where the Antarctic Intermediate 
Water (AAIW) occupies. Below the depths, the εNd 
profile keeps a constant value (εNd = -9 to -8). The Nd 
concentration data show a  narrow range (4 to 7 
pmol/kg) at depths above 1250 m and gradually 
increase to 25 to 30 pmol/kg in deeper depths.  

The εNd profile at ER-12 station shows a 
minimum value at surface (εNd = ~ -15) and increases 
to the bottom  (εNd = ~ -8), which is different from 
that at ER-11. The εNd values of ER-14 station in the 
Southern Ocean show a very narrow range from -9 to 
-8. This trend is identical with the data at the Atlantic 
Sector of the Southern Ocean reported by Stichel et 
al. [1]. 

 
[1] Stichel et al. (2012) EPSL 317, 282-294. 
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Understanding long-term groundwater flow 

regimes (i.e. palaeohydrogeology) has been a 
challenging task because of few field data and 
complex interactions between natural events and 
processes. These problems tend to be greater at 
deeper depths and at older times so this can increase 
uncertainty in subsurface characterizations for 
geological disposal of high-level radioactive wastes 
(HLW). 

Standard approaches are to incorporate 
hydrochemical data (including isotopes) into 
hydrogeological analyses that consists of 
groundwater flow modelling and integrative 
interpretations. Although many examples from 
around the world are available in the literature, they 
are of little help in Japan as the subsurface 
groundwaters of coastal area in tectonically active 
zones can be affected simultaneously by various 
natural events and processes such as sea-level 
changes, earthquakes, uplift, erosion and 
sedimentation. 

To enable simulation of such complex 
hydrogeologcal systems, integrated modelling 
methods combining data from geology, 
hydrogeology, hydrochemistry and site tectonics, 
(including uplift and erosion processes) have been 
developed. Here, discussions are presented on how 
hydrochemical data are fundamental to reduce 
uncertainty in long-term groundwater flow 
simulations by using actual field data obtained from 
the deep borehole investigations in Horonobe Town, 
northern Hokkaido, Japan.  

Results of a wide-ranging site characterisation for 
JAEA’s Horonobe URL (underground rock 
laboratory) will be presented with an explanation of 
how the data were then used to develop initially a site 
conceptual model and then a 4-D model of the 
temporal evolution of this complex coatsal site. The 
methodology developed by JAEA can be used for any 
site characterisation a coastal repository for 
radioactive waste in tectonically complex zones 
worldwide, not just in Japan. 
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Presolar grains are defined as grains that formed 

in the outflow of stars or in stellar ejecta, remained 
intact, and were incorporated into meteorites [1]. 
Studies of presolar grains have yielded vast 
information on nucleosynthesis, mixing in stellar 
ejecta, and the Galactic chemical evolution [1, 2]. 
Two major stellar sources of presolar grains are 
asymptotic giant branch (AGB) stars and core-
collapse supernovae. 

Presolar graphite grains have been extracted from 
Murchison (CM2) [3] and Orgueil (CI) [4], and 
analyzed for grains’ isotopic ratios using noble gas 
mass spectrometry, and secondary ion mass 
spectrometry [5-7]. Murchison graphite grains exhibit 
a range of density (1.6 – 2.2 g/cm3), and analyses of 
these grains show that isotopic properties depend on 
density [6]. Although 12C/13C ratios of these grains 
span for more than 3 orders of magnitude, from a few 
to a few thousand, the distribution of 12C/13C ratios of 
low-density grains (1.6 – 2.1 g/cm3) show a broad 
distribution, while those of high-density graphite 
grains (2.1 – 2.2 g/cm3) show two distinct peaks, one 
around 10 and the other around 400 – 630, many 
grains belong to the second peak. These high 12C/13C 
ratios (> 100) and Kr isotopic ratios of a bulk noble 
gas analysis indicate that high-density grains formed 
in AGB stars with metallicity (Z: mass fraction of 
elements heavier than He, Zsun = 2 × 10–2) ranging 
from 3 × 10–3 to 6 × 10–3 [6].  

Although it is not clear how much AGB stars 
with low-metallicity contributed to the solar system, 
high-density graphite grains give us a unique 
opportunity to probe into building blocks of the solar 
system. 

 
[1] Lodders K. and Amari S. (2005) Chem. Erde 65, 
93-166. [2] Zinner E. (1998) Ann. Rev. Earth Planet. 
Sci. 26, 147-188. [3] Amari S. et al. (1990) Nature 
345, 238-240. [4] Jadhav M. et al. (2006) New 
Astron. Rev. 50, 591-595. [5] Amari S., Lewis R. S., 
and Anders E. (1995) Geochim. Cosmochim. Acta 
59, 1411-1426. [6] Amari S., Zinner E., and Gallino 
R. (2014) Geochem. Cosmochim. Acta 133, 479-522. 
[7] Jadhav M. et al. (2013) Geochem. Cosmochim. 
Acta 113, 193-224.  
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Pb-Pb isochron dating is the only method of 

extant radionuclide chronometry of meteorites 
capable of precision better than ±1 Ma. Accurate Pb-
isotopic age determination depends on efficient 
removal of all non-radiogenic Pb components. 
Separation of Pb isotope components is usually 
accomplished by sequential leaching in acids and 
varying their concentration, temperature, and duration 
of treatment [1-3]. Application of sequential 
dissolution relies on assumption that this treatment 
does not cause isotopic fractionation within 
individual Pb isotope components, most importantly 
in radiogenic 207Pb*/206Pb* ratio. This assumption 
was long considered self-evident, however there is a 
growing number of examples where certain steps of 
acid treatment, especially those steps that release 
substantial fraction of the total content of radiogenic 
Pb, cause measurable fractionation of radiogenic 
207Pb*/206Pb* ratio. First observed in extensive 
leaching of the Allende CAI SJ-101 in hot 
concentrated HBr [4], this fractionation was thought 
to be an artefact of that particular treatment, until 
207Pb*/206Pb* fractionation of similar magnitude was 
observed in leaching of Allende CAI A63 [5] and 
pyroxene from achondrites Asuka 881394 [6] and 
NWA 6693 and NWA 10132 (unpublished data of 
the authors) in dilute HF – a standard part of 
currently used partial dissolution schemes. The nature 
of this fractionation is uncertain, but it may be caused 
by the difference in the decay track sizes between the 
235U and 238U decay chains [7]. The effects of 
fractionation can be circumvented by numeric 
recombination of leaching steps, but developing 
alternative treatments that are free from 207Pb*/206Pb* 
fractionation would be a better solution. 

 
[1] Connelly J. N. and Bizzarro M. (2009) CG, 259, 
143-151. [2] Connelly J. N. et al. (2012) Science, 
338, 651-655. [3] Amelin Y. et al. (2014) LPSC, 
#2646. [4] Amelin Y. et al. (2010) EPSL, 343-350. 
[5] Yin Q.-Z. et al. (2015) MetSoc, #5088. [6] 
Koefoed P. et al. (2015) LPSC, #1842. [7] Amelin Y. 
et al. (2009) GCA, 73, 5212-5223. 
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Quality samples from the marine deep subsurface 
biosphere are difficult to obtain, biomass there is 
often at very low concentrations, and slow metabolic 
activity thwarts many laboratory experiments. 
However, the host rock types are generally less 
diverse than their continental counterparts. The 
petrologic complexity of the continents is countered 
by the relative ease in access via mines, drill holes, 
and deeply-sourced springs. We are investigating the 
deep biosphere in the paleoproterozoic iron-rich 
metasediments at the Sanford Underground Research 
Facility in South Dakota (USA). We will present 
recent results in metabolic reaction energetics, 
microbial diversity analysis, and in situ electrode 
cultivation. Gibbs energy calculations of ~100 
inorganic redox reactions show that per mole of 
electrons transferred, reactions with O2, NO3

-, and 
MnIV are the most exergonic (-120 to -40 kJ). When 
normalized per kg H2O, however, the most exergonic 
reactions are sulfur oxidation, essentially independent 
of the identity of the oxidant (including CO, CO2, and 
FeIII). Metagenomic analysis of fluid samples led to 
nearly closed genomes of several novel lineages 
within candidate phyla, including OP3 
(Omnitrophica), OP11 (Microgenometes), and 
NKB19 (Hydrogenendentes). 16S sequences of DNA 
extracted from fresh rock core via sterile cryo-drilling 
share very few taxa with fluid samples from the same 
mine level (~1500 m). Enrichments from 5-month-
long in situ electrode incubation experiments led to 
the isolation at several reducing potentials of novel 
bacteria that are related to known Fe and Mn 
oxidizers and reducers. 
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The Indian Sundarbans covering an area of 9630 

sq.km is a World Heritage site with rich mangrove 
floral and faunal diversity. The deltaic complex 
sustains 102 islands and is the home ground of tiger. 
The aquatic sub-system of this deltaic complex is rich 
in nutrients due to two primary factors:  

1. Out-welling phenomenon that fetches 
mangrove litter/detritus generated nutrients to the 
adjacent estuaries  

and  
2. Input of nutrients in the near shore aquatic 

system from highly urbanized and industrialized city 
of Kolkata almost adjacent to Indian Sundarbans.  

 
We developed a seasonal data bank of three 

primary nutrients (nitrate, phosphate and silicate) for 
three decades in three sampling stations in and 
around Indian Sundarbans and attempted to forecast 
the level of nutrients in coming three decades by 
using exponential smoothing. The abrupt rise of 
nutrients levels in 2009, irrespective of the sampling 
stations, may be treated as proxy to super cyclone 
that jeopardize the ecosystem stability during 22nd to 
25th May 2009. The prime objective of this work is 
to evaluate the effect of these nutrients on the 
phytoplankton  

community thriving in the aquatic system in and 
around the mangrove dominated deltaic complex at 
the apex of Bay of Bengal. 
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Molybdenum concentrations and isotope ratios 

have been identified as a potential paleoredox proxy 
in ancient environments. Marine sediments are 
important sinks for Mo due to (1) adsorption onto 
Mn-oxyhydroxides under oxic conditions and (2) 
accumulation as particle-reactive thiomolybdate in 
euxinic environments. This removal is associated 
with an isotopic fractionation ranging from 3‰ in 
fully oxic settings to 0‰ in euxinic environments 
where reductive Mo removal is complete [1, 2]. 
However Mo isotopic fractionation associated with 
partial reduction has not been yet fully described [3]. 

In order to refine our understanding of Mo 
cycling and associated isotopic fractionation, we 
investigate Mo concentration and isotopic 
composition of the stratified waters and anoxic 
sediments of Saanich Inlet, British Columbia. Mo 
isotopes were measured by MC-ICPMS using a 
100Mo/97Mo-double spike [4]. The data are reported as 
δ98/95Mo relative to NIST-SRM-3134=+0.25‰. 
Analytical precision is <0.05‰ (2sd).  

Mo concentration in anoxic surface sediments 
deposited in the central basin of the inlet rises to 
>20ppm, and δ98/95Mo varies between 1.26‰ and 
1.63‰, well within the range reported for marine 
sediments in non-euxinic settings [3]. In the water 
column, δ98/95Mo in bottom anoxic water is 
significantly heavier (2.55±0.05‰; 2sd) and Mo 
concentration significantly lower (6.695±0.001 ng/g) 
than in surface water (δ98/95Mo = 2.23±0.05‰; [Mo] 
= 8.997±0.002 ng/g). Assuming Rayleigh 
fractionation in a closed system, a tentative -1.1‰ 
fractionation factor during Mo reduction is derived, 
which is consistent with sediments ca. 1‰ lighter 
than seawater. [Mo] and δ98/95Mo measured in the 
water column at the seawater redox boundary 
deviates from this simple Rayleigh fractionation 
calculation suggesting additional processes linked to 
Mn cycling, which further fractionate Mo isotopes. 
Saanich Inlet thus shows promise as a natural 
laboratory to study Mo isotope dynamics in the 
marine environment.  

 
[1] Barling et al. (2001) Earth Planet Sci Lett 193 
(447-457). [2] Siebert et al. (2006) Earth Planet Sci 
Lett 241 (723-733). [3] Scott et al. (2012) Chem Geol 
324-325 (19-27). [4] Skierszkan et al. (2015) Anal 
Bioanal Chem 407, 1925-1935. 
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Major and trace elements in forsteritic olivines 

from mafic igneous rocks are a valuable tool to infer 
on mantle mineralogy and on metasomatic processes 
that affect the source of magmas prior to melting. 
This line of research has been used to assess the 
contribution of an olivine-free mantle source to the 
origin of some Ocean Island Basalts (OIB)[1] and 
subduction-related lamproitic rocks [2].  

Here we present a comprehensive dataset of 
major and trace elements in high-Mg olivines from 
the Plio-Quaternary potassic to ultrapotassic 
magmatism of the Italian Peninsula. Samples belong 
to two major petrographic groups, silica-saturated and 
-undersaturated rocks. The analysed olivines display 
a markedly bimodal distribution of trace elements 
between the two groups. Olivines from the silica-
saturated samples have remarkably high Ni (up to 
5'000 ppm) and Cr, and low Ca and Mn/Fe. 
Conversely, olivine from the silica-undersaturated 
rocks have variably high Ca (up to 4'000 ppm) and 
Mn/Fe, and sistematically low contents of compatible 
elements (e.g. Ni below 2'000 ppm). Results are 
presented within a wide frame of available litterature 
data.  

Through modelling of Ni-Fe-Mg partitioning 
between melt-olivine pairs, we show that i) bulk 
rocks approximate the composition of parental melts 
in equilibrium with olivine cores, ii) partition 
coefficients are well within the range (KdNi

ol-liq 10-20) 
of medium-Mg melts (4-8 wt.% MgO), and iii) trace 
elements of olivines from the silica-undersaturated 
samples are compatible with a metasomatic reaction 
in the presence of excess Ca, which would stabilise 
olivine and clinopyroxene at the expenses of 
orthopyroxene [3]. 

 
[1] Sobolev et al. (2007), Science 316, 412-417. [2] 
Foley et al. (2013), EPSL 363, 181-191. [3] 
Ammannati et al. (2016), EPSL under revision. 
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Magnetotactic bacteria (MTB) perform 

biomineralization of intracellular magnetite (Fe3O4) 
nanoparticles showing remarkable crystallographic, 
magnetic and chemical properties. Tremendous 
advances have been made in constraining the 
biological and chemical pathways leading to MTB 
magnetite biomineralization, but the precise 
mechanisms for cellular Fe trafficking and magnetite 
formation are still a matter of debate. Here, we 
determined the Fe isotope fractionation by the 
magnetotactic strain Magnetospirillum magneticum 
AMB-1 to better constrain Fe uptake and magnetite 
biomineralization in MTB.  

AMB-1 cultures were carried out with either 
Fe(III)-quinate or Fe(II)-ascorbate as Fe sources. Iron 
sources, bacterial growth media after AMB-1 
cultures, bacterial lysates (corresponding to AMB-1 
cells devoid of magnetite) and magnetite samples 
were analyzed for Fe isotope compositions. In the 
two culture conditions, growth media after AMB-1 
cultures were enriched in light Fe isotopes relative to 
Fe sources. Two distinct bacterial Fe reservoirs were 
characterized in AMB-1: (1) magnetite enriched in 
the light Fe isotopes by 1.5 to 2.5‰ in δ56Fe relative 
to Fe sources, and (2) lysate enriched in the heavy Fe 
isotopes by 0.3 to 0.8‰ relative to Fe sources. More 
importantly, mass-independent fractionations in odd 
(57Fe) but not in even isotopes (54Fe, 56Fe and 58Fe) 
were observed for the first time, highlighting a 
magnetic isotope effect. Magnetite samples were 
significantly enriched in 57Fe by 0.23‰ relative to 
54Fe, 56Fe and 58Fe. Based on our results, we propose 
a model for Fe cycling and magnetite 
biomineralization in AMB-1. 



Goldschmidt Conference Abstracts 63 

SO2 solution, hydrolysis and 
disproportionation at geological 
storage conditions in the system  

CO2-SO2-H2O 
P. AMSHOFF1, T. WEGER1 AND C. OSTERTAG-

HENNING1 
1Bundesanstalt für Geowissenschaften und Rohstoffe, 

Stilleweg 2, 30655 Hannover, Germany  
(correspondence: philipp.amshoff @bgr.de) 

 
In the context of geological CO2 storage, the 

influence of accessory gases in the CO2 stream on 
properties of saline brines in deep aquifer storage 
complexes and on gas-fluid-rock reactions has to be 
considered. As a prominent component in flue gas 
from coal combustion, sulfur dioxide is considered of 
prime importance. Due to a lack of data on the 
kinetics of the solution rate of SO2 in saline brine at 
in situ conditions – and especially the kinetics of the 
hydration, hydrolysis and feasible additional redox 
reactions as disproportionation to sulfate and sulfide, 
studies involving quantitative modelling of 
geochemical reactions in the reservoir and their 
influence on injectivity and storage capacity are 
yielding contradictory results [1, 2, 3, 4, 5, 6].  

As proposed by [6] we therefore determined 
additional data on the kinetics of solution of SO2 in 
NaCl-dominated saline brine at 333 K and 16 MPa in 
stirred all-titanium high pressure reactors. The 
solution of SO2 from a CO2-SO2 phase into the 
aqueous fluid and the speciation of sulfur was 
monitored. Analysis of trace concentrations of sulfite, 
thiosulfate and sulfide after derivatisation with a 
fluorescence tag by HPLC-FD and sulfate by IC 
enabled the quantification of reaction rates for the 
individual reactions at in situ conditions and 
constrained their influence on pH, the oxygen 
fugacity as well as on the solubility of CO2. 

 
[1] Tan et al. (2013) Ind. Eng. Ch. Res. 52, 10864-
10872. [2] Crandell et al. (2010) ES&T 44, 349-355. 
[3] Ellis et al. (2010) Int.J.G.G.C. 4, 575-582. [4] 
Ovaysi et al. Int.J.G.G.C. 15, 119-133. [5] Xu et al. 
(2007) Chem. Geol. 242, 319-346. [6] Pearce et al. 
(2015) Chem. Geol. 399, 65-86. 
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We have determined the major and trace 

elements, and Sr-Nd-Hf-Pb isotopic compositions of 
Late Cenozoic (4.1 to 13.8 Ma) basaltic rocks from 
southern Vietnam to understand the nature of the 
mantle source. The volcanic rocks are composed of 
tholeiite basalt, and alkaline basanite, trachybasalt, 
basaltic trachyandesite and trachyandesite. The 
alkaline rocks show LREE-enriched pattern with 
(La/Yb)N =10.3-29.8. The tholeiite basalts are 
distinguished by much less values (8.8-9.5) of 
(La/Yb)N. On a primitive mantle-normalized trace 
element distribution diagram, they show OIB-like 
LILE enrichment without HFSE depletion. However, 
some samples exhibit positive anomalies in K and Pb, 
and negative anomaly in Sm, suggesting phengite or 
K-amphibole possibly in the source. The samples 
have Sr (87Sr/86Sr=0.703794-0.704672), Nd 
(ɛNd=1.2-5.4), Hf  (ɛHf=4.0-10.9), Pb 
(206Pb/204Pb=18.23-18.75; 207Pb/204Pb=15.53-15.59; 
208Pb/204Pb=38.32-38.88) isotopic compositions, 
plotting within the OIB field with a DMM-EM2 
array. There are no discernible isotopic differences 
between tholeiite and alkaline series, reflecting same 
source origin. The Nd and Hf isotopic compositions 
are coupled and plot along the mantle array, ruling 
out pelagic sediment or possibly lithospheric mantle 
in the source. Plots of the NiO against Fo of olivines 
from the basaltic rocks are within the field of Hainan 
or Hawaiian basalt olivines, reflecting pyroxenite in 
the source. Also note that the estimated primary melt 
compositions plot within the experimental field 
defined by partial melting of silica-poor eclogite and 
peridotite. We suggest that the Vietnamese basaltic 
rocks might be produced by the Hainan plume 
containing recycled eclogitic oceanic crust. 
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Water isotope is proved to be a good indicator of 

climate and environment evolution in Polar Regions, 
but may have different patterns in different places. 
Here we present most recent δ18O and δ D data of 
surface snow and ice core which is collected form 
coast Zhongshan Station to inland Dome A, East 
Antarctica. Effects of different environmental factors 
on water stable isotope ratios are discussed. Based on 
multivariate linear regression analysis and correlation 
analysis, we find that altitude is the major controlling 
factor of stable isotope ratios in surface snow. 
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Fractionation of selenium in acid mine drainage 

(AMD) during reduction by two types of reactive 
mixtures, i.e., organic carbon-limestone (OC-LS) and 
organic carbon-zerovalent iron (OC-ZVI), was 
evaluated through column experiments. Se(VI) (40 
mg/L) was spiked into the AMD collected in an 
abandoned metal mine site in Korea, and reduction of 
selenium along with other geochemical changes was 
assessed. The results showed that the isotope ratios of 
δ82/76Se increased as the fraction of Se remaining in 
aqueous-phase decreased. The maximum δ values in 
the OC-LS and OC-ZVI columns were 3.16 ± 0.4‰ 
and 3.41 ± 0.4‰, respectively, as compared to the 
input solutions of -0.44 ± 0.4‰ and -0.22 ± 0.4‰, 
respectively. By applying the Rayleigh fractionation 
model, the effective fractionation curve for the OC-
LS column was fitted to have ε = 1.4‰, which is 
close to the minimum value for the reduction by 
bacteria [1]. The ε value in the OC-ZVI column was 
5.1‰, which is similar to the value reported for the 
reduction of selenium by granular zerovalent iron [2]. 
With other geochemical changes, the results suggest 
that microbial reducton of selenium occurred in the 
OC-LS column, while abiotic reduction by ZVI is an 
important reaction mechanism in addition to the 
microbial reduction in the OC-ZVI column. X-ray 
absorption near edge structure (XANES) analysis of 
the solid phase indicated that selenium was reduced 
to the forms of SeS2 and/or Se(0) in the OC-LS 
column, while reduction to FeSe, SeS2 and/or 
absorption of Se(IV) occurred in the OC-ZVI 
column. 

 
[1] Herbel et al. (2000) Geochim. Cosmochim. 

Acta 64, 3701-3709. [2] Shrimpton et al. (2015) 
Environ. Sci. Technol. 49, 11688-11696. 
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Interactions of microbes and microbial processes 

with fine particles have been reported to affect 
microbial physiology and metabolism.  Although 
some studies have revealed positive or negative 
effects on bacterial growth, little consensus exists 
about the mechanisms of metabolic enhancement or 
inhibition.  Authors of previous studies have 
suggested that effects are due to: (i) particulates 
acting as a nutrient source or an electron acceptor; (ii) 
particles serving as a buffer to maintain a favorable 
pH; (iii) alteration of proton motive force due to 
proximity to negatively-charged surfaces leading to 
changes in ATP generation; (iv) greater accessibility 
to nutrients at interfaces; or (v) prevention of 
accumulation of toxic metabolites.  Studies that 
systematically evaluate this suite of mechanisms are 
still lacking.  

We investigated the effects of hydrous ferric 
oxide (HFO), finely ground coal, and Min-U-Sil 5, a 
micron-sized silica, on Acidovorax sp. 2AN growth. 
Although coal was ineffective, HFO and Min-U-Sil 5 
stimulated the growth of strain 2AN in both oxic and 
anoxic batch cultures, even though inhibition was 
initially observed with HFO.  When grown with 
acetate and nitrate in the presence of 0, 1, and 6 mM 
HFO, final protein concentrations were 14.6% higher 
with 6 mM HFO and 24.6% higher with 1 mM HFO, 
compared to cultures lacking HFO.  Compared to 
non-amended controls, anaerobic growth in the 
presence of Min-U-Sil 5 was more rapid and 16% 
more protein was produced at the end of the 
experiment.  Strain 2AN formed more pili when 
grown with Min-U-Sil 5 than in its absence.  
Additional experiments showed that growth 
enhancement did not result from particulates serving 
as an additional electron acceptor (Fe(III)), nutrient 
source (Fe or Si), or a pH buffer.  HFO and Min-U-
Sil 5 did not affect cell growth on non-charged 
substrates (glucose or sucrose), suggesting that 
enhanced growth with negatively-charged substrates 
(acetate or fumarate) was not due to surface-charge-
associated changes in proton motive force and 
increased ATP generation.  The stimulatory effect 
was more likely the result of greater microbial access 
to sorbed substrates or a more generalized effect on 
gene expression, as evidenced by increased pili 
formation during particulate-cell association. 
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Si isotope fractionation is significant in low-

temperature environments by several‰ but it is 
limited in magmatism (~0.2‰) [e.g. 1-2]. Therefore, 
Si isotopes may be a useful tracer for recycled crustal 
material in the mantle. Previous studies found that 
recycled altered oceanic crust in the mantle could 
attribute to OIBs with enriched isotope signatures [3]. 
Therefore, it is important to understand Si isotopes of 
altered oceanic crust which could result in mantle 
heterogeneity. 

Here we analyzed Si isotopes of altered basalts 
and gabbros recovered from the IODP site 1256 by 
Neptune Plus MC-ICP-MS. The long term precision 
of δ30Si is better than ±0.05‰ (2SD). This site 
represents a carbonate-barren altered oceanic crust 
(AOC) formed at the East Pacific Rise produced by 
interaction of seawater-derived fluids with oceanic 
crust at different temperatures and water/rock [3].  

Our results present that the δ30Si of these AOC 
samples varies from -0.265 to -0.636‰, ranging from 
fresh MORB value (δ30Si = -0.29 ± 0.08‰) to a 
lighter end-member [5]. The δ30Si negatively 
correlates with δ18O reported by Gao et al. (2012), 
reflecting the effect of temperature variations during 
alteration [4]. The preliminary results indicate that 
during alteration, the seawater-derived fluids took 
away heavier Si isotopes and left a lighter δ30Si in the 
AOC. Therefore, an important implication is that the 
mixing the recyled AOC with the mantle could 
produce a source enriched in light Si isotopes. This 
may explain the light δ30Si (-0.39 ± 0.04‰) in 
Iceland OIBs with HIMU component relative to fresh 
MORB (δ30Si = -0.29 ± 0.08‰) [5] if their mantle 
source contains recycled AOC.  

 
[1] Ziegler et al. (2005) GCA 33, 817-820. [2] Savage 
et al. (2011) GCA 75, 6124-6139. [3] Zhu et al. 
(2007) ESF 14, 24-36. [4] Gao et al. (2012) G3 13 
(10). [5] Savage et al. (2010) EPSL 295, 139-146. [6] 
Pringle et al. (2014) AGU V33C-4874. 
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The astronomically-paced formation of organic-

rich sediments (sapropels) in the Eastern 
Mediterranean (EM) has been linked to deep-water 
stagnation and/or enhanced biological productivity. 
The preservation of organic carbon in sediments 
requires anoxia in pore-waters, but not necessarily the 
water column. The enrichments of redox-sensitive 
elements and their isotope systematics provide further 
information on the chemical evolution of overlying 
waters through time. 

Here we focus on Mo and U isotopes in sapropel 
S5 from EM core 967 (2550 meters depth), deposited 
during the last interglacial period at 125-120 ka. Both 
Mo and U show strong authigenic enrichment 
throughout S5 sediments, while their isotope systems 
evolve from start to end.  δ98Mo evolves from ~1.2‰ 
to ~2.3‰, suggesting gradual build-up of euxinic 
conditions and near-quantitative Mo removal in the 
water column with δ98Mo near seawater (2.3‰) at the 
end of sapropel formation. Uranium isotopes (δ238U) 
evolve from +0.1‰ to -0.1‰, suggesting U removal 
into S5 sediments that are isotopically fractionated 
from seawater (-0.4‰) but with a trend towards more 
quantitative U uptake at the end of the sapropel.  

The observed Mo and U isotope systematics, 
particularly toward the end of S5, are very similar to 
those of the modern Black Sea: a semi-restricted 
basin characterised by slow overturning, euxinic 
conditions at depth, and strong Mo-U removal into 
the sediments. Using the U isotope systematics in the 
Black Sea sediments and waters, a simple mass 
balance model can be constructed to quantify U 
removal from deep-waters, based on the rate of U 
supply from above and U removal into the sediments. 
Application of  this model to the  Black Sea 
sediments gives a best fit for the deep-water 
mixing/exchange time of ~700 years. Applying this 
framework to the EM during S5, the U isotope 
systematics suggest a water mixing exchange time 
that increased 10-fold from ~100 to ~1000 years at 
the end of S5. Thus, the combined Mo and U isotopes 
provide evidence for significant restriction of the EM 
basin as a driver of sapropel S5 formation. 
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Classical nucleation theory predicts a barrier on 

the order 100 kT for calcite formation, which 
excludes direct nucleation. Alternate theories have 
been put forward, such as the formation of 
prenucleation clusters[1] and liquid-liquid phase 
separation[2]. In both theories, liquid species similar 
to amorphous calcium carbonate are formed before 
calcite. Here we present a quantitative phase diagram 
for these amorphous phases, as liquid-liquid phase 
separation, from supersaturated CaCO3 solutions, 
predicted using density functional theory and the 
COSMO-RS implicit solvent model (Fig. 1). 

 

 
Figure 1. Liquid-liquid phase diagram for CaCO3 
solutions. The binodal lines are thick blue. Thin lines 
represent uncertainty estimates. The square and 
triangle show concentrations of solutions in 
equilibrium with the corresponding solid.  

 
Several important conclusions arise from our 

calculations:  
The critical point lies below -170 °C, i.e. liquid-

liquid phase separation occurs at all temperatures. 
The barrier for phase separation at the binodal 

line is only ~2 kT and the spinodal concentration is 
very high, therefore, no spinodal decomposition 
occurs < 0.01 M. 

The number of clusters of the high density phase 
scales linearly with the Ca2+ concentration. Thus, the 
classical theory of liquid-liquid phase separation can 
explain the concentration behavior of the non-
classical prenucleation model.  

 
[1] D. Gebauer et al., Science, 322, 5909, 2008. 

[2] A.F. Wallace et al., Science, 341, 6148, 2013. 
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The period around the Cenomanian-Turonian 

boundary (CTB) is well known to be one of 
remarkable climatic optimum during the Phanerozoic 
[2]. Sedimentary horizons across the CTB are 
characterized by positive excursion of stable carbon 
isotope ratio related to the Oceanic Anoxic Event 
(OAE) 2. By chemo- and biostratigraphic 
investigations, the CTB intervals were recognized in 
several Pacific regions other than the Tethys and 
proto-Atlantic. In the present study, we compare 
marine ecosystems across the CTB between 
Hokkaido area, Japan (NW Pacific) and the 
Vocontian Basin, SE France (Tethys) by biomarker 
analysis of sedimentary rocks. 

Lower values of 2-methyl hopanoid index (2-
MHI) are indicated by the sediments of Hokkaido 
area and Vocontian Basin. Contribution of 2-methyl 
hopane-producing cyanobacteria such as 
Synechococcus in marine production were minor in 
these two regions, which are different from the 2-
MHI trends in some proto-Atlantic region. On the 
other hands, two increasing spikes of triaromatic 
dinosteroid index (TADS), which is dinoflagellate 
productivity proxy, are observed in the sediments 
from both Hokkaido and Vocontian Basin. The 
timings of these spikes correspond to those of global 
warming maximal ones estimated by TEX86 [1]. 
Extremely warm condition enhanced dinoflagellate 
production in different two sections at the NW 
Pacific and Tethys. In the central proto-Atlantic, N2-
fixing cyanobacteria increased and transported 
ammonium ion to the other regions through 
intermediate water [4]. Subsequently, collapse of 
vertical stratification during the warm phase of the 
OAE2 [3] globally enhanced nutrient supply to 
surface water mass. Finally, eutrophic condition 
suitable for dinoflagellate rather than cyanobacteria 
was extensively expanded not only the Tethys but 
NW Pacific around the CTB. 

 
[1] Forster et al., 2007, Paleoceanography 22, 

PA1219  
[2] Friedrich et al., 2011, Geology 40, 107-110 [3] 
Huber et al., 1999, J. of Foram. Research 29, 392-
417. [4] Ruvalcaba Baroni et al., 2015 
Paleoceanography 30, PA2744  
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In order to know the fate of an organic carbon in 
deep subduction zone, we have observed the 
Sanbagawa eclogite (Tonaru eclogite) accompanying 
cupper-iron sulfides (so called Besshi mine type Cu-
Fe sulfides). The sulfides are considered as 
precipitates related to the Jurassic ridge-hydrothermal 
alteration. In the eclogite, Cu-Fe sulfides contain 
silicate with graphite along cracks. The rims of the 
sulfides are replaces as Fe-Cu oxides. It is considered 
that the graphites were on the sulfide and along the 
interstitial domain such as cracks then rim of the 
oxides were overgrown. The graphite crystallization 
temperature calibrated using laser Raman peak shift, 
is estimated lower than 300 oC. It is obviously lower 
than that of the metamorphic temperature of the 
eclogite 550-600 oC. It clearly suggests that graphite 
was probably from the micro-bacteria with Cu-Fe 
sulfides in the hydrothermal zone in the Mid-oceanic 
ridge system. It is well known that the Cu-Fe oxides 
were formed in high P/T Sanbagawa metamorphism. 
Therefore overgrowth of the oxides on the studied 
sulfide-graphite association were in deep subduction 
zone. In summary, the Jurassic ridge-hydrothermal 
alteration provides bacteria cluster, and subsequently 
the organic carbon would be recycled down deep in 
the mantle via subduction zone.   
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We measured the dissolved Mg and Si isotopic 

compositions of near-basement pore water samples 
collected at ten boreholes drilled along a E-W 
transect on the eastern flank of the Juan de Fuca ridge 
(JdFR) during ODP Leg 168. Starting from the 
proximity of the ridge axis, δ26Mg and δ30Si first 
change from -1.0‰ down to -2.6‰ and +1.7‰ up to 
+2.1‰, respectively, but becomes heavier (up to -
1.5‰) and lighter (down to +1.4‰) eastwards. These 
trends result from seawater-basalt interactions 
occurring in two steps: (a) a low temperature (<40°C) 
steady-state uptake of Mg and Si by smectitic clays 
that partition heavy Mg and light Si; (b) a warmer 
(40-60°C) Rayleigh-controlled Mg loss with no major 
change in Si content but lighter δ30Si due to silicate 
replacement by carbonates. Assuming: (a) an ocean at 
steady state for its Mg isotopic composition; (b) 
potential outflows of ridge flank hydrothermal fluids 
(RFHF) to the ocean with compositions close to the 
mean upwelled JdFR fluids ([Mg]:4.2 mmol kg-1; 
δ26Mg:-2.3‰), the global RFHF discharge to the 
ocean is fixed at 12 1014 kg yr-1, in line with water 
fluxes calculated from a recent model of 
hydrothermal heat transports(1): 4-26 1014 kg yr-1. We 
finally estimate the Mg-Si RFHF discharges to the 
global ocean at 4.0±1  and 0.6±0.3 Tmol yr-1, 
respectively. 

(1) Grose and Afonso. Solid Earth 6, 1131-

1155, 2015 
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Fe-bearing spinels are widespread accessory 

minerals in Upper Mantle rock assemblages and are 
one of the most common inclusions found in 
diamonds. We studied, by Brillouin spectroscopy in a 
diamond anvil cell up to 10 GPa, high-pressure 
elastic properties of two synthetic aluminate spinel 
crystals with low and high Fe2+-contents. Their 
structural formulae, as determined by XRD EMPA 
and MS, are:  
IV(Mg0.74Fe2+

0.02Al0.24)∑=1.00
VI(Al1.76Mg0.24)∑=2.00O4 for 

sample He2d, and IV(Mg0.36Fe2+
0.42Fe3+

0.03 
Al0.19)∑=1.00

VI(Al1.77Mg0.16Fe2+
0.07)∑=2.00O4 for sample 

He6a.  
High-pressure data were fitted using the third 

order Eulerian finite strain equations (Figure 1). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Pressure dependence of elastic moduli for 
spinel samples He2d and He6a. 

 
For both samples all the elastic moduli increase 

as a function of pressure with approximately the same 
derivatives, and such a similarity suggests that 
different Fe2+ contents have little influence on the 
elasticity of aluminate spinels at Upper Mantle 
pressure. Our data are in good agreement with 
literature data on oxide and silicate spinels as for the 
elastic moduli, but are often distinctly lower 
concerning their derivatives as a function of pressure. 
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Several studies have examined the geochemistry 

of Icelandic rivers to quantify the role of basalt 
weathering in the long-term C cycle. Recently, 
Jacobson et al. (2015)[1] used Ca isotope ratios 
(δ44/40Ca) to trace sources of Ca in glacial and non-
glacial rivers. The study concluded that significant 
amounts of Ca derive from hydrothermal calcite 
rather than basaltic silicate minerals, particularly in 
glacial watersheds where mechanical erosion rates 
are high. Because Icelandic hydrothermal calcite 
contains mantle C, long-term CO2 consumption rates 
determined from riverine Ca and alkalinity fluxes are 
likely lower than previously realized.  

To test these results – especially the impact of 
calcite weatheirng on riverine dissolved loads – we 
measured radiogenic and stable Sr isotope ratios 
(87Sr/86Sr and δ88/86Sr, respectively) for the same river, 
rock, and mineral samples analyzed in Jacobson et al. 
(2015). On a plot of 87Sr/86Sr versus Ca/Sr, rivers 
display three-component mixing between basalt, 
hydrothermal calcite, and precipitation (assumed to 
resemble seawater). In non-glacial rivers, Sr derives 
from basalt and precipitation (60 – 67% and 33%, 
respectively) with a small contribution from calcite (1 
– 9%). In glacial rivers, Sr originates from basalt and 
calcite (61 – 89% and 2 – 31%, respectively), with a 
small contribution from precipitation (9%).  

Icelandic rivers have higher δ88/86Sr values 
compared to bedrock. On average, glacial and non-
glacial rivers have δ88/86Sr values of 0.412‰ and 
0.388‰, respectively, while basalt has a δ88/86Sr value 
of 0.256‰. However, on plots of δ88/86Sr values 
versus 87Sr/86Sr and Ca/Sr ratios, three-component 
mixing between basalt, calcite, and precipitation best 
explains riverine data. The combined interpretation of 
all tracers suggests that fractionation during 
weathering is not required to explain riverine δ88/86Sr 
values. To the extent our findings for Iceland apply to 
other basaltic settings (which remains to be 
demonstrated), we suggest that downturns in the 
marine 87Sr/86Sr record attributed to basalt weathering 
on the continents cannot be used to estimate long-
term CO2 drawdown rates without first accounting for 
the calcite weathering contribution.  

 
[1] Jacobson et al. (2015) Earth. Plan. Sci. Lett. 

416, 132-142. 
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Coffinite (USiO4) a ubiquitous uranium ore 

mineral, is difficult / costly to rapidly identify in ore 
bodies due to it generally being present in very low 
concentrations and / or being present predominantly 
in an amorphous form. Recent sudies have shown that 
coffinite can be identified via Short Wavelength 
Infrared (SWIR)[1], hence there is the potential for 
identifying coffinite in ore bodies using an IR based 
method.  In this study a series of synthetic coffinites 
were analysed via SWIR and compared to X-ray 
diffraction (XRD) patterns. Particular spectral 
features (1500 nm and 1550 nm) are observed to 
correlate with their XRD pattern peak intensities at 
32° and 34° from 2θ. Additional studies were also 
conducted on samples from the Valhalla uranium 
deposit (Mount Isa, Queensland, Australia) which has 
been shown to contain the uranium silicate, coffinite. 
These studies revealed 195 instances of similar SWIR 
U-Zr silicate features in drill core. The sample 
population shows two trends in relation to U-Zr 
chemistry determined via x-ray fluorescence (XRF). 
One trend displays higher concentrations of Zr 
relative to a second with lesser concentrations of Zr 
relative to U (Fig. 1) 

Figure 1: XRF data displaying U-Zr trends. 

We present SWIR as a promising base for a 
method of detecting U-Zr silicates in a natural 
mineralised system.  

 
[1] Baron et al. (2014) Journal of Near Infrared 
Spectroscopy, 22, 149-152. 
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PGE nanonuggets are usually considered a 

nuisance in experimental studies designed to measure 
partitioning and solubilities in silicate melts. Their 
ubiquitous presence in experiments and in natural 
rocks as well suggest that they may have a role in 
natural systems. 

Our experiments were designed to maximise 
nanonugget formation by using Ag–Pd capsules and 
Fe-bearing hydrous peralkaline melts, doped with 
TiO2 and Bi2O3. The runs were not oxygen buffered. 
Metal phases are observed in the experimental runs, 
particularly adhering to Fe(-Ti) oxides. Nanonugget 
colour as observed in a 100x objective and oil 
depends on composition and size. Knowing that most 
nanonuggets are Ag, we infer nanonugget diameter to 
be between ~50 to 1000 nm using optical 

observation. 
Figure 1: Photomicrograph of magnetite, 

nanonuggets and coarse noble metal phases 
consisting of Ag, Pd, Pt and Bi. Analyses by LA-ICP-
MS show that Au and Ir also occur in the metal 
phases. 

 
Nanometre-scale euhedral metal phases occur in 

some runs. Additional runs where metal saturation 
was enhanced by slow cooling exhibit no 
nanonuggets and coarse, µm-sized noble metal 
phases. 

We suggest that nanonuggets are a means of PGE 
transport in silicate melts beyond traditional PGE 
solubilities and serve as feedstock for crystallisation 
of coarser PGM. 
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Water is a primary component of climate change, 

continental weathering, and evolutionary processes. 
The cryosphere is the second-largest reservoir of 
water in the near-surface hydrosphere, and the 
waxing and waning of polar ice influences regional 
ocean chemistry and marine biological primary 
production. The amount of water in the cryosphere, 
as well as the movement of water into and out of the 
cryosphere, has varied over the past 700 Ma. For 
example, during Cyrogenian low-temperature 
“snowball-Earth” conditions, the cryosphere 
enveloped Earth in a shell of ice. Previous workers 
have investigated “snapshots” of the cryosphere at 
discrete points in Earth’s history, though none have 
linked cryosphere-related processes to dynamic 
variations in the global water cycle throughout deep 
time.  

We have developed a numerical model to assess 
variations in the amount of water in the cryosphere 
over the past 700 Ma. The model combines the 
amount of water in the various geohydrologic cycle 
reservoirs (atmosphere, the crysophere, the biosphere, 
continental surface water, groundwater, and the 
oceans) with the fluxes of H2O between these 
reservoirs. We examine how the distribution and 
fluxes of water between reservoirs vary in proportion 
to environmental changes. For example, precipitation 
from the atmosphere to the cryosphere varies with 
changes in global temperature and polar ice surface 
area. At global average temperatures >3°C, 
precipitation to the cryosphere is controlled by 
changes in ice cap surface area; at temperatures 
<3°C, precipitation to the cryosphere is controlled by 
changes in global temperature (see Figure). Thus, as 
global average temperature varies in deep time, the 
flux of water from the atmosphere to the cryosphere 
varies accordingly. 
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Arabian Peninsula is a region with rapidly 

growing population and several highly populated 
aglomerations. The Arabian deserts are among the 
world’s major dust sources. Dust storms are regularly 
observed in this region, affecting human health and 
environment. One of the most prominent 
manifestations of dust storms that could be directly 
observed is dust depostion. It strongly affects urban 
environment and human health, as well as is an 
important component of the nutrient balance of the 
oceans, which is especially important for semi-
enclosed oligotrophic Red Sea and Arabian Gulf. 

Despite the importance of dust deposition 
assessments, there are only scarce direct 
measurements avalible for the Arabian Peninsula. 
The observations of airborne dust optical depth both 
from satellites and surface stations are much more 
abundant than direct observations of dust depositon. 
Most of the studies focus on optical effects of 
airborne dust, whereas robust regional estimatates of 
dust emission and deposition are still not available. 
The calculated emissions and depositions vary 
considerably from model to model.  

In this study, we present the climatological 
characterictics of dust emission and deposition over 
the Arabian Peninsula based on various sources. We 
compare the recent atmospheric reanalysis products 
(MACC, MERRAero, MERRA-2) comprising 
aerosol components with several high-resolution 
simulations for Arabian Peninsula performed with 
WRF-CHEM model [1,2,3]. We assess the 
climatological dust deposition to the Red Sea and 
Arabian Gulf and compare it with the dust amounts 
introduced during major dust storms. We also discuss 
the new dust deposition measurements at the western 
coast of the Red Sea, which help to better test and 
understand the regional dust climatology. 
 
[1] Kalenderski et al. (2013) Atmos. Chem. Phys. 13, 
1999-2014. [2] Prakash et al. (2015) Atmos. Chem. 
Phys, 15, 199-222. [3] Kalenderski & Stenchikov, 
(2016) J. Geophys. Res., (in review). 
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We focus on the geochemical prosesses at a hot 

subduction zone where spreading centers and fracture 
zones of the Chile ridge system subducting 
underneath the South American plate at the latitude 
of 46oS.  The tools we used are Sr-Nd isotopes and 
abundances and age distributions of recycled zircon 
hosted in the igneous rocks. L. Miocene-E. Pliocene 
ridge subduction event resulted in obduction of an 
ophiolite and contemporaneous fore-arc plutonism in 
the areas ~30 km southeast of the present Chile triple 
junction. U-Pb dating on zircons indicate that the 
Taitao ophiolite–granite complex were formed from 
~5.7 to 5.2 Ma. As a result of complex magmatic 
interactions between the subducting ridge, overlying 
crust/sediments and mantle, several I-type granitic 
plutons were formed contemporaneously with the 
ophiolite. The Sr-Nd isotopes indicate that juvenile 
magma of calc-alkaline I-type granites formed due to 
partial melting of hot oceanic crust adjacent to the 
subducting mid-oceanic ridge that has been 
contaminated by deep crustal material and/or 
metasomatized sub-arc mantle. REE concentration 
and other geochemical signatures indicate that the 
partial melting took place under garnet-free-
amphibolite conditions. Recycled zircon age 
distributions indicate that the juvenile magmas then 
incorporated different amount of subducted sediments 
and/or continental material to form the I-type granites 
with various compositions. Furthermore, fore-arc 
region became volcanically active over a period of 
~0.4 my after the formation of the Taitao ophiolite-
granite complex. The fore-arc volcanism produced 
ejecta of basaltic to dacitic compositions and 
migrated from offshore (~5.3 Ma) to inland (~4.6 
Ma) along the Chile Margin Unit that trends NE-SW. 
The volcanism further extended east to produce the 
dacitic volcanic plug of Pan de Azucar (~4.3 Ma) and 
lavas in Fjord San Pedro (~2.9 Ma). The migration 
took place at a rate of ~2.3 cm/y to ~5.3 cm/y. 
Subduction of fracture zones played an important role 
in these processes.  
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Geological materials are typically non-uniform on 
multiple length and time scales. Although there is 
extensive research done on “representative” 
materials, any given rock core or sample provides 
either a limited view of the structural complexity 
observed in the field or non-repeatable compositional 
heterogeneity. This makes accurate delineation of the 
properties of such materials difficult to analyze. 
Synthetic materials, on the other hand, such as 
controlled pore glasses, aerogels, etc. provide much 
more quantifiable matrices, but their very simplicity 
makes them less representative of real rocks. It is, 
therefore, beneficial to study systems that are as 
simple as possible, and where the physical state of the 
reacting constituents is well characterized, but that 
are more representative of earth materials as an 
intermediate step. This requires: 1) synthesis of 
suitable nano- or microscale mineralogical 
components, and 2) methods for arranging them (i.e. 
deposition by centrifugation, ultrasonic treatment, 
etc.) and sintering or cementing them into a synthetic 
rock (“synrock”) of sufficient size. These “architected 
geomaterials” can then be used for both post-
synthesis analysis of the formation of pore structures 
(i.e. how are poer structures in sedimentary or 
metamorphic rocks affected by settling, compaction 
and/or reaction) and utilized in other experimental 
venues. The goal is to develop materials with 
controllable, repeatable heterogeneity and structure 
that can be tested under a range of thermal, hydraulic, 
chemical and mechanical conditions, such as samples 
with architected nanoporous structures, fractured 
systems, crystal face interfaces, known wettability 
and reactivity etc., as well as upscaled, “core-scale” 
properties such as quantifying the relationship of 
permeability and elastic constants to porosity and 
pore structure. 
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Mid-ocean ridge hydrothermal circulation is a 

key component in the long-term regulation of global 
climate and chemical fluxes to the oceans [1]. Models 
reconstructing past weathering rates and CO2 
concentrations often assume that seawater-basalt 
hydrothermal exchange worked the same in the past 
as it does today, yet geochemical proxies [2] suggest 
that seawater has undergone large changes in 
chemical composition, which could have influenced 
the reaction pathways and kinetics during 
hydrothermal circulation. 

The modern ocean has Mg:Ca:SO4 concentrations 
of 53:10:28 (mM), implying that Ca (and Sr) can be 
quantitatively removed by anhydrite precipitation (at 
~130 C), and that seawater SO4 is then left-over to 
precipitate with Mg (as MHSH phases, ~250C) 
before reaching greenschist-alteration depths and 
reemerging with approx. 0:30:0 (mM) [and basaltic 
δ44Ca and 87Sr/86Sr signatures]. The Cretaceous and 
Ordovician oceans likely had concentrations of 
approx. 30:30:10 (mM) [2], which could have: i) 
increased the persistence of seawater Ca (and Sr) 
after anhydrite precipitation, into the greenschist zone 
and back into the ocean, ii) quantitatively removed 
seawater SO4 as anhydrite, inhibiting subsequent 
MHSH formation (and TSR), and iii) slowed-down 
hydrothermal reaction kinetics. 

We present a conceptual framework for 
evaluating the potential changes in hydrothermal 
outputs, and then explore several simplified model 
systems (dual-porosity [3] and charge-balance), 
which suggest that these paleo-hydrothermal fluids 
had significantly more seawater-derived Ca and Sr 
(agreeing with 87Sr/86Sr from epidotes in Cretaceous 
and Ordovician ophiolites [4]). These effects could 
require a reanalysis of the Sr isotopic evolution of the 
oceans. Future research into Sr partitioning 
(anhydrite, MHSH, and chlorite) and kinetic effects 
caused by higher seawater Ca and lower Mg and SO4, 
along with reactive transport simulations, will serve 
to further constrain this hypothesis. 

 
[1] Berner (2003) Nature 426, 323-326. [2] 
Lowenstein et al. (2014), TOG 2nd ed., 569-616. [3] 
DePaolo (2006), GCA 70, 1077-1096. [4] Turchyn et 
al. (2013), GCA 123, 440-458.  
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Measurements of Ca isotope fractionation in 

volcanic phenocrysts have demonstrated that 
reasonable mineral-specific crystal growth rate 
estimates may be obtained through kinetically-driven 
(diffusive) deviations from isotopic equilibrium [1], 
which can occur if the crystal growth rates (R) are 
large relative to the diffusion rates (D) for Ca in the 
magma [2, 3]. However, variables affecting the 
requisite equilibrium fractionation factors are 
complex, and still require further exploration to 
properly represent the large range of possible 
temperatures, pressures, and mineral compositions. 

Equilibrium Ca isotope fractionation depends on 
temperature, the number of oxygens coordinating Ca, 
and on the length of these Ca-O bonds [4]. However, 
compositionally-driven changes in the mineral 
structures (such as Ca content of opx, which is 
inversely proportional to Δ44Caopx-cpx) also have large 
effects on the bonding environment for Ca and on 
equilibrium Δ44Ca [5,6]. Several groups have 
reported significant (~1‰) δ44Ca differences between 
clinopyroxene, orthopyroxene, and olivine from 
mantle xenoliths [5,6] and from slow-cooling layered 
mafic intrusions [1], which are inferred to represent 
equilibrium conditions. However, the individual 
histories for such xenolithic and plutonic samples are 
complex and their compositional and 
thermobarometric ranges are limited. 

We report δ44Ca values for mineral separates 
(plagioclase, clinopyroxene, orthopyroxene, & 
garnet) from six texturally-equilibrated granulite 
rocks, and estimates of their thermobarometric 
equilibration conditions based on Fe-Mg exchange 
techniques. Preliminary analyses indicate that there 
are large Δ44Ca differences, with δ44Ca for garnet, 
opx, cpx, and plagioclase ranging from -3.23 to 
+0.9‰. Equilibrium δ44Ca is likely 
garnet≤plag<cpx<opx (based on rough bond length 
estimates), which agrees with our preliminary 
analyses and will serve to further constrain the 
equilibrium values needed for calculating crystal 
growth rates in other settings. 

 
[1] Antonelli & DePaolo (2015) Goldschmidt 
Abstracts, 93. [2] Watson & Muller (2009) Chem. 
Geo. 267, 111-124. [3] Watkins et al., GCA 75, 
3103-3118. (2011). [4] Feng et al. (2014) GCA 143, 
132-142. [5] Huang et al. (2010) EPSL 292, 337-
344. [6] Kang et al. (2015) GCA 174, 335-344. 
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The CV3red and CV3oxA subgroups have 

undergone different extents of alteration on their 
parent body. Raman spectra of organic matter and 
recrystallization of AOAs show that the CV3red 
chondrites Efremovka, Leoville and Vigarano 
(metamorphic type 3.1~3.4) have undergone less 
metamorphic recrystallization than the CV3oxA 
chondrites Allende and Axtell (>3.6) [1,2]. The 
CV3red chondrites also have lower porosities than the 
CV3oxA [3].  The lower porosities of the CV3red are 
consistent with the interpretation that they were 
deformed by an early impact event, which compacted 
the pore spaces and thus limit the amount of fluid-
mineral interaction during subsequent metamorphism 
[4,5].  

To identify evidence of deformation in the CV3 
chondrites, we have determined modal abundances of 
object types (chondrules, matrix, CAIs,…) and 
shapes of chondrules in three thin sections of CV3red 
chondrites (two of Efremovka, one of Leoville) and 
in two thin sections of the CV3oxA Allende.  Modes 
show that the CV3red chondrites have lower 
proportions of matrix (24-29%) than the two Allende 
thin sections (47-49%). Chondrule lengths (L) and 
widths (W) were determined to assess chondrule 
shapes.  Ratios of (L-W)/L tend to be near 0-0.1 in 
the chondrules from Allende, indicating circular 
shapes in the plane of the thin section.  In contrast, 
(L-W)/L ratios in the Leoville and Efremovka thin 
sections tend to be near 0.4-0.5, indicating more 
elongate shapes.  Furthermore, the orientations of 
long axes of chondrules are clustered together along a 
common orientation in the Leoville and Efremovka 
thin sections.   

Porous matrix would compress more easily than 
chondrules and CAIs, so the low abundances of 
matrix in Leoville and could be explained by 
compression during shock.  The elongation of 
chondrules along a common orientation also could 
result from shock deformation.  Therefore, the 
modes, and chondrule shapes and orientations support 
the interpretation that CV3red chondrites were 
deformed by shock and that CV3oxA chondrites were 
less affected by this impact event [4,5].   
 
[1] Bonal L. et al (2006) Geochim. Cosmochim. Acta 
(GCA) 70: 1849-1863. [2] Komatsu M. et al (2015) 
MaPS 50, 1271-1294. [3] Macke R. J. et al (2011) 
MaPS 46, 1842-1862. [4] Rubin A.E. (2012) GCA 
90: 181-194. [5] MacPherson G. J. and Krot A. N. 
(2014) MaPS 49, 1250-1270. 
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Chemical compositions of banded iron 

formations (BIFs), which are chemical sediments 
ubiquitously distributed in the Precambrian 
supracrustal belts, are helpful for deciphering 
geochemical evolution of seawater through the time. 
However, it is necessary to elucidate factors 
controlling the bulk compositions because their 
compositions are highly variable. We estimated 
chemical evolution of seawater based on bulk 
compositions of BIFs from ~3.8 Ga Isua supracrustal 
belt (ISB), southern West Greenland, and micro-
scaled distributions of REE and some transition 
elemenents within BIFs from ~3.0 Ga Cleaverville 
area, Western Australia. 

The BIFs in the ISB are composed of magnetite, 
quartz and actinolitic amphibole. Because amphibole-
rich BIFs are significantly enriched in V, Ni, HREE 
and U contents, their bulk compositions are not 
suitable for estimate of seawater chemistry. 
Moreover, positive correlations of V, Ni and U with 
Zr contents in magnetite-rich BIFs suggest that the 
elements were derived from detrital materials so that 
the transition element contents such as Ni in the 
Archean ocean were much lower than previously 
estimated[1], and comparable to those in the 
Proterozoic ocean. 

The BIFs in the Cleaverville area comprise thin 
hematite and chert laminations (mesobands). The 
hematite mesobands are further composed of thin, 
µm-thick, hematite-predominant bands (microbands). 
Elemental mappings of the hematite mesobands with 
LA-ICP-MS show that thin hematite bands are 
interlayered with layers with higher Al, Ti and HFSE 
contents. Moreover, coincidence of distributions of 
Ni, Cu and Zn with those of Al and Ti suggests that 
they were derived from detrital materials. On the 
other hands, Mo was hosted by the precursor of the 
hematite because Mo-rich areas are limited to the 
hematite layers. The contrasting occurrence of Mo 
against Ni, Cu and Zn, which are redox-sensitive 
elements, imply that the Mid-Archean oceans were 
slightly oxidative because of presence of Mo (Ⅵ) in 
seawater. 
 
[1] Konhauser et al. (2009) Nature 458. 
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The radiocaesium monitoring of seawater and 

planktonet sample have been started off Fukushima in 
2012. The radiocaesium activities in seawater in the 
coastal area (less than the depth of 100m) were 
gradually decreased to less than 10 mBq/L near the 
coastal area, although these in the offshore area have 
observed the same levels as before the accident. The 
radiocaesium activities were ranged from 1 Bq/kg-
wet to over 100 Bq/kg-wet in the plankton net 
samples collected in the coastal area in autumn 2012, 
and these were higher than these in 2013-2015. The 
apparent concentration ratios (CR)-Cs were estimated 
using the obtained activities of radiocaesium in 
seawater and the plankton net samples and they 
ranged from 34 to 9,400, and their geomean was 420 
(n=54). Sediment- seawater distribution coefficients 
Kd (L/kg) were observed to be from 1,900 to 25,000 
in the same area in 2013. The estimated CR-Cs of 
plankton in 2012-2015 was 10-70 times higher than 
in 2005-2006. For CR-Cs values, it is necessary to 
consider the influence by the sediment and suspended 
particles in seawater than the plankton, as plankton 
net samples was mixed plankton and caesium-rich 
particulate matter and sediment in the coastal area. 

This work was partially supported by Grants-in-
Aid for Scientific Research on Innovative Areas, the 
Ministry of Education Culture, Sports, Science and 
Technology (MEXT), Japan (No.24110005) and 
Research and Development to Radiological Sciences 
in Fukushima Prefecture. 
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For reconstructing paleovegetation, spore/pollen 

and plant mega-/mesofossils are commonly used, and 
recently, plant biomakers are also applied. The 
objectives of our study are to reconstruct long time-
scale variations in paleovegetation in the East Asia 
and transport of terrigenous material to the East 
Asian marginal sea, and to evaluate long time-scale 
biogeochemical cycles in the marginal sea during the 
Pliocene to Pleistocene (over the 4 million years). In 
the present report, we focus terrigenous biomarkers 
such as plant wax-derived n-alkanes as well as 
terrestrial plant terpenoids, in which structures vary 
depending on taxonomic differences. Moreover, we 
compare between the data for plant biomarkers and 
spore/pollen in the same horizons. 

Sediment core was collected from the eastern part 
of the Japan Basin at 41º41.95’N, 139º4.98’E by 
Integrated Ocean Drilling Program (IODP) 
Expedition 346. Lipids were extracted with 
dichloromethane / methanol, and separated to 
aliphatic, aromatic and polar fractions. Lipids were 
identified and quantified by GC/MS. 

Concentrations of long chain n-alkanes increase 
from about 1.7 Ma. This result implies that plant 
waxes were more efficiently transported by eolian 
dust due to global cooling during the early 
Pleistocene. Triterpenoids such as α-amyron, β-
amyron and friedelin, and diterpenoids such as sugiol 
and dehydroabietic acid were mainly identified in all 
samples. The plant terpenoid concentrations were 
found to increase since about 1.3 Ma. Gymnosperm / 
angiosperm ratios estimated by diterpenoid / ( 
diterpenoid + triterpenoid ) ratios increase during 3.0 
- 1.5 Ma, which is concordant with results of conifer 
/ broad-leaf wood ratios based on pollen 
compositions. Thus, gymnosperm-dominant 
paleovegetation in land areas around the site U1423 
might be distributed during the Pliocene to early 
Pleistocene.  
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Identifying microbial activity under unique 

conditions is important for astrobiology to define the 
boundary of habitable or non-habitable zones. 
Serpentinite seamounts in Mariana fore-arc are kind 
of extreme environment due to high pH over 12 and 
few supply of organic carbons. The activity and 
substrate sulfate of microbial sulfate reduction in this 
high alkaline environment is still unknown. In order 
to understand sulfur cycle, biological activity related 
to sulfur and sulfate origin in the serpentinite system, 
we analysed quadruple sulfur isotopes of sulfide 
minerals in core and sulfate in pore water, as well as 
sulfate and hydrogen sulfide dissolved in deep-
derived fluids (CORK), collected at the South 
Chamorro serpentinite seamount, Mariana fore-arc. 
The sulfide minerals are depleted in 34S relative to 
seawater at any given depth. The degree of 34S 
depletion is consistent with the sulfate concentration 
in pore water: sulfide sulfur in sulfate-rich zone is 
more depleted in 34S (−30‰) whereas sulfide sulfur 
in sulfate-depleted zone is closer to seawater value 
(+0-15‰). Pore water sulfate shows, however, the 
substrate sulfate is not seawater but sulfate which is 
slightly but obviously depleted in both 34S & 33S. This 
substrate sulfate might be a mixture of seawater 
sulfate and sulfate in fluids derived from deep part 
(Δ33S ≅ −0.2), though the origin of this mass-
independent is unknown. Our numerical calculation 
suggests microbial sulfate reduction is involved over 
55 m of the core, but cannot constraint in the deep 
derived fluids probably due to high fraction of sulfate 
reduction. 
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Nickel laterites are supergene deposits formed 

from the residual weathering of ultramafic rocks and 
serpentinites. These deposits have acquired economic 
significance lately as they are the major source of 
nickel for the stainless steel industry. A typical 
Philippine deposit is defined by a characteristic 
mineralogical zonation comprising limonite, saprolite 
and bedrock. The limonite layer is predominantly 
composed of iron oxyhyd(oxides), principally 
goethite, which extends from the uppermost cover to 
few meters before saprolite. The saprolite layer, 
which holds the highest Ni content, is marked by 
characteristic Mg silicates such as serpentine, talc and 
some poorly defined Ni-rich assemblage informally 
called garnierite. The temporal and mineralogical 
development of a typical nickel laterite profile is not 
well understood. An attempt to decipher the role of 
serpentinization extent is investigated in this study 
using reactive transport geochemical modelling via 
GWB (Geochemists’ Workbench) X1t program. 
Hypothetical bedrocks of different composition and 
degree of serpentinization were reacted with a dilute 
river water in a span of 100 years. Chrysotile, talc, 
clinochlore, hematite, goethite, magnetite, tremolite 
and quartz were allowed to precipitate in the system. 
The changes in the mineral saturation states of these 
minerals over space and time were evaluated and 
correlates, with certain limitations, with actual laterite 
mineralogy. 
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Mine tailings are left over from the process of 

separating the valuable fractions from the ores. Their 
composition is directly dependent on the composition 
of the ore, and the mineral extraction process used on 
the ore. High concentrations of heavy metals are 
found in mine tailings, and they can be major 
environmental contamination sources, spilling 
pollution into the surrounding soil, air, and water.  
Heavy metals from these mine tailings can migrate 
into rivers and ground water, threatening the health 
and well-being of inhabitants of even further areas. 
This stresses the importance of the treatment of mine 
tailings and the fact that storing these hazardous by-
products is not an ideal solution. 

During recent decades, numerous methods have 
been developed for the treatment of soil and water 
contaminated with heavy metals. One of the 
environmentally friendly approaches for removing 
heavy metals from soil is by using an effective, 
biocompatible, biodegradable surfactant during the 
process of washing [1]. 

In the current study, the efficiency of 0.5 % and 
1% sophorolipid solutions, in mobilizing chromium, 
manganese, nickel, copper, zinc, and lead  from mine 
tailings during  seven day batch experiments were 
evaluated.  Furthermore, the effect of sophorolipids 
on different fractions of the mine tailings was 
investigated. The results of this investigation show 
that sophorolipids are selective mobilizers. The use of 
sophorolipids substantially increased the removal of 
some elements while having no effect  on the 
mobilization of others. In contrast to sophorolipids, 
deionized (DI) water did not remove any chromium 
from the mine tailings. When sophorolipid solutions 
were used instead of DI water, the removal of 
manganese, copper, and zinc increased by 15, 12.5 
and 9 times, correspondingly. On the other hand, 
there were no increases in the removal of nickel and 
lead. By studying the results from the sequential 
extraction, it was determined that the sophorolipid 
solution made substantial changes in the different 
fractions of the sample. In conclusion, sophorolipid 
assisted  washing is an effective, economical feasible, 
and environmentally friendly method for removing 
heavy metals from contaminated media. 

 
[1] Wang, S., & Mulligan, C. N. (2009). Rhamnolipid 
biosurfactant-enhanced soil flushing for the removal 
of arsenic and heavy metals from mine tailings. 
Process Biochemistry, 44(3), 296-301.  
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Chromitites (aggregates of chromite or chromian 
spinel) have given us various pieces of information 
on various mantle processes, including magmatism, 
magma/peridotite reaction and mantle dynamics [1]. 
Podiform chromitites typically form as magmatic 
cumulates from chromite-oversaturated melt within 
conduits in the mantle peridotite [2].  

The role of water or aqueous fluids in chromitite 
formation has been proposed [3, 4], but no clear 
evidence for it has been shown to date.  In early 
stages of chormitite study, geologists considered 
important roles of water in chromitite formation 
because of a selectieve association of serpentines or 
serpentinites with chromitites [e.g., 5, 6]. The close 
association of chromitites and serpentinites is, 
however, due to a high-Mg character of olivine in and 
around the chromitite. The high-Mg olivine suffers 
from serpentinization at lower temperatures than 
lower-Mg ones. Silicates, especially olivine, react 
with associated chromite to form chlorites at the 
temperature where olivine alone is not serpentinized. 
Water is apparently cocentrated as secondary 
minerals in and around chromitites, which had misled 
early geologists. 

In the Oman ophiolite, high-temperature 
hydrothermal fluids precipitated diopsidites possibly 
replacing peridotites [7] or layered gabbros [8]. Some 
of them contain chromites, some of which show small 
pod-like or seam-like concentrations [9, 10]. High-T 
aqueous fluids containing Cl, S and C, can mobilize 
Cr and precipitate chromite in the mantle [9]. They 
are definitely “hydrothermal chromitites”.  Sub-arc 
metasomatized peridotites contain secondary 
chromite closely associated with fluid inclusions [11], 
indicating Cr mobility via fluids within the mantle 
wedge. Hydrothermal chromitites are expected to 
form in the mantle where fluid circulation is 
available. 

 
[1] Arai & Yurimoto (1994) Econ Geol 89, 1279-
1288. [2] Lago et al. (1982) J Petrol 23,103-125. [3] 
Johan et al. (1983) Fortsch Mineral 61, 105-107. [4] 
Matveev & Ballhaus (2002) Earth Planet Sci Lett 
203, 235-243. [5] Ross (1929) Econ Geol 24, 641-
645. [6] Sampson (1931) Econ Geol 26, 833-839. [7] 
Python et al. (2007) Earth Planet Sci Lett 255, 289-
305. [8] Akizawa et al. (2011) J Mineral Petrol Sci 
106, 261-266. [9] Arai & Akizawa (2014) Am Min 
99, 28-34. [10] Akizawa & Arai (2014) Island Arc 
23,  312-323. [11] Ishimaru & Arai (2011) Contrib 
Mineral Petrol 161, 703-720. 
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The timing, distribution and composition of pre-

mare magmatism is not well understood, since 
subsequent basin-forming events and mare volcanism 
overwrote most of lunar early magmatic record. In 
situ U-Pb and Pb-Pb age dating of zircons and 
baddeleyites in breccias provide temporal constraints 
on pre-mare magmatism. 

Twelve zircon grains and one baddeleyite in 
breccia matrix and in lithic clasts of NWA 4485, 
KREEP-rich regolith breccia were studied. In situ U-
Pb and Pb-Pb age dating was conducted by a 
sensitive high mass-resolution ion microprobe 
(SHRIMP II) at NIPR. Mineralogical analyses were 
done by EPMA and SEM at NIPR.   

Pb-Pb ages of three zircons of a few tens μm in 
size in the KREEP basalt clast are 4154 ± 4 Ma, 4170 
± 26 Ma, and 4173 ± 6 Ma, with small discordance of 
U-Pb system (5-10%). A large isolated zircon 
(200×120 μm) shows an overgrowth. Four core 
analyses yielded an average Pb-Pb age of 4211 ± 7 
Ma (2σ) with a U-Pb concordia age of 4208 ± 11 Ma 
(2σ). Two rim analyse  were concordant, with an 
average Pb-Pb age of 3927 ± 23 Ma (2σ). Discrete 
two zircons show an average Pb-Pb age of 3929 ± 10 
Ma (2σ) with a U-Pb concordia age of 3931 ± 18 Ma 
(2σ). Pb-Pb age of a discrete zircon is 4352 ± 10 Ma, 
and that of a baddeleyite is 3922 ±12 Ma.  The above 
age range of 4352 Ma-3922 Ma is in line with that 
from Pb-Pb ages of phosphates in a paired meteorite 
NWA 4472 [2] and broadly covers zircon ages of the 
Apollo non-mare samples  [e.g. 2-4]. 

 
[1] Joy et al. (2011) GCA 75, 2420-2452. [2] Meyer 
et al. (1996) MAPS 31, 370-387. [3] Nemchin et al. 
(2008) GCA 72, 668-689. [4] Pidgeon et al. (2007) 
GCA 71, 1370-1381. 
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The United States Department of Energy is 

currently considering the cement technology to 
immobilize technetium-99 (99Tc) (t1/2: 2.1 x 105 yr) in 
low level radioactive waste (LLW). Because of 
mobile pertechnetate (Tc(VII)O4

-) species in the 
aquatic and terrestrial environment, it is critical to 
reduce Tc(VII) to Tc(IV) in cementitious waste forms 
(CWF) to facilitate the formation of insoluble Tc(IV) 
oxides and Tc(IV) sulfides  species. The objective of 
this study was to examine the solubility and the 
chemical speciation of Tc within aged (over 300 d) 
CWFs (45 wt% blast furnace slag (BFS), 45 wt% fly 
ash, and 10 wt% cement ) under the oxic condition. 
Samples were analysed for Tc solid state speciation 
as well as S and Fe speciation using X-ray absorption 
spectroscopy (XAS). Leaching tests for S and Tc 
were also performed to better understand the Tc-S 
chemistry in CWFs. The XAS analysis shows which 
reduced Tc/S/Fe species in solid phase contribute to 
the labile Tc/S/Fe in the leaching test. Although both 
Fe(II) and sulfide initially remained in the CWFs, 
most of sulfide and ferrous ion were oxidized after 
several days in the CWFs. Both reduced Tc(IV) and 
unreduced Tc(VII) were observed after 29 days. 
However, after 117 days, no Tc(VII) remained in the 
CWFs. Some of Tc(VII) in CWFs were lost during 
the cement dewatering process, leaving only Tc(IV) 
in CWFs The concentration of Tc within the water 
increased over time up to 35% ± 5% of the total Tc 
added after 453 days. The leaching of Tc from the 
CWFs into the pooled water reduced the fraction of 
Tc(VII) within the CWFs. Based on the Extended X-
ray absorption Fine Structure spectroscopy analysis, 
it appears that Tc(VII) was reduced to form soluble 
Tc(IV) species, and then was slowly sulfidized to 
form Tc(IV) sulfide aqueous species. However, there 
was no evidence of Tc(IV) sulphide precipitates. The 
activity of sulfidein seemed to be critical in 
stabilizing Tc(IV) in the CWFs. The results of XAS 
analysis and leaching experiments will be combined 
to discuss the future direction of the cement 
technology to immobilize LLW. 
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Three Features of Compound Chondrules 
Compound chondrules in ordinary chondrites 

have several noteworthy features. First, round-shaped 
components of compound chondrules (which is called 
primaries) are as four times as large as deformed 
ones (which is called secondaries) [1]. Second, in 
most compound chondrules, both primary and 
secondary have non-porphyritic texture [1]. This fact 
means that components of compound chondrules 
have experience of complete melting [2]. Finally, 
approximately 20% of non-porphyritic chondrules are 
compound [3], and in contrast, only 0.5% of 
porphyritic ones are compound. 

 
Crystallization of Completely Molten 
Precursors 

We focus on a crystallization mechanism of 
completely molten precursors. Experimental 
reproduction of chondrules  [4] revealed that 
completely molten levitated precursors do not 
crystallize at their liquidus or solidus but turn into 
supercooled droplets, and non-porphyritic chondrules 
are made by instantaneous crystallization of 
supercooled droplets triggered by a contact. 

 
The Supercooled-Collision Model 

We propose a novel model for compound 
chondrule formation. The supercooled-collision 
model can reproduce three features of compound 
chondrules due to long duration of supercooling [5]. 

 
[1] Wasson J. T. et al. (1995) GCA 59, 1847. [2] 
Connolly Jr. H. C. et al. (1998) GCA 62, 2725. [3] 
Ciesla F. J. et al. (2004) MAPS 39, 531. [4] 
Nagashima K. et al. (2006) Journal of Crystal 
Growth 293, 193. [5] Tanaka K. K. et al. (2008) 
Journal of Crystal Growth 310, 1281. 
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Anorthite (Ca-rich plagioclase) megacrysts are 

frequently found in the basaltic rocks in the island arc 
volcanoes (e.g., [1][2]). The megacrysts (in general 
0.5~4 cm) occur as disequilibrium crystals with the 
other common phenocrysts (< 2 mm), and have high 
and homogeneous anorthite mol% (An91~An94) in the 
core part. Recent approaches to calcic plagioclases 
have suggested that they were crystallized in low 
pressure condition and with high H2O contents (e.g., 
[3][4]). However, there are still uncertainities for the 
generation processes and original magma chemistries. 

Basaltic rocks from Hokiyadake (Pliocene 
volcano in central Japan) frequently contains 
anorthite megacrysts (up to 2 cm), which are 
characteized by rounded shape and pale-yellow 
coloration. The megacrysts (An92-An94) have slightly 
higher FeO contents (0.5-0.6 wt.%) compared with 
those of the colorless ones in the other volcanoes. 
The yellow-color of the megacrysts could have been 
due to partial substitution of Fe3+ for Al3+ in crystal 
structute of plagiocalse as suggested for anorthites in 
Hakone volcano [5].  Sr (and Nd) isotope ratios of the 
megacrysts are similar to those of host rocks and 
basaltic rocks in neighboring volcanoes, implying 
that the megacrysts were originated from the similar-
series of magma. Chemistriies of the anorthite 
megacrysts will be discussed with estimation of 
parental magma and generation process.                                                                                                                                                                                                                                

 
[1] Kimata et al (1995) Mineral. Mag., 59, 1-14. [2] 
Bindemman & Bailey (1999) Earth and Planet. Sci. 
Lett., 169, 206-226. [3] Sisson & Groves (1993) 
Contrib. Mineral. Petrol., 113, 167-184. [4] Hamada 
& Fujii (2007) Contrib. Mineral. Petrol., 155, 767-
790. [5] Matsui et al. (2015) Abstr., Goldschmidt 
Conference (2015) Czeck Republic. 
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Oxygen fugacity is an important parameter in 

magmatic systems that affects the stability of mineral 
phases and fluid species. However, there is no well-
established method to reconstruct the oxygen fugacity 
of slowly cooled magmas, such as granite. In this 
study, we aim at developing an oxybarometer that is 
based on the partitioning of vanadium (a redox-
sensitive element) between magnetite inclusions and 
silicate melt inclusions preserved in quartz 
phenocrysts, where they were protected from 
subsolidus alteration and can be measured as entities 
by LA-ICP-MS.   

In the first – experimental – part of this study we 
investigated the effects of temperature (800-950 °C), 
pressure (1-2 kbar), oxygen fugacity (from 
ΔFMQ+0.7 to ΔFMQ+4.0), magnetite composition, 
and melt composition on the partition coefficient of 
vanadium between magnetite and melt (DVmgt-
melt). The vanadium partition coefficient was found 
to depend strongly on oxygen fugacity, and to lesser 
(but still considerable) degrees on melt composition 
and temperature. The dependence of DVmgt-melt on 
these parameters can be described by the following 
regression equation:  

 
logD(V)mgt/melt=-
1.22+0.31*(105/T(°K))+1.73*ASI-0.49*ΔFMQ 

 
First tests of the equation on natural samples were 

carried out on inclusions (Fe-Ti oxide and melt pairs) 
and microphenocrysts (paired with groundmass-
compositions) of rapidly cooled tuffs and vitrophyres 
from variable tectonic settings, for which fO2 could 
be constrained independently by the magnetite-
ilmenite method. All calculated fO2 values fall within 
± 0.75 log unit within those suggested by the Fe-Ti 
oxybarometer, whereas 18 out of 24 samples agree 
within 0.5 log units. The larger discrepancies are 
most probably related to the lack of equilibrium 
between the microphenocrysts and their matrix, 
whereas this problem is rarely present in the case of 
mineral inclusion-melt inclusion pairs. 
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Zinc (Zn) is an essential micronutrient and the 

most abundant trace metal in diatoms, phytoplankton 
which play a key role in carbon export from the 
oceanic photic zone (e.g. [1]). The strong relationship 
between dissolved Zn and silicon (Si) [2] in the 
oceans  has long remained a puzzle, as Zn is not 
associated with Si in the diatom frustule. Nickel (Ni) 
also plays a role as an oceanic micronutrient, and is 
also correlated with Si [2] and co-located with P in 
phytoplankton cells. Zn and Ni isotopes in the oceans 
differ in one key aspect. Zn exhibits significant 
variation in the upper ocean, but is homogenous 
below the thermocline (e.g. [3,4]), whereas Ni 
isotopes appear to be homogenous throughout the 
ocean [5].  

The importance of the Southern Ocean is 
increasingly recognised as a key control on major 
nutrient distributions in the global ocean (e.g. [6]). 
Here we present Zn and Ni data collected as part of 
two UK-GEOTRACES South Atlantic cruises. Zn 
shows the expected extreme depletion towards the 
surface, to sub-nM concentrations. Moreover, though 
surface Zn concentrations in the South Atlantic 
decreases by two orders of magnitude from the 
upwelling zone in the Southern Ocean, this 
drawdown is also associated with no fractionation 
[this study, 3], with δ66Zn showing a uniform value of 
~0.5‰, similar to previous estimates of average 
oceanic dissolved Zn [e.g. 3,4]. This suggests that the 
main removal process of Zn is not accompanied by an 
isotopic fractionation, at least in the Southern Ocean. 
Ni also shows a decrease in concentration towards the 
surface, but only by a factor of 2-3. At one station Ni 
has a homogeneous δ60Ni value of ~1.3‰, whereas 
δ60Ni increases to ~1.75‰ towards the surface at a 
second station. These differences in δ60Ni occur in 
spite of similar concentration profiles at both stations, 
suggesting at least two mechanisms of Ni removal.  

 
[1] Twining, B.S. et al. (2014) Limnol. Oceanogr. 59, 
689-704. [2] Bruland. K.W. (1980) Earth Planet. Sci. 
Lett 47 (1980) 176-198. [3] Zhao, Y. et al. (2014) 
Geochim. Cosmochim. Acta 125, 653-672.  [4] 
Conway, T.M. and John, S.G. (2014) Glob. 
Biogeochem. Cycles 28, 1111-1128. [5] Cameron V. 
and Vance D. (2014) Geochim. Cosmochim. Acta 
128, 195-211. [6] Sarmiento, J.L. et al. (2003) Glob. 
Biogeochem. Cycles. 21, 1029/2006GC002720. 



Goldschmidt Conference Abstracts 98 

Tracing Continental Sediment 
Input Into Philippine 

Volcanoes: Implications for slab 
melting and mantle flow 

CARLO ARCILLA1 
1National Institute of Geological Sciences, University 

of the Philippines; caloy.arcilla@gmail.com 
 

The Philippine archipelago is a diffuse tectonic 
boundary with a double subduction system 
comprising accreted seafloor material and continental 
fragments undergoing deformation. Volcanic magmas 
generated in this collage of terranes reflect source 
characteristics and delineate continental (sediment?) 
enrichments versus typical oceanic island arc sources. 
Normalized major element, trace element and isotope 
data for several volcanoes allow a spatial comparison 
of enrichments: (Th, Sr,Nd, etc.) which can be 
attributed to the continental sediment input proximate 
to continent-derived slivers and their relative absence 
in terranes without continental fragments. 
Additionally, in the Macolod Corridor, where several 
arc volcanoes are not underlain by slabs, the presence 
of typical arc signatures and enrichments suggest 
their delivery to the volcanic sources through mantle 
flow. Even if some enrichments (e.g., Sr/Y) have 
been attributed to slab melting, this is impossible 
given the physical arrangement of the slabs vis-à-vis 
the volcanoes. 
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The continent-forming crust is chemically 

anomalous compared with the crustal rock types of 
all the other terrestrial planets in our Solar System. 
While basalt dominates other terrestrial planet 
surfaces and much of Earth’s oceanic crust, the 
continental crust is overall andesitic. Magmatism is 
undoubtedly the major process dominating the 
formation of terrestrial planetary crusts via the 
chemical fractionation occurring during partial 
melting of peridotitic, planetary mantle lithologies, 
and basalt or more Mg-rich compositions such as 
komatiite are the pervasive temporal and spatial rock 
types formed via this process. Differentiation of 
basalt does not give rise to the andesite-dacite 
compositions characteristic of Earth’s continental 
crust except in the presence of significant (>~1-4 
wt%) H2O contents. The three most important 
processes driving the present-day evolution of the 
continental crust are: generation of juvenile quartzo-
felspathic lithologies (major elements ~ mostly 
mantle wedge-derived); recycling of continental 
crust-derived trace elements (e.g., Th); continued 
addition via arc magmatism of some (relatively) 
juvenile, mantle-derived elements. The latter two are 
recycled via subducted slabs. Distinctively refractory 
but silica-rich mantle wedge protoliths are involved 
in arc magma genesis. The redox state of arc magmas 
is also established via slab additions, involving sulfur 
as a particularly important component. 
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This study presents preliminary results of laser 
ablation inductively coupled plasma mass 
spectrometry (LA-ICP-MS) analysis of scattered 
dolomite crystals in Upper Ordovician Utica Shale 
from southern Québec to investigate the cause of 
dolomite fluorescence zonation in samples of 
different thermal maturity. Utica Shale dolomite 
crystals show zonation under ultraviolet (UV) light, 
with a shift from higher red/green quotient (R/G Q) in 
crystal cores to lower R/G Q in the crystal rims. In 
addition, the R/G Q shows an increase with thermal 
maturity of the shale, where the cores of dolomite 
crystals of over-mature samples with equivalent 
vitrinite reflectance (VRoeqv.) > 2% tend to have 
higher R/G Q in comparison to mature samples with 
VRoeqv. ~ 1% (red shift). These two parameters show 
a strong positive correlation that suggests that 
dolomite fluorescence color variation is possibly 
controlled by temperature [1]. 

LA-ICP-MS results shows that major and minor 
(Ca, Fe, Mn, Na), trace (Sr, Zn, Cu) and rare earth 
(La, Ce, Nd, Sm, Gd, Dy, Er, Yb) elements generally 
show consistently higher concentrations in crystal 
rims than cores, while the Mg concentration is 
consistently higher in the crystal cores (~ 10%) than 
rims (~ 7%). Concentrations of Fe show a decreasing 
trend from mature to over-mature samples, especially 
in the crystal rims. Over-mature samples have 
relatively higher concentrations of LREE (La, Ce, 
Nd, Sm) in the crystal rim, while the other elements 
do not show any trend with thermal maturity. 

Consistently lower Mg concentrations in the 
crystal rims in comparison to the cores suggest Mg 
depletion of dolomitizing fluids during dolomite 
precipitation. Depletion of Mg, one of the major 
constituents of dolomite, likely causes increases in 
the concentrations of other elements. However, 
variations in concentration of Fe and LREE with 
thermal maturity suggest that temperature can 
possibly have an overarching effect on chemistry of 
dolomite that ultimately controls the crystal zonation. 

 
[1] Haeri-Ardakani & Sanei (2015) IJCG 135 

165-171. 
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Characterizing and Indexing Regolith Materials 

from Regolith Geochemistry 
As the discovery rate of world-class gold deposits 

continues to decline, increased attention is focused on 
geochemical exploration methods designed for 
regolith-dominated terrains. This involves mapping 
the regolith and classifying the mapping units into 
different regolith classes on the basis of weathering 
and geomorphic histories. The challenges of 
identifying some regolith mapping units in the field 
by novice in regolith mapping require the 
characterisation and indexing of regolith from major 
element geochemistry in the regolith profiles.  

XRF analytical method was used to measure the 
weight % of the major oxides in regolith samples. 
The metal weight % of Mg, K and Al were calculated 
from their oxides and were normalised relative to 
immobile Al calculated from its oxide. The plot of 
Mg/Al and K/Al identified the regolith of the study 
area to consist of 137 transported clays, 4 ferruginous 
sediments or ferricrete, 2 lateritic duricrust and 4 
saprolites.  

Plot of Mg/Al and K/Al highlighted the 
compositional variability of the regolith samples and 
refute the notion of the homogeneity of all the 
sampled materials in the area. The study thus 
recognized Mg/Al versus K/Al plots to be used in 
supporting field identification of regolith mapping 
units particularly in complex regolith terrains of 
savannah regions of Ghana and in similar areas where 
geochemical exploration surveys are being carried 
out under cover. 

 
Arhin, E. and Zango, M.S. 2015. Unravelling regolith 
material types using Mg/Al and K/Al plot to support 
field regolith identification in the savannah regions of 
NW Ghana, West Africa. Journal of African Earth 
Science, vol. 112, p. 597-607, Elsevier 
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Phosphate ceramics with monazite structure 

(LnPO4, Ln = La − Gd) are promising materials as 
potential nuclear waste forms for the conditioning of 
special nuclear waste streams (separated plutonium 
from civilian or military sources unsuitable for 
further use) due to their outstanding properties, such 
as chemical durability and radiation damages 
resistance.. The rhabdophane phases are low 
temperature precursors for synthesis of monazites and 
can also be neo-formed as secondary phases upon 
dissolution of monazites. Rhabdophane has been 
considered to crystallize in the hexagonal lattice [1]. 
A recent re-examination of the system revealed two 
distinct monoclinic rhabdophane structures of 
hydrated and dehydrated compounds [2].  

In the present work TG-DSC, HT-XRD, HT-
PND, HT-Raman and TRLFS measurements were 
performed on La,Eu/Gd-phosphates to study 
structural evolution by dehydration of rhabdophane 
and the rhabdophane to monazite phase transition.  
The obtained data shows the transition from hydrated 
to dehydrated rhabdophane between 200 and 300oC, 
and from dehydrated rhabdophane to monazite 
between 700 and 850°C. TRLFS-measurements of 
the Eu-doped lanthanum phosphate with hydrated 
rhabdophane structure yield fully split emission 
spectra and biexponential decay curves of the 
luminescence lifetimes indicating the presence of at 
least two Eu3+ species with low symmetry. 
Dehydration of rhabdophane causes the appearance 
of an additional ν1 band in the Raman spectra, 
pointing on the presence of two phosphate tetrahedra 
with different P-O bond lengths. 

 
[1] R.C.L. Mooney (1950), Acta Crystallogr. 3, 337. 
[2] A. Mesbah, N. Clavier, E. Elkaim, C. Gausse, I. 
B. Kacem, S. Szenknect , N. Dacheux (2014), Cryst. 
Growth Des. 14 (10), 5090–5098. 
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Natural organic matter (NOM), a complex 

assembly of biomolecules, is intimately involved in 
global carbon fluxes, in sustaining soil health for 
agriculture, and in the fate of contaminants. 
Limitations in methodologies for NOM 
characterization prevent a fundamental understanding 
of NOM dynamics. Unique molecular masses in 
NOM can be generated via Fourier transform ion 
cyclotron mass spectrometry (MS). However, 
elucidation of specific molecular structures in NOM 
is largely evasive. To overcome this challenge, we 
applied ultra high-performance liquid 
chromatography (LC) coupled with high-accurate 
orbitrap MS technology. Using a metabolomics 
approach, we have achieved annotation of compound-
specific structures in the labile low molecular-weight 
(i.e., low mass-over-charge, m/z) portion in aquatic 
NOM samples, Suwannee River NOM and its 
alkaline (i.e., humic substance) extracts. Importantly, 
our method does not require a derivatization 
procedure. Thus far, we obtained simultaneous LC-
MS detection of nearly 60 compounds, which are 
directly linked to metabolic pathways in microbial 
and plant biotia. This new methodological approach 
offers a molecular paradigm to track NOM genesis, 
transformation, and transport in the ecosystem.   

 
Figure 1. LC-MS spectra of NOM (red) with 

multiple detection of amino acids (left) and other 
organic acids (right) exhibiting different retention 
time and m/z values. Spectra from amino acid 
standard solutions are shown in blue.  
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Urbanization and agricultural development in 

Saudi Arabia are sustained by the exploitation of the 
Kingdom’s vast groundwater resources. Wastewater 
outflows generated from the extensive groundwater 
use in farming and urban centres have augment the 
size of existing surface water bodies (lakes, wetlands) 
originally recharged by shallow groundwater springs, 
or have resulted in the creation of new water 
bodies/wetlands. These wetlands support vibrant 
wildlife habitats with a surprizing diversity of bird, 
mammal and reptilian species, and that has recently 
prompted interest in their conservation and 
development for recreational use. However, the hot 
and arid climate as well as the already elevated 
dissolved mineral contents of the wetlands’ principal 
water sources could lead to gradual salinization and 
concomitant loss of floral and faunal diversity. 
Hence, proper understanding of the wetlands’ water 
and dissolved solute budgets is needed to determine 
their long-term fate. 

Natural geochemical tracers (e.g., δ18O, δ2H, 
δ13C, 87Sr/86Sr, Cl, Br, B) have been used in an 
attempt to identify and apportion water and solute 
sources at two wetlands in the eastern province of 
Saudi Arabia. One of these wetlands is recharged 
predominantly by a mixture of local shallow 
groundwater and a municipal wastewater outflow 
sourced from a deep groundwater aquifer, while the 
other is recharged mainly by an agricultural water 
outflow originating from a local aquifer traditionally 
used for irrigation. Contribution of water/solutes from 
other sources (i.e., industrial wastewater) to both 
wetlands has also been suspected. 

Preliminary results demonstrate that the 
application of geochemical water/solute tracers in the 
wetlands is complicated by processes such as 
evaporative loss, mineral dissolution and 
precipitation, other water/mineral interaction, and/or 
biologically mediated reactions as well as by 
anthropogenic factors such the addition and/or 
removal of dissolved constituents to and from the 
wastewater outflows. This presentation will focus on 
the challenges and solutions to developing a simple 
yet accurate methodology for geochemical surface 
water source tracing in hot, arid climates. 
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During accretion the Fe3+/∑Fe ratio of a magma 

ocean was likely to have been governed by metal-
silicate equilibration occurring near its base [1]. 
Magmas in equilibrium with iron at low pressures 
have very low Fe3+/∑Fe ratios. It is possible, 
however, that melt Fe3+/∑Fe ratios increase with 
pressure at a constant oxygen fugacity, as observed 
for some silicate minerals [2]. A deep magma ocean 
may then contain higher levels of Fe3+ than would be 
expected for a magma ocean that has equilibrated 
with iron metal. This would have important 
implications for the early oxidation state of the 
mantle. Existing experimental results on melts 
equilibrated at the Ru-RuO2 oxygen buffer, however, 
show Fe3+/∑Fe ratios to decrease with pressure [3]. 
We report results of further experiments where this 
trend appears to at least flatten at high pressure 
(Figure 1).  This leaves open the possibility that at 
even higher pressures the Fe3+/∑Fe ratio of a silicate 
melt at a fixed fo2 may start to increase. 

 
Figure 1: The Fe3+/∑Fe ratio of andesitic melts 

equilibrated at the Ru-RuO2 oxygen buffer as a 
function of pressure. Mossbauer Fe3+/∑Fe 
measurements were performed on glasses up 9 GPa 
but on quenched crystallised mineral assemblages at 
higher pressures. 

 
[1] Hirschmann M.M. (2012) Earth Planet Sci. 
Letters, 341-344, 48-57. [2] Frost D. J. & 
McCammon C.M. (2008) Annu. Rev. Earth Planet 
Sci. 36, 389-420 [3] O’Neill H. St. C. et al. (2006) 
Am Mineral. 91,404-412  
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Shergottites represent a compositional continuum 

from enriched to depleted based on their incompatible 
element characteristics as well as Sm-Nd isotopic 
systematics [e.g. 1].  Attributing this variation to 
crustal assimilation and fractional crystallization is 
problematic as there is little correlation between the 
incompatible element abundances and indices of 
differentiation [1, 2]. In addition, the coupling 
between the initial ε143Nd and γ187Os in shergottites 
makes it unlikely that the crust is the enriched end-
member [3]. The favoured interpretation is that the 
compositional variation in the shergottites reflects 
mixing of distinct ancient mantle source regions 
possibly established during cooling and 
crystallization of the martian magma ocean [1, 3-5]. 
Data from the recent meteorite fall, Tissint, suggest 
that the relationship between the shergottites may be 
more complex than simple two-stage mixing [6]  

The meteorite NWA 7034 is a martian regolith 
breccia with a composition similar to the average 
martian crust from mission and rover data [7-8]. 
From modelling of the trace element profiles in the 
paired meteorite NWA 7533, [9] suggested that the 
crust could be the enriched end-member for the 
shergottites. The measured ε142Nd composition of 
NWA 7034 is more negative than the enriched 
shergottites [10], and as such could point to a link 
between the enriched shergottite source and the crust. 
However, the precision on this value does not allow 
for evaluation of the relationship between NWA 7034 
and the enriched reservoir for the shergottites in 
terms of the 146Sm-142Nd systematics.  We will 
investigate the possible connection between the 
martian crust and the enriched shergottite end-
member by presenting high precision 142Nd data on 
three aliquots of NWA 7034. 

 
[1] Borg and Draper (2003) MAPS, 38, 1713-1731. 
[2] Barrat et al. (2002) GCA 66, 3505-3518. [3] 
Brandon et al. (2012) GCA, 76, 206-235. [4] Debaille 
et al. (2007) Nature 450, 525-528 [5] Lapen et al. 
(2010) Science, 328, 347-351. [6] Brennecka et al. 
(2014), MAPS, 49, 412-418 [7] Agee et al. (2013), 
Science, 339, 780-785. [8] Santos et al. (2015), GCA, 
157, 56-85 [9] Humayun et al. (2013), Nature, 503, 
513-516. [10] Nyquist et al. (2016), MAPS, 52, 1-16.  
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Mid-infrared (MIR), 2.5-100 μm or 100-4000 cm-

1, spectroscopy is useful for understanding regolith 
properties of airless bodies. However, MIR 
emissivity is controlled by many factors such as: 
composition; grain size distribution, shape, and 
packing; as well as atmospheric pressure and the 
thermal environment. Accurately modeling spectral 
changes due to these factors is particularly 
challenging for the very fine-grained regolith 
(d~<60μm) typical of airless solar system bodies. 

We present the results of a model which 
calculates near-surface thermal gradients for a 
layered regolith as a function various environmental 
conditions including: pressure, temperature, and 
illumination [1,2]. This model accounts for particle 
size distribution, regolith porosity, and composition. 
Individual layers may have different properties and 
layers may be composed of mineral mixtures. As a 
test, we compare modeled emissivity spectra with 
laboratory measurements of two different size 
separates of the mineral olivine under both ambient 
earth and simulated lunar conditions. 

The low gravitational acceleration on asteroids, 
the Moon, and other small, airless solar system 
bodies allows for the formation of high porosity 
regolith [3,4].  These conditions, in particular the 
gravity environment, are not easily replicated in a 
laboratory setting. To gain a better understanding of 
the effects of porosity on emissivity we collected 
spectra of mono-disperse smooth, spherical SiO2 
grains of known packing density profiles. Both 
measurements and models show that porosity has a 
significant impact on the transparancy features. 

We also look at a few methods for modeling the 
impact of space weathing on MIR spectra. Space 
weathered materials have reduced visible albedo and 
this causes a shift in the Christiansen feature, an 
emissivity maximum that is can be used to infer 
silicate composition. 

 
[1] Arnold et al. (2015) TherMoPS II meeting.  [2] 
Milan et al. (2011) JGR, 116, E12003. [3] Hapke B. 
(1993) Theory of Reflectance and Emittance 
Spectroscopy, p. 224. [4] Carrier W.D. et al. (1991) 
In Lunar Sourcebook (Heiken G.H., Vaniman D.T., 
and French B.M., Eds.), pp. 475–594.  
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Although carbon fluxes in soils and groundwater 

are critical components of the global carbon budget, 
significant uncertainty is associated with their 
prediction due to the different hydrological and 
biogeochemical mechanisms that affect carbon 
turnover and distribution in the subsurface. In 
particular, redox reactions regulated by large and 
diverse soil microbial population exert an important 
control on soil CO2 dynamics. The objectives of this 
study are to: (1) analyze spatio-temporal variability 
associated with CO2 and carbon isotope profiles 
within the unsatured zone of the Rifle site and (2) 
understand the importance of including microbial 
complexity in reaction networks. 

A 2-D reactive transport model has been 
developed for the Rifle flood plain that couples 
hydrologic and biogeochemical processes to 
microbial functional distributions inferred from site-
specific ‘omic’ data. The model includes microbial 
contributions from heterotrophic and 
chemolithoautotrophic processes. Monod based 
formulations are used to represent biomass formation 
and consider energy partitioning between catabolic 
and anabolic processes. We use this model to explore 
community emergence at the Rifle site and further 
constrain the extent and rates of nutrient uptake and 
CO2 fluxes using stable carbon isotopes.  

Results from 2D model simulations suggest that 
the genome-informed reaction network significantly 
improved predictions of biogeochemical cycling at 
the Rifle Floodplain. For example, not including 
chemolithoautotrophic pathways in the model 
resulted in 160% under-prediction of CO2 fluxes to 
the atmosphere and 12% under-prediction of 
groundwater inorganic carbon exports to the 
Colorado River. Both CO2 concentrations and δ13C 
profiles in the unsaturated zone point to spatially-
variable sources and strong seasonal signatures. 

 



Goldschmidt Conference Abstracts 109 

Weathering fluxes and sediment 
provenance on the SW Scottish 

shelf at the last deglaciation 
RICCARDO AROSIO1*, KIRSTY C. CROCKET1, 

GEOFFREY M. NOWELL2, S. LOUISE CALLARD3, 
SARA BENETTI4 AND JOHN A. HOWE1  

1 Scottish Association for Marine Science, Oban 
PA37 1QA, UK (*riccardo.arosio@sams.ac.uk) 

2 NCIET, University of Durham, South Road, 
Durham DH1 3LE, UK 

3 University of Durham, Durham DH1 3LE, UK 
4 University of Ulster, Cromore Road, Coleraine 

BT52 1SA, UK 
 

The effect of climate change on the disintegration 
of ice sheets remains uncertain. One approach to 
constrain future projections is the reconstruction of 
past ice sheet behaviour. Here we present a Pb 
isotope record extracted from the detrital and FeMn 
oxyhydroxide fractions of core sediments from the 
western Scottish shelf (collected during BRITICE-
CHRONO Cruise JC106 in 2014) to investigate 
deglaciation of the Hebrides Ice Stream (HIS) after 
the Last Glacial Maximum. The recovered laminated 
glaciomarine mud sequences provide a monitor for 
the changing activity of HIS during its retreat. The 
isotopic signature of the detrital fraction suggests 
switching between at least three ice streams draining 
isotopically distinct catchments. Periodic spikes in 
208Pb/204Pb point to a high Th/U, possibly Archaean, 
source, which we associate with transitory enhanced 
activity of a Northern ice lobe of the HIS. Lead 
isotope ratios in FeMn oxyhydroxides, as a proxy for 
the timing of continental sediment inputs in marine 
settings, have been recently applied to constrain 
glacial/interglacial changes in the North Atlantic at 
high temporal resolution during the last glacial cycle 
[1]. The FeMn oxyhydroxide fraction in our samples 
shows a marked decrease from radiogenic (≤20.05 
206Pb/204Pb) at ~20 cal ka to less radiogenic Pb isotope 
compositions (~19.48) towards the Bølling-Allerød 
Interstadial. This decrease is associated with the 
break-up of ice-streaming in western Scotland around 
that time, and the reduced flux of weathering-derived 
radiogenic Pb to the continental shelf. Smaller 
excursions of radiogenic Pb around 12 cal ka and 
16.5 cal ka are tentatively associated with the 
Younger Dryas and Killard Point Stadial re-advances.  
 
[1] Crocket et al., QSR 82, p. 133-144, 2014. 
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As part of the GoAmazon2014/15 experiment, 
several aerosol and trace gas monitoring stations were 
operated for two years before and after the Manaus 
urban plume in Central Amazonia.  Aerosol chemical 
composition is being analysed using filters for fine 
(PM2.5) and coarse mode aerosol as well as three real 
time Aerodyne ACSM (Aerosol Chemical Speciation 
Monitors) instruments. Optical properties were 
measured with aethalometers, MAAP, and 
nephelometers. Aerosol size distribution is measured 
with SMPS in the range of 10 to 600 nm. The aerosol 
optical depth (AOD) was measured using AERONET 
sunphotometers and Lidars. 

The three sites before the Manaus plume show 
remarkable similar variability in aerosol 
concentrations and optical properties. This pattern is 
very different at the T2 site, with large aerosol 
concentrations enhancing aerosol absorption and 
scattering significantly as a result of the Manaus 
pollution plume. The aerosol is very oxidized before 
being exposed to the Manaus plume, and this pattern 
changes significantly for T2 and T3 sites, with a 
much higher presence of less oxidized aerosol. 
Typical ozone concentrations at mid-day before 
Manaus plume is a low 10-12 ppb, value that changes 
to 50-70 ppb for air masses suffering the influence of 
Manaus plume. Aerosol size distribution also change 
significantly, with stronger presence of nucleation 
mode particles. A detailed comparison of aerosol 
characteristics and composition for the several sites 
will be presented showing the evolution of aerosol 
and trace gases in GoAmazon2014/15.	  



Goldschmidt Conference Abstracts 111 

Nd isotopes in soils and pine 
needles trace aeolian inputs to 

Sierra Nevada ecosystems 
L.J. ARVIN1*, C.S. RIEBE1,  S. ACIEGO2  

AND M. BLAKOWSKI2 

1University of Wyoming, Laramie, WY 82071, USA 
(*correspondence: larvin@uwyo.edu) 

2University of Michigan, Ann Arbor, MI 48109, USA 
 

The deposition of aeolian dust alters nutrient 
cycles in soils across a variety of climatic and 
geologic settings, especially by the addition of 
phosphorus. In the southern Sierra Nevada, where 
bedrock-driven P limitation may control the spatial 
distribution of vegetation [1], aeolian dust inputs 
could significantly influence soil P and primary 
productivity. To distinguish the role of bedrock-
derived nutrients and dust-derived nutrients in this 
region, we measured radiogenic Nd isotopes in 
bedrock, soil, and Pinus jeffreyi trees from a sparse 
forest on the Bald Mountain Granite, and compared 
these values to measurements from dust collected in 
the same region [2]. Since Nd tends to concentrate in 
phosphate minerals [3] and does not fractionate 
biologically [4], measurements of 143Nd/144Nd should 
help distinguish sources of mineral-bound, inorganic 
P accessed by local vegetation. 

Our results show that soils are enriched in 143Nd 
relative to bedrock and depleted in 143Nd relative to 
dust on average (soil: εNd = -5.87±0.16; bedrock: εNd 
= -8.61±0.07; dust: εNd = -5.05±0.16). A two-
component mixing model of dust and bedrock shows 
that 70-80% of Nd in the soil was derived from dust 
over the residence time of the soil. Pine needles are 
also enriched in 143Nd compared to bedrock (pine 
needles:   εNd = -5.46±0.16), indicating that the trees 
obtain 80-90% Nd from dust and only 10-20% Nd 
from the bedrock substrate. The predominance of 
dust-derived Nd in soils and pine needles supports the 
hypothesis that Sierra Nevada ecosystems are 
strongly influenced by dust-derived P from Asian 
sources, which account for 50% of the modern dust 
flux [2]. Our analysis highlights the potential for 
using radiogenic Nd isotopes to understand the 
cycling of exogenous and endogenous nutrients in the 
critical zone.  

 
[1] Hahm et al. (2014) PNAS 111, 3338-3343. [2] 
Aciego et al., unpublished. [3] Chadwick et al. 
(1999) Nature 397, 491-497. [4] Rutberg, Hemming 
& Goldstein (2000) Nature 405, 935-938. 
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The world class Sari Gunay epithermal gold 

deposit is located in the northwest of Iran. Surface 
exploration carried out by the Rio Tinto Mining and 
Explortion Limited in 2000 successfully delineated a 
well-defined and zoned gold soil anomalies of 1300 x 
400m over the Sari Gunay. Subsequent initial drill 
testing of these anomalies identified a significant gold 
resource at  Sari Gunay deposit with outlying areas of 
sub-economic gold mineralisation. In this research 
first the analytical results of soil samples were 
processed by additive index method to identify a 
combination of geochemical anomalies associated 
with gold mineralization.Other exploration layers 
controlling gold mineralization (i.e., sercite and silica 
hydrothermal alterations, NE-SE linear structures, 
brecciated dacitic and   host rocks and ground 
magnetic signatures) were integrated with favourable 
additive index geochemical anomalies by fuzzy logic   
to identify zones of high potential gold 
mineralization. Then, the available drilling 
information was used to model and identify various 
economic gold mineralized zones at depth. Finally, 
the surface gold potential areas were then linked to 
different levels of subsurface economic gold 
mineralized zones to design complementary drillings 
to increase the resource and reduce the uncertainties 
in average grade estimation. 

 
Additive Index, 2D and 3D modeling, Epitherml 

God, Sari Gunay, Iran 



Goldschmidt Conference Abstracts 113 

A hydrous mantle reservoir in 
the Paleoarchean?  

E.V. ASAFOV1, A.V. SOBOLEV1,2, A.A. 
GURENKO3,  

N.T. ARNDT2, V.G. BATANOVA1,2, M.V. 
PORTNYAGIN1,4, DIETER GARBE-SCHÖNBERG5, 
S.P. KRASHENINNIKOV1, A.H. WILSON6 AND  

G.R. BYERLY7 
1 Vernadsky Institute, Moscow, Russia 

(evasafov@gmail.com) 
2	  ISTerre, France; (alexander.sobolev@univ-

grenoble-alpes.fr) 
3	  CRPG, Nancy, France, (agurenko@crpg.cnrs-

nancy.fr) 
4 GEOMAR, Kiel, Germany; 

(mportnyagin@geomar.de) 
5 CAU Kiel Uni, Germany; (d.garbe-

schoenberg@gmx.de) 
6 University of the Witwatersrand; 

(Allan.Wilson@wits.ac.za) 
7 LSU, Baton Rouge, USA; (glbyer@lsu.edu)  
 

A recent study of melt inclusions in highly 
magnesian olivines (Fo 92.4-Fo 94.2) in 2.7 Ga 
komatiites of the Abitibi Greenstone Belt, Canada 
[Sobolev et al, Nature, 2016] records early 
contamination of melts by seawater as indicated by 
high Cl concentrations. Yet the melt inclusions in the 
most magnesian olivines (Fo 94-94.5) lack the 
seawater signature but contain up to 0.8 wt.% H2O 
suggesting the presence of a hydrous reservoir in the 
Neoarchean deep mantle. The present contribution 
may extend the age of this reservoir by 800 million 
years.  

Here we report EPMA, SIMS and LA-ICPMS 
analyses of water and other volatile components and 
major and trace elements in melt inclusions in highly 
magnesian olivines (Fo 93-95.8) from komatiites of 
the 3.5 Ga Komati Formation and 3.3 Ga 
Weltevreden Formation in the Barberton Greenstone 
Belt, South Africa. Inclusions were heated for 5 
minutes at 1450oC at the QFM buffer and quenched. 
The melt inclusions originally contained 0.2-0.8 wt.% 
H2O and 50 ppm to 2.5 wt.% Cl at MgO 
concentrations between 23-30 wt.%. A positive 
correlation between H2O and Cl contents in chlorine 
rich melt inclusions (over 1000 ppm of Cl) suggests 
seawater derived brine contamination. Inclusions 
with lower Cl contents (250-1000ppm) show no 
correlation between these components and thus could 
potentially represent the source water from the 
ancient 3.3-3.5 Ga mantle hydrous reservoirs. 

Melt inclusions with the lowest Cl contents (<100 
ppm) occur in the most Mg-rich olivines from the 
Weltevreden Formation (Fo 95.3-95.8) and in olivine 
Fo 92 of Komati Formation. These melts were not 
affected by seawater contamination and record the 
composition of primary melts and their mantle 
sources.  
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Department of Earth and Planetary Sciences of 

Nagoya University was the first integrated Earth 
Science department in Japan. It has strived to provide 
all of the department undergraduate students with 
core competences in geology, geophysics, and 
geochemistry. The lecture of "Geochemical 
Experiment" focuses on silicate rock analyses by 
classical wet chemistry. The rock samples are 
prepared during the lecture of "Geological Survey". 
All the undergraduate students learn geological 
mapping in two-week field as a compulsory subject, 
and during the fieldwork each student collects one 
rock sample to desire for chemical analyses. The 
collected rock types are various: igneous, 
sedimentary, and metamorphic rocks. In the first 
lecture of the experiment, to specify their objectives 
of geochemical analyses, the students hold debates: 
"Why did you choose the rock samples for chemical 
analyses?" "What do you wish to clarify from 
chemical data?" After the debate, they start chemical 
analyses of major elements. 

The "Geochemical Experiment" contains most 
ingredients essential to geochemical analyses: 
preparation of rock powder sample, digestion of rock 
powder by HF treatment and alkali fusion, 
gravimetric analysis of SiO2, chemical separation of 
hydroxide of Fe, Al, and Ti, volumetric analysis of Fe 
and Ca (EDTA titration) and instrumental analysis 
(atomic absorption analysis) of Na, K, Mg, Ca, and 
Mn. In the instrumental analysis, the students also 
learn preparation method of standard solutions. 
Through a series of experiments, they 
comprehensively acquire the essentials of 
geochemical analyses. These classical techniques are 
critical to more advanced instrumental procedures. 
Finally, the students make data analysis and discuss 
their results geologically and geochemically to make 
out reports. 

This collaborative education on "Geochemical 
Experiment" and "Geological Survey" fosters 
excellent earth scientists and geo-engineers 
responsible for challenge to new scientific subjects 
and new geochemical techniques.  
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Variations in volatile elements during igneous 

processes on the Moon are reflected by variations in 
F:Cl:OH ratios of apatites.  In a set of lunar rocks 
dominated by Apollo samples, [1] found that lunar 
apatites are F-rich, but show some variations in 
F:Cl:OH:  KREEP-rich and magnesian suite 
lithologies tend to be OH-poor and relatively Cl-rich, 
whereas mare basalts tend to be Cl-poor with variable 
OH.   

In this study, we a find a range of apatite 
F:Cl:OH compositions similar to the results of [1], 
but our data are from a single lunar breccia, NWA 
773.  We used EPMA to determine concentrations of 
F and Cl and calculate OH based on stoichiometry.  A 
low voltage (7 kV) was used to minimize effects of 
F- and Cl-loss during EPMA [2].  We collected 
analyses of apatites in diverse clasts and textural 
settings (see [3] for clast descriptions):  (1) 
incompatible element-rich pockets in olivine 
cumulate gabbro (OC); (2) an inclusion in OC 
pyroxene; (3) alkali-rich phase ferroan (ARFe) clasts; 
(4) a combined symplectite/ARFe clast, (5) apatite 
mineral clast; (6) apatite+pyroxene clast.   

We find three distinct compositions of apatite in 
the OC:  (1) F:Cl:OH ~ 2:0:0 in one part of an 
incompatible pocket; (2) F:Cl:OH ~ 1.6:0.4:0 in 
another part of the pocket and (3) F:Cl:OH ~ 
1.3:0.7:0 in an inclusion in pyroxene.  Apatite in one 
ARFe clast is OH-poor and zoned in F:Cl, whereas 
apatite in the other ARFe clast is Cl-poor and zoned 
in F:OH.  Apatite from the pyroxene+apatite clast is 
very OH-rich, with F:Cl:OH ~ 0.7:0.1:1.2.  The other 
clasts have F-rich apatite, with Cl+OH < ~0.4.   

Multiple F:Cl:OH patterns from the OC and 
zoned apatites from ARFe clasts are consistent with 
the prediction of [4] that apatite crystals in a single 
magmatic body can have different F:Cl:OH ratios; 
however, it is not clear if fractional crystallization 
alone accounts for the observed variations.  The 
diversity of F:Cl:OH ratios in NWA 773 suggests that 
NWA 773 comes from a part of the Moon where 
mare and KREEP lithologies were well-mixed and/or 
that NWA 773 does not fit well in the F:Cl:OH 
patterns of mare vs. KREEP-rich rocks identified by 
[1].   
 
[1] McCubbin F.M. et al (2011) GCA 75: 5073-5093.  
[2] Stormer J.C. et al (1993) Amer. Mineral. 78: 641-
648.  [3] Fagan T.J. et al (2014) GCA 133: 97-127. 
[4] Boyce J.W. et al (2014) Science 344: 400-402. 
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Methylated naphthalenes are widespread 

constituents of the geochemical samples. We focused 
on methylated naphthalenes as possible indicators for 
evaluating the organic source type of severely 
biodegraded oils and condensates which are poor in 
useful biomarkers. Alkylated naphthalenes are 
suggested to be produced mostly by thermal 
degradation of terpenoids and steroids. Evaluation of 
the type of source organic matter of oils based on 
methylated naphthalene isomers has not been 
commonly carried out, since their precusors have not 
been fully clarified yet. We investigated the 
thermochemical changes of dimethyl- and trimethyl-
naphthalenes (DMNs and TMNs) generated from 
hydrous pyrolysis of cadinene, abietic acid and 
cholesterol whch are typical precursors in land plants 
and algae for alkylated naphthalenes. The 
experimental results were further compared with 
observations in nature.  

1,6- and 1,3-+1,7-DMNs are dominant in 
terrestrial oils [1], being consistent with the results of 
hydrous pyrolysis of cadinene and abietic acid. 1,2,5-
TMN, especially abundant in the hydrous pyrolyzates 
of abietic acid, is also rich in terrestrial oils [1]. 
TMNs are generally dominant in terrestrial oils. The 
relative abundance of 1,3-+1,7-DMNs was far higher 
than 1,6-DMN in hydrous pyrolyzates of cholesterol. 
Significantly high abundance of 1,3-+1,7-DMNs is 
actually observed in marine oils [2-3]. The 
distributions of DMNs and TMNs from hydrous 
pyrolysis of terpenoids and steroid are consistent well 
with those in terrestrial and marine oils.  

Methylated naphthalenes are relatively resistant 
against various degradation and are often major 
constituents in condensates and biodegraded oils. 
Changes in the distribution of methlyated 
naphthalenes during thermal maturation do not 
seriously affect the abundance of marker compounds. 
Methylated naphthalnenes can be useful compounds 
for evaluating the type of source organic matter of 
highly degradated oil. 

 
[1] Hossain et al. J. Petrol. Geol. 37, 269-286. [2] 
Younes and Philip (2005) J. Petrol. Geol. 28, 301-
317 [3] Mobarakabad et al. (2011) J. Petrol. Geol. 
34, 261-276. 
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We collected monthly precipitation in four cities 
(Hamedan, Ilam, Shiraz, Ahvaz) of western Iran from 
January 2014 to July 2015, and determined their pH 
values, electrical conductivity (EC) and major ionic 
concentration (Na+, Mg2+ , K+, Ca2+, Cl-, NO3

-, SO4
2- 

and HCO3
-)  in order to elucidate the effects of soil 

dust, sea salt and anthropogenic activities on 
precipitation chemstry. In no-rainfall months, we 
rinsed  the sampler with ultrapure water and collected 
it to understand the influence of aerosols.  The 
climate in western Iran is semiarid, and dry and wet 
seasons are from June to September and from 
Octorber to May, respectively. 

The precipitation samples showed neutral to 
slightly alkaline ranged from 6.26 to 9.04 in pH. The 
ionic compositions of most precipitation samples 
were enriched in Ca2+ and HCO3

-. These results 
indicate precipitation in western Iran was neutralized 
and alkalized by carbonate minerals. Although the pH 
of natural rain in equlilibrium state with atmospheric 
CO2 is typically ~5.6, precipitation in western Iran is 
not acidic because of neutralization by aeolian 
minerals such as calcite originating from arid areas. 
Evaprite minerals precipitate around subsurface 
during the dry-wet seasons  in western Asia. 

The ionic compositions of several precipitations 
were abundant in NO3

- and SO4
2- in Hamedan, Ilam 

and Shiraz. These percipitation were collected during 
dry season and wet season immediately after dry 
season. These relusts suggest the precipitation wash 
out and dissolved NO3

- and SO4
2- derived from 

anthropogenic activities and/or soil dust such as 
sulfate minerals concentrated in atmosphere during 
the dry season.  

The ionic compositions of precipitation in winter 
in Ahvaz were relatively enriched in Na+ and Cl-, 
indicating the precipitation are subject to sea salt 
from the Persian Gulf and/or the Mediterranean. 
Ahvaz is closer to the Persian Gulf than other sites, 
however, air moisture is generally transported by the 
northwest wind from the Mediterranean.  
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 Stalagmites can have continuous deposition of 
calcium carbonate over long periods of time and 
well-selected stalagmites are accurately datable with 
high-precision U-Th dating methods. Since 2000, 
stalagmite-derived oxygen isotope time series have 
been widely used to reconstruct hydroclimate 
variations in East Asian monsoon regions during the 
Quaternary. Here, we present oxygen and carbon 
isotope time series of stalagmites in Gyokusen Cave, 
located at the southern Okinawa-jima, the Ryukyu 
Islands, Japan. The Hendy Test performed in this 
study suggests that the isotope profiles are primarily 
of environmental origin without effects of kinetic 
fractionation. Since December of 2009, we have 
observed cave environments using loggers and 
collected water samples. Using the established 
relationship between oxygen isotope compositions of 
drip water and precipitation and U-Th dating results 
of >40 samples, we generated a well-dated high-
resolution time series of the oxygen and carbon 
isotope ratios showing a stalagmite-based 
reconstruction of hydroclimate changes around the 
Ryukyus for the Last Glacial Maximum, the last 
deglaciation (with a hiatus for the Younger Dryas 
period), and Holocene during the Quaternary. 
Coupled with previously published stalagmite records 
from China and Japan, our study can allow a better 
understanding of past spatial climate changes 
associated with the East Asian Monsoon. 
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Carbon is subducted into the mantle primarily in 

the form of metasomatically calcium-enriched 
basaltic rock, calcified serpentinites and 
carbonaceous ooze, all of which often contain 
dolomite. End-member CaMg(CO3)2 dolomite 
typically breaks down into two carbonates at 2-7 
GPa. However, high-pressure x-ray diffraction 
experiments have recently shown that the presence of 
iron may be sufficient to stabilize high-pressure 
dolomite over single-cation carbonates above 35 GPa 
[1,2]. The structure and equation of state of high-
pressure dolomite phases have been debated, creating 
a need for theoretical calculations. Using density 
functional theory interfaced with a genetic algorithm 
that predicts crystal structures (USPEX), we have 
found a monoclinic phase with space group C2/c. The 
C2/c structure has a lower energy than previously 
reported dolomite structures at relevant pressures. It 
is possible that this phase is not achieved 
experimentally due to a large energy barrier and a 
correspondingly large required volume drop, 
resulting in the transformation to metastable dolomite 
II. We calculate the equation of state of trigonal 
dolomite, triclinic dolomites II and III, and 
monoclinic C2/c dolomite to 60 GPa with 0, 50 and 
100 mol% CaFe(CO3)2 and compare their enthalpies 
to single-carbonate assemblages. Although end-
member C2/c CaMg(CO3)2 dolomite is not stable 
relative to single-cation carbonates, C2/c 
Ca(Mg0.5,Fe0.5)(CO3)2 and CaFe(CO3)2 are preferred 
over single-cation carbonates at high pressures. Thus, 
iron-bearing C2/c dolomite may be an important host 
phase for carbon in slabs subducted into the lower 
mantle. 
 
[1] Mao, Z. et al. (2011) Geophysical Research 
Letters, 38. [2] Merlini, M. et al. (2012) Proceedings 
of the National Academy of Sciences, 109, 13509-
13514. 
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The last glacial period is characterized by 

dramatic and rapid shifts in climate. The warm 
excursions known as Dansgaard-Oeschger (D-O) 
events, the best expression of these changes, have 
been documented well in Greenland ice cores, and 
variability in a number of continental marine climate 
proxies. Advances in U-series chronology of 
speleothems have now made it possible to put precise 
timing on these events and explore time-scale of 
hemispherical and inter-hemispherical climate 
variability.  We previously showed (Asmerom et al., 
2010, Nature Geoscience 3, 114 - 117) that δ18O 
variability in Fort Stanton, New Mexico, USA 
speleothems, reflects, in part, changes in the ratio of 
winter to summer precipitation forced by meridional 
shifts in the polar jet stream. Our new δ18O time 
series from a fast-growing, precisely dated stalagmite 
(FS-AH1) has mean 2σ uncertainties of about 70 
years from 47 to 11 ka. Our FS-AH1 δ18O time-series 
has an excellent untuned match with the NGRIP δ18O 
time series (GICC5 time scale), both with respect to 
the long-term secular trend and timing and duration 
of DO and HS (r=0.66, p<0.001). Comparison of our 
time series with the Hulu δ18O shows that the timing 
of the DO and other rapid climate transitions are 
coherent within error across the Northern 
Hemisphere.  In contrast, there is marked difference 
between the secular variation in our record, the ice 
core temperature proxies from both hemispheres on 
one hand, reflecting summer insolation variation of 
both hemispheres and the Hulu record on the other 
hand, reflecting a strong precessional imprint on the 
East Asian monsoon. The inter-hemispherical 
coherency of climate variability, in particular 
associated with DO warming, is modulated through 
the Atlantic Meridional Overturning Circulation, led 
by changes in the Southern Hemisphere.  

 
 



Goldschmidt Conference Abstracts 121 

Performance evaluation of a 
novel, high efficiency, low-

dispersion aerosol transport 
system for laser ablation ICP-

MS 
DHINESH ASOGAN1*

, SIMON E. JACKSON2,  

ZHAOPING YANG2, STIJN J. M. VAN MALDEREN3,  
FRANK VANHAEKE3, PETER WINSHIP1, CHRIS 

LAY1 

1 Teledyne CETAC Technologies, Omaha, NE 
68144, USA (*correspondence: 
dhinesh.asogan@teledyne.com) 

2 Natural Resources Canada, Ottawa, Ontario, K1A 
0E8, Canada 

3 Department of Analytical Chemistry, University of 
Ghent, 9000 Ghent, Belgium 

 
Element mapping is fast becoming a routine 

analysis technique in laser ablation inductively 
coupled plasma mass spectrometry (LA-ICP-MS) as 
it provides information on the spatial distribution of 
elements in a sample.  Recent developments in 
mapping methodology have been pushing the 
washout performance boundaries of ablation cells.. 

For high resolution mapping of samples, one of 
the best strategies to obtain the optimum resolution is 
to ablate discrete points, as either single shots or 
limited bursts, and build an image pixel by pixel.  
This methodology allows laser pre-cleaning of each 
spot and avoids aerosol mixing between features of 
interest on sample surfaces, and therefore blur in the 
final image.  The main disadvantage of this 
methodology is that it can take a significant amount 
of time to gather the image data. 

Recently, Van Malderen et al. [1] presented data 
showing how a modified aerosol transport system 
fitted to a standard commercial excimer laser ablation 
system improved washout for the sample chamber to 
< 30 ms to allow faster acquisiton of image data for 
bioimaging applications. 

In this contribution, data will be presented to 
demonstrate the technology’s capability in geo-
mapping. 

 
[1] Van Malderen et al. (2016), Oral Presentation at 
the Winter Conference on Plasma Spectrochemistry – 
Tucson, AZ, U.S.A. 
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In 2013, George Gehrels presented data [1] 

outlining the limitations inherent in the design of an 
active 2-volume cell used for laser ablation 
inductively coupled mass spectrometry applied to 
U/Pb geochronology.  In his study, he found that 
there was sample position-dependent signal bias 
present in the cell when nuclide ratios were 
calculated and compared to values obtained from the 
centre of the cell. 

As a result of these data, the design of the cell 
was reviewed and improved to eliminate the effects 
shown and provide the end user with a high degree of 
confidence in the accuracy of data obtained from any 
position within the cell volume. Improvments 
include: 

• Redesigned inner cup to improve the active 
flow that controls the ablation plume 

• Redesigned sample holders to control the 
distance between the sample and the inner 
chamber volume 

• Evaluation and redesign of critical gas seals 
to eliminate potential leaks 

• Optimised purging routine to allow the cell 
to stabilize efficiently 

As a result of these improvements, signal bias 
was reduced to within experimental error across the 
usable area of the cell, with most elements having a 
variability of less than 1%.   

Additional benefits presented are improved 
mechanical stage return accuracy (0.7 ± 0.1 µm), 
faster time to purge (3 minutes) and ultimately faster 
total time to stable backgrounds (< 8 minutes). 

 
[1] Gehrels (2013), Resolving Bias in Geochronology 
Workshop – Charleston, South Carolina, 
http://www.plasmage.org/images/documents/Charlest
on_workshop_2013/Gehrels_-
_cell_fractionation__standards_2013.pdf 
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Serenitatis basin presents 29 spectrally different 

lava compositions on its surface [1]. At depth, the 
chemical diversity of buried flows is not known, 
making it difficult to constrain the complete evolution 
of the mantle under this basin. Apollo 17 basalts are 
typically characterized by 6-7 types with an age range 
of 3.9-3.6 Ga. For both vertical and horizontal 
representation, 25 2-4 mm Apollo 17 basaltic regolith 
fragments from soils 71063/4, 74243/4, 75063/4 are 
being systematically investigated for chemical and 
isotopic composition and chronology. Nine fragments 
were selected using a M4-Tornado µXRF [2]. 
Integration with literature data will help define lunar 
mantle heterogeneities over time. 

SEM/EMP – basaltic fragments from each soil 
show a variety of textures and mineral/matrix 
compositions. Soil 71063/4: 71063,6 mostly matrix 
with olivine (olv) xeno/phenocryts (Fo65-70), pyroxene 
(px; En41-64Wo8-39Fs17-32), plagioclase (plag; An85-87) 
and minor chromite (chr); 71063,7 a gabbro (phases 
>1mm) with olv (Fo56-71), px (En36-69Wo6-26Fs25-41), 
plag (An93-96) and ilmenite (ilm); 71064,12 quenched 
melt with 50-200 μm olv crystals (Fo72-76) and ~10 
μm chr. Soil 74243/4: 74243,38 fine grained basalt, 
vesicles, mineral and lithic clasts of different 
composition, olv (Fo64-73), high/low-Ca px (En36-

69Wo6-26Fs25-41), ilm with armalcolite (arm) cores, plus 
small spinels; 74243,41 quenched melt with olv (Fo64-

73) and arm phenocrysts; 74243,42 two distinct fine 
grained textural domains, includes lithic and mineral 
clasts, vesicles, Fe-Ni-S grains; 74244,12 px 
prophyritic ilm basalt, px are En31-46Wo27-46Fs16-42, 
plag is An81-85, and ilm with arm cores. Soil 75063: 
75063,5 a 2-size domain olv micro-gabbro with 
dissimilar mineral chemistry, coarser domain (0.5->1 
mm) composed of plag (An89-92), olv (Fo33-52), px 
(En32-45Wo9-35Fs33-53), and ilm; 75063,13 type 1A, olv 
porphyritic ilm basalt, sub-variolitic texture, contains 
olv (Fo69-73), plag (An85-88), and varying size ilm.  

Magma generation – initial modelling [3] using 
matrix compositions of samples 71063,6 and 
71064,12 gives primary pressure (0.3-1.6 GPa) and 
temperature (1230-1350°C) conditions consistent 
with other Apollo 17 data.  
 
[1] Hiesinger et al. (2000) JGR. [2] Fernandes et al. 
(2016) 47th LPSC. [3] Lee et al. (2009) EPSL 279, 
20-33. 
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Arsenic (As) contamination in aquifers is an 

important environmental issue in South and Southeast 
Asia, where millions of people are exposed to high 
As concentrations from drinking water [1]. It is 
widely accepted that As pollution in these areas is 
mainly due to its release from natural arsenic-rich 
solids into porewater and its transport through the 
underlying sediments to the aquifer [2-5]. Therefore, 
it is necessary to investigate arsenic sorption onto the 
sediments in order to assess the potential for As 
transport to the aquifer.  

Sorption and desorption experiments were 
performed with sediment collected from a field site in 
the Mekong Delta in Vietnam where the aquifer is 
highly contaminated in As (up to 17.2 µmol/L). The 
sediment consists of grey clay overlying the sandy 
aquifer. X-ray fluorescence (XRF) analysis reveals 
As concentrations in the range of 12-21 ppm. 
Preliminary results from batch sorption and 
desorption experiments indicated limited grey clay 
sediment sorption capacity with partitioning 
coefficients ca. 2 and 5 L/kg for As(III) and As(V) 
oxyanions, respectively. Desorption experiments 
showed that infiltration of anoxic groundwater may 
result in low but detectable As release from the 
sediments after 5 days, with limited concomitant Fe 
release. Greater As release was observed in 
experiments conducted with artificial groundwater 
than those with milliQ water. Our results suggest that 
arsenic released from or carried into the clay layer 
could migrate to the aquifer due to the low sorption 
capacity of the sediments. Further experiments are 
required to assess the As sorption capability of 
sediments from layers at other depths and of distinct 
mineralogies. 

 
[1] Nordstrom, D.K. (2002). Science 296, 2143-2145.  
[2] Polizzotto et al. (2008). Nature 454, 505-508. [3] 
Nickson, et al. (2000). Appl. Geochem 15, 403-413. 
[4] Nguyen, et al. (2009). J. Contam. Hydrol. 103, 
58-69.[5] Postma, et al. (2010). Geochim. 
Cosmochim. Acta 74, 3367-3381. 
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The redox state of the Precambrian atmosphere 
and ocean has been widely studied to better 
understand the evolution of biogeochemical cycling 
and complex life early in Earth history. Given their 
direct contact with the atmosphere, the morphology 
and geochemistry of paleosols has been used to 
provide a variety of constraints on Precambrian 
environments, e.g., [1], [2]. Furthermore, significant 
paleosols develop over ≥106 years, making them ideal 
archives of integrated long-term atmospheric 
composition.  

Stable isotopes of chromium and uranium are 
fractionated by redox reactions, providing a measure 
of atmospheric O2 concentrations through time. 
Uranium can be oxidized at O2 levels less than 10-7 × 
present atmospheric levels (PAL). Chromium 
fractionation, by comparison, begins at O2 levels of 
~10-3 PAL. Using these two isotope systems together 
provides a way to make semi-quantitatively constrain 
atmospheric O2 levels through Earth history, 
particularly when combined with S-MIF (sensitive at 
10-5 PAL).  

However, studies of modern soils indicate that the 
oxidation reactions that result in fractionation of these 
isotopic systems are not ubiquitous. Soils only 
become measurably fractionated at high degrees of 
weathering. Thus many modern soils appear 
unfractionated despite contact with our strongly 
oxidizing atmosphere. It is not yet clear the role what, 
if any, role reduced organic matter in modern soils 
may play in slowing oxidative weathering.  

With this limitation in mind, we studied the δ53Cr 
and δ238U of a series of strongly weathered paleosol 
profiles with ages ranging from 2.97 Ga to ~0.3 Ga in 
order to better understand the oxidation state of the 
terrestrial realm during that time span. Each paleosol 
shows textural, mineralogical, and geochemical 
evidence confirming it is a true terrestrial weathering 
profile. Isotopic data remain unfractionated  until the 
Neoproterozoic, indicating that either chemical 
weathering rates were extremely low or atmospheric 
O2 levels remained below at least 10-3 PAL prior to 
that time. Data also indicate that terrestrial 
oxygenation (e.g., [3]) may have been spatially 
variable, suggesting a possibly significant role for 
terrestrial photosynthesizers in the production of 
atmospheric O2.  

 
[1] Holland & Zbinden (1988), in Physical and 
chemical weathering in geochemical cycles, 61-82.; 
[2] Rye & Holland (1998), American Journal of 
Science 298, 621-672.; [3] Crowe et al. (2013), 
Nature 501, 535-538. 
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We trace the crustal evolution of South America 

from Eoarchaean to Palaeozoic time with Hf-isotope 
data of > 1100 detrital zircon grains from the 
Ediacaran to Palaeozoic Gondwana margin in the 
south-central Andes. During that time, South 
American Gondwana was the predominant source as 
indicated by dominating zircon U-Pb ages of < 700 
Ma and ca. 1 Ga for most investigated 
sedimentological units. The oldest analysed zircon 
grains have crustal residence ages of 3.8-4.0 Ga, 
which is in accordance with complete recycling of 
existing continental crust on Earth around 4 Ga. We 
confirm three major Archaean, Palaeoproterozoic 
(Transamazonian) and late Mesoproterozoic to early 
Neoproterozoic (Grenville-age) crust-addition phases, 
reflected by zircon with positive εHf(t) and zircon 
with similar crustal evolution trends, as well as 
several igneous phases during Proterozoic to 
Palaeozoic time involving mixing of juvenile and 
crustally reworked material, as indicated by a mixture 
of zircon with negative and positive εHf(t). Archaean 
crust was reworked during the Palaeoproterozoic 
Transamazonian igneous phase. This material in turn 
partly was reworked during the late Mesoproterozoic 
to early Neoproterozoic Grenville-age phase. An 
igneous belt of this age can be postulated along the 
palaeo-continental margin of South America. 
Grenville-age material was reworked during 
Palaeozoic arc activities. Hence, during the 
Palaeozoic era likely crustal reworking dominated 
over juvenile addition, despite the proto-Palaeozoic 
margin being active during long time intervals. 
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Kimberlite-borne granulite xenoliths provide rare 

insights into the age, composition and tectonothermal 
evolution of lower continental crust (LCC). Whole-
rock Nd-Hf isotope compositions of nine mafic 
(MGX), one gabbroic (GGX) and two 
metasedimentary (SGX) granulite xenoliths from the 
central Slave craton, combined with mineral 
radiogenic isotope compositions, span ages between 
ca 3.3 and 1.3 Ga. The trace-element patterns of some 
MGX, with depletions in Sr, Eu and Ti, but 
enrichment in Pb, suggest the addition of ?subduction 
fluids to their mantle source and crystallisation in the 
crust after fractionation of plagioclase.  

Single sulphides in two MGX lie on a 3.3 Ga 
array coinciding with a period of juvenile crust and 
deep lithospheric mantle formation during plume 
impingement beneath the pre-existing cratonic 
nucleus [1]. The large spread in Re/Os for these 
sulphides suggests that they essentially behave as 
“islands” within the silicate matrix. Sm-Nd isotopes 
in MGX show large scatter, but fall on a 2.7 Ga age 
array with depleted initial εNd. This contrasts with 
with their enriched Sm/Nd, which may have been 
acquired during interaction with fluids in the course 
of craton amalgamation at that time. The Lu-Hf 
errorchron age for these samples (2.29±0.12 Ga) is 
somewhat younger than zircon ages (2.64-2.51 Ga) 
for similar samples from the central Slave craton [2]. 
Given that the middle CC in parts of the Slave craton 
experienced temperatures >825°C at ~2.59 Ga [3], 
and that MSX are now virtually biotite-free, it is 
likely that the LCC was substantially hotter at the 
time. This, combined with a mildly enriched initial 
εHf of -2.3, may indicate isotopic resetting during a 
thermal/metamorphic event when the LCC had 
already evolved for some time at measured, 
predominantly sub-depleted mantle Lu/Hf. It also 
casts doubt on the age significance of Sm-Nd 
isotopes, given that this system should be less robust 
than Lu-Hf. Finally, U-Pb in rutile gives upper 
intercept ages coincident with the giant Mackenzie 
dike swarm event at 1.27 Ga, indicating that rutile in 
the lower crust has been below the effective blocking 
temperature with respect to U-Pb since that time, 
whereas zircon was transparent to this event. 
 
[1] Aulbach et al. 2010 GCA; [2] Davis et al. 2003 
Lithos; [3] Pehrsson et al. 2000 Geology  
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We performed deformation-DIA experiments on 
antigorite serpentinite at pressures of 1–3.5 GPa and 
temperatures of between 400 and 650◦C, bracketing 
the stability of antigorite under subduction zone 
conditions. For each set of pressure–temperature (P–
T) conditions, we conducted two runs at strain rates 
of 5 ×10−5and 1 ×10−4s−1. We complemented our 
study with a sample deformed in a Griggs-type 
apparatus at 1 GPa and 400◦C [1], and with natural 
samples from Cuba and the Alps deformed under 
blueschist/eclogitic conditions. Optical and 
transmission electron microscopieswere used for 
microstructural characterization and determination of 
deformation mechanisms. Our observations on 
experimentally deformed antigorite prior to 
breakdown show that deformation is dominated by 
cataclastic flow with observable but minor 
contribution of plastic deformation (microkinking and 
(001) gliding mainly expressed by stacking disorder 
mainly). In contrast, in naturally deformed samples, 
plastic deformation structures are dominant(stacking 
disorder, kinking, pressure solution), with minor but 
also perceptible contribution of brittle deformation. 
When dehydration occurs in experiments, plasticity 
increases and is coupled to local embrittlement that 
we attribute to antigorite dehydration. In dehydrating 
samples collected in the Alps, embrittlement is also 
observed suggesting that dehydration may contribute 
to intermediate-depth seismicity. Our results thus 
show that semibrittle deformation operates within and 
above the stability field of antigorite. However, the 
plastic deformation recorded by naturally deformed 
samples was likely acquired at low strain rates. We 
also document that the corrugated structure of 
antigorite controls the strain accommodation 
mechanisms under subduction conditions, with 
preferred inter-and intra-grain cracking along (001) 
and gliding along both aand b. We also show that 
antigorite rheology in subduction zones is partly 
controlled by the presence of fluids, which can 
percolate within the exhumation channel via 
deformation-induced interconnected porosity 
 
[1] Chernak & Hirth, 2010, EPSL, 296, 23-33. 
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Since the first measurements of the abundances 

and isotopic compositions of volatile elements in the 
Martian atmosphere by the Viking (NASA) mission 
[1], analyses of gases contained in glassy material in 
Martian meteorites (SNC) have been essential to 
estimate the elemental and isotopic composition of 
the Martian atmosphere [2]. Recent analyses by the 
mass spectrometer on board the Curiosity rover (Mars 
Science Laboratory mission) definitively confirmed 
the Martian origin of SNC meteorites and provided 
additional data to compare Earth and Mars 
atmosphere [3].   

The new Martian meteorite Tissint, collected in 
2011 shortly after its observed fall in Morocco, is a 
shergottite that contains pockets and veins of glassy 
material formed during the impact that ejected 
portions of the Martian crust in space. These glassy 
parts contain trapped Martian atmospheric gases 
[4,5]. 

We have analyzed noble gases (Ne, Ar, Kr and 
Xe) and nitrogen in mg-sized melt-rich and bulk 
fragments of the Tissint meteorite in order to (i) 
further characterize the isotopic composition of 
Martian atmospheric argon and nitrogen and to make 
a comparison with values determined in-situ [1,3] (ii) 
to decipher the origin of Martian Xe and to establish 
a comparison with terrestrial xenon. 

Taking a δ15N of 634 ± 60 ‰ [4] for Martian 
atmospheric N2, and correcting 40Ar for in-situ 
radiogenic ingrowth, Ar-N2 correlations demonstrate 
that the Martian atmosphere has a 40Ar/36Ar ratio of 
1982 ± 344. This value has a comparable precision 
and is very similar to the one determined in-situ by 
the mass spectrometer on board the Curiosity rover 
[3]. It also suggests that the argon atmospheric ratio 
around 3000 measured by the Viking mission [1] was 
overestimated. 

We will also present new data on the isotopic 
composition of Martian atmospheric xenon.  
 
[1] Owen et al. (1977), J. Geophys. Res. 82, 4635-
4638. [2] Bogard et al. (2001), Chronology and 
Evolution of Mars 96, 425-458. [3] Mahaffy et al., 
Science 341, 263-266. [4] Chennaoui Aoudjehane et 
al. (2012), Science 338, 785-788. [5] Wieler et al. 
(2016), Meteoritics 51, 407-428. 
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The mountain aquifer is one of the main water 

suppliers of israel. It is divided into two drainage 
basins, whereby the eastern aquifer drains to the Dead 
Sea and the Jordan valley. Although many studies 
were conducted over the years, there are still open 
questions with regards to the pumping potential, the 
recharge rates, the relationship among the different 
water bodies and the flow rate in the aquifer from the 
recharge zone to the discharge area near the Dead 
Sea. In this research, we used, for the first time, an 
array of several natural tracers include radioactive 
isotopes of different ages, such as tritium-helium, Ar-
39, C-14, and Kr-81. This dating allows the 
estimation of residence time of groundwater and the 
annual recharge which are extremely important for 
the management of the aquifer. The sampling 
included 20 wells from the recharge area in the 
mountains, to the natural outlets in the Dead Sea area.  
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The Southeastern United States (SE-US) contains 

numerous high-silica anorogenic (or A-type) granitic 
suites, which constitute favorable source rocks for 
REE Ion Adsorption Clay (IAC) deposits because of 
their inherent high concentration of REE. These 
granites have undergone a long history of chemical 
weathering, resulting in thick granite-derived 
regoliths akin to those of South China, which supply 
virtually all heavy REE,Y, and a major portion of 
light REE to global markets.   

Comparisons of granite regolith profiles formed 
on the Stewartsville, Suck Mountain, Striped Rock 
plutons, and the Robertson River batholith (VA) 
indicate that REE are mobile and can attain grades 
comparable to those of IAC deposits of China. The 
Stewartsville and Striped Rock regoliths highlight the 
importance of allanite weathering in generating light-
middle-REE-enriched clays from metaluminous 
granite, whereas the Suck Mountain and Robertson 
River cases show the result of weathering of allanite 
plus a variety of REE-fluoro-carbonate minerals 
formed under peralkaline conditions in pegmatitic 
melt fractions.  

Compositional ranges of large igneous suites of 
the SE-US [1] generally match those of A-type or 
highly fractionated I-type granitic rocks associated 
with South China IAC deposits [2]. One prominent 
feature we recognize in many granites having REE-
mineralized regoliths is the tetrad behaviour 
displayed in REE chondrite-normalized patterns of 
both granite and regolith. Tetrads result from 
processes that promote redistribution, enrichment, 
and fractionation of REE such as late- to post-
magmatic alteration of granite and silicate hydrolysis 
in regolith. Thus, REE patterns showing tetrad effects 
may be a key for discriminating highly prospective 
source rocks and regoliths with potential for REE 
IAC deposits. Our studies demonstrate potential in 
the SE-US for REE IAC deposits of the type 
containing light-middle REE and Y. Establishing the 
extent of the resource potential will depend on 
identifying sufficient volumes of regolith with high 
concentrations of readily extractable, high-value 
REE. 
 
[1] Foley & Ayuso (2015) BCGS Paper 2013-3 131-
138. [2] Wang et al. (2015) OGR 64 569-582. 
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Ferromanganese (Fe-Mn) crusts and nodules are 
mainly composed by Fe-Mn-(oxyhydr)oxides that 
occur on submarine environment. Three kinds of 
origins are generally characterized by concentration 
of Fe, Mn, Co, Ni, Cu and REE in Fe-Mn crusts and 
nodules of hydrogenesis (high Co and REE 
concentration), diagenesis (high Ni and Cu 
concentration), and hydrothermal (mostly Fe or Mn 
oxides), most of which have ever sampled from 
abyssal plains or submarine slopes on seamounts, 
plateaus, and knolls at 1000m to 3000m in depth. 

Hydrogenetic Fe-Mn crusts are mainly composed 
of vernadite and ferrihydrite which selectively absorb 
some elemets (e.g. Co, Y, REE, Pb) from sea water. 
For example, REE (expect Ce) and Y form surface 
complex on vernadite and ferrihydrite, although the 
dissolved species of REE and Y generally behave as 
the carbonate complex in sea water. Concentrations 
of REE (except Ce) and Y in hydrogenetic Fe-Mn 
crusts are dominated by the exchange equilibrium 
between those of carbonate complex in sea water and 
surface complex on Fe-Mn crusts. 

Recently the new kind of volcano on the Earth, 
petit-spot, are reported on the subducting NW Pacific 
plate. Fe-Mn oxides covered with submarine lavas 
and hyaloclastites firstly provide us the relevat 
information of Fe-Mn oxides from deep submarine 
environment (5000m to 6000m in depth). We 
analyzed the chemical composition of Fe-Mn crusts 
from deep submarine of NW Pacific, using the 
inductively coupled prasma mass spectroscopy (ICP-
MS) in University of Tokyo. We report the chemical 
compositions of Fe-Mn crusts to be deeper than 
5000m in depth. They clearly have different 
compositions from previously reported Fe-Mn crusts 
from 1000m to 3000m in depth, particularly the 
systematic variations in REE and Y with water depth, 
in spite of geochemical behavior of those elements is 
quite similar due to their ionic charge and ioic radius.  
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The Banabuiú gneiss-migmatic complex is 
located in the Ceará Central Domain of the 
Borborema Province (NE Brasil) and consists of 
Paleoproterozoic orthogneisses and metasediments 
affected by deformation and Barrovian-type regional 
metamorphism during the Brasiliano / Pan-African 
Orogeny in the late Neoproterozoic. 

Structural evidence suggest that the Brasiliano 
tectonic evolution of the Banabuiú metamorphic 
basement involved two contractional deformation 
events (D1 + D2) associated with crustal thickening 
and ended with a D3 transcurrent regime related to a 
crustal-scale sinistral shear zone (Orós Shear Zone). 
As a result of strong D3 overprint, most of the earlier 
D1+D2 structures are poorly preserved. 

Mineralogical assemblages and textural data 
reveal that the early prograde Barrovian metamorphic 
path is coeval with contractional deformation and 
reached granulite facies conditions at the end of D2. 
The metamorphic peak was attained in the beginning 
of D3 at estimated temperatures of 700-800°C and 
pressures ~8 kb. Anatexis of supracrustal materials 
started at this stage, through incongruent breakdown 
of biotite. Still during D3, a decompression path at 
nearly isothermal conditions allowed the production 
of larger amounts of melts. Melt crystallization 
occurred during retrogression in the final stages of 
D3. 

The Banabuiú gneiss-migmatic complex is 
interpreted as a large-scale injection complex where 
abundant volumes of anatectic melts were 
accumulated. Melt generation took place at slightly 
lower crustal levels than the present level of exposure 
by partial melting of metasedimentary materials 
similar to the outcropping host rocks,. The water 
released as the injected melt crystallized rehydrated 
the adjacent granulite facies rocks and may have 
induced further partial melting in the basement 
orthogneisses and extensive retrogression of 
previously formed high-grade mineral assemblages. 

SHRIMP U-Pb zircon ages obtained in two 
diatexite samples (594 ± 6 Ma and 596 ± 21 Ma) 
provide the best approximation for the timing of the 
Brasiliano migmatization event in the studied area. 
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Marine magnetotelluric (MT) observations give 

estimates on electrical conductivity structure of the 
oceanic upper mantle. The obtained electrical 
conductivity distribution can be intepreted in terms of 
the parameters controlling that of mineral and melt 
phases. The parameters are temperature, small 
amount of H2O and CO2 dissolved in nominally 
anhydrous minerals and melt and the fraction of melt 
if the mantle is partially molten. The relations 
between the conductivity of each phase and these 
parameters have widely explored by laboratories. The 
electrical condcutivity obtained from the MT 
observation can be converted into one of the 
parameters using the relations. It is impossible to 
constrain all the parameters at once from the 
electrical conductivity alone and use of other 
indepenent information and/or reasonable 
assumptions are indispensable to distinguish the 
impacts of each parameter. The consideration of the 
reduction of peridotite solidus due to the H2O and 
CO2 and partition of them in peridotite and melt can 
couple the parameters mutually and they can be 
constrained more by self-consistent manner. In this 
presentation, I introduce my recent effort on 
quantitative intepretation of electrical conductivity of 
the oceanic upper mantle from the point of this view. 
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Compound semiconductors with a crystal 

structure of chalcopyrite have attracted particular 
attention due to a unique set of physical properties. In 
recent years, increased interest has been shown to the 
thermoelectric properties of CuFeS2 that has long 
been known as a semiconductor magnetic mineral 
[1,2]. This paper presents the results of major element 
analyses and  NMR 63Cu measurements in the local 
field of natural chalcopyrite (CuFeS2) from the 
massive sulfides on the Mid-Atlantic Ridge. 

Major element analyses were done on a scanning 
electron microscope (laboratory of VSEGEI, 
St.Petersburg, Russia). The measurements were made 
on a multipulse NQR Tecmag-Redstone spectrometer 
at room temperature (laboratory of KSPEU, Kazan, 
Russia) 

The element analyses of the studied samples has 
showed a significant deviation of composition (3-
10%) from the stoichiometric chalcopyrite[3]. 

The main features of the observed NMR 63Cu 
spectra are as follows: the 
received resonant frequencies are almost equal to the 
frequencies of the NMR 63Cu spectrum of continental 
chalcopyrite mineral, though the intensities of 
the resonance lines in deep-sea hydrothermal vent 
samples are noticeably lower. Moreover, these lines 
are comparatively wider, and have a "complex" form. 

The considerable width of the found resonance 
lines in the spectrum is a direct evidence 
of wide distribution of the local magnetic and electric 
fields in the studied samples of chalcopyrite, which 
may be the result of  non-stoichiometry in   
chalcopyrites from the Mid-Atlantic Ridge. 

 
[1] N.Tsujii (2014), T.Mori, Y.Isoda, J. Electron 
Mater 43, 2371-2375. [2] Y. Li, T. Zhang, Y. Quin,T. 
Day, GJ. Snyde,X. Shi, et al. J. (2014) Appl. 
Phys.116, 203705. [3] S.Babaeva, S. Andreev (2012) 
RMS Annual Session 2012, 76-78. 
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Lead (Pb) isotopes can be used to identify natural 

versus anthropogenic sources of lead[1]. Few studies 
involve pre-industrial environmental records in 
North-Eastern Europe. This gap in knowledge limits 
our understanding of Pb sources and the importance 
of human activities over the last 1,500 years for the 
region. Two lake cores were collected from Lake 
Radzyń Chełmiński with a nearby Teutonic Castle, 
and Lake Rywałd, representing a pristine 
environment.  The sediment cores were analysed for 
total Pb concentration and Pb isotope ratios 
(206Pb/207Pb, 208Pb/206Pb, 208Pb/207Pb). Each lake core 
also had extensive 14C dates giving high resolution 
chronologies. Our data suggests the Pb isotopic 
signature for both lakes was strongly influenced by 
regional Pb-Zn mining activities occurring in South-
Western Poland. Significant shifts in Pb 
concentration and isotopic signature were recorded as 
early as the 10th century and during the Crusading 
period. 

 
[1] Tyszka, Pietranik, Kierczak, Ettler, Mihaljevič, & 
Weber (2012), Applied Geochemistry, 27(6), 1089–
1100.  
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Scheiderich et al. (2015) observed variations with 

depth and water mass of δ53Cr and [Cr] in the oceans 
which they attributed to redox reactions involving 
interconversions of Cr(VI) and Cr(III) and water 
mass mixing. Data for open ocean waters (unaffected 
by riverine inputs or sea ice formation and melting) 
from the Atlantic, Pacific and Arctic define a 
correlation line with a slope of -0.80 ± 0.03‰ (2σ) 
(see Figure). Because of the very different geographic 
regions of the samples, the correlation cannot be 
explained by two-component mixing, and is instead 
considered to be the result of closed system Rayleigh 
fractionation characterized by: (1) reduction of 
Cr(VI) in surface waters, (2) transfer of the reduced 
Cr(III) on settling particles into deep waters and 
ocean sediments, and (3) re-release of the reduced 
Cr(III) back into seawater in the form of soluble 
Cr(III)-organic complexes, and/or re-oxidized Cr(VI). 
Redox cycling of Cr in the oceans drives surface 
waters towards heavy Cr isotope compositions and 
deep waters towards light Cr isotope compositions.  

As we have been processing more seawater from 
the Pacific (Station PAPA) and Arctic (Beaufort Sea), 
we can already confirm that our newest data plot 
along with Scheiderich et al. (2015) data, on the same 
correlation line (see Figure). New data from the 
Pacific oxygen minimum zone will be presented and 
discussed.   
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Despite the importance of methane as a 

greenhouse gas there are no direct or proxy methods 
to reconstruct its concentration in ancient 
atmospheres, previous to the interval where ice cores 
are available. Evaluations of this critical component 
of the climate system are availible only via 
estimations of ancient sources and sinks of methane 
through geologic time. One of the main, and variable, 
sources of methane is emissions from wetlands, 
which are sensitive to environmental conditions such 
as pCO2, temperature and precipitation. As such, 
wetland methane emissions could be an important 
feedback, especially in the warmer, greenhouse 
worlds of the Paleogene. 

Here we take a coupled model approach, utilising 
an advanced three dimensional modelling stategy, 
coupling a global climate model (HadCM3L) with an 
updated vegetation model (SDGVM). Our new model 
results confirm that wetland methane emisisons are 
higher during greenhouse climates and reveal that 
they are sensitive to boundary condition changes, 
particularly at high latitudes. They also reveal that 
methane emissions vary with orbital parameters, due 
to a combination of high latitude temperature and 
hydrological forcing, giving a possible route for the 
amplification of orbital signals into large climate 
variability during the largely ice-free Paleogene. 
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Terrestrial core formation occurred by 
gravitational segregation of immiscible metal and 
silicate melts in an extensively molten proto-Earth. 
This stripped the magma ocean of most of its 
siderophile elements, which were concentrated in the 
core, and left behind the lithophile elements that 
constitute the bulk silicate Earth (BSE). By 
performing metal-silicate equilibration experiments at 
extreme pressures and temperatures using the laser-
heated diamond anvil cell, we find that two major 
lithophile components of the BSE, namely MgO and 
Al2O3, also become soluble in the metal. At 4400 K, 
our experiments show that up to 1.6% MgO and 1.1% 
Al2O3 can be incorporated in iron-rich metal. The 
solubility of the MgO component in the metal is fully 
consistent with DFT calculations of solvus closure in 
the Fe–MgO system [1]. Our experiments finally 
confirm that significant amounts of magnesium can 
be added to the early core, provided that a process 
generates high enough temperature [2]. 

We used our data to develop a thermodynamic 
and fluid dynamical model of MgO–metal 
interaction, and we show that the Earth’s core may 
have contained up to 3.5% MgO in the aftermath of 
the Moon-forming giant impact. Even in the case of a 
small giant impactor [3], close to 2% MgO can be 
brought to the core. The exsolution of that MgO due 
to core cooling should provide a significant source of 
energy, capable of driving an early dynamo and 
generating a magnetic field. The chemical buoyancy 
that we find generates more energy than that provided 
by inner core growth in the modern Earth, and is 
therefore sufficient to produce enough power over 
extended periods of time (up to 1 Ga), and should 
produce an ancient magnetic field [4] consistent with 
the geological record. 

 
[1] S. M. Wahl and B. Militzer, EPSL 410, 25 (2015) [2] J.J. 
O’Rourke and D. J. Stevenson, Nature 529, 387 (2016) [3] 
M. Cuk and S. T. Stewart, Science 338, 1047 (2012) [4] J. 
A. Tarduno et al., Science 349, 521 (2015) 
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During the Eocene, the Earth’s climate was 

tightly linked to perturbations and secular changes in 
the global carbon cycle. Climatic changes would have 
profoundly affected the distribution of O2 in the 
oceans, but the timing and extent of any fluctuations 
in global ocean oxygenation during that period 
remain poorly constrained.  

Here we investigate how Mo and U stable isotope 
compositions recorded in marine anoxic and euxinic 
sediments from the Arctic Ocean (IODP Expedition 
302) may be used to reconstruct the extent of global 
marine anoxia during the Early to Middle Eocene 
(~56–46 Ma). Both isotope systems respond to 
changes in seawater redox, but they display different 
sensitivities to dissolved oxygen concentrations. 
Hence, by combining the information provided by 
these two proxies, we should be able to better 
constrain the timing and the severity of seawater 
anoxia episodes.  

Our results suggest that anoxic and euxinic areas 
of marine sedimentation were more widespread at the 
onset of the Eocene than in the modern ocean, and 
that they further expanded during the long-term 
increase in global temperatures that culminated with 
the Early Eocene Climatic Optimum. Moreover, our 
analyses of the Arctic Ocean mudrocks highlight the 
importance of first understanding local sedimentary 
processes and their impact on isotope fractionation 
before any redox information can be inferred from 
Mo and U isotopic variations. 
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In southeast of Kerman Province, there is a 

volcanic complex belongs to Uromieh-Dokhtar 
volcanic belt.This complex mainly contains basaltic-
andesite and basalt lava flows with the Eocene age, 
alternative with pyroclastic rocks. Petrographic 
evidences include zoning, sieve texture and rounded 
crystal in plagioclase and pyroxene phenocrysts 
disequilibrium conditions between crystals and host 
melts during crystalization. Geochemical 
characteristics indicate that these rocks belong to 
calcalkaline domain. The highly enrichment of LREE 
compared to HREE, high contents of LILE relative to 
HFSE and significant anomalies of Nb, Ti and P 
suggest a subduction-related volcanism. These 
features indicate that these rocks have probably been 
generated in an enriched mantle with a low degree of 
partial melting in a subduction zone. Mineralogical, 
textural and geochemical investigations on volcanic 
successtions in this area show that systematic 
chemical changes have been occurred in shallow 
magma chamber and these changes have been 
affected on mineralogy, texture and chemistry of 
related lava flows. 
 
[1] Peng, T., Wang, Y., Zhao, G., Fan, W. and Peng, 
B.,2007  Arc-like volcanic rocks from the Southern 
Lancangtion Zone, SW china: Geochronological and 
geochemical constraint on their petrogenesis and 
tectonic implication. Lithos 102: 358-373 
 



Goldschmidt Conference Abstracts 142 

Transient simulations of Marine 
Isotope Stage 3 with a δ18O-

enabled Earth System Climate 
Model 

WITOLD BAGNIEWSKI1, KATRIN J. MEISSNER1,  
LAURIE MENVIEL1 

1Climate Change Research Centre and ARC Centre of 
Excellence for Climate System Science, 
University of New South Wales, Sydney, NSW, 
Australia (correspondence: 
w.bagniewski@student.unsw.edu.au) 

 
We perform transient simulations of Marine 

Isotope Stage 3 (MIS3, 60-28 ka B.P.) with the 
oxygen isotope-enabled University of Victoria Earth 
System Climate Model (UVic ESCM). Model results 
are compared with oxygen isotope records from ice 
cores in Greenland and Antarctica, as well as 
Atlantic sediment cores. We find that simulated δ18O 
calcite anomalies differ significantly between 
Heinrich stadials and non-Heinrich stadials, due to 
the amount of depleted water added in the North 
Atlantic as well as the changes in oceanic circulation 
and climate. In addition, temperature anomalies have 
a major effect on foraminiferal δ18O anomalies, 
particularly in the North Atlantic region south of 
Iceland. We also present EOF analyses of simulated 
sea surface temperature, sea surface δ18O, 
precipitation, and precipitation δ18O. Overall, the 
simulated δ18O timeseries are in a relatively good 
agreement with paleoproxy records. 
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Due to the deterioration of fossils through time, it 

is often difficult to constrain the paleohabitat of 
organisms using morphological clues alone. An 
important question is whether a fossilized organism 
lived in freshwater or in a marine environment. 
Sedimentological data can provide clues about the 
salinity conditions that prevailed during deposition, 
but with the possibility of post-mortem transport, 
there are chances of incorrectly labelling a freshwater 
species as marine and vice-versa. 

We provide an alternate approach that involves 
elements which are, (1) not biologically essential and 
can be assumed to be entirely passive in the 
biochemistry that is involved in the production of 
skeletal tissues, and (2) are subject to the same 
biochemical pathways as Ca because the 
biochemistry of the organism is unable to discern 
between Ca2+ and the Me(1+/2+/3+) ions. In addition, 
these elements must be (3) enriched in the skeletal 
tissues relative to the ambient water, and (4) display 
several orders of magnitude change in Ca-normalized 
ratios in response to environmental salinity change. 
Barium concentration decreases by 2 orders of 
magnitude, Eu concentration decreases by 3-4 orders 
of magnitude while concentration of Ca increases by 
roughly 2 orders of magnitude from the fresh water to 
seawater leading to large changes in the Eu/Ca and 
Ba/Ca ratios. In addition, the concentrations of these 
elements are enriched in skeletal tissues relative to 
the water. 

We have compiled Ca, Ba and Eu concentration 
data from published literature as well as analysed the 
concentrations of these elements in samples of high 
altitude himalayan and low altitude tropical rivers, 
seawater from rocky shores, mangroves, open ocean 
and estuaries, modern marine vertibrates, benthic 
molluscs, coastal gastropods, fresh water vegetation, 
as well as fossil vertibrates and fossil molluscs, using 
a quadrupole ICP-MS. Based on the above dataset 
involving 220 data points, we find that a plot of  
Ba/Ca versus Eu/Ca clearly distinguishes the 
freshwater and marine habitats. Fresh water species 
have Eu/Ca and Ba/Ca higher than 1e-7 and 1e-4, 
respectively, while marine species show much lower 
values.  
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Depth profile distributions of solar wind (SW) He 
from a NASA Genesis target were recently measured 
by a time-of-flight sputtered neutral mass 
spectrometry (TOF-SNMS) [1]. They used post- 
ionization method by using fs-laser to detect He 
sputtered neutrals from ~1 µm2 area on the surface 
developed by [2]. Nagao et al. [3] determined 
isotopic compositions of noble gases from asteroid 
Itokawa particles of JAXA Hayabusa mission. They 
demonstrated that bulk SW irradiation ages among 
the samples were variable, of which ranged from 150 
to 550 yr based on amounts of  SW 20Ne. SW-He was 
depleted because 4He/20Ne ratios were 4−6 times 
smaller than that of the SW [4].  

Itokawa particle of RA-QD02-0169 and a San 
Carlos olivine, irradiated by 4He+ of 4 keV, were used 
in this study. The TOF-SNMS instrument called 
LIMAS was utilized [2]. We measured depth profiles 
of 4He+, 12C3+, 16O+, 24Mg2+, 28Si4+, 3+, 2+, +, and 56Fe2+ in 
the samples. A primary beam size was ~1 µm in 
diameter and a raster size was ~10 × 10 µm2. 

The depth distribution of 4He has a peak at ~20 
nm in average, which is consistent with projected 
range of SW-He observed in Genesis DOS sample 
[1], but the peak depth and the concentration is 
variable within the raster area. The variations 
classiified into: One was ideal shape of depth profile 
of SW-He, which indicates simple SW exposure to a 
surface of the particle. Another was a featureless 
profile, suggesting that more complex history after 
the SW irradiation. Areas of low He concentration 
might be covered with other particles or locally 
eroded. The He fluence shows that SW expousure age 
of the particle is to be ~120 years. From the 
heterogeneous 3-D distribution of the He, we may 
analyze geological dynamics arisen on the asteroid 
Itokawa for 120 years.  

 
[1] K. Bajo et al. (2015) GJ. 49,559. [2] S. Ebata et 
al. (2012) SIA 44, 635. [3] K. Nagao et al. (2011) 
Science 333, 1128. [4] V. S. Heber (2009) GCA 73, 
7414.  
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We have undertaken a systematic major and trace 

element study of 22 eucrites, along with high-
precision measurements of magnesium (Mg) isotopes 
by MC-ICP-MS. These data and those for diogenites 
bring the number of high-precision Mg isotopic 
analyses of Vesta to ca. 50 and provide an 
opportunity to evaluate the significance of the Mg 
isotope data in constraining the mechanisms and 
timing of global silicate differentiation of this 
differentiated protoplanet. 

All eucrites with super-chondritic Al/Mg ratios 
exhibit variable excesses in 26Mg* (µ26Mg* up to +40 
ppm) related to the decay of now extinct 26Al. In 
contrast to diogenites, µ26Mg* values for the eucrites 
do not exhibit a good correlation with their bulk rock 
Al/Mg ratios and mineral major and trace element 
chemistry. These anomalies can be used to calculate 
26Al–26Mg model ages of 1–5 Myr after CAIs, 
assuming single stage Al/Mg fractionation of the 
Vestan mantle took place during partial melting and 
formation of basaltic eucrites. However, a number of 
lines of evidence strongly suggest these model ages 
do not date either the partial melting event that 
produced eucrites or their crystallization, but instead 
the 26Mg* excesses were inherited from an evolving 
magma ocean or bodies on Vesta whilst 26Al was 
extant. Firstly, the 26Al–26Mg model age of Juvinas is 
older than an internal 53Mn–53Cr isochron age for this 
eucrite. Secondly, the lack of correlation between 
eucrite chemistry and µ26Mg* is consistent with 
continuing magmatic evolution of eucrite magma 
bodies after 26Al became extinct. In contrast, most 
diogenites crystallized early whilst 26Al was extant. 

Finally, we will explore the significance of a 
small but significant stable Mg isotopic difference 
between eucrite and diogenite meteorites that has 
implications for the genetic relationship between 
these two group of meteorites. 
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The role of microorganisms on carbonate 
precipitation is recognized although the exact role of 
bacteria in such processes remains unclear. The 
nucleation on surface of bacteria is suggested as a 
first step for carbonate precipitation (1). Here we 
investigated carbonate and phosphate precipitation 
with an environmentally enriched halophilic culture 
under various geochemically diverse conditions. The 
short term (30 days ) and long term (4 months ) 
experiments were set up to examine the effect of 
Mg/Ca molar ratios and salinity on the precipitation 
and carbonate mineralogy. In the early stage of 
experiments (3 days) an amorphous Ca phosphate 
precipitation on bacterial cell surface were observed 
for all the short term experimental conditions. With 
increasing Mg/Ca ratio this amorphous phase 
contained Mg in addition to Ca.  Later with time (7 
days) nanoglobules, sized from 70 nm to 247.5 nm 
were developed. Globules originated from the 
halophilic cell surface and were later developed into 
hydromagnesite, dolomite and calcite in the long term 
experiments With changing Mg/Ca ratios (0.05, 1, 4, 
8, and 15) and salinity (8 and 15 %) carbonate 
mineralogy showed differences. Apatite was only 
determined in Mg/Ca ratio of 0.05 experiments and 
with increasing Mg concentration struvite became 
dominant phosphate mineral. In contrast to the short 
term experiments which Ca rich minerals were 
formed, Mg rich minerals such as dolomite, 
hydromagnesite became dominant in the long term 
experiments. Our results indicate that amorphous Ca 
phosphate can be a precursor for Mg rich minerals 
(1). 
 
(1). Rivadeneyra MA et al. (2010) Amorphous Ca-
phosphateprecursors for Ca-carbonate 
biomineralsmediatedby Chromohalobacter 
marismortui. ISME, 4(7):922-32 
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Dust supplies iron and phosphorus (P) to the 
marine and terrestrial ecosystems. Measurements of P 
deposition flux show an imbalance with the amount 
of phosphorus supplied through dust and primary 
biogenic particles deposition. This imbalance 
represents 50% of the total depositional flux. In an 
attempt to close the atmospheric phosphorus budget 
and to assess the total iron produced, we estimated 
from a new inventory the fraction of phosphorus 
emitted by combustion. We estimated a flux of 
phosphorus from combustion of 1.8 Tg P yr-1 and for 
total iron of 5.1 Tg yr-1.  

We simulated using a General Circulation Model 
the relative contributions of combustion, natural dust 
and biogenic material to phosphorus and total iron. 
These results allow contrasting the relative 
importance of anthropogenic versus natural 
deposition of these nutriments. 

Anthropogenic aerosols (including nitrate) 
provide nutrients and exert a fertilizing effect, but its 
contribution to evolution of oceanic productivity is 
unknown. We simulate the response of oceanic 
biogeochemistry to anthropogenic aerosols deposition 
under varying climate from 1850 to 2010. We find a 
positive response of observed chlorophyll to 
deposition of anthropogenic aerosols. Our results 
suggest that anthropogenic aerosols reduce the 
sensitivity of oceanic productivity to warming from 
15.2 ± 1.8 to 13.3 ± 1.6 Pg C yr -1 °C-1 in global 
stratified oceans during 1948–2007. The reducing 
percentage over the North Atlantic, North Pacific, 
and Indian Oceans reaches 40, 24, and 25%, 
respectively. 
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That volatiles are recycling into the mantle via 
subduction is not news, but estimates of their flux 
remain unresolved. One reason is because the 
uncertainties in both the volatile flux into subduction 
zone systems and a surface return flux of similar 
magnitude result in an uncertainty in the residual that 
is too large for a useful flux into the deep mantle to 
be unambiguously derived.    

A promising approach to resolve this issue is 
through the use of noble gases [1]. It is becoming 
clear that the mantle originated with both light and 
heavy noble gas isotopic composition similar to that 
found trapped within carbonaceous chondrites [2,3]. 
The isotopic composition of the atmosphere is quite 
different and we can identify the impact of 
subducting surface volatiles into the mantle by 
determination of the mantle light, shielded, isotopes 
of xenon (124,126,128Xe/130Xe).  

Results from well gases and MORB show an 80-
90% contribution of recycled xenon to the mantle 
source [3,4], and the impact of a recycled volatile 
component is now being resolved in MORB using 
other noble gas isotopic systems such as 40Ar/36Ar [5]. 
With mantle noble gas concentration estimates the 
total recycled Ar and Xe amount can be determined 
to and compared with the recent re-determination of 
noble gas (and halogen) flux into subduction zones 
[6] to estimate subduction efficiency. Linking the 
noble gas subduction residue to other volatiles 
remains a challenge but the halogens provide many 
similar characteristics and may yet provide that link 
[7,8,9,10]. 
 
[1] Holland et al., Nature 2005; [2] Ballentine et al., 
Nature, 2005; [3] Holland et al., Science 2009; [4] 
Parai and Mukhopadhyay , G3 2015; [5] Parai et al., 
EPSL 2012; [6] Chavrit et al., GCA submitted [7] 
Ruzie-Hamilton et al., Goldschmidt 2016; [8] Sumino 
et al., Goldschmidt 2016; [9] Kobayashi et al., 
Goldschmidt 2016; [10] Broadley et al., Goldschmidt 
2016 
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Seismic tomography reveals two antipodal large 

low shear-velocity provinces (LLSVPs) in the Earth’s 
mantle, each extending from the core-mantle 
boundary (CMB) up to ~1000 km depth. LLSVPs are 
thought to host primordial mantle materials, and/or 
subducted basalt.. A compositional (in addition to a 
thermal) origin for LLSVPs is supported by anti-
correlation of bulk-sound and shear-wave velocity 
(Vs) anomalies as well as abrupt lateral gradients in 
Vs along LLSVP margins. Both of these 
observations, however, are mainly restricted to 
LLSVP bottom domains (2300~2900 km depth), or 
“deep distinct domains” (DDD). Seismic sensitivity 
analysis suggests that DDDs are more likely to be 
composed of primordial mantle material than of 
basaltic material. The seismic signature of LLSVP 
shallow domains (1000~2300 km depth) instead is 
consistent with a basaltic composition. Substantial 
vertical gradients in Vs at 400-700 km above the 
CMB support compositional layering within 
LLSVPs.  

Using 2D geodynamic models, we explore the 
dynamics of compositionally double-layered 
LLSVPs. Depending on the density difference 
between primordial and basaltic materials (and 
ambient-mantle pyrolite), materials either mix with 
each other or remain separate. The coverage of the 
CMB by primordial material and LLSVP shapes also 
depends on the densities of materials. Accordingly, 
seismic observations bracket the density anomaly of 
DDD material. We use this constraint to evaluate the 
origin of DDDs from magma-ocean cumulates. 
Magma-ocean models predict the formation of at 
least a thin, strongly Fe-enriched layer in the late 
stages of freezing, during which progressive 
exhalation of a steam atmosphere has decelerated 
freezing to promote fractional crystallization. The 
very dense Fe-rich material is predicted to sink to the 
base of the mantle, cover the CMB and never be 
entrained by mantle convection, inconsistent with 
seismic constraints for DDDs. However, we estimate 
that the strongly Fe-rich material thermally 
equilibrated during sinking, underwent melting and 
infiltrated the ambient mantle to form moderately Fe-
rich hybrid pyroxenitic lithologies, out of which 
DDDs may be made up today. Therefore, DDDs may 
host an Early Enriched Reservoir. According to our 
models, DDDs indeed remain very poorly sampled by 
plumes, as they are covered by basaltic material 
within double-layered LLSVPs. This scenario 
reconciles estimates for DDD density, composition 
and volume, as well as CMB coverage by DDDs. 
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In their last stages of evolution (i.e. at the 

magmatic-hydrothermal transition), peraluminous 
granitic melts exsolve a large amounts of fluids 
which can modify the chemical composition of 
whole-rock granitic samples and lead to the 
deposition  of economicaly significant mineralization 
(Sn, W).  

Nb and Ta are lithophile elements considered to 
be “geochemical twins” because they have the same 
charge and a similar ionic radius. However, Nb/Ta 
ratios are highly variable in granites. Some authors 
have demonstrated that the Nb/Ta ratios decrease in 
granites during fractional crystallization [1]. Other 
studies have suggested that Nb and Ta could be 
fractionated in evolved peraluminous granites during 
the interaction with late magmatic fluids [2]. 

In this study [3], we demonstrate, using a 
compilation of whole-rock geochemical data 
available in the litterature that fractional 
crystallization alone is not sufficient to explain the 
distribution of Nb-Ta in most peraluminous granites. 
However, we notice that most of the granitic samples 
displaying evidence of interactions with fluids have 
Nb/Ta < ∼5. We propose that the decrease of the 
Nb/Ta ratio in evolved melts is the consequence of 
both fractional crystallization and sub-solidus 
hydrothermal alteration. We suggest that the Nb/Ta 
value of ~5 fingerprints the magmatic-hydrothermal 
transition in peraluminous granites. Furthermore, a 
Nb/Ta ratio of ~5 appears to be a good marker to 
discriminate mineralized from barren peraluminous 
granites. 
 
[1] Stepanov, A., Mavrogenes, J.A., Meffre, S., 
Davidson, P. (2014) Contrib. Mineral. Petr. 167, 
1009–1016. [2] Dostal, J. and Chatterjee, A.k. (2000) 
Chem. Geol. 163, 207–218. [3] Ballouard, C., Poujol, 
M., Boulvais, P., Branquet, Y., Tartèse, R., 
Vigneresse, J.L. (2016) Geology 44 , 231-234. 
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We examined the origins of the diverse arc 

magmas erupted along the Quaternary frontal arc of 
the NE Japan arc using Sr–Nd–Hf–Pb isotopic and 
trace and major element compositions. The frontal 
arc is characterized by the coexistence of medium- to 
low-K calc-alkaline to tholeiitic magmas. The 
remarkable finding of this study is quasi-linear 
isotopic trends in Pb–Pb and Nd–Pb isotope space, 
which are distinctive of the magmas from individual 
volcanoes, irrespective of their magma suites. The 
isotopic trends form mixing lines between depleted 
mantle-derived basalts and enriched mafic lower 
crustal materials. The trends converge in the depleted 
side, and the locus falls in the field of Indian MORB-
type source mantle affected by subducted slab 
components. The enriched ends are significantly 
diverse and fall into the compositional fields of the 
local basement granitoids isotopically heterogeneous 
along the arc. We also conclude that assimilation 
fractional crystallization (AFC) or melting-
assimilation-storage-hybridization (MASH) in the 
amphibolite lower crust is responsible to the magma 
differentiation. The role of the amphibolite lower 
crust is cryptic in many cases; however, the detailed 
study of the magmas from NE Japan revealed a 
significant role. 
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Variability of Indian Summer Monsoon (ISM) 

during Holocene has been studied using two 
stalagmite samples (DAN-I and DAN-II) from 
Dandak Cave, central India. Oxygen isotope 
measurements on these stalagmites were investigated 
earlier, however due to coarse sampling resolution it 
could not be used to understand changes at decadal 
scale. A fresh continuous high-resolution δ18O 
measurement after re-sampling of these stalagmites 
using micro-mill method has been now completed.  
COPRA derived age model using 14 U-Th ages was 
used to generate chronology for the δ18O profile that 
shows that these stalagmites grew between 10500-
9000 yr BP and 6500 yr BP to the present with a 
small hiatus near the base, respectively. The highly 
resolved record at the beginning of Holocene between 
10500-9000 yr BP suggests that monsoon intensified 
on a millennium scale showing 3‰ overall depletion 
in δ18O values, with four step-like punctuations by 
decade long draught events.    Some episodes of 
strengthening of ISM were also observed during 
6500-5800 yr BP, 5100-4700 yr BP and 3200-2600 yr 
BP manifested as depletion by ~1.5‰ in δ18O values. 
These stronger ISM conditions were intervened by 
severe drought conditions at ~4700 yr BP and 4200-
3900 yr BP. Stalagmite DAN-I  had a growth hiatus 
for ~200 years between 2200-2000 yr BP. Post 
hiatus, gradual increase in monsoon is seen until 
present, again punctuated by nine weak monsoon 
events. During ‘Little Ice age’ when glacier advances 
were noticed in Northern hemisphere, a phase of 
prolonged weak monsoon, between 600 and 150 yr 
BP, with severe drought like conditions at 300 yr BP 
(1700 AD) is seen in the reconstruction.   
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Sedimentary Sulphur (S) isotopic variability 

provide clues to oxygenation history of depositional 
environments. Depleted δ34S values (−20−30‰) 
indicate pyrite formation environments under 
bacterial sulphate reduction (BSR). In contrast, sea 
water sulphates are enriched and δ34S of present day 
sea water is typically ~21.0‰ worldwide. Modern 
sediments (shale), surface soils and atmospheric 
particulates typically show δ34S values between ~3-
6‰. In coastal environments such as Saurashtra 
region (Gujarat, western India), δ34S could reveal past 
sea level variability vis-á-vis anoxic bacterially 
mediated S biogeochemistry. In this study, we report 
δ34S depth profiles of 14C dated three mudflat sections 
from southern Saurashtra coast covering mid-
Holocene to present. 

 Two major shifts in sea level regressions ~3200 
and ~1500 cal yr BP are inferred which appear to 
have transformed the studied site from coastal lagoon 
to mudflat region with a shift in δ34S from -30 ‰ to 
11 ‰. 

Saurashtra coast being tectonically active region, 
inferred sea regressions could be local in nature, 
requiring more spatial geomorphic evidences. 
Nonetheless above findings encourage exploitation of 
sedimentary δ34S, as a potential tracer of past sea 
level changes.   
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Triple oxygen isotope geochemistry debuted in 

1973 in work by Clayton’s group where it was 
applied exclusively in the extra-terrestrial realm. In 
1983 Thiemens’ group expanded its application into 
terrestrial atmospheric chemistry. In the last several 
years, the triple oxygen isotope approach has been 
used to address a growing spectrum of Earth and 
planetary science problems. One of the most notable 
recent lines of development is the study of subtle 
changes in the triple oxygen isotope relationship in 
otherwise totally mass-dependent processes. With 
regard to this growing field, we make the following 
three statements and argue that they are not at all as 
outrageous as they sound.  

1. To clear up a prevailing conceptual 
confusion, we must sacrifice the beloved Greek 
symbol λ. The most important parameter in triple 
oxygen isotope studies is the mass exponent, 
symbolized as θ, β, γ, or most commonly as λ. There 
is also this phenomenological correlation in δ’17O-
δ’18O space where points lining up with a slope 
confusingly also symbolized as θ, γ, or commonly λ. 
Further confusing things, the subtle deviation of the 
δ’17O value from an expected δ’17O is evaluated, the 
∆’17O is measured using a slope value of θ, C, or λ. 
We advocate that only three symbols are necessary, 
θ, S, and C. And eliminating the use of the most 
confused symbol, λ, will facilitate a universal 
reference frame and dissolve confusions. 

2. The αeq values determined using the three-
isotope method may be all incorrect. A critical 
assumption for the three-isotope method is that the 
evolution trajectory to an equilibrium point in δ17O-
δ18O space is strictly a straight line. This assumption 
is fundamentally wrong (see an abstract in this 
volume by Cao et al for details). One additional yet 
independent requirement is that the secondary 
fractionation line has a slope value of 0.52 or other 
predefined value, a value that cannot be known a 
priori before αeq is determined. 

3. It is the triple oxygen isotopes not clumped 
isotopes that may ultimately resolve the issue of 
warm or cool Archean oceans. While clumped 
isotopes’ anticipated geothermometer potential for 
the distant past has faded away, the triple-oxygen 
geothermometer, based on different θ-α temperature 
sensitivity in different mineral-water systems, may 
bring new hope to one of the classical geological 
problems: Was Archean seawater as warm as 70°C or 
was the early seawater δ18O as low as -10‰? 
 

Triple isotope geochemistry and clumped isotope 
geochemistry have their own strength and weakness, 
but both share their true potentials in the exploration 
of geochemical kinetics. 
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Two episodes of panglaciation, the Sturtian and 

Marinoan, are generally recognized in the Cryogenian 
Period (720 to 635 Ma) of the Neoproterozoic Era of 
the Earth history worldwide. One of the most 
pronounced features of the Marinoan glacial 
packages has been the occurrence of distinct non-
mass-dependent 17O depletion in barite sulfate and/or 
carbonate-associated sulfate (CAS). Since the 
Marinoan 17O depletion (MOSD) has so far been 
identified in most Marinoan glacial deposits, MOSD 
has essentially become a marker for Marinoan glacial 
deposits. However, if the Sturtian glaciation behaved 
the same way as the Marinoan one in that the 
“Snowball Earth” was also melt back owing to an 
ultra-high pCO2, we should expect to pick up a 
corresponding Sturtian 17O depletion or SOSD 
signature as well. Unfortunately, we currently do not 
have a reference section to test this hypothesis. 

In the classic Neoproterozoic sections of NE 
Spitsbergen, Svalbard, occurrence of both the 
Sturtian and Marinoan glacial packages have been 
supported by an array of evidence. Importantly, due 
to its continental or close-to-continent deposition 
setting throughout the Cryogenian, Svalbard should 
be the most likely place to preserve SOSD if there 
was one. Here we present a set of δ34S-δ18O-∆17O 
data triplets for CAS traversing the entire Cryogenian 
sedimentary sequence, including the Elbobreen (E1, 
E2, E3, and E4), Wilsonbreen (W1, W2, and W3), 
and Dracoisen (D1, D2, and D3) formations. We 
found that while E1 and E4 have similar CAS 
multiple isotope compositions, the respective 
overlying Sturtian and Marinoan diamictite deposits 
(E2 and W) and their cap carbonate sequences (E3 
and D) are distinctively different from each other. E2 
has no 17O anomaly while W has the most negative 
∆17O values ever found. Furthermore, Cap E3 
contains very low content of sulfate while Cap D is 
rich in sulfate with distinct 17O anomaly throughout 
the entire D1 and probably into D2. Our results argue 
for the likelihood of a qualitatively different 
panglacial event for the Sturtian than for the 
Marinoan. The Svalbard sulfate data provided 
justification for a new research perspective into 
Sturtian glacial sedimentary packages worldwide. 
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Peat records of past environmental changes are 

still sparse but there are definite advances in the 
reconstruction of trace metal pollution in China. In 
this contribution, we present an overview of the 
spatial distribution of peatlands in China and the 
applications of peatland geochemical fingerprinting 
in tracing the metal deposition/emission history. This 
contribution includes a summary of important studies 
on Hongyuan peatland (eastern Qinhai-Tibetan 
Plateau) as one of the most studied areas of peatland 
in China. In addition, we illustrate the power of 
reconstructing pollution history through peat records 
with examples of our recent works in northeast 
China. We investigated 10 peatlands in northeast 
China and collected multiple cores. Atmospheric 
deposition history of trace metals over the last 2 
centuries was reconstructed in northeast using 
inorganic geochemistry and radioisotope 
measurements. Different periods of elevated 
atmospheric trace metal deposition related to human 
emissions were identified by high enrichment factors, 
accumulation rates and singular Pb isotope 
signatures. Recent Pb isotopic sequences were firstly 
presented from the peat records and a clear 
anthropogenic signature exists after leaded gasoline 
phased-out in 2000 in northeast China. These results 
would be interesting to a very broad scientific 
community. 
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Lateral transport and redistribution of 

sedimentary organic matter (OM) on continental 
shelves is increasingly recognized as a pervasive 
phenomenon that may exert a fundamental influence 
on the nature and efficiency of organic carbon (OC) 
burial [1], and also confound sedimentary records [2]. 
However, much remains to be understood concerning 
hydrodynamic controls on sedimentary organic 
matter dispersal, and in particular on associated 
transport times. In order to investigate and place 
quantitative constraints on these processes, we have 
analyzed a suite of surface sediment samples 
collected near the mouths of the Yellow River and 
Yangtze River and along corresponding sediment 
transport pathways in the adjacent Chinese marginal 
seas. Here we present 14C measurements on bulk 
sediment, and on specific organic matter fractions 
separated as a function of sediment grain size, 
thermal lability, and molecular specificity for surface 
sediment samples collected along dispersal pathways. 
We use resulting data to estimate the lateral transport 
time of OM associated with different grain size 
fractions, and to examine the influence of sediment 
resuspension and dispersal on the amount, 
composition and age of OC that is ultimately buried. 
Our findings suggest that hydrodynamic sorting both 
influences lateral transport time-scale and exacerbates 
OC 14C age heterogeneity, particularly under the 
high-energetic conditions that commonly prevail in 
shallow continental shelf environments.  
 
[1] Keil, et al. (2004) Marine Chemistry 92: 157-165. 
[2] Ohkouchi et al. (2002) Science 298: 1224-1227. 
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Continent–continent collisions frequently play a 

fundamental role in the evolution of continents, 
subduction of continental crust is a common process 
during plate convergence [1]. Recycling of Mo-rich 
upper crustal rocks may be a key factor controlling 
the extensive Mo mineralization in intracontinental 
collision orogenic belt [2]. The Qinling-Dabie 
orogenic belt hosts a proven reserve of over 9 million 
tons metal Mo. More than 92% of the reserves come 
from porphyry-skarn type deposits that are closely 
related to Late Mesozoic granite intrusions (158-101 
Ma) occurring mainly along the southern margin of 
the North China Craton. The granite intrusions, which 
consist mainly of granodiorite, monzogranite, and 
syenogranite, intrude an Archean to Paleoproterozoic 
basement. The granitic rocks are metaluminous to 
peraluminous with C/CNK values mostly in range of 
0.9-1.2, commonly alkaline rich with high-K calc-
alkaline and shoshonitic features. Trace elements and 
Sr-Nd-Hf isotopic geochemical characteristics of the 
ore-related Mesozoic granite porphyries and barren 
batholiths demonstrate that these granitic rocks were 
probably comagmatic, and the substantial younger Nd 
and Hf model ages of the rocks and inherited zircons 
with Neproterozoic U-Pb ages show that they were 
derived from partial melting of the subducted 
northern Yangtze continental crust. We propose that 
it is the conjunction of the decoupling of the 
subducted plate at the easternmost part and the slab 
rollback and subsequent breakoff at the westernmost 
part of the orogenic belt that resulted in the westward 
shallowing continental subduction along the Manlue 
suture. The Mo source for the extensive Mo 
mineralization in the belt was most likely derived 
from Mo-rich sedimentary rocks in the subducted 
continental crust. Decoupling of the subducted plate 
in the easternmost part of the orogenic belt may 
account for the lack of economically significant Mo 
mineralization there. 
 
[1] Unsworth (2010)  Surv. Geophys 31. 137-161.  [2] 
Bao et al. (2014) Ore Geol. Rev 57. 132–153. 
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We use satellite gravity data to calculate mantle 
residual gravity anomalies (RMG) in the North 
Atlantic region. Our results reveal strong 
heterogeneity in the upper mantle residual gravity 
anomalies. Significant regional variations in RMG  
anomalies, which may have thermal and/or 
compositional origin. 

We compare RMG with regional geochemical 
data (Korenaga and Kelemen, 2000) and find a 
striking correlation between RMG and anomalies in 
ɛNd and iron-depletion. This correlation suggests that 
compositional heterogeneity of the North Atlantic 
mantle provides a significant contribution to mantle 
gravity anomalies. We identify three zones in the 
North Atlantic mantle: the Southern zone (south of 
Iceland) with negative RMG and Mg#~0.87; the East 
Greenland magmatic province with positive RMG 
and Mg#~0.855, and the Northern zone (north of 
Iceland) with negative RMG and Mg# >0.88. 
Different magma sources and compositional anomaly 
in the mantle has been proposed for the Southern and 
Northern zones, based on the analysis of primary 
melts (Korenaga and Kelemen, 2000). However, this 
dichotomy cannot be seen in mantle residual gravity 
anomalies: regions with compositional anomalies 
have similar RMG values. By combining this 
observation with our analysis of the RMG-ocean age 
correlations, we propose different contributions of 
thermal and compositional anomalies to RMG north 
and south of Iceland. Southern zone has a “normal” 
oceanic mantle, whereas mantle gravity anomalies 
beneath Iceland are affected by a strong thermal 
signal, and the upper mantle of the Northern zone has 
both elevated temperatures and a strong 
compositional contribution to gravity anomalies.  
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As the largest sink for organic carbon (OC) on 

Earth, marine and lacustrine sediments play a major 
role in maintaining the global redox balance and are 
of central importance to the global carbon cycle. The 
majority of the OC preserved within sediments is 
intimately associated to the sediment mineral matrix, 
which is composed primarily of silicate minerals and 
metal oxides. Redox sensitive, nano-scale iron oxides 
in particular have a strong affinity for OC, forming 
stable Fe-OC complexes within oxic surface 
sediments. In fact approximately 20% of the total 
sediment organic carbon pool is associated to these 
reducible iron species [1], yet the mechanism by 
which these organo-mineral compounds sequester OC 
remains unknown. Here we use a combination of 
synchrotron X-ray techniques (Hard X-ray 
Microprobing and Scanning Transmission X-ray 
Microscopy) to determine, for the first time, the 
proportion of the sediment iron pool that is associated 
to OC through direct inner-sphere covalent 
interactions, as well as the nano-scale 
distribution/composition of iron-bound OC these 
environments. Using the Hard X-ray Microprobe we 
show that between 25.7 and 48.4% of the total 
reactive iron pool is directly associated to OC 
through inner sphere organo-mineral interactions in 
coastal environments, compared to between 0 and 
15.4% for pelagic sediments, demonstrating the 
importance of this ferric OC pump sequestration 
mechanism in coastal settings. This sedimentary 
ferric pump protects OC during its critical passage 
across oxic-to-anoxic redox transitions to the more 
reducing sediment layers in which OC is better 
preserved on long time scales.  
 
[1] Lalonde, Mucci, Ouellet, Gélinas (2012), Nature 
483, 198-200 
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Iron minerals have the capacity of changing 
oxidation state between FeIII to FeII in response to 
changing soil oxygen status. However, oxygen 
content is extremely heterogeneous because of 
microsites within the soil. In fluctuating redox 
environments, we hypothesized heterogeneity would 
shift the amplitude of the redox fluctuations toward 
more anoxic conditions. We tested this by exposing 
slurried (representing homogeneous conditions) and 
reconstructed mini-aggregates (representing 
heterogeneous conditions) to redox fluctuations of 
specific frequency variations. For the mini-aggregate 
soil experiment, we constructed a 50 ± 10 mg soil 
aggregate within a 2-mL-microtube. For the slurried 
experiment, we used 5 g of soil in 50 mL buffered 
solution at pH 5.5. In both experiments, we used soils 
from Luquillo CZO (Puerto Rico), 2-mm-sieved and 
homogenized anaerobically, 24-h after collection. To 
explore the effects of different redox conditions, we 
pre-conditioned all soils in three cycles of 1 d oxic : 6 
d anoxic before imposing to five treatments 
containing three cycles each. Three long-period 
treatments had τanoxic fixed at 6 d and τoxic at either 72, 
24, and 8 h (tt1, tt2, and tt3, respectively). Two short-
period treatments had τanoxic fixed at 2 d and τoxic at 24 
or 8 h (tt4 and tt5). We measured 0.5 M HCl-
extractable FeII, CO2 and CH4 fluxes, and solid-
phase-carbon. In the paired experiments, FeII 
increased substantially in the pre-conditioning phase. 
During the treatment phase we found: for non-
slurried soils, a gradual increase of FeII in tt1, but  
unvarying  for tt2 and tt3; for slurried soils, we found 
higher increase of FeII in tt3, followed by tt2 and tt1. 
However, no significant changes in iron reduction 
occurred for the short-period treatments in either 
experiment. The initial carbon content in solid phase 
(38 mg C g-1 of soil) decreased on average by 6 ± 2 % 
for all treatments. CO2 and CH4 fluxes differed 
between the slurried and mini-aggregate treatments, 
with results from the full dataset increased for all 
treatments. Therefore, the dynamics of redox 
fluctuations and aggregate structure affects iron 
reduction and carbon mineralization in soils. 
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The Izu rear-arc volcanism was investigated by 
IODP EXP350 in spring 2014[1]. A total stratigraphy 
of 1800 m was drilled, and contains volcaniclastic 
material within tuffaceous mudstone. This study will 
focus on the explosive volcanism that erupted a 44 m 
thick unit dominated by lapilli-tuff and lapillistone 
between 682 and 727 mbsf that was deposited at 
approximately 4.3 Ma[2]. Here, we present oxygen 
isotopes for plagioclase to determine the magmatic 
evolution of the magmas that generated the lapilli-tuff 
to lapillistone. 

The explosive volcanism is represented by 
mulitple deposits of evolved, clast to matrix 
supported, monomictic to polymictic, intercalated 
evolved tuff, lapilli-tuff and lapillistone. The basal 
contacts are erosive, bedding and cross-stratification 
are common, along with normal ‘coarse-tail’ to 
reverse grading. The clasts are composed of pumice, 
glass (transparent and brown), crystals or lithics. The 
matrix is pumice, glass and crystal bearing. The 
samples are andesitic based on the occurrence of 
feldspar, minor pyroxene and sparse amphibole. High 
Zr/Y ratios classify this lithofacies as proximally 
derived rear arc volcanism [1]. 

Evidence of erosive basal contacts, bedding and 
grading as well as the monomictic nature of the 
lapilli-tuff to lapillistone deposits indicates that they 
formed by eruption fed density currents[2]. The 
andesitic composition suggests the occurrence of 
significant magmatic differentiation, and we discuss 
the role of fractional crystallisation versus crustal 
modifications in the evolution of the magma. 
 
[1] Tamura, et al., 2014. Izu-Bonin-Mariana rear arc: 
the missing half of the subduction factory. 
International Ocean Discovery Program Preliminary 
Report, 350. doi: 10.14379/iodp.pr.350.2014 [2] 
Tamura et al., 2015. Proceedings of the International 
Ocean Discovery Program, Expedition 350: Izu-
Bonin-Mariana Rear Arc: College Station, TX. doi: 
10.14379/iodp.proc.350.2015 
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Seismological studies indicate that the lowermost 
mantle has distinct heterogeneities which might result 
from fractional crystallization of an early magma 
ocean and/or the continued accretion at the CMB of 
subducted oceanic crust. To gain insights into the 
origin, composition and properties of these lower 
mantle heterogeneities, we aimed to carefully 
determine melting phase relations of the main 
component of the Earth’s mantle: peridotite. In order 
to overcome the significant temperature gradients 
experienced in conventional LH-DAC experiments, 
we have developed a microfabrication technique for 
total metal encapsulation of the samples. 

Oxide mixes of KLB-1 composition were melted 
at 1 atm by resistance heating in 10-15 µm diameter 
sample chambers cut into a 10 µm thick Mo filament.  
After quenching, a pre-cut was made to form a 
capsule wall surrounding the quenched samples, and 
the sample-bearing filaments were coated on both 
sides with a 3-5 µm layer of Mo metal by magnetron 
sputtering deposition. 

The encapsulated samples were loaded between 
KCl discs as the pressure medium in diamond anvil 
cells and heated at or above the solidus using double 
sided heating with two 100 W fibre lasers and a beam 
spot of ~30 µm diameter. The recovered samples 
were later exposed and analysed by FIB (Fig. 1). 
Elemental maps collected from samples heated at 24, 
55 and 72 GPa show that the partially molten samples 
have Si, Al, Ca and Fe enrichment in the pressumably 
melted areas which form evenly distributed veins and 
channels in between a Mg-rich solid matrix. Further 
analysis by TEM will be performed to clarify the 
near-solidus phase relations and phase compositions. 

Fig. 1. FIB of recovered sample, 72 GPa and 3600K. 
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We have investigated the behavior of Germanium 

stable isotopes (δ74Ge) during Critical Zone 
weathering processes. Dissolved δ74Ge composition 
from a wide variety of global rivers falls in the range 
between 0.9 and 5.6 ‰, fractionated relative to 
source silicate rocks (0.5-0.8 ‰). The extent of 
fractionation at each site appears to be correlated with 
weathering intensity, i.e. the ratio of chemical 
weathering to physical erosion. Strongly weathered 
soils and clay separates are isotopically light (-0.1 to -
0.3 ‰), supporting the notion that δ74Ge fractionation 
occurs during Ge incorporation in secondary 
weathering products, in a fashion similar to δ30Si and 
δ7Li. However, fluids and solids in a Costa Rican 
waterhsed exhibit contrasting degrees of δ74Ge and 
δ30Si fractionation, highlighting the potential of a 
multi-proxy approach to trace the spatial and 
temporal separation of specific weathering reactions 
in the Critical Zone. 

The global average riverine δ74Ge input to the 
ocean is 2.6 ± 0.5 ‰, representing ~25% of global 
discharge and ~30% of total riverine Ge flux. The 
global ocean Ge isotope budget has been 
characterized, taking into account the most recent 
data on δ74Ge composition of hydrothermal fluids, as 
well as preliminary data that suggests negligible 
δ74Ge fractionation during opal and non-opal Ge 
burial in marine sediments. A simple global ocean 
box model was used to assess the sensitivity of 
seawater δ74Ge recorded in opal to potential changes 
in the continental weathering δ74Ge signature over 
glacial-interglacial and Cenozoic timescales. 
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Sulfur plays a key role in numerous geological 

processes occurring in the lithosphere. Its 
concentration and speciation have a strong impact on 
the formation of both petroleum and ore deposits. 
Sulfate (HSO4

-, SO4
2-), sulfide (H2S, HS-

- and S2), and 
sulfite (SO2, SO3

- and HSO3
-) are commonly the 

dominant sulfur oxidation states in hydrothermal 
fluids, but other intermediate valence species may 
also be present including thiosulfate (S2O3

2-), 
polythionates (SxO6

2-), polysulfide (Sx
2-), dissolved 

elemental sulfur and recently discovered trisulfur 
radical ion (S3

-) [1]. 
This latter species, observed in synthetic S-rich 

fluids containing sulfate and sulfide challenge our 
current knowledge of the sulfur speciation in deep 
hydrothermal fluids. However, the existence of S3

- in 
natural geological fluids remains to be demonstrated. 
Here, we performed in-situ analysis of sulfur 
speciation in natural fluid inclusions using Raman 
spectroscopy coupled to a heating stage to analyze 
samples at temperatures representative of the trapping 
conditions (up to 300°C). We selected samples from 
the Carnian evaporites outcropping in the Arc Valley 
(French Alps) where clear evidence of 
thermochemical sulfate reduction (TSR) occurrence 
is observed. The fluid inclusions displays high 
salinities and contain a mix of different redox state of 
sulfur at room temperature (e.g. sulfate sulfide, and 
elemental sulfur) with homogenization temperatures 
range from 150 to 300°C.  

Upon heating, our results demonstrate 
unambiguously the presence of the trisulfur radical 
ion S3

- and polymeric sulfur molecules (Sn
0) at 

temperature above 100°C. Thanks to external 
standard solutions, the concentration of the different 
sulfur species was determined. The trisulfur S3

- 
accounts for more than 1 mol% of the total sulfur 
concentration (Stot ~ 0.2 m) at 300°C. Sn

0 species 
account for 0.3 to 10 mol% of the total sulfur 
concentration as estimated by mass balance. The 
discovery of S3

- ion and Sn
0 species in natural fluids 

from deep sedimentary environments at the 
millimolar concentration level provides new insights 
into the sulfur behavior in the Earth’s crust. The 
existence of S3

- in S-rich fluid inclusions associated 
to a geological context where TSR occurred confirms 
its important role in this reaction process [2]. These 
findings may also have important consequences in the 
coupling between aqueous and organic phase 
reactions and may challenge our understanding of 
sulfur isotopes fractionation in geological fluids. 
[1] Pokrovski & Dubrovinsky (2011) Science 331, 
1052-1054. [2] Truche et al. (2014) EPSL 396, 190-
200. 
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Non-radiogenic noble gases are mainly 

introduced into oil and natural gas through exchange 
with formation waters. Isotopic characteristics and 
relative elemental abundance ratios can be used to 
differentiate between gas and oil contact and quantify 
the extent of interaction (e.g., Barry et al., 2016). 
This is because partitioning between each distinct 
hydrocarbon phase and water will result in a 
diagnostic noble gas signature in the hydrocarbon 
phase. Using this approach we can 1) estimate 
relative volumes of gas, oil and water, 2) assess the 
migration and accumulation history of the 
hydrocarbon phase, and 3) determine the extent of 
geologic compartmentalization within a given 
hydrocarbon field. 

We present  noble gas isotope and abundance 
data from three adjacent oil and gas fields in the 
Diana-Hoover mini-basin located in the western Gulf 
of Mexico: Hoover, Madison and South Diana. 
Hydrocarbons are sourced from Jurassic marine 
shales and charged Tertiary reservoirs in the Pliocene 
(5-1 Ma). Hoover and Madison produce from oil 
reservoirs with a small gas cap. In contrast, South 
Diana produces mixed thermogenic-biogenic gases. 
The migration pathway from the source rock to the 
producing reservoirs in this mini-basin is complex 
and has resulted in separation of the dominantly oil 
reservoirs in the east and gas reservoirs in the west. 

 We observe overlapping noble gas 
concentrations in two Hoover samples and one 
Madison sample. This result strongly suggests that 
Hoover-Madison oils share a common origin, and 
must be well-mixed prior to any 
compartmentalization. In contrast, a third sample in 
the Hoover field has approximately twice the 
concentration. The role of hydrocarbon production 
has been ruled out as a control on noble gas content. 
Instead we suggest that the higher concentrations of 
noble gases are the result of a smaller gas cap in an 
isolated compartment. The  South Diana sample is 
relatively gas poor due to dominantly gas-water 
partitioning and differences in the migration pathway 
in the west of the mini basin. We discuss a new Ar-
Kr-Xe equilibrium model and quantify the extent of 
gas-oil-water interaction of reservoired hydrocarbons 
in this system.  
[1] Barry et al., (2016) Geoch. Cosmochim. Acta, 
submitted. 
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Ship-breaking and recycling industries (SBRI) 

deal with end-of-life ships, and recover 95 % of 
ships’ materials for reuse or to recycle [1, 2]. The 
SBRIs in Bangladesh, India and Pakistan employ the 
beaching technique to bring ships ashore to dismantle 
them in the open [2]. The environmental pollution 
risk due to the open-beaching by SBRIs is yet to be 
validated through comprehensive research. In this 
research, we aimed to assess the risk of soil and water 
pollution due to the release of toxic metals, such as, 
As, Cd, Cr, Cu, Ni, Pb, and Zn from SBRIs in 
Bangladesh which are located in the Sitakunda-
Bhatiary area of Chittagong. The soils from the 
dismantling zones of SBRIs, surface waters from the 
adjacent coasts during tide and ebb, and underground 
waters drawn at shipyards by shallow tubewell were 
collected.  

The concentrations of metals in the surface 
waters were within the regulatory limits of WHO. 
The underground waters also seem unpolluted except 
some showing higher content of As. The correlation 
coefficient study confirms that the higher As-values 
are attributable to the geogenic contamination rather 
than the activities of SBRIs. The soils from the 
SBRIs have higher metal concentrations compared to 
the respective natural abundances. A comparison with 
NYS DEC soil cleanup objective values, which is 
indicative of the risks to human health, indicated that 
soils from SBRIs are not suitable for unrestricted use 
in terms of the contents of As, Cd, and Cr. However, 
the SBRIs cannot be marked as contaminated sites 
due to the lower metal concentrations than the US-
EPA soil screening levels. The metals are mostly 
immobilized in the residual fraction of the soil-solid-
phase, as determined using the Tessier protocol [3]. 
Hence, the toxic elements are not available for 
immediate environmental interaction, and might pose 
fewer risks to the ecosystems. 
 
[1] Gregson et al. (2010) Geoforum 41, 846–854.  
[2] Sujauddin et al. (2015) J Mater Cycles Waste 17, 
72–83. [3] Tessier et al. (1979) Anal Chem 51, 844–
851. 
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Early solar system chronology is largely based on 
short-lived radioisotope systems that provide only 
relative ages. Anchoring these ages to the absolute 
timescale requires long-lived chronometers that are 
accurate and precise. With the exception of Pb-Pb, 
such chronometers are based on the measured 
proportion of a radioactive isotope to its decay 
product. A large range in parent-daughter ratios 
among minerals and a high closure temperature are 
attributes of a potentially precise and robust 
chronometer. The 176Lu-176Hf system is promising in 
this regard, but several meteorite “isochrons” exhibit 
excessive scatter and yield dates up to 300 Myr older 
than the solar system [1-3]. 

To determine the cause of this discrepancy, we 
have collected mineral isochron data for 6 
achondrites. Samples from different parent bodies 
reveal similar patterns of scatter, with low-Hf phases 
(e.g., plagioclase) being most displaced from 
regressions. Different splits of the same meteorite, 
however, yield contradictory results (e.g., D’Orbigny, 
this study vs. [4]). These observations are difficult to 
explain by irradiation [5-6] or diffusion [7-9] events 
in the early solar system. Instead, we infer that 1) 
recent parent-daughter fractionation caused by 
terrestrial weathering and 2) terrestrial contamination 
are more plausible disturbance mechanisms. The Lu-
Hf system may be particularly susceptible to 
weathering because phosphate minerals, which can 
host significant amounts of Lu (and radiogenic 176Hf), 
are soluble in weak acids [10]. For precise and 
accurate Lu-Hf chronology, it is therefore crucial to 
identify and avoid weathered or contaminated 
portions of a sample.  
 
[1] Blichert-Toft et al. (2002), EPSL 202, 167-181. 
[2] Bizzarro et al. (2003), Nature 421, 931-933. [3] 
Bizzarro et al. (2012), G³ 13, 
10.1029/2011GC004003. [4] Sanborn et al. (2015), 
GCA 171, 80-99. [5] Albarède et al. (2006), GCA 70, 
1261-1270. [6] Thrane et al. (2010), Astrophys J 717, 
861-867. [7] Debaille et al. (2011) LPI Contrib, 
1639, 9066. [8] Debaille et al. (2013) Min Mag, 77, 
957. [9] Debaille et al. (2014) Meteorit Planet Sci, 
49, A5238. [10] Crozaz et al. (2003), GCA 67, 4727-
4741.  
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The Greater Himalayan Sequence (GHS), one of 

the three primary tectonostratigraphic units and 
comprises the crystalline core of the Himalayas, has 
been exhumed along the Zanskar Shear Zone (ZSZ) 
in the western Himalaya. GHS rocks include mainly 
high-grade rocks recording metamorphism and 
deformation during the Himalayan collision and 
Miocene exhumation as well as granitic intrusions. 
Metamorphic rocks from the study area are primarily 
metapelites containing index minerals such as garnet, 
staurolite, kyanite. Field and petrographic studies 
indicate that the metamorphic grade of the GHS 
increases from a chlorite-biotite zone to a kyanite 
zone from E to W along the Suru River valley, which, 
in combination represents a complete succession of 
prograde Barrovian-type metamorphism. The 
prograde regional metamorphic event (M1) is 
associated with the burial of the GHS rocks during 
the Himalayan orogeny, while a retrograde 
metamorphic event (M2) is associated with 
reactivation of the ZSZ as a detachment fault and the 
subsequent exhumation of high-grade rocks. Shear 
sense indicators show that a top-to-the-SW thrusting 
was overprinted by a top-to-the-NE normal-sense 
shearing along the ZSZ. Microtectonic studies 
suggest different deformation mechanisms and 
temperatures corresponding to decreasing strain with 
distance from the ZSZ. U-Pb zircon analyses give 
ages of 21.6 ± 2.7 to 17.2 ± 5.3 Ma for the period at 
the end of the M1 event and the beginning of the M2 
retrogression, and that coincides with the reactivation 
of the ZSZ as an extensional structure. The late-stage 
doming event in the early part of the M2 occurred at 
19.9±0.9 Ma. Isochemical phase models of peak P-T 
conditions for metapelites from the study area 
indicate ~1.18-1.23 GPa at ~550-590 °C for M1 
schists from the garnet zone, and ~1.10 GPa at ~625 
°C for M2 schists from the kyanite zone in the Suru 
Dome. The Suru Dome is an exception from the rest 
of the ZSZ and M2 as it underwent a late stage 
doming event and hence records lower pressures due 
to its mineral assemblage having been reequilibrated 
at shallower depths. Given an lithostatic pressure of 
0.03 GPa/km some of these rocks likely equilibrated 
at depths in excess of 35 km.  
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In North Africa, arid and humid periods have 
alternated during the Pleistocene, in response to 
northward and southward migrations of the African 
monsoon. Previous reconstructions of past Nile River 
sedimentary discharge have shown that these 
hydrological shifts were accompanied with 
significant variations of physical erosion and 
sediment transport during this period. Recently, it has 
been suggested that chemical weathering could also 
respond rapidly to large disturbances of the 
hydrological cycle [1]. However, to date, the 
response of chemical weathering to past climatic 
events has not yet been investigated for the Nile 
Basin 

In this study, we analyzed fine-grained sediments 
depositd by Nile River in its delta during the last 30 
ka. The Nile River is composed of two main 
tributaries: the Blue Nile, which mainly drains 
basaltic and rhyolitic terranes in the Ethiopian Traps, 
and the White Nile, with source regions dominated by 
cratonic basement rocks.  

We combined geochemical (major/trace 
elements, measured by ICP-AES), isotopic (lithium 
and neodymium isotopes, measured by MC-ICP-MS) 
and sedimentological approaches.  

Preliminary results reveal marked differences 
between the geochemical compositions of clay- and 
the silt-size fractions. εNd values indicate that clays 
exported by the Nile mainly come from the Ethiopian 
Traps during wet periods (i.e. the African Humid 
Period), in agreement with previous reconstructions 
of past migrations of the African monsoon system. 
During dry periods, εNd indicate that clays mainly 
originate instead from both the Ehtiopian traps and 
the central African craton. The use of several 
chemical weathering indices strongly suggest that 
significant modifications of the alteration regime 
occurred at two different timescales: fluctuations over 
several 1000-yr periods, related to past monsoon 
activity and insolation, and shorter-term variations 
related to specific climate events, such as the LGM 
and the late Holocene dry event in Africa.  
 
[1] Dosseto et al. (2015) Geochemical Perspect. Lett 
1, 10-19. 
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Interaction between groundwater flow and abiotic 
and/or microbially induced redox regimes is 
important for metal transport in the environment. 
Understanding the relative contributions of 
groundwater hydrology and pore-scale chemical 
reactions is crucial for understanding formation 
mechanisms of redox-interface ore deposits as well as 
detecting natural reactions using redox-active isotope 
tracers. The redox-interface responsible for ore 
formation extends along the hydraulic gradient and 
gives rise to isotopic heterogeneity.  

Here we report U isotopic characterization 
((234U/238U) and δ238U) of a roll-front U deposit from 
Smith Ranch Highland, WY, USA, using sediments 
from 3 drill cores located along the hydraulic 
gradient. Our results show substantial variations in 
δ238U (up to ~ 2‰) and (234U/238U) (ranging from 
0.77 to 2.26) in U minerals with depth in each core 
and amongst the different cores. In each core, U 
concentration is correlated with δ238U; samples with 
highest U at the center of the mineralized zone 
exhibit high δ238U (> 0.0‰) which decreases (δ238U < 
0.0‰) both upward and downward. The (234U/238U) in 
each core is correlated with δ238U, with the lowest 
(234U/238U) (<< 1.0) at the center of the mineralized 
zone.  

Decreasing δ238U along the hydraulic gradient at 
the center of the mineralized zone suggests a 
significant hydrological influence on U isotopic 
distribution. During ore formation reduction of 
dissolved U(VI) leads to the formation of U minerals 
enriched in 238U. The remaining aqueous U(VI) is 
progressively enriched in 235U as it flows 
downgradient. The resulting U minerals also become 
235U enriched relative to those forming upgradient. 
Dissolution of these 235U enriched U minerals would 
produce isotopically lighter U(VI) in groundwater. To 
use δ238U of groundwater for detection of U(VI) 
reduction, the abovementioned dissolution effects 
must be disentangled from the isotopic fractionation 
in the same direction generated by reduction. Future 
work will determine δ238U and (234U/238U) in the 
porewater and adsorbed U(VI) for each sample. 
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Carbon dioxide capture and storage (CCS) is 

regarded as a key technology for the reduction of CO2 
emissions from power plants and other industrial 
facilities at the European and international level.  
This experimental study provides data from 
experiments lasting approximately 3 and 9 months, 
designed to evaluate the chemical processes 
occurring in the storage formation.  In particular, the 
effects of impurities (NO2, SO2, H2S), representing 
some of the trace impurities that may be present in an 
injected CO2 stream, depending upon the method of 
CO2 capture (i.e. pre- versus post-combustion), were 
investigated. 

A series of experiments were conducted using 
samples of Bunter Sandstone interval of UK sector 
North Sea.  These were reacted at 140 bar (14 MPa), 
and 70°C, with and without added NO2, SO2, H2S to 
assess the impact of these impurities.   

In all the experiments containing impurities, and 
for the CO2-only experiments, carbonate dissolution 
is the dominant early reaction with steady state 
conditions being achieved after about 500 hours 
reaction.  In most cases the addition of the acid gas 
impurities resulted in enhanced dissolution of the 
silicates, as indicated by the changes in fluid 
chemistry but the levels of dissolution were too small 
to produce unequivocal evidence in the mineralogical 
analysis.  When H2S was present there was some 
evidence for the formation of Fe+S bearing secondary 
phases.  In general, the addition of NO2 had a slight 
increase in reaction followed by H2S and the greatest 
changes were seen in the addition of SO2. 

Overall, the addition of the acidic impurities 
(NO2, H2S, or SO2) resulted in slightly enhanced 
dissolution of the sandstone which was dominated by 
changes due to the acidification of the fluids and the 
subsequent dissolution of carbonates with the release 
to solution of Ca and associated elements present in 
the carbonates.  Levels of (alumino)silicate 
dissolution were, within the timeframe of these 
experiments, probably too small to significantly 
affect the integrity of the sandstone, though 
dissolution of the carbonates could have an impact on 
sandstones that were weakly cemented by carbonates. 
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Southern Mongolia forms a large portion of the 
Central Asian Orogenic Belt (CAOB). The geology 
and tectonic evolution of this area has been a focus of 
many researchers and mineral explorers due to the 
presence of world-class porphyry copper systems but 
age relationships of some key units remain poorly 
constrained. The Dushiin Ovoo Formation is a 
volcano-sedimentary unit widely distributed in 
southern Mongolia and associated with the 
mineralized porphyry systems, including Mandakh, 
Bronz Fox and Kharmagtai. Whilst the mineralized 
porphyritic intrusives have been well studied, the age 
and nature of the host volcanogenic rocks has not 
been well established. The aim of this study was to 
accurately date the Dushiin Ovoo Formation, which 
is co-magmatic with the Shuteen pluton, using Rb-Sr 
isotopic methods. Multiphase plutonic magmatism 
(Shuteen pluton) associated with porphyry-style 
copper mineralization and hydrothermal alteration of 
host volcanic rocks (Dushiin Ovoo Formation) occurs 
in the Shuteen area. The Shuteen pluton has well 
defined Rb-Sr whole rock isochron age of 321±9 Ma 
with SrI of 0.70388 [1], whereas the Dushiin Ovoo 
andesites yielded 336±24 Ma with SrI of 0.70376-
0.70394 [2]. Rb-Sr mineral age dating analysis was 
carried out in the University of Vienna, Austria by 
isotope dilution method, using Rb and Sr spikes. Rb-
Sr mineral ages of 319±20 Ma (SrI 0.70397), 
315.85±0.02 Ma (SrI 0.70397), and 319±0.03 Ma 
(SrI 0.70396) were measured for volcanic rocks from 
the Dushiin Ovoo Formation and represents the 
crystallization age of the andesitic magma. Based on 
these results we could conclude that the correlation of 
timing between volcanic and plutonic activity is 
short, the Shuteen pluton intruded just after the 
eruption of the Dushiin Ovoo volcanic rocks, because 
the ages and initial ratios are consistent with each 
other within error. Our results provide tighter age 
constraints on the Dushiin Ovoo Formation which 
further constrains the timing of intrusion of the 
mineralized Shuteen pluton (<315.8±0.02 Ma but 
>299 Ma) which was the result of subduction 
magmatism within the Gurvansaikhan terrane, 
southern Mongolia.  

[1] Iizumi & Batkhishig (2000) Ann. Meet. GSJ, 
319. [2] Batkhishig et al. (2010), Jour. Asian Earth 
Sci. 37, 399–411. 
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After the pioneering work of Sir Johan Gadolin and 
other Europeans in the 18th to early 20th century, Rare 
Earth Element (REE) geochemistry began to take off 
in the mid-1950s, strongly promoted by the works of 
(amongst few others) Akimasa Masuda in Japan and 
Larry Coryell in the US. They independently and 
contemporaneously developed the concept of 
chondrite- or shale-normalized REE patterns, a 
technique still used today to illustrate the REE 
distribution in minerals, rocks and natural waters. 
Better understanding of the geochemistry of the REE 
was always triggered by major advances in analytical 
techniques, and hence INAA, TIMS, and ICPMS, for 
example, catalysed the application of REE 
geochemistry and significantly enlarged the 
geochemical toolbox. After an initial focus on 
cosmochemistry and igneous systems, REE 
geochemistry expanded into the fields of sedimentary 
systems and ore deposits in the late 1970s and early 
1980s, before aqueous REE geochemistry started to 
flourish in the 1980s and ‘90s. Since the mid-‘90s, 
yttrium (Ho’s geochemical twin) is often included in 
the discussion, as Y-Ho fractionation may provide 
additional information, particularly on aqueous 
systems, and it was confirmed that, indeed, 
lanthanide tetrad effects can be observed in natural 
materials, as initially suggested by A. Masuda. In the 
past 15 years, strongly increasing worldwide demand 
for REE met with export restrictions imposed by the 
monopolist REE supplier China, causing commodity 
prices to explode. Suddenly, the REE became media 
darlings for a while, eventually facilitating funding 
for numerous studies of potential REE deposits, REE 
beneficiation and recycling technology, and supply 
chain management. However, the increased use of 
REE in high-tech products also increased their release 
into the environment. The observation of 
anthropogenic REE in dust, soil and, in natural waters 
such as coastal seawater, river and lake water, ground 
water, and tapwater, and the recognition of the 
importance of nanoparticles for REE transport caused 
increased interest in the biogeochemistry of the REE, 
in their bioavailability and their potential 
(eco)toxicological effects. On this background,  this 
presentation will summarize the latest findings on the 
distribution and impact of anthropogenic REE, on 
their uptake by fungi, mussels and fish, and on the 
impact of biogenic compounds on their 
biogeochemical behaviour. 
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The chromium isotope composition of seawater is 
emerging as a powerful proxy  for the reconstruction 
of redox changes in the ocean-atmosphere system. 
While riverine Cr is thought to track oxidative 
weathering on the continents, it is ultimately buried in 
marine chemical sediments as the result of seawater 
Cr(VI) reduction. Cr(VI) is reduced by a wide variety 
of electon donors, yet the magntiude of fractionation 
associated with Cr(VI) reduction and burial in 
ferruginous environments - which persisted over 
much of earth’s history - remains untested. Here we 
present a comprehenisve assement of Cr isotope 
fractionation in ferruginous sediments from Lake 
Matano, Indonesia. Whole core incubation 
experiments demonstrate that sediment Cr(VI) 
reduction drives diffusion of Cr(VI) from the 
overlying water into the Matano sediment, leaving 
residual Cr(VI) enriched in the heavy isotope 
(δ53/52Cr). This process is modeled by the Rayleigh 
distillation equation and a parameterized 1D diffusion 
model yielding fractionation factors of 1.06 and 
2.56‰ [1], while a more detailed diagenetic model 
yielded a fractionation factor of 1.80‰. Parallel 
anoxic slurry experiments performed using Matano 
sediment yielded a fractionation factor of 2.24‰. Our 
experiments support the hypothesis that Cr(VI) 
reduction in ferruginous sediments proceeds through 
reaction with both dissolved Fe(II) and green rust 
with an intrinsic frationation factor close to 1.80‰, 
similar to previously published experimental work 
[2]. Our model explains variability in the δ53Cr 
composition recorded in banded iron formations 
(BIF) deposited throughout the Precambrian, which 
could be  linked to fluctuating atmospheric oxygen 
concentrations. We show how diagenetic processes 
influence δ53Cr sediment values, allowing more 
nuanced interpretations of Cr isotope compositions in 
ferruginous sediments. 
 
[1] Clark and Johnson (2008), Environ. Sci. Technol, 
42 (21), 7850-7855. [2] Døssing et al., (2011), 
Chemical Geology, 285 (1-4), 157-166. 
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The hydrothermal polymetallic sulfide veins of 

the historic Freiberg mining district are traditionally 
subdivided according to their orientation (in general 
NNE-SSW to N-S and W-E to WNW-ESE) and their 
mineral associations. The “Stehende” sulfide veins, 
mineralized in the N-S striking fissure veins of the 
central Freiberg mining district, show two types of 
late-Variscan mineralization: (1) a Zn-Sn-Cu 
polymetallic sulfide association bound by quartz as 
main gangue mineral and (2) a Ag-Sb-Pb 
polymetallic sulfide association dominated by 
carbonates as gangue minerals [1]. The element 
indium was discovered in ores of this paragenesis at 
the Bergakademie Freiberg 150 years ago [2]. Both 
associations formed in a post-collisional extensional 
regime, in which lamprophyre dikes indicate an 
upwelling of asthenospheric mantle [3]. The 
mineralization has recently been dated to c. 280 Ma 
(Rb-Sr dating of sphalerite) [4].  

We present new data on mineral chemistry of 
indium-bearing sphalerites from various depths and 
vein systems in the ore district. Further, we discuss 
fluid inclusion data recorded by quartz and sphalerite 
linked to the indium mineralization in the 
hydrothermal system. Large vein quartz samples (up 
to 10 cm in size) show well-developed growth zoning 
with fluid inclusion assemblages and cogenetic 
indium-bearing sphalerites (500-2000 ppm In) 
trapped in several major growth zones. 
Homogenization temperatures are in the range of 
360-250 °C. We observed very low-salinity (0-3 wt.-
% NaCleq) and high-salinity fluids (19-22 wt.-% 
NaCleq), showing, besides a general long-term 
cooling trend, fluid mixing of two sources. 
 
[1] Seifert & Sandmann (2006) Ore Geol Rev 28, 1-
31. [2] Reich & Richter (1863) J Prakt Chem 89, 
441-448. [3] Seifert (2008) Metallogeny and 
Petrogenesis of Lamprophyres in the Mid-European 
Variscides, 303 pp. [4] Ostendorf, Henjes-Kunst, 
Seifert & Gutzmer (2015) Goldschmidt Abstracts, 
2362. 
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The Mariana back-arc spreading center is located 
in the Northwestern Pacific and is part of the Mariana 
subduction system. Before 2015, the only known 
active hydrothermal vents in the Mariana back-arc 
were at the southern-most end (13°N) and in the 
central back-arc (18.2°N). In November/December 
2015, expedition FK151121 aboard the R/V Falkor 
investigated a 600 km stretch of the nearly 
unexplored Mariana back-arc spreading center in 
between 13°-18°N using a combination of water 
column surveys and Sentry AUV dives.  Four new 
hydrothermal vent sites and a recently erupted lava 
flow were discovered. The hydrothermal plumes were 
characterized by excess 3He, particle anomalies, as 
well as the presence of dissolved chemical species, 
such as CH4 and H2. We present preliminary results 
on the distribution of 3He in the water column along 
the southern Mariana back-arc spreading center. 
Because of its conservative behavior, excess 3He 
present in the water column is an unequivocal 
indicator of hydrothermal discharge or recent 
volcanic activity at the seafloor. In combination with 
other tracers, 3He can also unravel on-going geologic 
processes such as potential arc-affinity in areas where 
arc and back-arc interact. A return expedition planned 
in the fall of 2016 should allow us to visit these sites 
with a remotely-operated vehicle, confirm the 
existence of the hydrothermal vents visually and 
sample the vent fluids for their chemical composition.  
This work was supported by the Schmidt Ocean 
Institute, NOAA’s Ocean Exploration and Research 
Program, NOAA’s Pacific Marine Environmental 
Laboratory, NOAA’s Pacific Islands Regional Office, 
Oregon State University, and University of 
Washington. 
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Iodine-129 and Carbon-14 are radionuclides that 

were introduced in massive amounts during the 
nuclear bomb testing era of 1950s and 1960s. Here 
we show and compare the 129I and 14C records of two 
coral cores taken from Pacific Ocean (PO) and the 
South China Sea (SCS) sides of the Philippines.  

Results show that 129I in both coral cores display 
prominent signals within the same year of the nuclear 
tests, most notably in the year 1962. 14C bomb peaks, 
on the other hand, were not concurrent with the SCS 
record increasing around 1961-1969 and the PO 
record rising 3 years later. This demonstrates that 129I 
may prove to be a better coral age and event marker 
than 14C. Moreover, the rates of increase and decrease 
were both quicker for 129I than 14C. This difference is 
majorly attributed to the longer atmospheric 
residence time and the easier ocean-to-atmosphere 
exchange of 14C, which is presnted here through a in a 
simple box model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: 129I and 14C of two coral cores from the 
Philippines 
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Paleoproterozoic mafic-ultramafic layered 

intrusions with strategically commercial Co-Cu-Ni, 
Pt-Pd and Cr-T-V-Fe deposits (Monchegorsk ore 
region, Fedorovo-Pansky and Kandalaksha-Kolvitsa 
complexes, Imandra lopolith etc.) belong to the 
Central Kola and Belomorian blocks. 

At the first time baddeleyite with zircon reflect 
long duration from 2.53 to 2.40 Ga of deposits origin 
and multistages 2.53, 2.50, 2.45, 2.40 Ga history of 
magmatic activity using U-Pb precise single grains 
dating. 

Isochrones Sm-Nd ages of rock-forming 
and fiestly sulphides minerals from the different parts 
of the intrusions are coeval to the U-Pb data on 
zircon-baddeleyite geochronometr.  

Systematically isotope-geochemical (εNd-ISr) 
whole-rock data from the deposits indicate a primary 
enriched mantle reservoir (EM-1). Additionally dyke 
complexes were derived from N-MORB, E-MORB 
and OIB mantle sources [1]. 

Isotope He3/He4 data on rock-forming and 
sulphides minerals as well as magnetite and ilmenite 
are considered to contribution of upper and lower 
mantle.  

New isotope Re-Os data for ore gabbronorites of 
Penikat intrusion (Finland) with 187Os/188Os ratio 
(0.174009) are higher than BSE [2].Evidence for an 
Early-Proterozoic mantle plume beneath rifted 
Achaean continental lithosphere of the Baltic Shield 
were based on Re-Os data by Puchtel et al. [3, 4].  

All isotope (U-Pb, Sm-Nd, Re-Os) and 
geochemical (εNd-ISr, He3/He4 etc.) data lead to a 
conclusion about presence of the fertile [5] mantle 
plume about 2.53-2.40 Ga and break-up the oldest 
Kenorland supercontinent. 

All Investigations are supported by RFBR 15-35-
20501, 16-05-00305 and devoted to the memory of 
academician F.P. Mitrofanov who was a leader of 
scientific school.  
 
[1] Nerovich et al. (2014), Geochemistry 
international 7, 605-624; [2] Eisele et al. (2002), 
Earth Planet Sci. 196, 197-212; [3] Puchtel et al. 
(1997), Geochim.Cosmochim.Acta 61, 1205-1222; 
[4] Puchtel et al. (2001), Contrib.Mineral.Petrol. 140, 
588-599; [5] Robb (2005), Introduction to ore-
forming processes. 
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The Eastern Mediterranean has been cradle of the 

many civilizations and hydrological changes during 
the time caused serious problems for these cultures. 
Previous studies have proved that the reduced 
precipitation during the Holocene caused serious 
problems for ancient civilizations. Anatolia has a 
significant role for the Eastern Mediterranean 
paleoclimate researches. It is situated at the 
crossroads of three continents and linkage area 
between North Atlantic-Alpine-Mediterranean 
cyclones and Arabian-Indian-Tibet monsoon climate 
models. Specifying the paleoclimate changes and 
their geographical extent of the past periods is 
important for understanding climate dynamics and 
the impacts on human societies in eastern 
Mediterranean region.  

The Dim 1 Stalagmite sample that has been 
sampled from Dim Cave (Southern Turkey) gives 
valuable information from the last interglacial. Dim 
cave is located in the Alanya district of Antalya 
Province on the southern coast of Turkey and was 
formed in early Triassic recrystallized limestone of 
the Yumrudağ Nappes which is the structurally 
highest of the Alanya Nappes. 

Abrupt variations have seen during the last 
glacial period which is called Greenland interstadials 
(GI). Spatial extend of the GI is well presented, but 
studies are very limited about the precise timing and 
unambiguous evidence for the climatic effects of GI 
in the eastern Mediterranean. We present a ~70 kyr-
long stalagmite with a set of 17 230Th dates with very 
small errors and there is a gap during MIS 4 and part 
of MIS 2. δ18O and δ13C isotope profiles of Dim-1 
stalagmite allow us to define precise dates to 
Greenland Interstadials (GI) 1,8-17,21-2 
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While pristine silicate rocks display uniform Si 
isotopic compositions on continents (δ30Si ~ -0.3 ± 
0.2 ‰; 1), their alteration leads to weathering 
products having very distinctive Si isotopic ratios: a 
dissolved pool characterized by positive δ30Si  values 
(up to ~ +3.0 ‰), and residual clays with negative 
values (down to δ30Si ~ -3.0 ‰; 2).  This mass-
dependent isotopic fractionation results from the 
preferential incorporation of the light 28Si isotope 
released during silicate weathering into secondary 
clays and iron oxides.  Relationships have been 
reported between the degree of Si isotopic 
fractionation in soils, clay mineralogy, and 
weathering indices (2), thereby suggesting that the 
δ30Si composition of clays is controlled to some 
extent by weathering conditions.   

To further constrain the factors controlling the Si 
isotopic distribution in clays, we have analysed a 
large number of modern sediments collected near the 
mouth of rivers worldwide, including some the world 
largest rivers (e.g. Amazon, Niger, Congo, Mississipi, 
Yangtze, MacKenzie).  These new data demonstrate a 
clear link between river clays δ30Si, the degree of 
chemical weathering, and climatic parameters (T°C, 
rainfall) in corresponding drainage basins.  While the 
distribution of Si isotopes in river sediments also 
appears to be influenced by the lithology of rocks in 
the catchment area, our results pave the way for their 
use as proxies for past silicate weathering in 
sedimentary records.  Here, as a first case study, we 
present a Paleogene δ30Si clay record for samples 
collected at the Landana cliff section (Cabinda, 
Angola). Taken together with other weathering 
proxies (CIA, Nd-Hf isotopes), these data provide 
additional constraints on the Paleocene/Eocene 
paleoenvironmental transition in Central Africa, a 
period marked by a climatic optimum known as the 
‘Paleocene-Eocene Thermal Maximum’ (PETM). . 
 
[1] Savage et al. (2013), GCA 109, 384-399. 
[2] Frings et al. (2016), Chem. Geol. 425, 12-36. 
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Cadmium and zinc are geochemical “brothers” 
displaying very similar Cd/Zn ratios among different 
magmatic rocks. By contrast, in hydrothermal 
systems, the Cd/Zn ratio may vary by several orders 
of magnitude. Knowledge of Zn and Cd aqueous 
speciation is thus necessary to explain such 
variations. Chloride and hydrosulfide are believed to 
be the main ligands controlling Cd and Zn mobility. 
Here we combined different experimental (solubility, 
XAS spectroscopy) and theoretical (thermodynamic 
models) approaches to quantify the speciation of Cd 
and Zn in aqueous Cl-- and S- bearing ore-forming 
fluids. 

Our new XAS data on Zn aqueous complexes in 
Cl-bearing solutions at 25-500°C are compared with 
those reported recently [1]. Significant disargeements 
are found for ZnCl4

2- above 300°C, our data 
indicating a much lower stability for this complex. Zn 
K-edge XANES and EXAFS spectra obtained in our 
study in SO4-H2S solutions in equilibrium with 
sphalerite ZnS(s) at 350°C and 450°C and 600 bar are 
also very different from those reported recently [1], 
suggesting different Zn complexation depending on 
acidity, redox and S content and dominant ligands.  

Our new solubility measurements of greenockite 
CdS(s) at 25-80°C allow revision of the standard 
thermodynamic properties of CdS(s) (∆fG0

298.15, 1bar = -
151.5±0.3 kJ/mol) and quantification, for the first 
time, of the stability of Cd-HS complexes in 
hydrothermal fluids. In view of these results, we do 
not recommend the use of common thermodynamic 
handbooks (e.g., [2]) for CdS(s) thermodynamic 
properties. 

These new data, complemented by our previous 
results [3], demonstrate that in ore forming systems 
the Cd/Zn ratio is primarily controlled by the 
temperature and H2S content of the fluid, whereas 
variations of pressure, salinity or pH are less 
important. Thus the Cd/Zn ratio may be used as a 
tracer of some fluid properties, which are not 
accessible by other methods. 
 
[1] Mei et al. (2016) GCA, in press. [2] Robie and 
Hemingway (1995) U. S. Geol. Surv. Bull. 2131. [3] 
Bazarkina et al. (2010) Chem. Geol. 276, 1-17.  
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Vegetal cover and the water cycle are closely 
linked. The climate controls the distribution and 
productivity of terrestrial vegetation and the vegetal 
cover type is a key determinant for evapotranspiration 
and global runoff. In this study, a dynamic vegetation 
model (LPJ) has been coupled to a 3D 
hydrogeological model (MODFLOW) to estimate the 
impact of climate change on a small-forested 
temperate watershed (Strengbach, Vosges, France) 
for the first time. The models cascade is calibrated 
with monthly hydrological and climate data over 
1987-2009 period. Long-term simulations extending 
up to 2100 have been performed wih climatic output 
from the Meteo-France climate model 
ARPEGE/Climate (IPC, 2007 scenario A1B). With a 
predicted increase in temperature of 2.6°C and an 
atmospheric CO2 rise by 80%, the mean annual 
precipitation decrease by 4.5% on Strengbach 
watershed over the course of the century. Based 
solely on increased atmospheric CO2, LPJ predicted 
an decrease of evapotranspiration by about 8%, 
because of stomatal closure. Based solely on 
temperature change, LPJ predicted an increase of 
annual transpiration (0.7 mm/year) linked to the 
increase of atmospheric evaporative demand and 
stomatal opening. The model cascade showed a 
limited decrease of evapotranspiration (by 2.5%) and 
a significant change of vegetation distribution (a part 
of evergreen forest is replaced by temperate 
herbaceous) occurring around 2085, with the 
combined scenarios of climate change (temperature, 
atmospheric CO2 and precipitation). Then, the 
response of land plants to climate change seems to 
only weakly affect the water resources on the 
Strengbach catchment in the future. However, the 
data highlight the relation between climate change 
and tree health and the potential consequence for 
forest management. 
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Introduction 

Since the last decades, human needs and 
technology development allowed synthesis of new 
substances, of which is not well understood 
theprobable environmental risks. These new 
substances had been referred as Emerging pollutants 
(EC), and in this group of pollutants we can find 
different compounds: flame retardants, 
pharmaceuticals and personal care products (PPCPs), 
detergents, and new types of herbicides and 
pesticides [1]. Particularly in Mexico, there are few 
studies for PPCPs because of the high cost-time for 
developing analytical methods for determining them. 
According to several studies, PPCPs on freshwater 
and marine environments, can affect the organisms 
living in these ecosystems. These compounds can 
affect some biological processes as growth and 
reproduction in some fish and mussels, moreover can 
cause significantly stress processes [2]. There are 
some marine organisms of commercial interest that 
could be on threat by being exposed to PPCPs on this 
coastal lagoon. 

 
Results and Discussion: The expected results of 

this study show the existence of PPCPs on sediments 
of coastal lagoon of La Paz, as reported in other 
marine sediments studies. There are marine species of 
commercial interest (clams, mussels, and scallops) 
may be threatened by these PPCPs, due to possibly 
modifying biological processes as growth and sexual 
behaviour [3, 4]. 

 
[1]Liberty et al. (2006) North American Journal 

of Aquaculture, 69, 44-52. [2] Martin-Díaz et al. 
(2009) Environmental Toxicology and 
Pharmacology, 28, 237-242. [3] Long et al. (2013) 
Environmental Toxicology and Chemistry, 32, 1702-
1710.  [4] Klosterhaus et al. (2013) Environment 
International, 54, 92-99. 
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Gold grain counting is a popular exploration 

technique in surveys of glaciated terrain. However, 
there are currently no dependable reference materials 
(RM) adapted to this technique, seriously limiting 
quality control and the evaluation of the proficiency 
of those who analyze the material. Presently, 
quantitative assessment of the quality of gold grain 
counting is very difficult, given that sample 
processing involves a complex sequence of 
manipulations: sampling, sieving, heavy mineral 
concentration, and super-concentration (in either a 
field or laboratory setting), followed by visual sorting 
or grain counting under a microscope. To improve 
quality assessment, each preparation step along this 
sequence would need the use of a RM. Our RM 
presented here has been developed to assess the 
quality of the final, and most critical, step of this 
sequence: gold grain counting under microscope. Our 
goal is to prepare a RM for gold grain counting in 
order to quantify the performance of both 
mineralogists and automated methods.  

The RM in preparation is comprised of two 
components: well-characterized gold grains and 
heavy minerals from a gold-free area. The gold 
comes from the tailings of an old Zn deposit, from 
which 1 g of <250 µm gold grains were extracted 
from 1.5 metric tons of tailing and then mixed with 
the barren heavy mineral concentrate. Our RM aims 
to have a concentration of 50 grains·g-1 of heavy 
mineral concentrate to ensure the count is above 
typical background of 1–20 grains. This 
concentration is sufficiently high to be statistically 
significant but at a low enough concentration to 
minimize counting time. The aimed precision for the 
number of gold grains in our RM is 10% based on 20 
samples (e.g., 45–55 gold grains per sample). After 
preparation, the actual grain abundance will be 
measured through automated optical grain counts and 
microtomography. Computed tomography provides 
an accurate grain count and produces a catalog of 
grain shapes. The automated optical system, currently 
under development, uses spectral imaging.  
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Anthropogenic introduction of plutonium into the 

environment is an unfortunate legacy of the nuclear 
age. Although much Pu was distributed globally 
following atmospheric weapons testing, hotspots of 
contamination also exist at Pu production and 
underground testing sites such as Mayak, Russia and 
the Nevada National Security Site, USA. At these 
heavily contaminated sites, Pu mobility will be 
controlled by its interactions with mineral surfaces. 
Understanding Pu sorption and desorption reactions 
is key to predicting the fate of Pu.  

Here we look at Pu(IV) and Pu(V) sorption to 
goethite, a common iron oxyhydroxide mineral, 
across a wide range of concentrations (10-15 – 10-5 M) 
at pH 8. For initial Pu concentrations of 10-15-10-8 M, 
the sorption isotherm was linear, with equivalent 
Pu(IV) and Pu(V) Kd values obtained at 1-week and 
2-week sampling time points. This indicated that Pu 
sorption is not concentration-dependent for these 
initial conditions and that Pu(V) is rapidly reduced to 
Pu(IV) on the goethite surface. At initial 
concentrations >10-8 M, however, both Pu oxidation 
states exhibited deviations from linear sorption 
behavior with NanoSIMS and HRTEM analysis 
indicating that Pu precipitation was likely responsible 
for this. HRTEM analysis of samples with 10-6 M 
Pu(IV) and Pu(V), showed the formation of a bcc 
Pu4O7 structure on the goethite surface. This 
confirmed that reduction of Pu(V) had occurred on 
the mineral surface and that the epitaxial distortion 
previously observed for Pu(IV) sorption on goethite 
occurs for Pu(V) [1]. We also explore the 
implications of this concentration-dependent sorption 
behavior on the stability of Pu associated with 
goethite in a series of batch and flow cell desorption 
experiments performed at initial Pu(V) concentrations 
of 10-10 and 10-6 M.  

 
[1] Powell et al. (2011) Environ. Sci. Technol. 45 

2698-2703. 
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We present Hf-isotope data on well characteirzed 

lavas from the Azores islands, dredged samples from 
the Terceira Rift (TR), and the Joaõ do Castro 
seamount (JdC), with the goal of undestanding the 
Azores plume heterogeneity in the context of plume-
triple junction interaction. 

Saõ Miguel island (SM) and JdC lavas form two 
distinct steep arrays extending below the mantle array 
in εHf-εNd space. JdC overlaps Mangaia (HIMU) 
lavas in εHf-εNd space, but has unradiogenic  Pb 
isotopes, unilke HIMU. SM and JdC are also distinct 
in their Sr and Pb isotopes. Therefore, the two low 
εHf end-members are not of HIMU origin, and if they 
are related to recycled metasomatized lithosphere [1, 
2], then our data shows that this is spatially variable 
within the plume.  

These two low εHf end-members seem to be 
highly local features, not influencing the composition 
of the Western and Main groups of islands. Varying 
lithosphere thickness at the complex Azores plume – 
triple ridge junction is likely to control mixing and 
repartition of mantle components. 

Figure 1: (a) εNd-εHf plot of Azores lavas showing 
the discussed arrays. (b) 206Pb/204Pb-εHf plot of the 
same data. 
 
[1] Schaefer et al. (2002) Nature 420, 304-307. [2] 
Elliott et al. (2007) Geoch. et Cosm. Acta 71, 219-
240. 
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Coeval volcanic rocks distal and proximal to 
hydrothermal Au-Ag-Cu mineralisation in the early 
Permian Lizzie Creek Volcanics (LCV), NE 
Queensland, Australia, have been studied to evaluate 
whether geochemical parameters of these rocks can 
be used to assess magma fertility.  

The LCV ( ̴280-295 Ma) form the basement of the 
Bowen Basin that developed due to back-arc 
extension behind the Carboniferous Connors Arch. 
The LCV range in composition from basalt to 
rhyolite, and have geochemical compositions that are 
typical of arc lavas (e.g. LILE enrichment, Nb, Ta 
depletion). Samples collected distal to known 
mineralisation are bimodal (basalt – dacite to 
rhyolite) in composition displaying the commonly 
known “Daly Gap”. By contrast volcanic samples 
from the mineralised district (Mt Carlton epithermal 
and porphyry deposits) cover the full range of 
compositions from andesite to rhyolite. Distinct 
differences in whole-rock geochemistry can be 
particularly observed in TiO2, Sr/Y, V/Sc and REE 
element composition. 

Our approach applies proposed Cu-Au fertility 
concepts  for causative porphyry intrusions to 
volcanic rocks [1]. Sr/Y and V/Sc ratios of samples 
from the Mt. Carlton district fall within the favorable 
range of proposed Cu fertility concepts; the samples 
distal to mineralisation fall outside these fertility 
ranges. La/Yb and Dy/Yb ratios of Mt. Carlton 
samples suggest the cryptic involvement of a hydrous 
phase (amphibole?) during fractionation, which is not 
evident in distal samples. 

Hf isotope data from zircons from the Mt. Carlton 
district records a trend towards unradiogenic 
compositions with time, from inherited early 
Carboniferous zircons (�Hf = 1 - 3) to early Permian 
host rocks (�Hf = + 1 to - 1), indicating increased 
input from old crustal sources due to crustal 
thickening and a compressive environment. 

Our data shows that geochemical proxies for Cu 
fertility used for porphyry intrusions can also be 
applied to cogenetic volcanic sequences, which in 
turn may be a useful geochemical tool to aid regional-
scale exploration for Cu-Au mineralisation in 
convergent margin terranes.  

 
[1] Loucks (2014), Aust. J. of Earth Sciences 61, 

5-16. 
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Rare earth elements (REE) are used as diagnostic 

tools for oceanic cycling of trace elements. So far, the 
low concentrations (picomolar) of dissolved REE, 
time-consuming methods, and the required high 
precision, are the main difficulties that prevented 
their extensive use. Here, we present the first 
application of the automated seaFAST system 
(Elemental Scientific Inc.) in offline mode (i.e., not 
connected to an ICP-MS) for a robust and rapid 
preconcentration of REE from small volumes of 
seawater, and provide an accurate and precise multi-
element isotope dilution ICP-MS method for routine 
REE analyses. We applied this method to provide 
high-resolution seawater REE profiles in the West 
Pacific between South Korea and Fiji together with 
dissolved neodymium (Nd) isotope ratios 
(143Nd/144Nd, expressed as εNd). Near South Korea, 
unradiogenic Nd isotopes (εNd=-7.3), elevated REE 
concentrations (Nd=15.3 pmol/kg) and low salinity 
gradually change to Pacific open ocean values (e.g., 
εNd=-3.3, Nd=5.55 pmol/kg)

 

at the surface, indicating 
trace element input via river discharge and gradual 
dilution away from the source. In the tropical West 
Pacific (10°N-15°S), radiogenic εNd (+0.7) and shale-
normalized positive Eu anomalies in surface and 
subsurface waters trace the influence of volcanic 
islands and the eastward transport into the zonal 
current system of the tropical Pacific. In the tropical 
to southern subtropical Pacific, surface to 
intermediate waters show strong light over heavy 
REE depletion and varying middle REE enrichment 
indicating different vertical partitioning of trace 
elements between dissolved and particulate fractions. 
These results suggest that boundary exchange, as well 
as lateral transport and the balance between supply 
and scavenging control the trace element distribution 
in this area.  
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Riverine and ocean waters are enriched in 24Mg 
compared to the homogenous chondritic Mg isotope 
composition of the Earth’s mantle [1] requiring a 
fractionation step that is generally attributed to 
continental crust weathering [2,3].  

Here we present new observations indicating that 
both weathering and hydrothermal alteration of 
ultramafic rocks strongly influence the Mg isotope 
ratio of their alteration fluids. Weathering of the 
serpentinized peridotite (δ26Mg (DSM3)=-
0.11±0.05‰) on the continental crust causes 
significant enrichment of 24Mg in the local runoff 
(δ26Mg=-1.36±0.24 ‰) that precipitates equally 24Mg 
enriched hydrous Mg-carbonate minerals. The Mg 
isotope ratio of weathering rinds around pristine 
peridotite does not balance the preferential removal 
of 24Mg by the local runoff. 

In contrast, hydrothermal serpentinite carbonation 
results in the formation of magnesite with a Mg 
isotope ratio (δ26Mg=-0.95±0.15 ‰) similar to ocean 
water, while talc preferentially incorporates 26Mg 
(δ26Mg=0.17±0.08 ‰) [4]. Invariant Mg isotope 
ratios of coexisting serpentine and olivine indicate 
that serpentinization does not fractionate Mg 
isotopes. Our observations suggest that the ocean 
water Mg isotopic composition may not only be 
altered by addition of 24Mg from continental 
weathering but also due to hydrothermal processes on 
the ocean floor involving formation of talc and Mg-
carbonate. Carbonate precipitation during oceanic 
crust alteration may represent sink balancing the 
addition of 24Mg from continental runoff. 
Additionally, the formation of recently discovered 
submarine, talc dominated hydrothermal vents at the 
Von Damm Vent Field [5] may effectively sequester 
26Mg from seawater that interacted with gabbro and 
peridotite prior to its discharge into the ocean and 
may thus represent a missing link in the global Mg 
cycle.   
 
[1] Teng et al., (2007) EPSL 26, 84-92. [2] Tipper et 
al., (2006) EPSL 247, 267-279. [3] Wimpenny et al., 
(2010) GCA 74, 5259-5279. [4] Beinlich et al. (2014) 
EPSL 392, 166-176. [5] Hodgkinson et al. (2015) 
Nature Comm. 6, 10150.  
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Composite materials with organic matrix 

reinforced by mineral fibers are effectively used in 
most areas, particularly in the high-tech sectors. 
Indeed, this success is due to their high performances 
which provide a gain enter alia, economic and 
ecological. However, these materials usually have a 
limited aging resistance, which became one of the 
criteria of design and dimensioning of the structures. 

A hydrothermal study (the combined effects of 
humidity and temperature) on the integrity of hybrid 
composite materials was conducted. These materials 
consist of carbon / glass fiber and an epoxy matrix. 
The effect of the number of plies has been 
highlighted. Other tests were carried out in parallel, 
on materials made of glass fibers only, in order to 
evaluate the contribution of the carbon fibers on 
aging resistance.  

Keywords: Aging test, hygrothermal, Composite 
materials, absorption. 
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The Mid-Proterozoic remains a relatively 

uncharted time period in Earth history where our 
understanding of the carbon cycling and the redox 
state are poor. We explore the roughly 6km thick 
carbonate dominated Mid-Proterozoic Muskwa 
assemblage located in North-eastern British 
Columbia. Detailed fieldwork reveals a well-exposed 
mid-ramp to outer basin sequence, preserving a rare 
deep and shallow marine carbonate system. 
Combined REE and trace metal study across the 
basin suggest that oxic to sub-oxic conditions appear 
to only occur in very shallow waters within inter-tidal 
to sub-tidal facies. Deep water facies are dominated 
by ferruginous conditions, and contrary to previous 
work on this time period, we suggest the observed 
REE patterns are characterised by an organic 
signature, suggestive that even under Fe enriched 
conditions, organic matter outweighed oxides in REE 
scavenging. Carbon isotopes across the ramp reveals 
a large isotopic gradient with little indication of 
alteration.  
 

Most importantly, this work places both REE and 
carbon isotope within a depth and redox profile 
exposing how each are interconnected. Our findings 
suggest that the Mid-Proterozoic biological pump 
may have been stronger than previously thought. 
Thus the observed “chatter” in many Mid-Proterozoic 
carbon isotope records may simply be a by-product of 
local organic matter production and changes in facies 
depth.  
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Uranium bioreduction, the microbial reduction of 

soluble U(VI) to sparingly soluble U(IV), is a 
promising bioremediation strategy to remediate 
uranium contamination in subsurface environments. 
In the presence of Fe(III) oxides, however, electrons 
may be diverted from U(VI) to Fe(III) as a result of 
the similar Gibbs free energy (ΔGrxn) associated with 
anaerobic respiration of Fe(III) oxides and U(VI). 
The objective of this work was to identify the 
geochemical controls of the competition between 
U(VI) bioreduction and Fe(III) oxide respiration 
within the same microbial community and propose a 
new rate law to account for such change in terminal 
electron acceptor (TEA). Batch incubations with 
Shewanella putrefaciens strain 200 were conducted 
with either U(VI), 2-line ferrihydrite, or a 
combination of both as TEAs, and two pH and 
carbonate concentration conditions were selected to 
alter the ∆Grxn and promote either U(VI) or 
ferrihydrite respiration. Uranium bioreduction was 
inhibited under geochemical conditions that 
thermodynamically favored ferrihydrite respiration. 
Under geochemical conditions which favored U(VI) 
respiration, however, uranium removal and Fe(II) 
production occurred simultaneously. In the same 
incubations, enhanced Fe(II) production occurred 
after total dissolved uranium concentrations were 
below detection limit. These findings suggest that 
under the experimental conditions ferrihydrite and 
uranium serve as TEAs simultaneously while 
uranium also acts as an electron shuttle between 
metal-reducing bacteria and Fe(III) oxides. A new 
uranium bioreduction rate law is proposed that 
explicitly accounts for competitive inhibition in the 
precense of ferrihydrite. This rate law is able to 
reproduce U(VI) bioreduction rates across all 
experimental conditions. These results advance the 
current understanding of the coupled biogeochemical 
cycling of iron and uranium and further the ability to 
predict the fate of uranium in complex subsurface 
environments. 
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The Pb isotopic composition of maskelynite, 
plagioclase, K-feldspar and/or sulfide grains in 
mantle-derived Martian meteorites has been 
measured in four enriched Shergottites, two depleted 
Shergottites, one intermediate Shergottite, Nakhla, 
Chassigny, and ALH84001 using Secondary Ion 
Mass Spectrometry (SIMS) [1-3]. The least 
radiogenic Pb measured for each individual sample 
represents the Pb isotopic composition at the time of 
crystallization (initial Pb). These data can be used to 
construct models of Pb isotopic growth, determine Pb 
model ages and constrain the variability of time 
integrated µ- (238U/204Pb) and κ- (232Th/238U) of the 
Martian mantle. 

Using the model of Bellucci et al. [2]  for Martian 
mantle differentiation, µ- and κ-values have been 
estimated for the mantle source specific to each 
meteorite. The enriched Shergottite source region has 
a range in µ-values from 3.75 to 4.6, which is similar 
to ALH 84001 (µ ∼ 4.3) despite crystalization ages 
that are ~4 Ga apart. The depleted Shergottites have 
source µ-values of ~1. The intermediate Shergottite 
studied here has a µ-value of 3.1. The resolvable 
differences in µ-values argue for different source 
reservoirs and eruptive locations for the depleted, 
enriched, and intermediate Shergottites. This model, 
however, cannot explain the initial Pb isotopic 
compositions of Nakhla and Chassigny, which 
indicate separate differentiation events at 4 Ga and 
3.6 Ga, respectively, or a single event at 3.8 Ga. 
When compared to initial source reservoir 
compositions for other radiogenic isotopic systems, 
these new values define excellent negative linear 
correlations with ε143Ndi, ε176Hfi, and ε182Wi and a 
positive linear correlation with γ187Osi. All of this 
evidence together suggests that differentiation of the 
Martian mantle affected all parent-daughter ratios of 
radiogenic isotopic systems at a similar time. It also 
supports a coherent model of differentiation in the 
Martian mantle and indicates that variable sulfide 
precipitation had the biggest effect on µ-values in the 
Martian mantle. Lastly, a time integrated Th/U is 
calculated to be 3.7, which is consistent throughout 
Martian history and is similar to the bulk Earth and 
the Moon.  

 
[1] Bellucci et al., (2015a) EPSL 410, 34-41. [2] 
Bellucci et al., (2015b) JGR 120, 2225-2240. [3] 
Bellucci et al., (2016) EPSL 433, 241-248. 
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Cu mass balance constrains two end-member 
processes as possible responsible for the exceptional 
metal endowments of supergiant porphyry systems: 
a) huge magma reservoirs (>1000 km3) with average 
metal contents, b) smaller magma reservoirs 
anomalously enriched in metals.  

Porphyry-type mineralisation occurs towards the 
end of multi-Ma long magmatic activity characterized 
by a steady increase of Sr/Y values of magmatic 
rocks through time (e.g., Yanacocha, El Teniente, 
Los Pelambres). In contrast, magmatic cycles with a 
similar systematic increase in Sr/Y developed over a 
much shorter time (few ka) are apparently barren 
(e.g, Chachimbiro volcanic complex, Ecuador).  

In this study we compare textural, geochemical 
and mineralogical changes of two magmatic 
complexes which follow a similar geochemical 
evolution over two different timescales: the long-
lived, mineralised Yanacocha magmatic system 
(Peru) formed in ~4 Ma, and the short-lived, 
apparently barren, Chachimbiro volcanic complex 
(Ecuador), formed in less than 450 ka. Prior results of 
thermodynamic-constrained modelling [1] suggest 
that the long-lived magmatic maturation in the deep 
crust may play a key role in the generation of large 
magma reservoirs with high Sr/Y values.  

Here we present evidence that Cu behaves 
compatibly during magmatic evolution in the barren 
Chachimbiro complex, with a drop from 44.3 ppm at 
60.5 wt. % SiO2 to 14 ppm at 65.2 SiO2. This is the 
result of crystallization of Cu-rich nano-sulphide 
(0.1-0.5µm) inclusions found within amphiboles. In 
more evolved rocks (24.7 ppm at 68.6 wt. % SiO2) 
Cu-rich sulphides become increasingly abundant and 
larger in size. 

Further investigation and comparison with the 
mineralized Yanacocha system is needed in order to 
understand whether the observed continuous 
crystallization of Cu-rich sulphides at Chachimbiro 
might be responsible for its barren nature, or whether 
this could be a process for pre-concentrating Cu in 
sulphides that are later destabilized by subsequent 
magmatic pulses as recently suggested by other 
studies (e. g., [2]).  
 
[1] Bellver-Baca and Chiaradia (2015) SGA 
Proceedings 1, 259-262. [2] Wilkinson (2013) Nat. 
Geos. 6, 917-925. 
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Several studies demonstrated that authigenic 
aragonite precipitates from the Dead Sea (and Lake 
Lisan) in response to mixing between flash-floods 
and lake brine. However, the exact timing of the 
aragonite precipitation was not robustly established. 
Here we addressed this issue by measuring the 
chemical composition (pH, Na+, K+, Ca2+, Mg2+, Sr2+, 
Cl-, Br-, B), alkalinity, DIC and δ13C of flood plumes. 
In total seven cross shaped sampling transects were 
conducted and 47 samples were collected. Our results 
indicate that (a) in the holomictic conditions of the 
modern Dead Sea flood plumes mix entirely with the 
underlying brine within a few days, (b) aragonite 
precipitates within flood plumes of the modern Dead 
Sea, and (c) Boron adsorption facilitates aragonite 
precipitation. The amount of aragonite deposition is 
estimated between 0.2-4.4 mole·m-2. This value is 
surprisingly close to the 0-2.8 mole·m-2 estimate of 
Barkan et al. [1] that was calculated following the 
extreme winter of 1992. This observation indicates 
that the amount of aragonite deposition is not a direct 
measure of flood discharge. In order to further 
validate this hypothesis, sediment traps were 
deployed in flood plumes of the modern Dead Sea. 
Furthermore, our results suggest that the convention 
of summer precipitation of aragonite laminae should 
be reevaluated. We propose that the deposition of 
aragonite laminae requires flood alkalinity values that 
are much higher than those observed in modern 
floods of the Dead Sea drainage basin. This scenario 
may occur during periods of high dust loads and high 
vegetation cover.  
 
[1] Barkan et al. (2001) Geochimica et 
Cosmochimica Acta, 65 (3), 355–368. 
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Eastern Sayan ophiolites (Central Asian Orogenic 
Belt, Siberia), also known as Dunzhugur ophiolites, 
formed around 1020 Ma [1] and obducted onto Early 
Precambrian Gargan block before 790 Ma [2]. We 
studied ophiolitic rocks from Ospin and Ilchir massifs 
to the East from Dunzhugur area. Plutonic rocks are 
wherlite-pyroxenite-gabbro-gabbro-norites in both 
massifs with some websterites and orthopyroxenites 
in Ilchir. Their MgO content ranges 9 to 38% and 
TiO2 is less than 0.1%. Clinopyroxene is diopside 
with 1.0-2.5% Al2O3, 0.05-0.2% TiO2, and Mg# 
ranging from 87 to 93 both in Ospin and Ilchir 
massifs. Spinel shows slightly different chemistry in 
Ospin (Cr# ~ 53-65, Mg# ~ 36-58) and Ilchir (Cr# ~ 
77-81, Mg# ~ 41-50) but low TiO2 (< 0.3%) in both 
massifs. Thus, Cpx-Sp chemistry corresdonds to low-
Ti ophiolitic cumulates. Cpx controls trace element 
level, which is ~ 0.3-1 times of primitive mantle for 
HREE in most rocks. The rocks show negative Nb-
(Zr-Hf)-Ti anomalies and positive Sr and Pb spikes. 
In Ospin rocks, REE patterns vary from flat to 
slightly LREE-depleted, LREE enrichment is rare. In 
Ilchir massif, LREE-enriched rocks are more 
common, but some samples with flat REE or LREE 
depletion are still present. All geochemical data 
suggest that crystallization of Ospin plutonics was 
mainly from island arc tholeiite (IAT), whereas Ilchir 
plutonic rocks crystalized from both IAT and LREE-
enriched boninite. These volcanic counterparts have 
been found in Ilchir massif. Volcanic rocks from 
Eastern Sayan ophiolites are boninites, IAT, and 
andesites [1,3 and our data]. The association of TiO2- 
and trace element-depleted ultramafic to mafic 
cumulates, boninites and IAT is typical in subduction 
initiation setting as documented in Izu-Bonin-
Mariana forearc and some SSZ ophiolites like 
Troodos. 

 
[1] Khain et al. (2002) EPSL 199, 311-325. [2] 

Kuzmichev et al. (2001) Precam. Res. 110, 109-126. 
[3] Sklyarov et al. (2016) Russ. Geol. Geophys. 57, 
127-140.  
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Tholeiitic and calcalkaline rock suites respectively 
predominate at mid-ocean ridges and subduction 
zones. The low-Fe character of calcalkaline suites has 
mainly been attributed to the earlier phase saturation 
with Fe-Ti oxides relative to ferromagnesian silicates 
therein. However, experiments have shown that this 
requires either a high oxidation state or high H2O 
contents (or both) in the original magmas, while the 
former remains strongly debated in the absence of 
direct evidence from primary subduction zone melts 
yet. 

Here we report measurements of the S 
oxidation state in primary picrite-boninite melt 
inclusions and the Fe oxidation state in coexisting Cr-
rich spinel. The melt inclusions and their host spinel 
occur in primitive magmatic veins (hornblende-
bearing websterite) cutting sub-arc mantle peridotites. 
Spinel analysis reveals a positive correlation between 
the atomic ratios Fe3+/(Fe3++Fe2+) and Mg/(Mg+Fe2+) 
with primitive values of 0.32±0.02 and 0.69-0.72, 
respectively. These values, together with the presence 
of oxidised sulfur (S6+) in the melt inclusions, 
indicate a high oxygen fugacity (fO2) 1-2 log units 
above the synthetic fayalite-magnetite-quartz (FMQ) 
buffer for the primary picrite-boninite melts. Because 
the spectrum of melt inclusion major element 
compositions describes calcalkaline and low-Fe 
trends, our observations directly confirm a strong 
control of the early crystallization of Fe3+-bearing 
spinel on the compositional evolution of oxidised 
primary melts. The onset of the formation of arc-
related calcalkaline or low-Fe rocks in the 
Proterozoic eon may thus be directly related to the 
more oxidised nature of their mantle sources. Our 
observations also imply that the large impact of the 
formation of liquidus spinel on the Fe3+/(Fe3++Fe2+) 
of evolving oxidised magmas can alter the mantle 
source redox state estimated from, e.g., basalts 
derived after spinel fractionation from more primitive 
and oxidised picrite-boninite parental melts. 
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This study focuses on the determination of 

solid/solution distribution coefficients values of trace 
elements (TE) and radionuclides (RN) in the Seine 
River during a reglementary liquid release performed 
by the Nogent-sur-Seine Nuclear Power Plant (NPP) 
and their confrontation with the results obtained from 
a geochemical modeling. 

 
For this purpose we have sampled at 5 points of 

the Seine River during a NPP’s liquid release:  
upstream the release to assess the referential values, 
in the area of radioactive effluent/river water mixing 
(with transect sampling), and 2 points downstream. 
We obtained the main parameters for in-situ Kd 
calculation of stable elements and RN and the 
parameters required for their geochemical modelling. 
The results of confrontation of measured in-situ vs. 
modelled Kd values of contaminants (TE, RN) let us 
to identify the main adsorption phases and 
mechanisms for each element and after taking into 
account all corrections and requires for the 
geochemical calculations allowed us to develop the 
methodology of the modeling of representative site-
specific Kd-s values for the French rivers.  

 
The new representative site-specific Kd-s values 

for the Seine river have been calculated. Using of 
these new modelled Kd values in the assessment of 
health and environmental risks will help to reduce the 
significant errors in estimating the migration potential 
of contaminants (in particular RN) present in aqueous 
solutions.  
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The molecular mechanisms of reactions leading 
to the formation of Mg-carbonates from aqueous 
solutions are at the very beginning of their 
exploration despite their pivotal role in the global 
(bio)geochemical cycles of major elements, including 
carbon. We combined ex- and in-situ experimental 
tools at various length-scales (IR, AFM, SEM, 
STEM) to better understand and predict the formation 
of Mg-carbonates important for many environmental 
and industrial settings (e.g., deposits, weathering, 
climate reconstruction, CO2 sequestration). 
Macroscopic techniques such as batch and flow-
through experiments are suitable to quantify 
thermodynamics and kinetics of reacted minerals. We 
provide an overview of data on magnesite, 
hydromagnesite and dolomite, highlighting their 
puzzling formation and occurrence in nature [1]. Our 
studies focus on reacting surfaces, changes in 
morphology or growth [2-3]. In particular, real-time 
in situ imaging of dynamical, nanoscale processes in 
fluids were undertaken using liquid-cell scanning 
transmission electron microscopy (STEM), in 
combination with in situ Raman spectroscopy to 
follow nucleation and growth of Mg-carbonates. The 
preliminary results obtained identify i) the effect of 
radiation dose on the stability of the crystals formed, 
in particular rapid dissolution probably due to a local 
change in pH [4]; ii) a change of morphology/phase 
(amorphous to small crystallites) when increasing the 
temperature from 25 to 80°C by using a newly 
developed liquid cell TEM heating device 
(Protochips POSEIDON 210TM). In situ Raman 
spectroscopy seems to indicate the formation of 
nesquehonite at T~60-70°C that we believe is 
corroborated by the STEM liquid cell observations. 
 

[1] Bénézeth P. et al., (2013) Rev. Miner. Geochem., 
76, 81-133; [2] Gautier Q. et al., (2015) Geochim. 
Cosmochim. Acta, 155, 68-85; [3] Loring J. et al., 
(2015) Langmuir, 31, 7533-7543 ; [4] Schneider et 
al., (2014) J. Phys. Chem. C, 118, 22373-22382 



Goldschmidt Conference Abstracts 201 

Study of salinization and 
pollution of the coastal aquifer 

of Chott Meriem, Sahel of 
Sousse, Tunisia 

M.F. BEN HAMOUDA1,*, A J KONDASH2, B. 
TRABELSI1,  

J. HARKNESS2, N. LAUER2, A. VENGOSH2 
1UMTN, Isotope Hydrology and Geochemistry Unit, 

CNSTN, Tunisia, f_benhamouda@yahoo.fr* 
2Nicholas School of Environment, Duke University, 

Box 90227, Durham, NC, 27708, USA 
 

Groundwater salinization and pollution are 
widespread processes that degrade water quality and 
endanger future water exploitation. The problem is 
intensified in coastal aquifers where human activities 
result in accelerating water quality deterioration, 
particularly in arid and semi-arid regions. The 
elevated salinity can also originate from other natural 
or anthropogenic processes, such as dissolution of 
halite and gypsum, evaporation of seawater, etc. In 
the Sahel region of Northern Tunisia, near the coast, 
water quantity and quality are major concerns. The 
Chott Meriem coastal aquifer system is no exception. 
It is located in a coastal saline wetland along the 
Mediterranean Sea surrounding the city of Sousse. 
The aquifer is mainly characterized by high salinity 
waters compared to the surrounding aquifers. This 
study applieds geochemical analyses to distinguish 
between the different mechanisms of salinization in 
order to determine the origin of groundwater 
mineralization. Ionic ratios such as Na/Cl, Br/Cl, 
Ca/Mg, as well as the isotopic signatures of 18O, 2H 
can be used to identify seawater intrusion in coastal 
zones. The Chott Meriem aquifer system consists of a 
shallow main reservoir, with thickness between 30 
and 60 m and  consisting of Mio-Pliocene sandstone 
formations with interbedded gypsum lenses (Segui 
formation). This shallow groundwater aquifer has a 
flow direction from inland towards the coast (SW - 
NE). Geochemical (ions Na+/Cl−, Br-/Cl−, Ca2+/Cl-, B-

/Cl−) and isotopic (18O, 2H) analyses were compared 
with the hydrodynamic information and salinity map 
for identifying the main processes involved in the 
increase in mineralization. Irrigation development 
that induces leaching of soils was identified as the 
main source of mineralizaiton. However, it is not the 
only cause of the qualitative degradation as the 
salinity of the groundwater is also impacted by 
dissolution of evaporate rocks (gypsum and halite 
minerals) in the aquifer. There is no indication of 
presence of water enriched in 18O and 2H and 
indicating no a mixing with seawater. 
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The last 20 years has produced a revolution in our 

understanding of the first billion years of Earth 
history, moving from the exciting field discoveries of 
surviving rock and mineral relicts to increasingly 
sophisticated reconstructions of the timing and 
processes that shaped the young planet. The most 
direct information comes from chemical information 
contained in the ancient rock and mineral record such 
that identification of new localities of >3,600 Ma 
rocks and minerals combined with advances in 
analytical approaches continues to illuminate the 
formerly “dark ages” of Earth history.  At least ten 
Eoarchean to Hadean terranes are now known 
worldwide. In all cases however,  these terranes have 
undergone a range of thermal and tectonic processes 
since they formed, requiring integrated field, 
petrologic and geochemical studies to accurately 
recover and interpret an increasingly rich and diverse 
suite of geochemical signatures.  

Ultra-precise measurement of subtle  isotopic 
differences produced from now extinct nuclides 
provides undisputed evidence of Hadean geological 
events.  These small isotopic anomalies, as compared 
with signatures in modern rocks, not only constrain 
the timing of differentiation events in the first 500 
million years of Earth history and enable direct 
comparisons with lunar and meteorite events,  but 
also serve as tracers of mantle dynamics through 
time.  

The types of tectonic processes operative on the 
early Earth are debated, with some emerging 
observations used to argue that plate tectonic 
processes were producing new crust by at least 3.8 
Ga, but that only limited amounts of Hadean 
continental crust were preserved into the Archean.  
Increased  recognition and understanding of potential 
life habitats strengthens the case for ancient life. Key 
outstanding questions increasingly focus on how 
early life might have interacted with the geodynamic 
regime on the evolving Earth and what feedbacks 
were necessary to maintain habitability. 

In this talk we will take a modern look at the 
ancient rock record and highlight emerging work in 
this rapidly developing field. 

. 
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Concerns are growing about how fast and how 
much the Greenland Ice Sheet (GrIS) is melting, how 
this contributes to sea level rise and to what extent 
the released solutes and particles change the 
biogeochemical cycles and coastal ecosystems in the 
N Atlantic. Changes in the surface energy- and mass 
balance of the GrIS are linked to albedo, which is a 
response to the GrIS surface darkening through 
changes in snow and ice properties and the presence 
of light absorbing impurities (LAI). This darkening of 
the GrIS snow and ice surfaces is an important 
feedback to global temperature changes. Although, 
traditionally LAI were assumed to be solely Aeolian 
delivered black carbon and mineral dust, recently bio-
albedo factors have been recognized as important, yet 
not well quantified parameters that affect surface 
albedo. Biological processes highly dynamic 
particularly during the ever increasing summer melt 
seasons. Such summer melt associated blooms of 
pigmented snow and ice algae will, in contrast to 
black carbon and mineral dust, rapidly respond to 
changes in the timing and duration of the annual melt 
seasons. As the climate warms and melt seasons 
become longer, such biological habitats will expand 
and increasingly contribute to the darkening of the 
GrIS, yet these bio-albedo effects are currently not 
included in predictive numerical models. 

These changes in summer melt season length and 
extent also dramatically affect the delivery of 
icebergs and meltwaters and their entrained 
particulates to the N-Atlantic Ocean. Such processes 
in turn regulate the fluxes of dissolved and particulate 
elements (e.g., Fe, Si, P etc.). Such processes affect 
not just local environments but are important on a 
global scale, especially in a warming climate 
scenario. 
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To follow complex and highly dynamic mineral-
fluid-microbe interaction reactions at high spatial and 
temporal resolution is not easy. However, with the 
continual development of novel in situ and real time 
methods employing X-ray, electron or neutron 
sources our ability to follow in a quantitative manner 
reactions in complex systems now allow us to derive 
knowledge that has fundamentally changed our 
understanding of a many geochemical or biological 
processes. Such studies however only advance the 
state of knowledge if conducted through intensive 
and multidisciplinary collaborations between 
disparate disciplines and if observations are carried 
out at multiple scales, and with multiple 
complementary methods. With these new 
developments it is now feasible to carry out high-
resolution, in situ and time resolved measurements 
and high-resolution imaging of processes that mimic 
natural processes in aquatic soils, sediments, aerosol 
or other geo-bio systems.  
 
I will describe in a few examples how such new 
methods have helped us elucidate the molecular-level 
mechanisms of for example mineral formation and 
transformations, how we evaluated the role of 
biology in mineral weathering and soil formation, or 
how we assessed if and why the delivery of iron-rich 
nanoparticles into the ocean teach us something 
nutrient cycling, primary productivity and mineral 
chemistry in modern or ancient geological settings.   
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A large abundance of microfossils and biogenic 

minerals are preserved in the geological record as Ca-
carbonates and phosphates [e.g., 1; 2]. Recent 
progresses in microscopy and spectroscopy have 
allowed to characterize these biogenic traces with an 
unprecedented level of details. However, interpreting 
these fossil traces in terms of phylogenetic affiliation 
or metabolic capabilities is limited by our 
understanding of their transformations during ageing 
as well as the assessment of the diversity of modern 
microbial populations and mechanisms of 
biomineralization. 

In this talk, I will first review the results of recent 
studies on a wild-type and mutant strains of E. coli 
inducing Ca-phosphate biomineralization. I will show 
that the calcification activity of these strains is related 
to the total phosphatase activity of the cells and that 
resulting mineralogical patterns depend on the 
localization of the enzyme [3]. I will also show that 
calcification impacts the preservation of organic 
molecules upon ageing based on taphonomy 
experiments [4].  

In a second stage, I will discuss the extracellular 
vs intracellular formation of Ca-carbonates by 
cyanobacteria. These different biomineralization 
pathways likely result in the formation of different 
traces in the geological record, which can be 
discussed based on laboratory-based experiments [5]  

While these studies using single strains are 
meaningful, they capture only a limited extent of 
biological diversity and I will elaborate on this issue 
and discuss how analyses of genomes and 
metagenomes might provide useful clues to assess the 
biomineralization capabilities of bacteria [6]. 

[1] Cosmidis et al. (2013) Geobiology 11, 139-
153. 

[2] Couradeau et al (2013) Biogeosci. 10, 5255-
5266. 

[3] Cosmidis J et al. (2015) Front. Earth Sci, 3, 
#00084. 

[4] Li J et al (2014) Earth Planet. Sci. Lett., 400, 
113-122 

[5] Li J et al (2016) Minerals, 6, #10. 
[6] Saghaï A et al (2015) Front.Microbiol, 6, 

#797. 
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Stable Hg isotope analysis is now widely used in 

environmental sciences, essentially for discriminating 
Hg sources and better understanding its bio-
geochemical cycle. Up to now, total Hg isotopic 
information has been mainly studied. Further, the 
species specific Hg isotopic analysis is an emerging 
tool providing the isotopic signature of each different 
Hg species (InHg and MeHg).However, for both total 
and species specific isotopic analysis, the main 
limitation remains the low Hg concentration in some 
environmental compartments, especially in waters. In 
this presentation, we propose to overcome this barrier 
using new online Hg pre-concentration strategies 
with specific sample introduction systems coupled to 
MC-ICP-MS allowing then isotopic analysis of ultra-
trace levels of Hg.  

For total Hg isotopic analysis, a double stage gold 
trap pre-concentration mercury analyzer (Tekran 
2600) was coupled to a Nu Plasma MC-ICP-MS. For 
species specific isotopic analysis, the MC-ICP-MS 
was coupled to a Gas Chromatography system fitted 
with a Programmable Temperature Volatilization 
(PTV) injector. The main difficulty for both 
hyphenated systems was to deal with very short 
transient signals (down to 11 s) and this aspect was 
solved using a suitable data treatment strategy. These 
methods were successfully validated with the analysis 
of environmental CRM and with comparison to the 
actual reference technique.  

The main advantage of the proposed methods is 
the high pre-concentration capability which allows 
the analysis of 5 ng.L-1 samples for total isotopic 
analysis (introduced Hg mass of 340 pg) and 50 ng.L-

1 samples for species specific isotopic analysis 
(introduced Hg mass of 1500 pg). At these levels, the 
two methods give a good accuracy and a maximum 
uncertainty of 0.30‰ (as 2SD) for both δ and Δ. We 
will present critical steps of technical validations as 
well as new results on rainwaters, seawaters and other 
low concentrated environmental samples. 
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Open system events in magmas often involve 

interactions between an incoming crystal-poor 
magma and a resident crystal-rich mush. This is 
expressed by complex phenocryst populations, many 
of which preserve many episodes of recycling within 
the same thermal prograde envelope. The unlocking 
and mobilization of resident mushes conditions the 
progress of mixing, however the processes are poorly 
understood. Crystal-rich, but mobile systems, 
dominated by granular mechanics, are not 
satisfactorily explained by either fluid or solid-like 
models. 

 
We will present a generalizing framework for 

describing the dynamics of crystal-rich mushes based 
on the notion of forces chains immersed in a viscous 
fluid. Force chains arise from crystal-crystal contacts 
and describe the highly non-uniform way that stress 
is transmitted in a crystal-rich mush. Using CFD-
DEM simulations that resolve crystal-scale 
mechanics we will show how populations of crystal 
mush chains and their spatial fabric change during an 
open system event. We will show how the various 
forms of dissipation such as, fluid drag, particle-fluid 
drag, particle normal and shear lubrication and 
contact friction jointly contribute to the procesess of 
mush unlocking, mobilization and fabric formation. 
One implication of this is that many of the commonly 
invoked postulates about magma behavior such as 
lock-up at a critical crystallinity and suspension 
rheology are better understood from a micro-physical 
(crystal-scale) perspective as a combination of far-
field geometrical controls, local frictional thickening 
and shear jamming, each with distinct time-scales. 
This kind of crystal-based unifying framework can 
simultaneously recover diverse processes such as 
strain-localization, shear-induced dilatency, and also 
to help identify the volumes of resident magma re-
mobilized during an open-system event. 

 
Schleicher, J.M., Bergantz, G.W., Breidenthal, 

R.E., Burgisser, A., 2016, Time scales of crystal 
mixing in magma mushes, Geophysical Research 
Letters, vol. 43, DOI: 10.1002/2015GL067372 
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In-situ SIMS dating of hydrothermal monazite is 
a powerful tool to unravel the low-T tectonic history 
of an area. Hydrothermal monazite from open 
fissures (clefts) has the advantage of dating 
crystallization at <350°C without the risk of 
diffusional lead-loss at the prevalent temperatures. 
Tectonic events may cause dissolution-reprecipitation 
reactions resulting in new groth domains and more 
than one geologically significant age. According to 
internal zonation, 15 to more than 30 ion-probe 
analysis spots per sample were distributed across 20, 
mm-sized, monazites to capture the entire age range 
recorded in the crystals.  

All analyzed monazite samples come from an 
area in the Central Alps encompassing the Lepontine 
metamorphic dome. The region has a complex 
tectonic history (e.g. Steck; 2008), with nappe 
stacking largely predating greenschist to amphibolite 
facies Barrow-type metamorphism. This was 
followed by exhumation, and further folding and 
thrusting. Later deformation, affecting the entire 
region, combined with hydrothermal fluid flow 
worked to produce the famous mineralized Alpine 
clefts. The westernmost part of the region was 
overprinted by dextral ductile to brittle strike-slip 
deformation along the Rhone-Simplon Line (e.g. 
Mancktelow; 1985). 

The cleft monazites record 232Th-208Pb ages 
between ~19 and 5 Ma, distributed over at least three 
age groups. Ages generally decrease from east to 
west. However, almost all samples suggest an event 
affecting the entire area at around 12 to 10 Ma.  Age 
domains as young as 7 to 5 Ma are rarely found 
outside the close proximity of the Rhone-Simplon 
Line. Combined with already published data from 
more local studies of the surrounding area, the 
monazite data provide an overview over a portion of 
the brittle tectonic evolution of much of the Central 
Alps. 

 
[1] Steck (2008) Swiss J. Geosc. 101, 515-546 [2] 

Mancktelow (1985) Ecl. Geol. Helv. 78, 73-96 
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The condition of the emergence and development 
of life is one of the major scientific questions of all 
times. Up to now the focus has understandably be on 
the chemistry of carbon in reduced conditions 
adequate for the formation of prebiotic organic 
compounds. Only few studies have addressed the 
behavior of nitrogen in such reducing environments, 
in spite of its key role in the natural formation of the 
elementary bricks of biological macromolecules.  

N2, NH3 and NO3
- are the main stable molecules 

in deep geological fluids. Here, we explore the 
stability and chemical properties of less well-known 
intermediate N valence species such as hydrazine 
(N2H4) and azide (N3

-), as possible reaction 
intermediates in the natural synthesis of nitrogen 
bearing organic molecules. This is achieved through 
laboratory experiments under hydrothermal 
conditions and in-situ Raman spectroscopy 
measurements. While these compounds were 
identified as trace in experiments using quenched 
spark discharge through a reduced atmosphere [1], 
there is still a serious lack of thermodynamic data that 
impedes any simulation of water-rock interaction 
processes (excepted in the particular fields of 
industrial applications such as rocket propulsion, car 
airbags, aqueous circuits of nuclear reactors).  

The presented results will covered various 
properties: 
- Standard potential of the N2/N2H4 couple up to 

250°C by in-situ pH-Eh measurements and 
chemistry monitoring [2],  

- Volatility of hydrazine up to 250°C 
- Identification of the intermediate N-bearing 

compounds involved in the nitrate and N2 reduction 
by H2,  

- Decomposition rate of hydrazine with temperature,  
- Determination of the azide stability field as a 

function of temperature and pH by in-situ Raman 
spectroscopy [3]. 

 Our preliminary results provide original 
quantitative data that may place better constraints for 
the prebiotic synthesis of amino groups and on the 
geochemistry of nitrogen in an abiotic geosphere. 
 
 [1] Folsome C.E. et al. (1981) Nature 294, 64-65; [2] 
Million-Picallion L. et al. (2015) J. Solution Chem. 
44, 1900-1919; [3] Truche et al. (2016) G.C.A. 144, 
238-253. 



Goldschmidt Conference Abstracts 210 

Mercury Mass-Independent 
Fractionation in Freshwater 

Plankton and Aquatic Systems 
BERGQUIST, B.A.1*, CHANDAN, P. 1*,  LEE, M. 1, 

MITCHELL, C.2, SLATER, G.S.3 
1University of Toronto, Department of Earth 

Sciences, Toronto, Canada; 
bergquist@es.utoronto.ca, 
chandan@es.utoronto.ca, 
michelleing.lee@mail.utoronto.ca 

2University of Toronto-Scarborough, Department of 
Physical and Environmental Sciences, Toronto, 
Canada; carl.mitchell@utoronto.ca 

3McMaster University, School of Geography & Earth 
Sciences, Hamilton, Canada; 
gslater@mcmaster.ca 

 
Mercury (Hg) is a globally distributed pollutant 

that bioaccumulates in aquatic food webs. Mercury 
enters terrestrial and aquatic ecosystems dominantly 
in its inorganic form. Within these ecosystems, Hg 
can be transformed into methylmercury (MeHg), the 
form of Hg that bioaccumulates. Methlylation occurs 
in many environments and the links between Hg 
sources, methylation and MeHg in biota are not easy 
to trace. A rapidly growing tool to study Hg is the 
stable Hg isotope system, which is largely due to Hg 
isotopes exibiting large mass independent 
fractionation (MIF), and Hg isotopes are already 
being used to successfully trace sources and quantify 
transformations of Hg. For example, one of the major 
destructive pathways for MeHg is photo-
demethylation in surface waters, which results in 
large MIF. Numerous studies have used Hg MIF 
preserved in fish and biological samples, which are 
often dominated by MeHg, to estimate photo-
demethylation in surface waters and to trace sources 
of Hg in biota. However, these exciting applications 
are limited by controlled studies that explore how Hg 
MIF in biota vary with respect to many 
environmental variables.  
 In this study, we analyzed Hg MIF in 
plankton from two mid-latitude lakes biweekly with 
differing amounts of dissolved organic carbon (DOC) 
and sunlight penetration over the full spring to fall 
period. This period experienced a large seasonal 
cycle in UV radiation, a paramater thought to affect 
the degree of MIF. In addition to Hg isotopes, MeHg 
was also measured in the plankton. Hg MIF 
signatures in the plankton were higher in the lake 
with lower DOC and greater sunlight penetration. In 
addition, the plankton MIF varied in both lakes over 
the spring to fall with a delayed offset from the UV 
variation. The Hg MIF did not vary with %MeHg nor 
Hg concentration. Results demonstrate that the Hg 
MIF in the plankton is very sensitive to the seasonal 
variation in sunlight as well as sunlight penetration in 
the lakes.   

. 
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We study processes that may facilitate or 

endanger large-scale permanent storage of CO2 
injected to enhance oil recovery in Norwegian oil 
producing chalk fields. Recent results have 
established a new, emerging understanding of the 
chemistry and mechanics of chalk: High porosity 
chalks are protected from reaction with reservoir 
fluids by a passivating organic material. The chalk 
may be activated by pore fluid changes or by fracture 
growth due to stress changes and become highly 
reactive. This may result in rapid compaction and 
complete collapse of the reservoir and escape of 
stored CO2. 

We have recently developed a predictive model 
of carbonate compaction by pore failure and pressure 
solution[1,2] and applied it to the compaction of the 
Ekofisk chalk reservoir[3]. We present here 
peridynamic simulations of the deformation of 
measured chalk volumes obtained by FIB SEM and 
syncrotron X-ray tomography. The deformation 
mechanism is compared to the underlying 
assumptions of the compaction model and to novel in 
situ syncrotron X-ray tomography deformation 
experiments on chalk with CO2 and water. The 
chemical effect of CO2 in water on the calcite 
solubility is also included in the pressure solution of 
the compaction model and predictions from this new 
model are compared to core scale experimental data. 
The multiscale experimental and modeling approach 
results in a predictive chemo-mechanical model of 
carbonates with no fitting parameters. 

[1] Japsen P., et al A compaction front in North 
Sea chalk. J Geophys Res, 116, B11208 (2012) 

[2] Keszthelyi, D., Jamtveit, B., Dysthe, D.K., 
Modeling of carbonate compaction by pore failure 
and pressure solution, J. Geophys. Res, submitted 
(2016) 

[3] Keszthelyi, D., Jamtveit, B., Dysthe, D.K., 
Compaction of North-sea chalk by pore-failure and 
pressure solution in a producing reservoir, Front. 
Phys. 4, doi: 10.3389/fphy.2016.00004 
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Microbially induced precipitation is a multi-

disciplinary field combining biology, chemistry and 
geotechnology. An example of such a process is 
biogrout, where high concentrations of calcium ions 
together with biological carbonate production is used 
to precipitate calcium carbonate in soils. To be able 
to describe the precipitation rate, the chemical 
saturation, which is needed for the driving force of 
precipitation, must be calculated properly. A small 
deviation in the saturation can lead to large deviations 
in crystal growth and nucleation rates. 

Calculating the saturation in a carbonate system 
requires ion speciation and activity corrections to be 
taken into account. There are many activity 
correction methods available, most of which are only 
valid up to a moderate ionic strength of the solution 
(< 0.1 mol kg-1). Some of these methods are also 
developed for equimolar electrolytes. This is in 
contrast with the biogrout process which involves 
solutions with high ionic strengths and calcium and 
carbonate concentrations which are initially strongly 
non-equimolar.  

Additionally, the calculation of saturation can be 
simplified by ignoring several ion complexes and 
water self-ionization. However, simplifications must 
be made with care as the speciation is strongly non-
linear. This means that any simplification may have a 
significant impact on the saturation. 

This research aimed to compare several softwares 
using different activity correction methods, e.g. 
PhreeqC, as well as a full speciation scheme coupled 
with an activity correction method suitable for 
solutions with a high ionic strength. Their 
performance for solutions with ionic strength and 
non-equimolar concentrations are tested. 
Additionally, this research aims to provide a 
speciation scheme for such solutions that is simplified 
as much as possible without significant accuracy loss 
for the chemical saturation. 
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 Topsoil and associated soil organic matter 
are continuously laterally distributed on the landscape 
by the process of soil erosion. The role of soil erosion 
on terrestrial carbon sequestration has been gaining a 
lot of attention over the last two decades. Soil erosion 
has been shown to lead to a sink of atmospheric 
carbon dioxide in soil if at least some of the eroded 
carbon is replaced by production of new 
photosynthate and/or some of the eroded carbon is 
stabilized in downslope depositional landform 
positions. However, until recently most of the work 
in this area has been focused on agricultural or 
grassland systems. Here, we present results from 
temperate forested catchments in the southern part of 
the Sierra Nevada Mountains. We found that most of 
the soil organic matter eroded from low-order 
catchments in the western slope of the Sierra Nevada 
Mountains is composed of forest floor material that 
has high concentrations of carbon. The steep slopes 
of these catchments also contribute to export of large 
proportion of the eroded forest floor material out of 
the catchments. Our radiocarbon analyses showed 
that the soil organic matter in the eroded material is 
composed of modern (post-1950) carbon with 
fraction modern values at or above 1. We also found 
that neither elevation, nor climate (across six years 
that we investigated) leads to significant changes in 
the composition and mean residence times of the 
eroded material, despite considerable differences in 
mean residence time of soil organic mater in soil 
profiles of the contributing hillslopes in the high vs. 
low elevation (low elevation: 1800 m, high elevation: 
2300 m) catchments we studied. Our findings show 
that soil organic matter eroded from upland forested 
catchments is a lot more susceptible to 
decomposition, compared to organic matter eroded 
from agricultural or grassland systems likely leading 
to a less significant role of soil erosion on terrestrial 
carbon sequestration in forested catchments.  
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Secondary organic aerosols (SOA) are a major 

component of atmospheric particulate matter and play 
a central role in atmospheric chemistry, climate and 
public health. In recent years it has been found that 
SOA contain substantial amounts of organic nitrates, 
affecting atmospheric chemistry by altering the total 
aerosol mass yield from secondary sources and acting 
as reservoir of NOx. However, organic nitrates are 
difficult to quantify with standard analytical 
techniques; hence, formation kinetics and abundance 
are still poorly characterized.  

In this study we applied the short-lived 
radioactive tracer 13N produced by the PROTRAC 
facility at the Paul Scherrer Institute to quantify the 
amount of organic nitrates produced and retained in 
SOA particles. This online technique gives an 
accurate estimate of the total nitrogen that entered the 
particle phase. We found that organic nitrates 
accounted for ~40 % of SOA mass during initial 
particle formation, decreasing to ~15 % upon particle 
growth to the accumulation mode size range (>100 
nm). Experiments with OH scavengers and kinetic 
model results suggest that organic peroxy radicals 
formed by α-pinene reacting with secondary OH 
from ozonolysis are key intermediates in the organic 
nitrate formation process. Direct reaction of α-pinene 
with NO3 was found to be less important for 
accumulation of organic nitrates in the particle phase. 
The organic nitrate content of SOA particles 
decreased slightly upon increase of relative humidity 
to 80 %. The experiments show a tight correlation 
between organic nitrate content and SOA particle 
number concentrations, implying that the condensing 
organic nitrates are among the extremely low 
volatility organic compounds (ELVOC) that may 
play an important role in the nucleation and growth of 
atmospheric nanoparticles. 
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The highly siderophile element (HSE) 

composition of Earth’s mantle was likely established 
by late-stage accretion adding ~0.5wt. % of Earth’s 
mass to the mantle [1,2]. The HSE Ru is potentially a 
powerful tracer of the genetics of these late 
accretionary additions to Earth [3]. The utility of the 
system is based on the observation that large 
nucleosynthetic anomalies (most notably 100Ru/101Ru) 
are found in a variety of meteorite groups. The 
magnitude of the anomalies can serve as genetic 
tracers of late accretionary materials. These factors, 
in combination with evidence for the preservation of 
primordial isotopic heterogeneities in the mantle 
(e.g., 182W/184W; [4]), provide a premise for the 
preservation of genetically-diverse late accretionary 
signatures in the Ru isotopic composition of materials 
from Earth’s mantle.  

We have refined analytical techniques for the 
purification and high precision measurement of Ru 
[5], and can now reach 100Ru/101Ru ±8 ppm (2σSD), 
which is sufficient to search for evidence of diverse 
late accretionary additions to the mantle that are 
preserved in the rock record.  

To begin this search we are initially 
characterizing materials that sample the convecting 
upper mantle over the past 2 Gyr. Our work has 
focused mainly on ophiolite-derived Os-Ir-Ru alloy 
grains and chromitites. We compare these data with 
newly obtained Ru isotope compositions of 
chondritic and achondritic meteorites [6]. Our data 
indicate that the Phanerozoic mantle has a Ru 
isotopic composition that is distinguishable from all 
meteorites studied except for IAB iron meteorites.  

 
 [1] Morgan J.W., (1986) J. Geophys. Res. 91, 

12375; [2] Bottke et al., (2010), Science 330, 1527-
1530; [3] Walker et al., (2015) Chem. Geol. 411, 125; 
[4] Touboul et al., (2015) Chem. Geol., 383, 63-75; 
[5] Bermingham et al., (in press) Int. J. Mass Spectr.; 
[6] Bermingham et al., (2016) Lunar and Planet. Sci. 
Conf., #1488.  



Goldschmidt Conference Abstracts 216 

Solute transport in porous 
media during drying: the 

chlorine isotopes point of view 
I. BERNACHOT1,2,*, B. GARCIA1, M. ADER2, 

Y. PEYSSON1, E. ROSENBERG1, G. 
BARDOUX2, P. AGRINIER2 

1IFP Energies Nouvelles, 1-4 avenue de Bois Préau, 
92852 Rueil-Malmaison Cedex, France 
(*correspondence: isabelle.bernachot@ifpen.fr) 

2Laboratoire de Géochimie des Isotopes Stables, 
IPGP, 1 rue Jussieu, 75238 Paris Cedex 05, 
France 

 
Injection of CO2 into saline aquifers (in CCS or 

EOR context) may cause formation dry-out and 
precipitation of salt near the injection well that could 
potentially lead to the alteration of the transport 
properties of the reservoir rock. Here, we investigate 
experimentally the possibility that chlorine isotopes 
could be used as a geochemical tool to constrain the 
interplay of solute transport processes occuring 
during CO2 injection. δ37Cl is already used as a tracer 
of solute transport (especially diffusion) and salt 
precipitation [1 - 3] so that it is likely to be useful to 
characterise their complex dynamics in porous media 
during evaporation. 

Drying experiments were carried out on Lavoux 
carbonate plugs initially saturated with a 100 g/L 
NaCl brine. Chromatographic and stable isotope 
analyses were performed from these samples in order 
to obtain Cl-content and δ37Cl profiles along the 
length of the plugs for different water saturation 
levels (Sw=1; Sw=0.82; Sw=0.68).    

The results show a clear evolution of Cl ions 
distribution and isotope composition during 
evaporation of water in the carbonate plugs. Cl ions 
are transported by convective capillary flow toward 
the evaporative surface where they precipitate in the 
form of salt efflorescence when the solubility limit is 
reached. Because of the induced concentration 
gradient, backward diffusion also takes place and 
tends to homogenize the Cl-ion concentration in 
space [4] [5]. A 1-D model based on these processes 
was used to interpret our experimental data. The 
results show that fractionation factors for both 
precipitation and diffusion have to be considered to 
explain the measured δ37Cl profiles, providing new 
insights regarding the use of Cl isotopes to 
characterize drying of porous media. 

 
 

[1] Eggenkamp et al. (1995) Geochim. Cosmochim. 
Acta 59, 5169-5175. [2] Luo et al. (2014) Appl. 
Geochem. 47, 141-149. [3] Eggenkamp et al. (2015) 
Appl. Geochem. 54, 111-116 [4] Huinink et al. (2002) 
Phys. Fluids 14, 1389-1395. [5] Guglielmini et al. 
(2008) Phys. Fluids 20, 077101. 
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Taal Volcanic lake is currently experiencing a 

very significant degassing and its surface waters with 
concentrations up to 430mg/l are highly 
supersaturated with respect to the atmosphere. Large 
temporal variations in CO2 that were observed in the 
lake during the past 3 years suggest that CO2 is a very 
sensitive indicator of activity. Contrary to sulfates 
and chlorides (and other solutes) which are largely 
conservative species in the lake waters; dissolved 
CO2 has a more dynamic behavior in the lake (much 
like temperature). Its concentration reflects a steady-
state balance between CO2 supplied to the lake by hot 
springs (in a dissolved form) and by direct degassing 
and CO2 lost by diffusion at the air-water interface. A 
new CO2 reactor made of fluoropolymer membrane 
coupled with a miniaturized NDIR sensor was used in 
January 2016 to measure dissolved CO2. The new 
membrane offers gas permeability several times 
higher than standard PTFE used previously. 

Fig1: the dissolved CO2 concentrations measured 
by the new reactor are almost constant throughout the 
lake. 
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Changes in the sulfur isotope composition of 
dissolved marine sulfate through time reflect changes 
in the global sulfur cycle. A large shift in the sulfur 
isotope composition of sulfate at the Permian/Triassic 
boundary has been recognized a long time ago [1]. 
Except for the study of Song et al. [2] however, 
existing data for the remaining of the Triassic are 
relatively sparse, have poor time resolution and 
relatively large age uncertainties, and are mostly 
focused on a rather limited age range. In addition, in 
the last few years the Triassic timescale has been 
significantly changed due to new radiometric data on 
volcanic ashes interbedded in marine sediments. For 
these reasons, the correlation between different 
studies and the construction of a generalized curve 
for the entire Triassic is very difficult. To obtain a 
more robust reconstruction of the evolution of the 
sulfur cycle from the latest Permian to the Late 
Triassic we have analyzed Middle to Late Triassic 
evaporites in Northern Switzerland and combine 
these data with new and published data from 
evaporites from Germany, Austria, Italy and the 
Middle East. The revised correlation between the 
well-dated marine Tethian sections in northern Italy 
and the evaporites from  Northern Switzerland and 
from the Germanic basin reported in this study, 
allows for a precise dating of the evaporites. We will 
compare the evaporite-based reconstruction with the 
ones based on carbonate associated sulfate (CAS) and 
discuss the advantages and disadvantages of 
evaporites and CAS to reconstruct the history of the 
sulfur cycle in the Triassic. Finally we explore the 
causes of the observed variations and model the 
changes in sulfate concentration throughout the 
Triassic. 

 
[1] Claypool et al. (1980) Chem. Geol. 28, 199– 

260. [2] Song et al. (2014) Geochim. Cosmochim. 
Acta, 128, 5-113. 
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Cosmogenic 14C in dissolved inorganic carbon in 
groundwater is the most commonly used hydrological 
tracer of ventilation ages on the millenium time scale. 
As recently demonstrated [1], the traditional sampling 
methods of chemical precipitation for decay counting 
as well as water collection for AMS measurements 
are vulnerable to uptake of modern 14CO2. 
Consequently, the 14C age of groundwater could be 
substantially underestimated and the dynamics of the 
hydrological system would be severely 
misinterpreted.  

Noble gas radioisotopes are ideal tracers of 
groundwater ventilation age owing to their inertness 
[2,3]; while 81Kr (t1/2=229,000yr) is suitable for 
dating old groundwater and therefore provides the 
means of evaluating the hydrological significance of 
trace 14C, a detectable 85Kr (t1/2=10.8yr) in deep wells 
implies possibilities of young water mixing or 
atmospheric contamination during sampling. It is thus 
ideal to use these 3 isotope tracers together in order to 
assess the age structure of low-14C groundwater. To 
fill the dating gap between the 14C and 85Kr methods, 
39Ar (t1/2=269yr) could also be useful.   

Field degassing is a common sampling method 
for the analyses of radioactive noble gas isotopes, and 
dissolved CO2 is also extracted from groundwater 
during this process. This method simultaneously 
collects 14C and noble gas radioisotope samples, 
which is ideal for assessing the atmospheric 
contamination during sampling. We analyzed isotopic 
abundances of 81Kr, 85Kr, and 14C of gaseous CO2 
from groundwater wells where low 14C levels had 
previously been reported. Most samples were devoid 
of modern atmospheric contamination (i.e. 
insignificant 85Kr), and gaseous CO2 had lower 14C 
activities than in DIC water samples in most cases. 
DIC chemistry, δ13C fractionation and optimal 
groundwater types for this method will be reported.  
[1] Aggarwal et al. (2014), Groundwater, 52, 1, 20 
[2] Jiang et al. (2012) GCA 91, 1 [3] Lu et al. (2014) 
ESR 138, 196 
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The Ce anomaly in zircon, Ce/Ce* = (Ce4+ + 

Ce3+)/Ce3+, arises from the preferential partitioning of 
Ce4+ relative to the neighbouring rare earth elements 
(REE), which occur exclusively as REE3+.  The 
magnitude of the anomaly relates to Ce4+/Ce3+ in the 
melt and hence the oxygen fugacity (fO2) at the time 
of crystallisation.  An empirical expression relating 
the anomaly to fO2 has been proposed [1].  Here we 
determine Ce/Ce*, and hence estimate fO2, for a 
number of I- and S-type granites from the Lachlan 
Fold Belt of Eastern Australia. 

Ce/Ce* was calculated for 13 I-type and 10 S-
type granites.  The concentrations of the REE were 
determined by LA-ICPMS.  Ce* was estimated by 
fitting the data for the trivalent REE to a lattice strain 
model.  The average value of Ce/Ce* was 115(107) 
for the I-types and 20(18) for the S-types.  Using the 
expression in [1] this equates to values of fO2 relative 
to the fayalite-magnetite-quartz (FMQ) buffer of 
4.3(2.6) and -2.6(3.3), respectively. 

Ce/Ce* is clearly larger for the I-type than S-type 
granites, suggesting that the melts were more 
oxidised.  This is consistent with differences in 
mineralogy and bulk rock values of Fe3+/(Fe3+ + 
Fe2+).  The more reduced nature of S-type granites is 
attributed to the presence of graphite in the 
metasedimentary source. 

The difference in the calculated average values of 
fO2 between the two granite types, and the standard 
deviation, is too large to be correct.  The equation in 
[1] does not have the correct theoretical form.  
ln(Ce/Ce*), strictly ln(Ce/Ce*-1), must have a 0.25 
dependence on ln(fO2), rather than the value of 
0.1156(50) quoted, due to the stoichiometry of the 
redox reaction CeO1.5 + 0.25O2 = CeO2.  The error is 
probably the result of fitting to a very limited data set.  
The fO2 difference between the two suites is 
exaggerated by the incorrect coefficient and the range 
of values is so large as to be of limited us as an oxy-
barometer.  This is further illustrated by application 
of the oxy-barometer to the Bishop Tuff, for which an 
average value of 2.4 ± 3.0 is obtained, compared to 
the value of 1.3 ± 0.3 determined from Fe-Ti oxides.  
Extreme caution should be used when interpreting 
fO2s obtained using this equation and further work is 
needed to calibrate Ce/Ce* as an oxy-barometer. 

 
[1] Trail et al. (2012) GCA 97, 70-87. 
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Approximately one third of the East Antarctic Ice 

Sheet (EAIS) (~19m global sea level equivalent) is 
situated in marine-based sections. Models and data 
have indicated that such regions, including the 
Wilkes Subglacial Basin (WSB), may be prone to 
instability under warmer temperatures. Past ice sheet 
instabilities can be studied by investigating marine 
sediment cores in proximal locations to the ice sheet. 
Of particular relevance is the Pliocene epoch (~2.6 to 
5.3Ma), as it was a time with global temperatures 
similar to those predicted for the end of this century. 

Here we present new results on Pliocene aged 
marine sediments recovered during IODP Expedition 
318 (Site U1361) on the continental rise offshore the 
WSB. Previous studies at this location have shown 
that the radiogenic isotope compositions (Nd and Sr) 
of detrital sediments can provide insights into 
sediment provenance and, by inference, ice dynamics.  

Our new study covers four high resolution 
intervals, which span from early to late Pliocene in 
age, at a resolution of a few thousands year (84 
samples in total). Results show that the provenance of 
sediments varies between two continental lithologies 
(average εNd value of -13.6, 87Sr/86Sr of 0.733940  and 
average εNd value of -10.0, 87Sr/86Sr of 0.719794), of 
which one is exposed locally at the continental 
margin, whereas the other is mainly situated within 
the WSB. We hence interpret the latter to be associate 
with significant ice retreat.  

We here show for the first time that provenance 
transitions into and out of individual warm phases in 
the Pliocene do not occur very abruptly. Instead they 
occur gradually, over time scales of at least a few 
millennia, in parallel to changes in ocean 
productivity. These findings corroborate recent 
modelling work where East Antarctic ice retreat, on 
the order of ~17 m global sea level equivalent, could 
be achieved within a few thousand years under 
Pliocene boundary conditions.   
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The presence of elevated levels of arsenic (As) 
levels in groundwaters of SE Bangladesh poses 
serious health threats. Arsenic is frequently sorbed 
onto the Fe- minerals in sediments and is 
subsequently released when microbally induced 
reduction processes dominate. The objective of this 
study is to characterize the hydro-geochemical 
interactions between the Meghna River and 
groundwater aquifers along the river boundary 
aquifer known as the hyporic zone (HZ). The goal is 
to define the role of tidal and seasonal water level 
fluctuations on sequestering As within or by Fe-
bearing minerals across the transiently oxidized HZ. 
Hyporheic zone exchange significantly promotes 
release of As under alternating reducing and 
oxidizing conditions, thereby acting as a Natural 
Reactive Barrier (NRB). Groundwater samplees from 
a range of depths were collected from two different 
transects rinning up to 1 km east and west of the 
Meghna. Groundwater samples were tested in the 
field for geochemical parameters including DO, pH, 
conductivity, and dissolved As and Fe. Laboratory 
analyses of cations, anions, speciation, and δ18O, δ2H 
are being conducted. Fifteen 1.5m deep sediment 
coress were obtained 10m away from the rivers’ edge 
on both riverbanks, spanning 3 km from north to 
south of the study area. Sediment cores were 
analyzed at 60cm intervals, using hand held XRF for 
relative elemental abundance, and X-Ray Diffraction 
for mineralogical composition changes along a deoth 
profile. Preliminary geochemical results show that 
>65% of GW samples contain As over the WHO 
MCL (0.01mg/L). Although the transect distance is 
probably beyond the HZ during the dry season, 
frequent flooding during the wet season can render 
sufficiently the upper portion of these aquifers to be 
impacted by fresh DO and DOC at times that can 
help in mobilizing the As from sorbed minerals. 
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The formation pathway of gypsum (CaSO4·2H2O) 

from aqueous solutions has recently been the subject 
of intensive research [e.g., 1-3]. However, most of the 
findings in these studies were based on transmission 
electron microscopy images and analyses of dried 
samples. Furthermore, the derived proposed 
mechanisms are conflicting. We have recently used 
solution-based and in situ and time resolved small- 
and wide- angle X-ray scattering experiments and 
showed that gypsum formation proceeds through the 
assembly of elongated primary precursor species 
(units) [4]. We argued that that these species 
contained anhydrous Ca-SO4 cores that self-assemble 
into larger units through aggregation. However, we 
were unable to determine their atomic structure 
exactly, and to relate these structures to the emerging 
structure of gypsum.  

To understand these structural characteristics and 
transition of these elongated primary species to the 
stable gypsum structure we employed in this current 
study in situ liquid total X-ray scattering 
measurements. The derived pair distribution 
functions (PDFs) revealed the formation of elongated 
clusters within 40 s of mixing of the CaCl2 and 
Na2SO4 stock solutions. The thermal tensors of these 
“nanorods” were on average 3-5 higher as compared 
to the final gypsum crystals, indicating higher 
degrees of structural disorder in these clusters. 
Importantly, during the crystallization to gypsum the 
intensity of the nanorod contributions to the 
diffraction patterns decreased only by ~ 20% over the 
entire reaction period (3 h). Thus, gypsum crystals 
that formed upon aggregation and coalescence of 
these precursor rods actually still contained the 
imprints of the imperfect alignments of the “bricks-
in-a-wall” nanorod structures.  

Our findings demonstrate the connection between 
the textured, mosaic-like orientation of gypsum single 
crystals [5] and its apparent crystallization pathway 
through assembly of nanocrystalline building blocks. 

 
[1] Wang et al. (2012) J. Mater Chem. 22, 22055-
22062,  [2] Saha et al. (2012) Langmuir, 28, 11182-
11187 [3] Van Driessche et al. (2012) Science 336, 
69-72 [4] Stawski et al. (2015) arXiv 1505.04605v1, 
accepted for publication at Nat. Commun. (2016). [5] 
Hildyard et al. (2009) J Microsc. 236, 159-164 
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Strain localization involved in mylonites 
formation requires both dynamic recrystallization to 
reduce grain-size and stress weakening through 
diffusion accommodated grain-boundary sliding [1], 
which are not synchronous during deformation [2]. 
To address this problem in the case of polymineralic 
aggregates we have adapted a two phase model 
proposed by Bercovici and Ricard [3] that produces 
coeval rheological weakening and grain-size 
reduction through pinning of the interfaces between 
the two phases [4]. 

 However we slightly discuss their interpretation 
of the pinning influence and propose to couple the 
pinning processes due to grain coarsening with 
deformation induced grain nucleation. Furthermore, 
taking into account Zener pinning implies a limited 
range for initial interface roughness to ensure that the 
initial aggregate is energetically balanced. These 
considerations implies   
important differences in the model evolution, 
particularly concerning the importance and brevity of 
the stress drop (see figure 1).  

Figure 1: Grains sizes, interface roughness and stress 
evolution 
 
[1] Poirier (1980) J. Struct. Geol 2 1/2, 135-142. [2] 
De Bresser et al (2000)  Int. J. Earth Sci. 90, 28-45. 
[3] Bercovici & Ricard (2012) Phys. Earth Planet. 
Int. 202-203, 27-55. [4] Smith (1948) Trans A.I.M.E 
175, 15-51. [5] Hirth & Kohlstedt (2003) Inside the 
subduction factory AGU 138, 83-105. 
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Molybdenum (Mo) stable isotopes hold strong 

potential for the investigation of the nature and 
conditions of early planetary processes such as core 
formation [e.g., 1, 2]. However their use is currently 
restrained by the lack of understanding of the 
dominant processes driving mass dependent Mo 
fractionations in the main silicate reservoirs.  The 
Earth’s igneous rocks exhibit Mo isotopic variations 
of more than 1‰ [e.g., 2-6], which likely either result 
from isotopic fractionation during magma production 
and differentiation, or from isotopic heterogeneities 
in the mantle source created by crustal recycling. 
Here we investigate the role of magmatic processes 
and crustal recycling on the Mo isotope composition 
(δ98/95Mo) of Mid-Ocean Ridges Basalts (MORBs) 
using samples from two contrasting ridge segments: 
(1) the extremely fast spreading Pacific-Antarctic 
(66-41°S) section devoid of plume influence and; (2) 
the slow spreading Mohns-Knipovich segment (77-
71°N) intercepted by the Jan Mayen plume (71°N).  

We show that significant δ98/95Mo variations exist 
in MORBs with compositions ranging from -0.24‰ 
to +0.15‰ (relative to NIST SRM3134). The absence 
of correlation between δ98/95Mo and indices of magma 
differentiation or partial melting suggest a negligible 
impact of these processes on the isotopic variations 
observed. On the other hand, δ98/95Mo globally 
correlates with radiogenic isotope signatures and 
rare-earth element ratios (e.g., (La/Sm)N), suggesting 
mantle source heterogeneities as a dominant factor 
for the δ98/95Mo variations amongst MORBs. The 
heaviest δ98/95Mo correspond to the most enriched 
signatures, suggesting that recycled crustal 
components are isotopically heavy compared to the 
uncontaminated depleted mantle. The 
uncontaminated depleted mantle shows sub-
chondritic δ98/95Mo, which cannot be produced by 
core formation and is, therefore, inferred to result 
from extensive anterior partial melting of the mantle. 

 
[1] Hin et al (2013) EPSL 379, 38-48. [2] Burkhardt 
et al (2014) EPSL 391, 201-211. [3] Voegelin et al. 
(2014) Lithos 190-191, 440-448. [4] Greber et al 
(2015) EPSL 421, 129-138.  [5] Freymuth et al. 
(2015) EPSL 432, 176-186. [6] Yang et al. (2015) 
GCA 162, 126-136.  
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The Bundelkhand Craton began with the evolution of 
TTG’s (3.3 to 2.5 Ga) in Paleo-Archaean which 
eventually paved  the way for the genesis of relatively 
undeformed, compositionally variable K-rich granites 
(2.57 to 2.52 Ga) in the Neo-Archaean, among which 
(Rapakivi Granites) is the topic of our discussion.  

Geochemically these granites are meta to 
peraluminous, exhibiting wide range of SiO2 
composition (60.54-73.43wt %), higher K2O & 
HFSE, and lower MgO. They exhibit calc-alkaline 
affinity along with a within plate setting.Thin 
sections show plagioclase-mantled K-feldspar 
ovoids, rounded quartz megacrysts and euhedral 
plagioclase megacrysts in a more fine-grained 
granitic matrix (Rapakivi texture). The Chondrite 
normalized REE plot are highly fractionated, with a 
sharp negative Eu anomaly (Eu/Eu*=0.27).Whereas 
the multi-elemental plot suggests interaction between 
both mantle and crustal components in their genesis 
with negative anomalies for Nb & Ti suggesting 
fractionation of Ti-bearing phases. For the U-Pb 
Zircon age of this granites, 27 spots were analysed 
including cores and rims, out of which 16 spots give a 
concordant age of 2554±3 Ma. 

Most of the rapakivi granites are associated with 
Proterozoic terrains with a few Archaean exceptions 
as we can see in a well preserved formation in 
Bundelkhand Craton. We propose partial melting of 
pre-existing continental crust would be capable in 
bringing the said geochemical composition. However, 
the origin of these rocks involve a complex set of 
petrogenetic processes and a theory to relate it to the 
crustal evolution pattern that happened during the 
Archaean-Proterozoic transition. 
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Ophiolite, the fossilized oceanic lithosphere 

primarily forms in mid-oceanic ridge (MOR) or supra 
subduction zone (SSZ) settings. This attracts 
considerable debate because of their location along 
the present day suture zones. Andaman ophiolite is a 
Cretaceous ophiolite complex occurring on the 
Andaman accretionary prism along the present day 
Indian-Eurasian plate boundary. Here, we present 
whole rock trace element, isotope (Sr-Nd) data and 
different melting model from the crustal section of 
the ophiolite comprising of pillow basalt, basalt, 
dolerite from Rutland Island, south and middle 
Andaman.  

Trace element patterns for a majority of our 
samples show N-MORB affinity barring enrichments 
in Rb, Ba and U which either could be attributed to 
secondary alteration or exhibiting source signature 
itself. Comparison of trace element patterns and 
isotopic compositions of these rocks (εNd(t = 95 Ma) = 
7.5 to 9.4; 87Sr/86Sri = 0.703 to 0.704) with the Indian 
Ocean MORB of 60-140 Ma suggest strong 
similarities including the LILE enrichment and slight 
Nb depletion. Further, the samples showing Nb 
anomalies are not strong enough to be linked to an 
SSZ origin. Sm-Nd isochron age of the mafic rocks is 
98.1±8.2 (2σ) Ma, which is consistent with the 
reported U-Pb zircon age from the plagiogranites. 
This result implies a single formation age for the 
entire ophiolite crustal sequence in the Andaman. 
This study suggests that a large section of Andaman 
Ophiolite represents the subducting Indian Oceanic 
slab. If so, then this ophiolite complex represents an 
obducted/scrapped of Indian oceanic lithosphere that 
was formed at the Indian Ocean MOR. 

 Different melting model such as, Polybaric 
melting and Rayleigh fractional melting using REE 
suggested that the mafic rocks of Andaman ophiolite 
produced by high degree of partial melting (6-20 %, 
average 10%) of depleted MORB mantle. Magma 
generation initiated at garnet stability field, whereas 
melts were extracted within 20-10 Kbar pressure 
range. 
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Dissolved Organic Carbon (DOC) being a major 

reservoir of carbon in world ocean has great potential 
for impact on the carbon cycle in the ocean. DOC 
accumulation in the surface water column reflects the 
integrated biological productivity over a long period 
of time. We find unusual DOC concentration 
gradients in the water column of the northern Indian 
Ocean basin, which is generally not observed in other 
oceanic basins. The Bay of Bengal recieves huge 
amount of fresh water flux and sediment, whereas the 
Arabian Sea experiences very high biological 
productivity due to seasonally reversing monsoon 
systems. The Bay of Bengal receives almost three 
times higher DOC than the Arabian Sea despite being 
less productive. Since DON is related to DOC cycle, 
proportionally higher DON is observed in the 
northern Indian Ocean compared to other oceanic 
regions. The northern Bay of Bengal shows highest 
concentration of DOC with surface DOC and DON 
concentration ranging from 75-100 µM and 6-8 µM 
respectively. Enhanced DOC concentration in 
subsurface waters of the bay is due to the 
remineralisation of sinking organic matter along with 
huge flux of sediment from Ganga-Bramhaputra 
rivers having very high DOC and POC concentrations 
(~363 µM and ~170 µM respectively). The fraction 
of oxygen consumed for DOC mineralisation can be 
evaluated by the relation between Apparent Oxygen 
Utilisation (AOU) and DOC. The oxygen 
consumption related to DOC remineralisation has 
been calculated to be ~18 % in the Bay of Bengal. 
The water column stratification in the surface Bay of 
Bengal is due to enormous fresh water flux, surface 
productivity and export of DOC from surface ocean 
and has implications to the controlling factors of 
latitudinal variation in DOC. 
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Gas hydrates are one of the major carbon carriers 

in Deep Ocean, and play a substantial role in energy 
recovery, global climate change, and gas 
storage/transportation. While significant, the key 
mechanisms through which hydrates form remain 
controversial. Here we present a computational study 
to overcome the major limits of theoretical 
understanding of hydrate formation. We developed a 
conceptually simple, yet computationally effective 
order parameter [1], on the basis of topological 
analysis of the hydrogen bond network, to drive and 
characterize hydrate nucleation. The order parameter 
is inclusive on various nucleation pathways, allowing 
identifying and verifying nucleation mechanisms with 
sufficient statistics. The quality of the order 
parameter has been strictly verified by the pB 
histogram analysis, which indeed shows its close 
representation to the real reaction coordinates. We 
have integrated the order parameter into the forward 
flux sampling method [2], and successfully 
investigated hydrate formation under the 
thermodynamic condition where spontaneous 
nucleation becomes too difficult in direct simulation. 
By combining both the forward and backward 
samplings, we have also obtained the free energy 
landscape of hydrate nucleation, which clearly shows 
its non-classical nature. Remarkably, the obtained 
ensemble of nucleation trajectories include not only 
the nucleation pathways that are consistent with the 
proposed two-step mechanism, but also those “one-
step” nucleation events that lead to the direct 
formation of crystalline hydrates. The diversity of the 
identified nucleation pathways demonstrates the 
complexity of hydrate nucleation, and sheds new 
light on the crystallization mechanism of hydrates.
     

 
(1) Bi, Y.; Li, T. Probing Methane Hydrate 
Nucleation Through the Forward Flux Sampling 
Method. J Phys Chem B 2014, 118 (47), 13324–
13332. 
(2) Allen, R. J.; Frenkel, D.; Wolde, Ten, P. R. 
Simulating Rare Events in Equilibrium or 
Nonequilibrium Stochastic Systems. J Chem Phys 
2006, 124 (2), 024102. 
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Temporarily dry waterways may have an 

important impact on carbon budgets in arid regions, 
largely due to their unexpectedly high greenhouse gas 
(GHG) emissions.  Here we report on the effects on 
the carbon dynamics of an experimental flood in the 
dry watercourse of the Colorado River in Mexico. We 
observed significant post-flood differences in the 
degree of decay, age, and concentration of dissolved 
organic carbon (DOC), as well as dissolved CH4 and 
CO2 concentrations, between sites that were truly dry 
versus those that had pooled water prior to the flood.  
Our results indicate that this flooded waterway was 
likely a large source of CH4 and CO2 to the 
atmosphere, and that DOC age increased with time of 
flooding.  One motivating factor for this controlled 
flood event was the redistribution and restoration of 
native plant species along the riparian zone of the dry 
riverbed. This is important to consider when 
assessing the overall impact of such an event. For 
example, although we observed a large release of 
CO2 during the flooding, it is possible that regrowth 
of restored terrestrial plant species will largely offset 
the rapid pulse of greenhouse gases.  
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The southern Alps in the Province of Trento 

(Italy) are constituded by a Paleozoic crystalline 
basement covered by Mesozoic sedimentary units. 
Volcanism is also represented, as testified by Permian 
(calcalkaline products, mainly rhyolitic in 
composition), Triassic (basic to intermediate 
shoshonitic products) and Paleogene (tholeiitic and 
Na-alkaline basalts) episodes. In this framework, the 
updated 1:50,000 geological map of Trento revealed 
in Valsugana (a lateral valley respect to the main 
Adige valley) the presence of a series of basic dykes 
crosscutting the crystalline basement, ignored by the 
previous researches. These dykes, outcropping close 
to the towns of Pergine and Levico Terme, 
could represent evidence for an indipendent volcanic 
episode so far overlooked in the literature. To 
discover the nature of these dykes 10 whole-rock 
samples have been analyzed by XRF and ICP-MS to 
have a major and trace element characterization, as 
well by TIMS for the analysis of Sr-Nd-Pb isotopes. 
Plotted in a Total Alkali Silica (TAS) diagram, 
samples include subalkaline and transitional products, 
that according to the K2O vs SiO2 diagram pertain to 
the calcalkaline and shoshonite series, respectively. 
The incompatible trace element distribution 
invariably displays the negative anomalies in High 
Field Strenght Elements (HFSE) typical of 
subduction related magmas. The Sr-Nd-Pb  isotopic 
composition (carried out on leached whole rock 
powders) displays a marked crustal signature, with 
87Sr/86Sr 0.7093-0.7464, 143Nd/144Nd between 0.5122-
0.5121, 206Pb/204Pb 18.6-19.6, 207Pb/204Pb 15.6-15.7, 
208Pb/204Pb 38.9-40.5. Preliminary dating of two 
samples, performed by ActLabs, gives K-Ar ages of 
236±6 and 251±7 Ma. On the whole, considering the 
observed spatial location, the timing, and the 
geochemical signature, we propose that the studied 
dykes represent a transition between the Permian and 
the Triassic volcanism that are known in 
neighbouring sectors of the southern Alps, as result of 
post-collisional magmatism following the end of the 
Varisic orogenic cycle. On the other hand, a possible 
relation between these dykes and the Cenozoic 
(Alpine) tectono-magmatic phases (an hypothesis 
proposed in the notes of the geological map) seems to 
be unwarranted.  
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Typical molecular-scale potential energy models 

(force fields) use many-body decomposition to 
describe structural energy.  Structural descriptors 
involving two or more bodies (e.g., interatomic 
distances, bond angles, out-of-plane bending angles, 
and torsional angles) are chosen, ideal values are 
selected for these descriptors, given different 
combinations of neighboring atoms, and functions are 
designed to describe the potential energy cost of 
deviations from these ideal values.   

One persistent problem with standard force fields 
is that, in reality, there is no unique ideal value for 
structural descriptors like bond lengths or bond 
angles.  Rather, they change in response to the total 
bonding environments of the atoms involved.  To 
address this problem, we have developed a new type 
of force field, based on the valence multipole model 
(VMM) [1-4], which employs a multipole expansion 
of the bond valence incident to each atom.  

In this presentation, we explain the basic 
architecture of this new type of potential energy 
model.  VMM force fields separate the energy 
associated with each atom into terms related to total 
bonding (valence monopole), bonding asymmetry 
(valence dipole), and ellipsoidal deformation (valence 
quadrupole). All of these are inherently multi-body 
terms that are calculated by combining two-body 
terms (bond valences), reducing the computational 
cost.  Ideal values of the structural descriptors are 
determined for different bonding scenarios, and 
energy cost functions for deviations are applied. 

Initial results on the Al-Si-H-O system show that, 
provided bond valence sums are satisfied to within 
0.2 v.u. of the ideal for all atoms, thermodynamic 
energies of equilibrium structures can be reproduced 
to within ~5 kJ/mol per unique atom.  Development 
of the energy cost functions to reproduce far from 
equilibrium structures is ongoing.  If this is 
accomplished, we will have a means of producing 
relatively accurate, reactive force fields with a 
minimal number of adjustable parameters.   
 
[1] Shepherd et al. (2016) Am. Min., 101, 362-370.  
[2] Wander et al. (2015) Am. Min., 100, 160-171.  [3] 
Wander et al. (2015) Am. Min., 100, 148-159.  [4] 
Bickmore et al. (2013) Am. Min., 98, 340-349. 



Goldschmidt Conference Abstracts 233 

Lake Mercury Accumulation in 
the Southern Hemisphere 

follows Bond Cycles 
HARALD BIESTER*1  

AND MARTA PERÉZ-RODRÍGUEZ2 
1Institut für Geoökologie, AG Umweltgeochemie, 

Technische Universität Braunschweig, 38106 
Braunschweig, Germany (*correspondence: 
h.biester@tu-bs.de) 

2Departamento de Edafoloxía e Química Agrícola. 
Facultade de Biología. Universidade de Santiago, 
Santiago de Compostela, Spain. 
 
Lake sediments are often used to investigate 

historical accumulation of Hg in lakes related to 
anthropogenic emissions and atmospheric Hg 
pollution. To evaluate the anthropogenic factor the 
understanding of natural drivers of Hg accumulation 
in lake sediments, especially climate and 
productivity, is essential. Bond events are cyclic 
changes (~1500 yrs) of Northern Hemisphere cooling 
during the Holocene related to cyclic changes in total 
solar insolation, typically indicated by percentage of 
hematite stained grains (%HSG) in North Atlantic 
sediments [1]. 

To investigate the link between cyclic changes in 
solar insolation and Hg accumulation in lakes we 
investigated sediments dating back 4500 yrs BP from 
a small lake (LH) located at the Strait of Magellan 
(53°S) for Hg and proxies of mineral matter 
deposition as well as lake productivity (μXRF, 
hydrogen-index (HI) and FTIR data). 

Hg concentrations show strong variation 
throughout the record which correspond to changes in 
productivity and %HSG, as well as periods of lower 
deposition of mineral matter. This indicates that Hg 
accumulation was highest during Bond events (high 
%HSG) when productivity was high (high Cp9 and 
HI) and climatic conditions were relatively dry. 

The correspondance of Hg concentrations and 
productivity proxies suggests that Hg accumulation in 
LH is too a large extent controlled by insolation and 
related algae production. The mechanism of the 
periodical Hg enrichment is not yet fully understood. 
We assume that Hg scavening and sedimentation by 
algae is the major process during dry periods when 
fluxes of Hg and organic- and mineral matter from 
the catchment have been low. Moreover, our findings 
reveal that Bond events affect climate in southern 
Patagonia at 53 °S most likely through influence on 
the Southern Hemisphere wind belt which controls 
precipitation at the LH site. Our study demonstrates 
the importance of insolation and climate for Hg 
accumulation in pristine lakes. 

 
[1] Bond, G. et al. Science (80-. ). 278, 1257–

1266 (1997). 
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Origin of natural gas from Upper Permian 
reservoir was established based on the results of 
molecular and stable C, H and N isotope 
compositions of nine samples. Six additional samples 
from Kotarba et al. 2000 [1] were also used for 
interpretation. Hydrocarbon index δ13C [CHC = 
CH4/(C2H6 + C3H8)] varies from 0.64 to 7.0 and stable 
isotope ratios change as follows:  δ13C(CH4) -57.8 to -
43.3 ‰,  δ13C(C2H6) -42.6 to -35.3 ‰, δ13C(C3H8)   -
30.1 to    -27.5 ‰ and δ2H(CH4) -292 to -225 ‰. 

 

 

 

 

 

 

 

Figure 1. δ13C(CH4) versus (A) CHC and (B) 
δ2H(CH4). Compositional fields after Whiticar [2].  

Molecular and stable isotope compositions 
indicate that hydrocarbon gases were generated 
during both thermogenic and microbial processes 
from Type-II kerogen and mixed with different 
proportions. N2 concentrations vary from 0.0 to 85.7 
% and δ15N(N2) range from 7.0 to 14.5 ‰. A slight 
grow of δ15N(N2) values with N2 concentrations 
indicates that molecular N originated from thermal 
decay of organic matter. H2S and CO2 concentrations 
vary from 0.11 to 2.9 % and from 0.00 to 3.0 %, 
respectively, showing a linear correlation which 
indicates that they could be produced during TSR, 
and partially MSR. δ13C(CO2) values changed from -
9.3 to 2.9 ‰ suggesting that it was also formed 
during thermal and microbial degradation of kerogen.  

The research was financed by NCN grant No. 
2013/09/N/ST10/01435 (18.18.140.453/N21). 

[1] Kotarba et al. (2000) Prz. Geol. 48, 429-435. [2] 
Whiticar (1994) Am. Assoc. Pet. Geo. Memoir 60, 
261-283.  
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Biochemical reactions in floodplain sediment-

water system exchange carbon, nitrogen, sulfur and 
methane with the atmosphere and surface waters. 
Variations in temperature and precipitation connected 
to climate change can potentially impact 
biogeochemical fluxes between the floodplain, river 
and the atmosphere. 

Here we report CO2, N2O, CH4 greenhouse gases 
and O2, N2, SO4, NO3 concentrations following three 
years of monitoring a partially saturated sediment 
from a semi-arid floodplain. Moreover, we studied 
variations of C, O, N and S stable isotopes of CO2, 
N2O CH4, and SO4.  

We sampled a cross-section of five wells 
characterized by increasing distance from the 
Colorado River and a vertical sampling increment of 
0.5m from 0.5m to 3m depths. Sampling was done 
with a bi-monthly-monthly frequency. Maximum 
concentrations in CO2 (~10%v) N2O (~50ppmv) and 
SO4 (~70ppmw) coincide with minimun oxygen 
concentrations (~4-14%v) and are associated with 
seasonal maximum water table elevation whereas 
minimum CO2, N2O, and SO4 production is observed 
during cold season and low water table. CH4 
production was observed only in the two wells close 
to the river and indicate a chemically reduced zone 
during episodes of high water table elevation. N2O, 
SO4, and CH4 production is associated with a 
variation of the redox potential at the unsaturated 
zone/groundwater interface. 

Our data suggest that climate change has the 
potential to  strongly impact hydrological-
biogeochemical dynamics of the floodplain. A drier 
climate will decrease the amplitude of water table 
fluctuation and therefore, limit the sediment volume 
for seasonal production of CO2 N2O, SO4 and CH4. In 
the case of increased precipitation and greater snow 
accumulation, rapid thawing of the snowpack and 
precicipitation would increase CO2 N2O, SO4 and 
CH4 production. 
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The complex structures of geological or biogenic 

mineral architectures are most often structured over 
several lengthscale from the nano- to mili-meter. Due 
to their complex architectures, there is a burning need 
for improved methods that allow unravelling their 
structures and composition in three dimension. 
Improvements in synchrotron technogogies now 
enable  such methods.  

The mesoscale structure of biominerals can be 
uncovered by using various tomography techniques. 
These include holotomography [1] and ptychography 
[2]. Importantly, these techniques allow 
quantitatively determining the electron density in the 
material. I will discuss our application of these 
techniques to sub-100 nm resolution 3D imaging of 
glass spicules from the sponge Euplectella 
aspergillum [3] and to bone.  

The imaging techniques described above allow 
excellent insights into biomineral architecture but not 
into their composition. This can however be obtained 
through the use of other tomographic techniques such 
as diffraction scattering computed tomography [4,5,6] 
or fluorescence tomography [7]. In the latter, X-ray 
fluorescence is measured as a function of position 
and angle across the specimen and tomographically 
reconstructed to yield maps of element distributions 
within the specimen. We used fluorescence 
tomography on bone and obtain element maps with a 
little better than 100 nm resolution for the first time 
for an optically dense material. The data easily allow 
mapping osteocyte canalicular porosity in e.g. the Ca-
fluorescence signal.  The results illustrate the 
immense promise of such techniques for investigating 
complex biominerals but also more generally for 
unravelling mineral architecture and chemistry.  

 
 
[1] Cloetens et al. (1999) App. Phys. Lett. 75, 2912-
2914. [2] Dierolf et al. (2010) Nature 467, 436-439.  
[3] Birkbak et al. (2016) J. Struct. Biol. 194, 124-128. 
[4] Leemerize et al. (2013). J. Roy. Soc. Interface 10, 
20130319. [5] Birkbak et al. (2015) Nanoscale 7, 
18402-18410. [6] Leemreize et al. (2014) Proc. SPIE 
9212 92120C. [7] de Jonge et al. (2010) PNAS 107, 
15676-15680. 
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Biological organisms attach to substrates using a 
wide range of strategies. Amongst these, that of the 
bivalve Anomia is particularly intriguing. The animal 
attaches to the substrate through a single heavily 
mineralized byssal ‘plug’ that connects the substrate 
to the top shell through a large hole in the bottom 
shell [1].  

We characterize the byssus at length scales all the 
way from the atomic to the mm. The byssal plug 
contains aragonite and calcite  organized in spatially 
distinct regions: a lamellar aragonitic region and a 
porous calcitic region [1, 2, 3]. High resolution 
synchrotron powder X-ray diffraction showed that the 
calcitic part consists of calcite with a range of degrees 
of magnesium substitutions, while the aragonite 
phase displayed organic matrix induced lattice 
distortions in a pattern different from those seen in 
shells [2]. The polymorph distribution was unraveled 
by diffraction scattering computed tomography [3] 
that allows tomographical reconstruction of powder 
diffraction patterns inside a sample in a non-
destructive manner [4,5]. On larger length scales, a 
highly hierarchical structure is observed [1, 6]. The 
organic phase contains chitin, sulfur in various 
oxidations states and phosphorylated biomolecules. 
The mechanics of byssus design was investigated by 
nanoindentation and finitie element modelling. The 
lamellar design allows efficient redistribution of load 
from the soft musculature to the substrate. The 
complex structure of this system highlights how 
designs with multiple phases can result in tailored 
materials with advanced function. 
 
[1] Eltzholt & Birkedal (2009) J. Adhesion 85, 590-
600. [2] Leemreize et al. (2014) Eur. J. Mineral 26, 
517-522. [3] Leemerize et al. (2013). J. Roy. Soc. 
Interface 10, 20130319. [4] Birkbak et al. (2015) 
Nanoscale 7, 18402-18410. [5] Leemreize et al. 
(2014) Proc. SPIE 9212 92120C. [6] Frølich et al. 
(2015) Key Eng. Mater. 672, 71-79. 
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The oxygen fugacity (fO2) of the upper mantle 

controls volatile speciation, phase stability, and the 
depth of the peridotite solidus, and is thus critical to 
our understanding of melt production at mid-ocean 
ridges. Both basalts and peridotites have historically 
been used as proxies for calculating mantle fO2 
beneath ridges. Studies of peridotite fO2 suggest a 
variable and relatively reduced mantle (QFM-2.5 to 
QFM+0.5, averaging QFM-0.88 (±0.72, n=33)) [1], 
while studies of basalts suggest a more uniform fO2 
around QFM+0.13 (±0.09, n>100) [2]. This offset is 
not yet understood, but may result from a sampling 
bias as peridotites and basalts from the same location 
have never been assessed for fO2. The Oblique 
Segment of the Southwest Indian Ridge offers a 
unique opportunity to compare the fO2 recorded by 
basalts and peridotites, as both lithologies have been 
dredged along-axis. 

In this study, we calculate the fO2 of 18 basalt 
glasses and 14 peridotites from the Oblique Segment. 
Results show peridotite fO2s are highly variable and 
overlap with the ridge array, but also extend beyond 
it to more oxidized values (QFM-0.96 to QFM+1.45, 
averaging QFM+0.45 (±0.77)). Basalts, corrected for 
low-P fractional crystallization, have a more limited 
range, averaging QFM+0.29 (±0.10). Importantly, we 
observe no offset between average basalt fO2 and 
average peridotite fO2 in this study. Our data further 
suggest that basalt fO2s may record homogenization 
of a mantle that is heterogenous with respect to fO2 
on the sub-segment scale. We also investigate factors 
that may impact differences between MORB-source 
fO2 and recorded fO2, including peridotite fertility, 
source heterogeneity, and projection of peridotite 
measurements to the P-T conditions of last 
equilibrium with basalt.  

 
[1] Bryndzia and Wood, Am. Jour. Sci. (1990); 

[2] Cottrell and Kelley, EPSL (2011) 
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The biological reduction of oxidized Se(VI) to 
less mobile Se(IV) and Se(0) in mine waste rock 
facilities can reduce the cost of protecting water 
quality during mining operations. Native microbial 
communities can promote Se reduction and 
attenuation along biomineralization pathways which 
vary in rate and efficiency in response to oxygen, 
nitrate, and carbon concentration.  Batch and column 
studies of native microbial community capacity to 
reduce Se in unsaturated surficial waste rock and 
saturated backfills from Canadian coal deposits show 
that oxygen and nitrate inhibition is overcome via 
carbon substrate addition. Biofilm in oxygen-exposed 
groundwater columns developed over a 21 day 
acclimation period at 10oC, and showed 50 to 99% 
nitrate reduction followed by 40 to 95% selenium 
removal, with no associated sulfate reduction. 
Microprobe and XAFS studies indicate that the 
selenium in oxygen-exposed columns was 
sequestered as selenite. Under microaerophilic 
conditions, both nitrate and selenate removal 
increased to between 75 and 98%, with up to 25% 
sulfate removal as sulfide.  Control columns (i.e., 
native sediment without carbon addition) showed 
increasing rates of selenium removal with decreasing 
oxygen. Attenuation of Se can therefore be promoted 
through carbon addition to saturated fills, under 
steady state loading of Se concentrations of 1000 ppb.   
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 The most abundant constituent of 
chondrites are chondrules, mm-sized spherules 
formed by transient heating events. High-resolution 
uranium-corrected Pb-Pb dates indicate that 
chondrule formation started contemporaneously with 
the Solar System first solids, CAIs, and lasted ~3 Myr 
[1]. Further, numerical simulations show that the 
main growth of asteroids results from gas-drag-
assisted accretion of chondrules, leading to the 
formation of planetary embryos <3 Myr [2]. Thus, 
chondrules dominate the precursor material of most 
asteroids and, by extension, inner Solar System 
planets. 

 We report U-corrected Pb-Pb ages and 
54Cr/52Cr compositions (µ54Cr) of indivudual 
chondrules from the pristine ordinary chondrite 
NWA5697 (L3.10) to better understand the history 
and nature of the material that accreted to form the 
inner Solar System planets. A total of 13 chondrules, 
including 8 with measured 238U/235U, record Pb-Pb 
ages ranging from 4567.6±0.5 to 4563.6±0.5 Myr. 
These chondrules record µ54Cr values typical of inner 
Solar System asteroids and planets, namely ranging 
from -90 to +25 ppm relative ot Earth. Collectively, 
these data require that genetically-unrelated 
chondrules formed in different regions of the inner 
disk and were thereafter transported to the accretion 
region of the NWA5697 parent body. Moreover, the 
∼3 Myr age variability recorded by chondrules from 
the same parent body entails storage or/and recycling 
of chondrules via multiple chondrule forming-events. 
It is well established that the chondrule-forming 
process increases the U/Pb ratio via Pb 
devolatization. Therefore, continous recycling of 
chondrules will lead to a secular increase in the U/Pb 
ratio of younger chondrules and, thus, more evolved 
initial Pb isotope compositions with time. Our data 
reveals a linear relationship between the chondrule 
ages and initial Pb compositions with younger 
chondrules systematically recording more evolved 
compositions. These observations suggest that 
recycling and, hence, outward transport of chondrules 
is intrinsincally linked to the chondrule forming 
process. If chondrule accretion is the main growth 
mechanism leading to planetary embryos, our data 
imply that the precursor material to the inner Solar 
System planets was effectively devolatized. Thus, 
Earth’s volatile inventory must reflect a post 
accretion feature, perhaps through late delivery of 
volatile-rich bodies. 
[1] J.N. Connelly et al. (2012) Science 338, 651 [2] 
A. Johansen et al. (2015) Sci. Adv. 1, e1500109. 
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Methylmercury (MeHg) is a potent neurotoxin 

which bioaccumulates in aquatic food webs and in 
plants and causes adverse effects to human health and 
ecosystem sustainability. The formation of MeHg is 
predominantly a biotic process mediated by anaerobe 
bacteria where inorganic divalent Hg (HgII) is 
methylated intracellular. The formation of MeHg is 
thus largely controlled by factors influencing the 
availability of HgII to methylating bacteria. Recent 
studies have shown that HgII complexes with specific 
low molecular mass (LMM) thiols and with sulfide 
are available for bacterial uptake. Despite these 
scientific advances our understanding of the 
mechanisms controlling bioavailability and cellular 
uptake of HgII at the molecular level however 
remains limited.  

We investigate how the stability constant of HgII 
complexes with LMM thiols depend on chemical 
structure of the thiol ligand. Experimental and 
modeling results coherently show that the presence of 
a primary amine group in the vicinity of the thiol 
group destabilizes the HgII-thiol complex. Based on 
these results we reevaluate the competition between 
HgII complexes with different thiol ligands (relevant 
for MeHg formation) and with inorganic sulfide. 

We further explore how this competition control 
HgII availability for methylation, both in bacteria 
culture experiments and in boreal wetland soils. Our 
results show that the presence of LMM thiols exerts a 
complex control of HgII methylation in bacteria 
cultures by not only affecting the chemical speciation 
(and thus bioavailability) of HgII but also by other, 
yet unknown, mechanisms. Our results further 
suggest that in boreal wetlands predominantly HgII-
LMM thiol complexes are methylated at 
concentrations of dissolved sulfide < 0.1 µM, 
whereas HgII-sulfide complexes (i.e. Hg(SH)2) are 
most important for HgII methylation at sulfide 
concentrations > 5 µM. In the intermediate sulfide 
concentration range both types of HgII species 
contribute to MeHg formation. 
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234Th (t½ ~ 24 days) is a naturally occurring 

radioisotope whose disequilibrium with parent 238U 
can be exploited to quantify fluxes of other elements 
traveling out of the upper ocean on sinking 
particulate matter (>51 µm).  High-resolution 234Th 
sampling during the 2013 U.S. GEOTRACES 
Eastern Pacific Zonal Transect cruise (EPZT) showed 
a relatively consistent and extensive vertical export of 
234Th out of surface ocean (0 -100 m) at 1600 dpm m-

2 day-1 (± 400 std. dev.). This value is double the 
average that was observed on the U.S. North Atlantic 
section (NAZT; 800 ± 300 dpm m-2 day-1).  Carbon 
export across the EPZT, calculated using C/234Th 
particulate ratios and assuming a 1-D system, 
averaged 2 mmolC m-2 day-1.  If upwelling at the 
Peruvian margin is considered, carbon export 
increases substantially in the shelf region.  234Th 
activities in excess of 238U in the subsurface were 
observed throughout the EPZT, suggesting 
widespread remineralization.  These features were 
most pronounced along the upper boundary of the 
Peruvian oxygen minimum zone.  Near 84° and 
89°W, remineralization of 234Th averaged 80% of 
surface export.  Further analyses using 234Th to 
constrain nutrient and trace metal budgets in these 
regions will follow as particulate metal data is made 
available.  
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Chemical weathering, one of the major factors 
contributing to soil formation, regulates nutrient 
availability to biota and acts as an atmospheric sink 
or source of CO2. Soil formation in the high Arctic, 
despite being the fastest changing region globally, is 
still poorly understood. Here we show how high 
Arctic glacial forefields are not just highly 
biogeochemically active but also play a key role in 
contemporary soil development over a century of 
weathering. Across three 113 year chronosequences 
in Arctic Svalbard, both total inorganic carbonate 
(TIC) and total sulphur (TS: expressed as sulfide) 
decay exponentially along the chronosequences. Our 
data suggest that these forefields are sources of CO2 
over the first 29 yrs of weathering and that carbonate 
dissolution is coupled to sulfide oxidation. 
Furthermore, silicate weathering, expressed as a 
change in the chemical index of alteration (CIA), 
showed that Ca-silicate weathering only becomes 
dominant after 40 yrs of exposure. The CIA index is 
the same up to 40 yrs (57±1), but increases to 66±2 at 
113 yrs. Complementary microbial diversity data 
show the development of soil microbial communities 
in tandem with an increase of geochemical 
weathering. The implications of these findings are 
that predicted Arctic warming could lead to a short-
term increase in CO2 flux before long-term benefits of 
silicate weathering are apparent. Our work can also 
inform soil development models in future fast-
changing Arctic scenarios and maybe even in post 
snowball-earth scenarios.  
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Artificial impoundments of rivers, and especially 

those in agriculture settings, are thought to be 
significant sources of methane to the atmosphere. In 
this study, we investigate factors influencing 
methanogensis in the impounded portion of the Upper 
Sagamon River basin,  a site in the NSF-sponsored 
Intensively Managed Landscape Critical Zone 
Observatory  (IML-CZO). Analyses of sedimentary 
pore water indicates extensive methane production 
throughout the lower reach of the Lake Decatur 
reservoir. Substantial spatial heterogeneity in 
methane concentrations exists and the cause is a 
focus of our studies. Dissolved inorganic carbon 
(DIC) δ13C values correlate well with methane 
concentrations and thus we hypothesize that the DIC 
isotopic compositions may serve as a proxy for 
integrated methanogenic rates. The relationship 
between methane concentration and DIC δ13C (δ13C 
becomes more positive with increasing methane 
concentration) is the result of an isotopic mass 
balance constraint where the 13C-depleted material 
flows to methane and the residual 13C-enriched 
carbon resides in the co-produced DIC as a 
consequence of methanogenic isotope effects. 

The extreme 13C-depletion of the methane (~ -90 
to -70 per mil) and the parallel relationship between 
the methane and DIC δ13C downcore profiles (~ -10 
to +7 per mil) are consistent with CO2-reduction 
being the dominant methanogenic pathway. This is 
counter to what is typically assumed for freshwater 
systems. 

The burial flux of particulate organic C (POC) is 
hypothesized to be a major control on methane 
production. The highest rates of methanogenesis were 
observed near the mouth of a rapid infilling arm of 
the lake, thus providing support for the hypothesis.  
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Gallium is a moderately volatile and moderately 
siderophile element, which does not seem to be 
depleted on bulk silicate Earth, compared to 
lithophile elements of same volatility (e.g. sodium). 
Previous studies predicted from large volume press 
experiments that metal-silicate partitioning of gallium 
on Earth should be matched at high pressure and high 
temperature if few wt.% of oxygen and silicon are 
solubilized in the core [1]. 

We performed high-pressure high-temperature 
experiments using laser heating diamond anvil cell to 
test this hypothesis. These are the first measurements 
of gallium metal-silicate partitioning performed at the 
appropriate conditions of pressure and temperature of 
Earth’s differentiation. Homogeneous glasses doped 
in gallium were synthesized using a levitation furnace 
and load inside the diamond anvil cell along with 
metallic powder. Samples were recovered using a 
Focused Ion Beam and chemically analyzed using an 
electron microprobe. We show that gallium 
partitioning is very different from what was predict 
from low pressure and low temperature experiments 
extrapolation. Despite high pressure (47-71 GPa), 
high temperature (3500 – 4000 K) and solubilisation 
of O and Si (3-16 wt.%), gallium always stays 
siderophile (DGa ≈ 15). Thus, there is no core-mantle 
equilibration condition that allows making gallium 
lithophile on Earth. We conclude that the apparent 
disagreement between experimentation and mantle 
geochemistry is not because gallium is less 
siderophile than expected, but because it is less 
volatile. We propose that gallium was depleted in the 
mantle by core formation, and that its concentration 
in bulk Earth is much higher than expected because 
of a reduce volatility. We explain this decrease of 
volatility by numerous impacts that stroke the Earth 
during its accretion. They probably led to a Si- and 
O-rich atmosphere, resetting condensation 
temperature previously derived from proto-solar 
nebula conditions (i.e. H-rich and 10-4 atm).  
[1] Blanchard et al. (2015), EPSL 42, 191-201 
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Hydrogen incorporation in olivine involves many 

OH-defects that will control the hydrogen solubility 
in mantle conditions. Several of these OH-defects are 
clearly identified essentially from the investigation of 
the olivine Mg end-member. We study here the effect 
of Fe2+, Fe3+, Al3+ and Cr3+ on OH-defects in order to 
improve our understanding of the hydrogen 
speciation in natural olivine. Low-temperature 
infrared spectra are collected on synthetic and natural 
olivines, and are interpreted in light of the theoretical 
determination of the structural, vibrational and 
infrared spectroscopic properties of Fe-related OH-
defects, using first-principles calculations based on 
density functional theory. The presence of Fe2+ 
changes the cationic environment around the fully 
protonated vacancies in pure forsterite, leading to a 
slight modification of their infrared signatures. In 
particular, the presence of Fe2+ in an octahedral site 
neighbor of the hydrogarnet-type defect is likely 
responsible for the additional bands observed at 3599 
cm-1 and around 3520-3550 cm-1 in Fe-doped 
olivines. Results show clearly that the OH bands 
between 3310 and 3380 cm-1 are associated with the 
presence of trivalent cations. Specifically, two bands 
at 3323 and 3358 cm-1, commonly observed in natural 
olivine, are associated with the substitution of Mg2+ 
by Cr3+ while two similar bands at 3328 and 3353 
cm-1 are associated with the substitution of Mg2+ by 
Fe3+. The presence of this defect and the 
"titanoclinohumite" defect in natural olivine clearly 
underlines the prominent role of trace elements on the 
hydrogen incorporation in the lithospheric olivine. 
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Carbonate minerals constitute a fundamental part 

of the sedimentary geological record and have 
yielded canonical stable isotope datasets (δ13C and 
δ18O, e.g. [1]), but questions remain about how to 
interpret this valuable archive. We suggest that 
additional information about the nature of these 
datasets can be obtained by examining the record of 
calcium isotopes (δ44/40Ca) of sedimentary carbonates 
through time and considering the calcium cycle and 
isotopic mass balance. Calcium is the major 
complementary cation accompanying carbon and 
oxygen in this geological archive and has high 
preservation potential. In an attempt to define a 
representative sample set of carbonates through the 
Precambrian, we present a record of >500 calcium-
isotope analyses in bulk limestones and dolomites, 
including a variety of sedimentary environments and 
textures. By characterizing the dominant sink for 
oceanic calcium, this new dataset constrains the 
isotopic mass balance of calcium in the surface 
environment over billions of years of Earth history. 

Variability in this δ44/40Ca dataset indicates the 
influence of carbonate mineralogy (i.e. aragonite vs 
calcite) in the carbonate calcium-isotope record and 
suggests that calcium isotopes can be useful in 
identifying the former presence of aragonite, even in 
rocks with a history of neomorphism and 
recrystallization. 

Although carbonates are the dominant sink for 
calcium and are largely recycled within the 
sedimentary reservoir, a small fraction of calcium in 
the surface environment is removed via 
metamorphism or subduction. We also present data 
characterizing the minor subducted sink of calcium, 
as represented by carbonate veins in oceanic crust. 
The distinct isotopic signature of this sink relative to 
sedimentary carbonates allows us to place limits on 
the importance of subduction relative to sedimentary 
recycling and to model the isotopic evolution of the 
crustal calcium reservoir over time. 

 
[1] Shields & Veizer (2002) Geochem. Geophys. 
Geosyst. 3, 1–12. 
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The South China Sea, one of the largest marginal 

seas bordering the Pacific, exhibits marked, large-
scale spatial gradients in clay mineralogy as a 
consequence of diverse sources of terrigenous 
material emanating from Taiwan, the Chinese 
mainland, and the Phillipines. Strong contrasts in 
smectite, kaolinite, chlorite, and illite assemblages, 
enables phyllosilicate composition to serve as an 
excellent provenance indicator (Liu et al., 2010 [2]). 
Stable carbon and radiocarbon isotopic compositions 
can be used to constrain different sources of organic 
matter (e.g., marine phytoplankon, soils, and eroding 
rocks). Given that organic matter exhibits a strong 
affinity for phyllosilicates, with sorption to mineral 
surfaces and other interactions influencing organic 
matter transport and stability (Keil & Mayer, 2014 
[1]), we hypothesize that coupled investigations of 
organic matter and clay mineral composition will 
yield key insights into factors controlling source and 
fate of organic matter in the modern ocean.  

Here, we present preliminary results from an 
investigation of stable carbon and radiocarbon 
isotopic compositions of bulk organic matter 
intercepted by time-series sediment traps deployed at 
two locations in the South China Sea, and evaluate 
these measurements in the context of hydrographic, 
sedimentological and clay mineralogical information. 
In particular, carbon isotopic fingerprints are used to 
provide initial insights into source-to-sink transport 
processes and organic matter cycling in the South 
China Sea. 
 
[1] Keil, R. & Mayer, L. 2014: Mineral Matrices and 
Organic Matter, in Turekian, H. ed., Treatise on 
Geochemistry (Second Edition): Oxford, Elsevier, 
337-359. [2] Liu, Z., Li, X., Colin, C. &  Ge, H. 
2010: A high-resolution clay mineralogical record in 
the northern South China Sea since the Last Glacial 
Maximium, and its time series provenance analysis, 
Chinese Science Bulletin, 55, 4058-4068. 
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The Rogaland–Vest Agder sector of SW Norway 

is an ultrahigh-temperature (UHT) metamorphic 
province that has experienced a number of 
tectonothermal events but has not seen any major 
overprinting events since the Sveconorwegian 
Orogeny (1200–900 Ma). This provides a unique 
opportunity to study a UHT orogen and the effects of 
anorthosite emplacement (Rogaland Igneous 
Complex; RIC) into high grade rocks. Two 
alternative P–T paths have been proposed for the host 
rocks of the RIC; a polymetamorphic evolution [1, 2] 
versus a singular long-lived P–T path [3]. To resolve 
these contradictory models we use SIMS U–Pb 
geochronology and thermodynamic modelling 
(THERMOCALC ds6) of a suite of samples that are  
proximal, intermediate and distal to the RIC contact 
to investigate the temporal effects of the RIC on the 
metamorphic evolution of the enclosing terrane. The 
samples are granulite facies rocks with complex 
petrographic relationships between high-grade 
minerals including spinel, sillimanite, orthopyroxene, 
garnet, cordierite, sapphirine and osumilite. Phase 
equilibria modelling yields peak regional 
metamorphic conditions of 840–950 °C at 7–9 kbar 
and 910–980 °C at ~5–7 kbar for the distal and 
intermediate samples respectively. The proximal 
sample preserves clear petrographic evidence for two 
thermal peaks, a regional event with similar 
conditions to that experienced by the distal sample, 
and a later contact event with metamorphic 
conditions of ~950 °C at ~5–6 kbar. U–Pb 
geochronology of metamorphic zircon returned ages 
of  c. 1100–900 Ma (distal) and c. 1050–900 Ma 
(proximal) with monazite ranging from 1050–920 Ma 
from the distal sample. These age ranges are similar 
to current published data [1, 2, 3] for Rogaland. 

 
[1] Möller et al. (2003) Geo. Soc. London, Sp. Pub. 
220, 65-81. [2] Tomkins et al. (2005) Journal of 
Metamorphic Geology, 23, 201-215. [3] Drüpple et 
al. (2013) Journal of Petrology, 54, 305-350. 
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Many ancient meteorites are enigmatic in that 
they produce Lu-Hf ages that pre-date the accepted 
age of solar system formation by ~100-400 Myr. 
Although these anomalous ages have largely been 
attributed to accelerated decay of 176Lu in the early 
solar system following at least one irradiation event, a 
number of studies have challenged this hypothesis 
and the origin of excess 176Hf in these ancient 
meteorites has remained a controversial topic. 

We have experimentally determined the diffusion 
kinetics of Lu in clinopyroxene, and find that Lu 
diffuses significantly more slowly than Hf [1]. An 
important consequence of this finding is that Lu will 
undergo a greater extent of diffusive re-equilibration 
between clinopyroxene and its surrounding phase(s) 
than Hf during thermal events. In some cases this 
could lead to spurious Lu-Hf ages, akin to the general 
effects of Lu and Hf diffusion on garnet Lu-Hf ages 
[2,3]. The extent to which the Lu-Hf age is effected, 
and whether the apparent age is younger or older than 
the true age, is predominantly dictated by the 
temperature and duration of the reheating event, the 
nature of Lu partitioning between the relevant phases 
and the size of the clinopyroxene grains. 

We have constructed a numerical model to 
quantify the effects of thermal metamorphism on the 
Lu-Hf ages of the eucrites Millbillillie (MB) and 
Piplia Kalan (PK), and find that the previously 
estimated T-t paths of thermal metamorphism 
undergone by these samples are fully capable of 
producing the anomalously old Lu-Hf ages reported 
by [4]. The thermal histories and Lu-Hf systematics 
of the various meteorites that contain excess 176Hf are 
not identical, and in many cases are more complex 
than those of MB and PK. For many eucrite and 
angrite samples, preferential diffusive re-equilibration 
of Lu with respect to Hf alone does not appear 
capable of explaining the observed excess 176Hf; 
however, our results indicate that this phenomenon is 
a potential contributing factor that should be 
evaluated on a case-by-case basis with regards to 
ancient meteorites.  

 
[1] Bloch and Ganguly (2014) EPSL 395, 173-183. 
[2] Bloch et al. (2015) CMP 169, 12. [3] Bloch and 
Ganguly (2015) CMP 169, 14. Bast et al. (2012) 
LPSC 43, abstr. #2542. 
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Copper (Cu) based fungicides have been applied in 
European vineyards from the appearance of mildew 
in the late 19th century to the present day, 
particularly in organic viticulture. Even though its 
application is foliar, most of the Cu reaches the soil 
after being washed off or following leaf fall. As Cu 
accumulates in soils, the use of Cu based fungicides 
has strong ecotoxicological consequences.  
On the basis of mineralogical, chemical and isotope 
analyses (δ65Cu) in vineyard experiments, we show 
that Cu isotope ratios in pesticides differ strongly (-
0.46 to 0.85 ‰) depending on Cu speciation and year 
of manufacture, making it difficult to trace Cu source 
in soils. Further, we present field data from vineyards 
in the Soave appellation area that have experienced 
long term Cu-based pesticide application. These soils 
develop on basaltic or calcareous substrate and 
sustain the same grape variety (i.e., Garganega). We 
report elevated Cu concentrations (up to 550 mg kg-1) 
all along the soil profiles. Citrate extractability of Cu 
in soils decreases strongly with depth, suggesting an 
aging effect. A change in Cu speciation with soil 
depth as well as soil type is supported by changes in 
Cu isotope ratios. Cu isotopic signature of grapevine 
roots is similar to those of the corresponding topsoil 
horizons. Fractionation during Cu translocation to 
shoots is high (Δ65Culeaves-roots = - 1.5 ‰). The 
magnitude of Cu isotope fractionation in plants 
appears to be correlated with photosynthetic activity.  
This study shows that stable Cu isotope fractionation 
is an efficient tracer of Cu biogeochemistry in 
vineyards. 
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Atom probe tomography (APT) provides new 

insight into the nanoscale behavior of trace 
components in zircon, and their relationship to 
cryptic thermal histories [1]. Spectral analysis of APT 
data requires identification of each peak and 
integration of counts between user-defined range 
bounds. For major elements, concentrations are 
relatively insensitive to the fine adjustment of range 
bounds; however, nanoscale 207Pb/206Pb 
geochronology utilizes the ratio of isotopes present at 
trace levels, and thus is more sensitive to the details 
of ranging and background correction. We present a 
systematic ranging and error propagation protocol to 
assess (1) the uncertainty in 207Pb/206Pb resulting 
from spectral analysis including placement of peak 
integration bounds, count binning, and counting 
statistics, and (2) how spatial identification of clusters 
may influence observed ratios. This analysis utilizes 
three APT data sets for a 3.77 Ga zircon from the 
Beartooth Mountains, Montana, USA. This zircon 
possesses two, 100% concordant U-Pb analyses by 
ion microprobe, indicative of a closed U-Pb system 
on the micron scale since crystallization. APT data 
sets contain a small number of sub-spherical Pb-rich 
(>0.25% atomic) domains with diameter <15 nm, 
which are isolated using six different cluster 
identification protocols. Each of these cluster ID 
algorithms define broadly consistent regions within 
the data sets, though the exact number, and size, of 
clusters varies. 207Pb/206Pb within clusters varies 
between 0.80 ± 0.12 (±2 SD; 737 total Pb atoms) to 
0.72 ± 0.06 (2678 total Pb atoms), depending on 
cluster definition protocol, and number of clusters 
interrogated. In all cases here, errors are dominated 
by counting statistics. These ratios are consistent with 
the clustering of Pb culminating at ~2.8Ga, during 
metamorphism in the Beartooth mountains [2,3]. We 
expand upon these results with modeling of 
anticipated matrix and cluster Pb concentrations and 
isotope relations for a variety of time-temperature 
histories to evaluate the utility of APT in nanoscale 
zircon geochronology throughout earth’s history.  
 
[1] Valley et al. (2015) Am. Min. 100, 1355-1377. [2] 
Henry et al. (1982) Mont. Bur. of Mines and Geol. 
Spec. Pub. 84 147-156. [3] Mueller et al. (1992) 
Geology 20 327-330.  
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Exsolution of magmatic volatiles is often invoked 

as the driving force behind volcanic eruptions. Yet 
magmas are generally less dense than the crustal 
rocks in which they sit. Thus magma buoyancy is an 
equally plausible driving force for eruptions. Here we 
assemble geophysical, volcanological, petrological, 
geodetic and geomorphological observations of Cerro 
Uturuncu volcano, Bolivia, to show that the 
exclusively effusive Pleistocene volcanism (1.05 to 
0.25 Ma) has been driven entirely by the buoyant 
upwelling of dacite magmas from the giant Altiplano-
Puna magma body (APMB) at a depths of ≥15 km. 
Dacites are generated within the APMB by a 
combination of crystallisation of water-rich (~9 wt% 
H2O) andesite magmas and dehydration partial 
melting of Andean metamorphic crust. Experimental 
petrology and magnetotelluric observations tightly 
constrain the water content (~4 wt% H2O) of these 
water-undersaturated, hybrid dacites magmas, their 
storage temperatures and their densities. There exist 
independent constraints on the density of the regional 
Andean crust. 

Buoyancy-driven volcanism can account for the 
remarkably consistent elevation of volcanoes, 
including Uturuncu, across the Altiplano and the 
tendency for erupted volumes to decrease with 
increasing elevation. Petrologically-constrained 
thermal models are used to explore the viability of a 
transcrustal magma column ~20 km in diameter 
containing ~25% dacite melt linking the APMB to 
Uturuncu, as imaged from gravity anomalies. The 
column is constructed through episodic intrusion of 
dykes from the APMB to the shallow crust. The melts 
are interconnected through the hot core of the column 
so maintaining edifice height on timescales of 
millions of years. The brittle shallow crust serves 
only to modulate the supply of magma to the surface. 
In this top-down view of volcanism periods of 
increased eruptive activity can be ascribed to changes 
in the edifice height, occasioned by erosion, 
deglaciation or sector collapse which lead to pressure 
changes in the transcrustal mush. Similar principles 
may be applied to arc volcanoes world-wide where 
there is emerging geophysical evidence for long-lived 
partial melt reservoirs at depth. Regional variations in 
volcano height translate to simple functions of the 
depth to such reservoirs, local crustal density and 
magma composition. 
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Zoned plgaioclase crystals are ubiquitous in 
volcanic rocks. Their zoning patterns are hold clues 
to the magmatic processes that shaped their host 
rocks. An enduring question is whether this 
information pertains to kinetic process, changes in 
intensive variables, open system behaviour, or 
comibinations thereof. The challenge is to unpick the 
mute testimony of zoned plagioclase as an archive of 
pre-eruptive magmatic processes. This challenge has 
been lessened by the advent of SIMS microbeam 
techniques capable of high spatial and analytical 
resolution, thermodynamic models for plagioclase-
melt equilibrium and element partitioning, and 
numerical models of intracrystalline diffusion. 

Using phase equilibrium experiments on Mount 
St. Helens (MSH) dacites to parameterise plagioclase 
composition as a function of pressure (P), 
temperature (T) and melt fraction (F), we have 
developed a numerical method to invert zoned MSH 
plagioclase phenocrysts for their core-rim evolution 
in P-T space prior to eruption. We remove ambiguity 
in the family of plausible P-T paths by solving 
simultaneously for F using the Sr and Ba contents of 
the plagioclase as measured by SIMS. This approach 
is valid at MSH because of the relative monotony of 
magma composition and the absence of ssignificant 
magma magma inputs to perturb the bulk compsition. 
Data from a representative sample of crystals from 
the 1980-86 eruption record the same evolution – an 
abrupt change from core crystallisation at 12 km 
depth to rim growth at 4 km. 

Simultaneous with crystal growth, trace element 
diffusion occurs in an attempt to restore chemical 
potential equilibrium. We show that the cores are 
>10,000 yrs old, whereas the rims pre-date eruption 
by ≤3 yrs. The core-rim interface, that is relate to the 
time of magma ascent from 12 to 4 km, has been 
precisely dated using high-resolution NanoSIMS Sr 
profiles. A picture emerges of a long-lived, vertically 
extensive magmatic system that became abruptly 
destabilised, probably gravitationally, in the months 
to years before eruption, a timescale commensurate 
with volcanoc monitoring. 
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Thermal waters tend to precipitate various chemical 
sediments (scaling) due to high dissolved solid and 
gas contents at elevated temperature and pressure 
conditions. Mineral precipitates in wells, pumps, 
pipes and heat exchangers cause major problems in 
geothermal heat- and electric power production, i.e. 
clogging or reduction of inner diameters. Natural 
(hydrochemistry, aquifer) and man-made 
(production-specific) environmental conditions 
determine the variable scaling progress and scaling 
compositions constitute an environmental archive of 
solid-fluid interaction over time. Using high-
resolution analytical techniques we study the 
nucleation and variable growth of geothermal 
scalings focusing on forensic tasks and retarding 
measures. Samples up to 10 cm thick representing 
mineral precipitation from weeks to 45 years were 
collected from selected geothermal wells of different 
aquifer and depth conditions, i.e. fluid-temperature, 
discharge, operating pressure and hydrochemistry. 
The carbonates of diverse macro- and microscopic 
appearance (porosity, lamination, coloring) are 
studied by optical/electron microscopy and LA-ICP-
MS targeting different nucleation and growth 
mechanisms (e.g. wall- vs. suspended particulate) and 
precipitation rates (e.g. Sr, Ba conc.). Highly-
resolved (micromilled) stable C and O isotope 
variations are sensitive to changes in temperature and 
CO2 degassing and are combined with installation-
specific data and hydrochemical modelling. 
Geothermal carbonate scalings of well characterized 
but different (T, pH, ionic strength) growth settings 
are further used in the ongoing evaluation and 
calibration of established (e.g. oxygen) and novel 
(multiply-substituted) isotope geothermometers. 
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Considerable remobilization can occur during 

metamorphism of preexisting base metal sulfide 
deposits producing ore zones enriched in valuable 
metals. Low melting point chalcophile elements 
(LMCE) such as As, Bi, Hg, Sb, Se, Sn, Tl and Te 
promote partial melting of sulfide assemblages at 
relatively lower temperatures [1]. In addition, Cu is 
responsible for inducing melting at low temperature 
[2,3]. It is generally observed that the remobilized 
ores are richer in galena (PbS) and sulfosalts 
(commonly those of Sb and As). Experimental work 
involving PbS, Cu2S and Sb2S3 record the possibility 
of a Pb-poor Sb-rich melt above 440 °C [4,5]. We 
have conducted experiments in evacuated silica tubes 
at 600 °C in a more complex and naturally 
representative system ZnS-PbS-FeS incorporating 10 
mol % CuSbS2 to investigate the nature of melting at 
middle amphibolite facies conditions, to which 
majority of the sulfide deposits are metamorphosed. 
The results of our experiments show that the melt 
generated is very low in Fe (1.19–4.13 atom %) and 
Zn (0.25–0.95 atom %), the Zn-content decreasing 
with increasing S while Fe increased with increasing 
S. The S-content varied from 44.88 to 50.39 atom %. 
While the Pb-content is almost constant (12.74–14.64 
atom %), Cu and Sb are anticorrelated. The melt is 
highly enriched in Cu (14.15–27.67 atom %), which 
decreases with increasing S. The Sb-content varies 
from 10.68 to 18.34 atom % and increases with 
increasing S. With increasing S, Cu decreases with a 
much steeper rate than the rate of increase in Sb 
suggesting corresponding increase in another 
element. Combined Sb + Pb increase with similar rate 
at which Cu decreases and thus Cu in the melt may be 
being replaced according to the scheme 2Sb + Pb = 
8Cu. The low Fe- and negligible Zn-contents of the 
melt imply that galena and sulfosalt-rich remobilized 
vein ores containing smaller amount of chalcopyrite 
and traces of sphalerite are indicative of sulfide 
partial melting. 

 
[1] Frost et al. (2002) Can. Mineral. 40, 1–18, [2] 
Stevens et al. (2005) Econ. Geol. 100, 781–786, [3] 
Pruseth et al. (2014) Ore Geol. Rev. 60, 50–59, [4] 
Hoda and Chang (1975) Can. Mineral. 13, 388–393, 
[5] Pruseth et al. (1997) Econ. Geol. 92, 720–732. 
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Soils are important for carbon storage and thus 
for atmospheric CO2 concentrations. Whether soils 
store or release carbon is in general related to climatic 
factors, as they control plant growth (i.e. carbon 
inputs), activity of soil microorganism as well as 
several chemical processes (e.g. weathering) in soils. 
However, we still do not fully understand the 
response of soil carbon to climate change because 
interactions between geochemistry and climate for 
soil carbon dynamics are not sufficiently studied; and 
hence it is not surprising that Earth system models are 
not (yet) capable to simulate current and future global 
soil carbon stocks. We showed that geochemical 
properties that contribute to stabilizing soil organic 
matter and can help explain variation in soil carbon 
stocks and sensitivity to temperature along a climatic 
gradient. In general, cool and moist climates show 
large soil carbon stocks. Climate change that warms 
soils could result in soil carbon loss but also enhances 
soil weathering enhancing adsorption and thus 
protecting soil organic carbon from enzymatic 
decomposition. Hence climate affects soil carbon 
dynamics in three ways: by changes in residue inputs, 
by affecting microbial activity/physiology, but also 
by altering geochemical properties. A specific caveat 
to quantify which soil carbon fraction is vulnerable to 
climate change may also lay in understanding specific 
stabilization mechanisms and efficiency of microbial 
residues in soils. 
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Recent field studies and ocean models indicate 
that the rapid sea-ice decline in the Arctic could 
already be changing the distribution and productivity 
of key species, with consequences for local to 
regional biogeochemical processes. But because of 
missing baselines, uncertainties are substantial as to 
the change in light and nutrient availablility, 
stratification, primary productivity and particle 
export. Missing links are the role of melt ponds, 
microscale to macroscale mixing processes especially 
at the marginal ice zones, and shifts in the key 
primary producers, including sea-ice algae. This 
presentation discusses recent scientific and 
technological advances and further needs in 
accelerating observation of Arctic Ocean ecosystems 
change from surface to bottom, with a focus on the 
link between sea ice-cover and the deep-sea floor via 
the biological pump. It addresses recent results from 
long-term ecological time series of the Arctic 
seafloor, and how to establish indicators for Arctic 
ecosystem change. Our results suggest that 
environmental changes in the past two decades, 
foremost sea ice thinning and retreat, have led to a 
substantial increase in phytodetritus sedimentation to 
the seafloor, especially at the lower margin and 
adjacent basins. This is reflected in increased benthic 
microbial activities, leading to higher carbon 
remineralization rates, especially deeper than 3000 m. 
Also first assessments of faunal abundances at the 
seafloor fit the prediction of higher productivity and 
particle deposition rates upon sea ice retreat. The 
presentation also discusses future needs in Arctic 
process studies and long term observation, for a better 
understanding of the feedback mechanisms between 
physics, biology and biogeochemical processes.  
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Mining and metallurgical activities may release 
into the environment an important amount of Cr. 
However, only hexavalent chromium (Cr(VI)) is 
known to be highly soluble in water, bioavailable and 
toxic. In the present study, the two mining areas of 
Barro Alto, BA and Crominía, CA (Goiás State, 
Brazil) were studied, in order to determine the 
potential release of Cr(VI) from mining activities and 
understand the involved processes. Iron 
oxy(hydr)oxydes, spinels and serpentines were 
identified by X-Ray Diffraction as the main mineral 
phases in ores, whereas in soils the contents of quartz 
and chlorite were the highers. Chemically and 
isotopically exchangeable pool of Cr (ECr) were 
determined in ores, sediments and soils, showing up 
to 97 mg/kg of exchangeable Cr(VI) in BA ores, 
while this pool is lower than 19 mg/kg in BA soils. 
According to ionic chromatography results (LC-HR-
ICPMS), exchangeable Cr is mainly under hexavalent 
form. Both X-Ray Fluorescence and acid digestion 
analyses reveal higher total Cr in soils of BA 
(3,15at%) than in CA (0,68at%). However, the 
amount of extracted Cr(VI) was similar in both sites, 
with values up to 22 mg/kg in the deeper horizons of 
soils profiles. Additionally, ECr values determined in 
both SPM and sediments from BA retention ponds 
could reach up to 13 and 6 mg/kg, respectively. This 
suggests that ores and sediments stored into the 
mining area could potentially be the main sources of 
Cr(VI), potentially mobilized into surface waters and 
deeper soil profiles. 
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In situ mineral carbonation is considered to be 
one of the safest options for permanent CO2 Capture 
and Sequestration (CCS). The peridotite aquifer in 
Wadi Tayin, Sultanate of Oman, is an excellent 
natural laboratory to investigate in situ natural 
carbonation and has considerable CCS potential; 
adding just 1wt% of CO2 as carbonate to the 
peridotite body of the Oman-UAE ophiolite would 
consume 25% of atmospheric CO2 [1] However, a 
better understanding of the fluid-rock reactions 
occuring in the peridotite aquifer is needed before 
any CCS-related mineral carbonation is attempted. To 
achieve this we have used the 87Sr/86Sr system to 
investigate the fluid-rock interactions that occur 
along the groundwater flowpath within the aquifer, 
and to determine the sources of the divalent cations 
(Mg2+, Ca2+ and Sr2+) required for carbonate 
precipitation.  

Groundwater Sr-isotope data and Ca, Mg 
concentrations indicate that the aquifer rocks are the 
main source for the divalent cations and secondary 
carbonates are their main sink. This is supported by 
the decrease of 87Sr/86Sr from seawater-like values in 
rainwater (~0.7092) as pH increases. Groundwater 
values change from 87Sr/86Sr = 0.7087 (n=3) at pH 7 
to 0.7075 (n=9) at pH 11. Peridotite serpentinisation 
reactions drive the pH to more alkaline conditions 
and provide a low 87Sr/86Sr source to the groundwater 
(av. 87Sr/86Sr = 0.7066 (n=12)). This fluid evolution 
occurs in several steps and individual fluids may 
follow different pathways. 87Sr/86Sr ratios change to 
as low as 0.7077 in pH 8 groundwaters (av. 87Sr/86Sr 
= 0.7082 (n=8)), whereas at pH 9 fluids ratios are 
~0.7086 (n=6). At pH>11 fluid 87Sr/86Sr =  0.7075. 
The dissolution of pre-exisiting carbonates with 
87Sr/86Sr ~0.7085 (n=8) could be the Sr source for the 
87Sr/86Sr ratio rise at pH 9. Concurrently, at pH 9, 
groundwaters shift from Mg-rich to Ca-rich 
compositions. The replacement of exisiting carbonate 
minerals by dolomite may explain the groundwater 
evolution between pH 8 and 11.  
 
[1] Kelemen, P.B. and Matter, J. (2008), PNAS, 105, 
17295-17300. 
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Nineteen domestic bedrock wells were sampled 
in a mineralized area of the Abitibi-Témiscamigue 
region (Province of Quebec, Canada). Results reveal 
that 8 of these wells contain high arsenic (As) 
concentrations (> 10 µg/l). Although As-bearing 
sulfides oxidation is the primary source of As into 
groundwater, water chemistry suggests that As 
concentrations are mainly controlled by reductive 
dissolution of Fe-Mn oxyhydroxides. Separation of 
arsenic species using a new field method [1] suggests 
that toxic arsenite (As(III)) is the dominant As 
species in groundwater. 

Groundwater samples in open borehole are likely 
to be a mixture between different waters occurring in 
each contributing fracture [2]. Here, it is proposed 
that high-As wells are supplied in large part by high-
As(III) reducing water occurring in small, deep and 
poorly connected fractures. 

[1] Watts et al. (2010) Environ Geochem Health 32, 
479-90. [2] Harte et al.(2012) Hydrogeol J  20, 1189-
1201. 
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The development of effective and reliable 
analytical methods is of primary importance to 
determine the geographical origin of beer, which is a 
mixture of various organic compounds that differ in 
their origin. Beers imported to south Korea from a 
variety of countries were analyzed for carbon, 
oxygen, and strontium isotopes, and multielemental 
contents. Analysis of the data enabled discrimination 
among the beers based on their geographical origin 
over four continents (America, Australia/Oceania, 
Asia, and Europe). Five elements (S, Li, Cr, Ni, and 
Sr) and three isotopes (δ13CDIC, δ18O, and 87Sr/86Sr) 
were particularly useful for distinguishing the beers. 
The results of this study should facilitate the 
determination of the geographical origin of various 
foods containing complex components. 
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Eclogites and eclogite-facies rocks from the 

Ubendian–Usagaran Orogenic Belts (UUOBs) 
provide a clue to understand petrotectonic and 
geochemical proceses of a Paleoproterozoic 
subduction zone along the Archean cratons.  Previous 
studies have demonstrated that the both 
Paleoproterozoic (1.89-1.86 Ga in Ubendian/Western 
UUOBs and ~2.0 Ga in Usagaran/Eastern UUOBs) 
and Neoproterozoic (590-520 Ma) eclogites in 
Western UUOBs have a MORB-like geochemical 
affinity. Some Neoproterozoic eclogites have an arc 
basalt affinity, manifesting the last amalgamation of 
Gondwana along the suture that separated the 
Archean cratons of Tanzania and Bangweulu.  
Altough the Western UUOBs has thrusted onto the 
Tanzania Craton around 550 Ma, no Pan-African age 
suture zone has so far been recognized in the Eastern 
UUOBs.   

Recent in-situ zircon and monazite 
geochronological data reveals a poly-orogenic nature 
of the Western UUOBs. The Ufipa Terrane in Eastrn 
UUOBs hosts epidote-bearing kyanite eclogites that 
were overprinted by a Pan-African granulite-facies 
reginal metamorphism.  Despite the high-temperature 
overprinting  event,  eclogite-facies stage kyanite and 
garnet preserve inclusions of prograde clinozoisite 
and omphacite.  Zoned metamorphic zircons contain 
fluid inclusion-bearing cores of 1.96 Ga for a 
prograde eclogite-facies stage and rims of 605 Ma 
granulite-facies overgrowths. In contrast, kyanite-free 
eclogite were formed during Neoproterozoic time 
between 590 and 520 M in a Pan-African suture that 
separated the Tanzania Craton from the Bangweulu 
Craton.  The Neoproterozoic eclogites have also 
MORB-type geochemistry and contains Cl-rich 
amphiboles.  Development of omphacite-rich veins 
suggest fluid infiltration and consequent mineral 
precipitations during eclogite-facies metamorphism. 

In this contribution, we will present new insights 
into the Proterozoic subduction-zone metamorphism 
and metamorphic evolution of the UUOBs.  
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The chemical compositions of the mantles of the 

terrestrial planets carry the record of core formation 
processes in their siderophile and moderately 
siderophile element abundances. Magmatic iron 
meteorites are thought to be derived from the cores of 
early planetary embryos and provide a 
complementary archive of information. The 
variations in their minor and trace elements 
concentrations have been used to constrain core 
formation processes and provide analogues for 
studying the Earth [e.g. 1, 2]. Mass dependent stable 
isotope fractionation has been studied to elucidate the 
processes happening during core formation. Isotopic 
effects have been found for V but they appear to be 
too large to be caused by core formation [3]. In 
contrast, Si shows small effects consistent with core 
formation [4]. Chromium is a moderately siderophile 
element about 60% of which is in the Earth’s core. It 
was recently demonstrated that the Cr isotopic 
composition of the silicate Earth is not fractionated 
by core formation [5].  

In this study 18 magmatic iron meteorites have 
been analysed for their stable mass dependent and 
mass independent Cr isotopic compositions. The 
results obtained show that magmatic iron meteorites 
are isotopically heavier than the bulk silicate Earth 
[6] and average chondritic compositions [5]. These 
variations are correlated with indices of fractional 
crystallisation. Some of the analysed samples have 
been affected by secondary processes and ingrowth of 
53Cr and 54Cr due to cosmic ray exposure. The data 
presented are used to constrain the processes 
responsible for the variation in Cr concentration in 
iron meteorites such as fractional crystallisation, 
especially the influence of chromite. Mass dependent 
Cr isotopic variations between the four studied 
groups are explored to determine whether the early 
Solar System was heterogeneous in term of Cr 
isotopes.  
 
[1] Scott and Wasson 1975 Rev. Geophys., 13, 527-
546, [2] Goldstein et al. 2009 Chemie der Erde 69 
293–325, [3] Nielson et al. 2014 EPSL 389 167-175, 
[4] Savage et al. 2014 Lithos, 190 500-519, [5] 
Bonnand et al. 2016 EPSL 435 14-21, [6] Schoenberg 
et al. 2008, Chem. Geol. 249 294-306. 
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The North Atlantic Ocean upper to mid-depth 
circulation plays a major role in the climate via the 
Meridional Overturning circulation (AMOC). The 
eastward extension and strength of the subpolar gyre 
(SPG) are determining components of 
temperature/salinity forming the upper limb of the 
AMOC. Moreover, the northward propagation of 
Mediterranean outflow waters and subtropical waters 
along the west European slope current could be a 
significant players in the North Atlantic salinity 
budget.  

In 2010, Colin et al. [1] demonstrated the 
Holocene dynamic of the competing subpolar and 
subtropical gyres via εNd measurements of cold-
water corals (CWC) from Rockall Bank, because of 
the contrasted signature of water masses originating 
from the SPG (≈ -15) and the subtropics (≈ -10). 
Here, we revisit Rockall Bank and present further 
evidence on the Holocene water mass competition 
providing further tracer results (εNd, Li/Mg 
temperatures, and 14C) recorded in CWC. The middle 
Holocene, from 7 to 5 ka, is marked by a major 
change in mid-depth circulation toward a stronger 
influence of subtropical water. The first step of this 
transition occurred rapidly, around 7 ka and is 
possibly linked with the onset of deep-water 
formation in the Labrador Sea. Then, we confirm 
previous results but demonstrate high-frequency 
variability of εNd. During the last 5 ka, the Rockall 
trough was invaded at intervals by subpolar water 
involving on first order stronger SPG eastward 
circulation. Finally, while the water mass sensitive 
tracer εNd reveals short but large amplitude 
variations, the corals Li/Mg indicate fairly constant 
thermocline temperatures over the Holocene of 
average 8°C, identical to the present day value. This 
contrasts observations from the Iceland basin 
thermocline water [2], and suggests a salinity like 
behavior of εNd within Rockall Trough. 

 
[1] Colin, Frank, Copard & Douville (2010), 
Quat.Sci.Rev. 29, 2509-2517. [2] Thornalley, 
Elderfield & McCave1 (2009), Nature 457, 711-714. 
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Microorganisms are essential agents of Earth’s 

soil weathering engine who help transform primary 
rock-forming minerals into soils. Mycorrhizal fungi, 
with their vast filamentous networks in symbiosis 
with the roots of most plants can alter a large number 
of minerals via local acidification, targeted excretion 
of ligands, submicron-scale  biomechanical forcing 
and mobilization of Mg, Fe, Al and K at the hypha-
biotite interface (Bonneville et al. 2009 and 2011).     

Here, we present experimental evidence that 
Paxillus involutus –a basidiomycete fungus- in 
ectomycorrhizal symbiosis with Scots pine (Pinus 
sylvestris), is able to oxidize a substantial amount of 
structural Fe(II) in biotite. Iron redox chemistry, 
quantified by X-ray Absorption Near Edge Spectra on 
13 fungi-biotite sections along three distinct hypha 
colonizing the [001] basal plane of biotite, revealed 
variable but extensive Fe(II) oxidation up to ~ 2µm in 
depth and a Fe(III)/Fetotal ratio of up to ~0.8. We 
calculated that the growth of Fe(III) hydroxide 
implies a volumetric change and a strain within the 
biotite lattice potentially large enough to induce 
micro-crack formation which are abundant below the 
hypha-biotite interface. Although difficult to 
quantify, the formation of such network of crack 
beneath the hypha resulting from extensive Fe(II) 
oxidation will likely weaken the overall cohesion of 
the biotite and favor the exfoliation and the formation 
of channels beneath hypha. Alternatively, the 
formation of a crack network could facilitate the 
penetration of hypha within pre-existing fracture of 
the biotite surface. This Fe(II) oxidation also leads to 
the formation of a large pool of Fe(III) (i.e., structural 
Fe(III) and Fe(III) oxyhydroxides) within biotite that 
could participate in the Fe redox cycling in soils.   
 
[1] Bonneville S. et al. (2009) Geology 37, 615-618.  
[2] Bonneville S. et al. (2011) Geochimica et 
Cosmochimica Acta, 75, 6988-7005.   
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Rock structure heterogeneity can have a 

significant effect on dispersion, mixing and reaction 
of aqueous components in porous media. To observe 
the effect of pore structure heterogeneity on reactive 
transport, core flooding experiments were carried out 
for a sandstone and two carbonate rocks of different 
heterogeneity for eight different Peclet numbers 
ranging from 0.5 to 100. The rock cores were 20cm 
long and had a diameter of 7.62cm. A device 
consisting of three annular regions was used for 
injection (fig.1). Water was injected into the centre 
and outer region and a chemical tracer into the middle 
region. A non-reactive NaI tracer was used for the 
transport experiments. The steady state transverse 
dispersal of the tracer was visualized in three 
dimensions with an X-ray medical CT-scanner 
(fig.2). Core averaged transverse dispersion 
coefficients were calculated and showed an increase 
with pore structure heterogeneity. Concentration 
maps were used to visualize heterogeneity and 
quantify larger scale flow structures e.g. meandering, 
flow focusing, flow splitting by using observations at 
different Peclet numbers (fig.3). For the reactive 
experiments an acidic tracer was used resulting in 
mineral dissolution. An ICP-MS was used to measure 
the effluent. The reactive core flooding experiments 
were modelled using the CrunchFlow reactive 
transport code. For this purpose, the results of the 
transport experiments were used in combination with 
available pdf’s of reactive surface area for the 
different rocks. High quality data sets of the space 
and time evolution of the concentration in core-
flooding experiments like these can be used as future 
benchmark test for numerical models for reactive 
transport in natural rocks.  
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The Gangotri group of glaciers in the Himalayas 
is the source of the Ganges River that provides water 
security to half a billion people. Serious concerns 
have been raised about the impact of shrinking 
glaciers (rate of snout retreat 30 m/year) on the 
hydrological regime of the Ganges River and future 
supply of potable water. The effect of global warming 
on cryosphere-river linkages can be studied by 
quantifying the relative proportion of glacial melt and 
snow melt to the total river discharge. However, the 
scientific community is not in agreement regarding 
the relative contributions of glacier, snow, rain, and 
ground water to the total Ganges discharge. Estimates 
are based either on models that were generated 
mostly using a combination of high-resolution, 
calibrated rainfall values estimated from remotely 
sensed data with snowmelt runoff models, or through 
isotope mixing models. The snowmelt runoff models 
undoubtedly provide invaluable insights into the 
influence of the Gangotri glaciers on the hydrological 
budgets of rivers, but also contain large uncertainties 
due to limited validation from field data. The δ18O 
and δD isotope mixing models based on field data are 
sensitive to the end member compositions of sources 
that are not well constrained. As a result, estimates 
based on isotope data have large uncertainties. For 
example, our calculations reveals that if the δ18O 
composition of the base flow increases by 2‰, the 
glacial and snow melt proportions will decrease by 
5%. Moreover, it is difficult to separate glacial and 
snow melt proportions using isotope mixing models. 
Here, we have characterized the seasonal (pre-
monsoon, monsoon, and post-monsoon) δ18O and δD 
variability of the Ganges headwaters in 2014 and 
2015, and analyzed the isotope data within a 
Bayesian framework. The pre-monsoonal δ18O and 
δD varied from -15.1‰ to -9.3‰, and -105.4‰ to -
61.5‰ respectively. The monsoonal δ18O and δD 
varied from -15.5‰ to -10.7‰ and -106.7‰ to -
47.1‰, respectively, whereas the post-monsoonal 
δ18O and δD varies from -14.9‰ to -7.0‰ and -
103.9‰ to -61.0‰ respectively. The Bayesian 
modeling using isotope data shows significant 
seasonal variation of glacial and snowmelt 
contributions to the total discharge. 

  



Goldschmidt Conference Abstracts 269 

DOM complexation of Fe(II) 
and its effect on Fe(II) stability 

under oxic conditions 
THOMAS BORCH1,2*,  ELLEN DAUGHERTY2, PETER 

NICO3, AND BENJAMIN GILBERT3 
1Department of Soil and Crop Sciences, Colorado 

State University, Fort Collins, CO, U.S., 
(*correspondence: thomas.borch@colostate.edu)  

2Department of Chemistry, Colorado State 
University, Fort Collins, CO, U.S. 

3Energy Geoscience Division, Lawrence Berkeley 
National Laboratory, Berkeley, CA, U.S. 

 
Iron is an essential element for most living 

organisms, but the low solubility of Fe(III) limits its 
bioavailability in most natural environments. Fe(II) is 
more soluble, but oxidizes and precipitates readily in 
the presence of oxygen. In the past decade, several 
reports of organic-matter-associated Fe(II) found in 
oxic conditions have suggested that dissolved organic 
matter (DOM) can preserve Fe(II). However, little is 
known about how Fe(II) complexes DOM. We used 
X-ray absorption spectroscopy (XAS) to determine 
the coordination environment of Fe(II) added to as-
received and chemically reduced DOM at pH 4-7, 
and investigated the effect of DOM complexation on 
Fe(II) redox stability. 

       Fe K-edge X-ray absorption near edge 
structure (XANES) spectra indicated that Fe(II) 
added to anoxic solutions of as-received DOM 
oxidized to Fe(III) and complexed in the same way as 
Fe(III) added to DOM. Linear combination fitting 
analysis of XAS data using reference organic ligands 
demonstrated that Fe(II) complexed primarily with 
citrate-like and catechol-like functional groups in 
DOM chemically reduced with H2 and Pd.  Although 
studies of pure organic compounds have shown that 
complexation with citrate enhances Fe(II) oxidation, 
our experiments revealed that association  with 
reduced DOM slowed iron oxidation, with up to 15% 
of the initial Fe(II) concentration remaining after 10 
hours. We conclude that reduced DOM is capable of 
acting as a redox buffer and decelerating the net rate 
of Fe(II) oxidation. 
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Oxalic acid (OxA) is one of the most important 
and abundant dicarboxylic acids in the atmosphere, 
being paid a great deal of interest due to its potential 
impact on cloud condensation nuclei (CCN) activity. 
Previous studies have been shown that the 
contribution of OxA to total dicarboxylic acids was 
more than 50% on average over the urban and marine 
atmosphere and mineral dust is often enriched with 
oxalic acid. OxA is likely an end product of 
photochemical oxidation of many hydrocarbons in 
water mediated aerosols. Oxalate may form in 
aerosols if OxA is neutralized by mono- and di-valent 
cations. Due to the high oxidation state and strong 
ability to interact with inorganic species, its effects on 
aerosol chemical composition and microphysical 
properties are unique and complex, whose uncertainty 
is large and not well understood. Here, we report the 
hygroscopic growth and CCN activity of OxA and its 
inorganic salts using hygroscopicity tandem 
differential mobility analyzer (HTDMA) and CCN 
counter with the relative humidity (RH) range of 0 to 
92% and supersaturation (SS) of 0.1 to 1.0%, 
respectively. The initial dry mobility particle 
diameter was 100 nm. The aerosol generation method 
involved atomization of aqueous solutions (0.1% wt) 
using dry filtered air and then passing through the 
two diffusion silica gel dryers to reduce the RH 
below 5%. We found that hygroscopic growth factor 
of ammonium oxalate at 85% RH, g(85%) are higher 
than pure OxA, whereas the hygroscopicities of 
sodium oxalate, magnesium oxalate and calcium 
oxalate are lower than pure OxA. Potassium oxalate 
showed a strong deliquesce around 86% RH. On the 
other hand, sodium oxalate, potassium oxalate and 
ammonium oxalate showed strong CCN activation 
ability. Calcium oxalate showed moderate ability 
whereas magnesium oxalate showed poor CCN 
activation ability.  
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Despite their strong Raman scattering and 
importance in several applications in the geological 
and biological sciences, Mg-calcites have not been 
thoroughly investigated by Raman spectroscopy. In 
this study we investigated whether Raman spectra of 
carbonates are sensitive to structural and chemical 
changes occurring when Mg2+ substitutes Ca2+ in the 
calcite lattice. Different carbonate samples with 
variable Mg content (0 - 20 mole % MgCO3) of 
biological and inorganic origin, have been first 
beamed under a Raman spectrometer and then 
analysed by SEM-EDS and EMPA-WDS to 
determine their chemistry. Biological samples 
(foraminifers, coralline algae, barnacles, 
echinoderms) were collected from areas situated at 
different latitude, water temperature and saturation, 
factors affecting Mg content in biogenic calcite. 
Raman band positions are directly linked to the 
amount of magnesium present in the calcite lattice 
[1]: all peaks of Mg-calcite spectra show a consistent 
and linear increase in Raman shifts according to their 
Mg content, which is a consequence of decreased 
inter-atomic distances following the substitution of 
Ca2+ with the smaller Mg2+ ion. We propose an 
innovative work perspective in oil exploration, 
presenting a case study on MgCl2 flooded chalk, 
under reservoir conditions. These rocks are one of the 
key samples to exercise Enhanced Oil Recovery in 
hydrocarbon reservoir at the Norwegian Continental 
Shelf. Chalk-fluid interactions are complex; 
mechanical strength, compaction, porosity and 
permeability of chalk are linked to calcite dissolution 
and to the recrystallization of Ca- and Mg-carbonate 
minerals, and all play an important role in the 
reservoir potential [2]. 
 
 [1] Bischoff et al., (1985) Am. Mineral., 70, 581.  
[2] Madland et al., (2011) Transport Porous Med., 
87, 679. 
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Synchrotron radiation X-ray fluorescence 

microscopy (SR-XFM) application for high-
resolution elemental mapping of continental 
carbonates has been penalized to date by acquisition 
times  and sample size limitations. Recent advance in 
detectors technology allows investigate at high 
resolution (0.5 – 5 μm) and with fast acquisition 
times (tens of ms per pixel) samples up to several cm 
long and wide. 

Here we present elemental maps from a suite of 
continental calcites (stalagmites, flowstones, 
coralloids, subglacial carbonates) obtained at the 
XFM beamline at the Australian Synchrotron 
equipped with a Maia 384 detector array, which 
acquires full spectral X-ray data for each detector. 

The combined maps for Sr, Y, U, Br, Fe, Mn and 
Zn allow identification of laminae and highlight the 
original fabric of the deposits, providing insight on 
the processes of their formation. Maps of Ca, Sr and 
the elastic scattering yield information on growth 
mechanism, original and actual porosity. Finally, the 
full spectral acquisition and off-site software 
elaboration allow obtaining high-resolution 
quantitative linear and complex traverses by 
integrating selected areas of variable orientation and 
pixel width within the map. 

The SR-XFM technique provides imaging of 
trace elements which identify structures otherwise 
difficult to visualize, with valuable information on 
original fabric and diagenetic modifications, which 
are fundamental in our correct interpretation of 
climate and environmental proxy data extracted from 
continental carbonates. 
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To improve our understanding of life and 

processes recorded by shallow marine Archean 
sediments, we explore the ecology, morphology, 
metabolisms and fossilization potential of benthic 
photosynthetic microbial communities that lack 
cyanobacteria. We culture photosynthetic microbial 
biofilms in the presence of methane, hydrogen, Fe(II) 
and Mn(II) in anaerobic solutions that mimic the 
Archean seawater and analyze the microbial, mineral 
diversity and the preservation of textures. 16S rRNA 
gene amplicon paired-end sequencing on the MiSeq 
Illumina platform shows that cyanobacteria are 
absent from the cultures and Chlorobi are the 
dominant photosynthetic organisms. Methane, CO 
and other gases in some cultures lift biofilms and 
produce cuspate structures with morphologies similar 
to some Archean stromatolites. Calcite, dolomite, 
kaolinite and other minerals precipitate early and are 
able to preserve fine microbial textures. Future work 
will compare the textures of model microbial mats 
and various Archean stromatolites and analyze the 
carbon isotope composition of organic matter and 
carbonate minerals. 
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The ThermAc project aims at extending the 
chemical understanding and available thermodynamic 
database for actinides, long-lived FPs and matrix 
elements in aquatic systems at elevated temperatures. 
Such conditions are expected when storing highly 
active heat producing waste in a repository system 
over a significant period of time after starting 
repository operation. If early canister failure occurs, 
radionuclides may contact aquatic systems at higher 
temperatures. Scientific tools must be available to 
assess the related chemical effects and their impact 
upon safety. ThermAc approaches this challenge by 
evaluating the capabilities of a variety of estimation 
methods to obtain thermodynamic parameters 
(formation constants, enthalpic and entropic data) as 
f(T). This is done by intercomparison between such 
methods and pointwise checks with experimental 
results. A clear focus is on long-lived actinides in 
oxidation states III, V and VI, with selected fission 
products and important redox controlling matrix 
elements like Fe also receiving attention. ThermAc 
addresses the temperature range from ~5°C to ~90°C, 
focusing on systems at low or intermediate ionic 
strength. Only for selected cases with scientific 
interest, higher temperatures up to 200°C or salt brine 
solutions are investigated. Chemical analogs help to 
gain information on solid phase transformation 
processes. Ion-ion-interaction processes are treated 
with the SIT, in agreement with the NEA-TDB 
project. Quantum chemical calculations are used to 
support the interpretation of experimental findings, 
and establish a fundamental understanding of 
chemical effects on a molecular level. 
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Tuscany (Italy) is characterized by numerous, 
large outcrops of ophiolites, i.e. serpentinites, 
gabbros and basalts, representing remnants of the 
Jurassic Ligurian Tethys. At Montecastelli (Tuscany), 
spontaneous CO2 mineral sequestration is an ongoing 
process locally affecting serpentinites along fractures 
and at surface. Here, the ophiolite outcrops are 
characterized by serpentinized harzburgites hosting 
discrete brucite-rich serpentinized dunite bodies.  
Mineralogy and texture of the serpentinized dunites 
indicate two-stage oceanic serpentinization: an earlier 
hydration, leading to the formation of a Fe-rich 
brucite, serpentine and minor magnetite arranged in a 
typical pseudomorphic mesh texture (type-1a dunite), 
and a late veining producing serpentine, magnetite 
and brucite overprinting the previous texture (type-1b 
dunite). Carbonation of serpentinites is strongly 
catalyzed by the presence of brucite-rich lithotypes. 
Serpentinized dunites are pervasively affected by 
carbonation in form of: i) replacement of Fe-rich 
brucite by Mg-Fe LDHs (pyroaurite-coalingite) in 
mesh cores and rims (type 1a) and replacement of 
brucite by hydrous Mg carbonates (hydromagnesite 
with minor nesquehonite) in veins (type 1b); ii) 
precipitation of hydrous Mg carbonates ± Mg-Fe 
LDH ± aragonite in fractures and at external rock 
surfaces (type 1a and 1b). 

By contrast, the brucite-free serpentinized 
harzburgites are not significantly affected by 
carbonation. Coatings and crusts of hydrous Mg 
carbonates ± aragonite can form on free surfaces of 
this rock around clasts but they never reach the 
pervasive effect observed in brucite-rich 
serpentinized dunites. 

We argue, based on all our evidences, that the 
infiltrated meteoric water produces the dissolution of 
the Fe-rich brucite and brucite in the dunitic rocks, 
with consequentely precipitation of Fe-rich LDH and 
hydromagnesite. The modified rainwaters after the 
pervasive interaction with the serpentinized dunites - 
confirmed by their high pH (8.5), high Mg content 
(55 mg/l) and low Si content - discharge out from the 
outcrops, precipitating a late hydromagnesite coating 
at the rock (both dunite and harzburgite) surfaces. 
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Understanding the origin of U-Th-Ra variations 

in the Ganga river sediments is a prerequisite to 
correctly use the U-series nuclides to constrain the 
sediment transfer times in Himalayan rivers. For this 
purpose, U-Th-Ra concentrations along with 238U-
234U-230Th-226Ra radioactive disequilibria and 
(230Th/232Th) ratios were analyzed in bank and 
suspended sediments from the Gandak river, as well 
as for several grain-size and mineral fractions of the 
sedimentary material.  The results on the total bulk 
sediments evidence that the variations of 
(238U/232Th) and (230Th/232Th) activity ratios, as 
well as 238U-234U-230Th-226Ra disequilibria in 
sediments along the river alluvial plain reflect a 
modification of their mineralogical and grain-size 
composition, rather than the degree of weathering 
during their transfer. In addition, the data indicate 
that the variation of minor primary minerals strongly 
enriched in U and Th, i.e. REE-bearing minerals, 
zircons and Ti-bearing minerals controls the 
(238U/232Th) and (230Th/232Th) activity ratios of 
the sediments, while 238U-234U-230Th-226Ra 
disequilibria are strongly influenced by secondary 
mineral phases such as Fe oxyhydroxydes and clays. 
Those conclusions are confirmed by the results on the 
separated mineral phases, which show the main 
influence of a few minor minerals on the U-Th-Ra 
elementary and isotopic systematic and outline the 
main control of the Fe-oxides and the phyllosilicate 
mineral phases respectively on the 230Th and 226Ra 
budgets. The data on the mineral fractions also 
highlight the preferential mobility of 230Th during 
the weathering process, with its redistribution among 
the different mineral phases by leaching and 
secondary adsorption mechanism. This conclusion 
brings a new perspective on the debate of the U-series 
nuclide mobility during water-rock interactions. 
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The interaction of bacteria with chalcopyrite in  

bioleaching systems is poorly understood, but key to 
understanding processes controlling and enhancing 
copper solubilisation. This study investigated the 
colonisation and growth of a consortium of 
acidophilic iron and sulphur oxidising bacteria (A. 
ferrooxidans, L. ferrooxidans and A. thiooxidans) on 
different sulphides, representing a well characterised 
system (pyrite), easily leached material (bornite-
chalcocite ore) and a difficult bioleaching target 
(chalcopyrite). In order to determine the necessity of 
attachment and colony formation for culture survival 
and growth, sample chips with a polished surface 
were suspended in the bacterial consortium for one 
day, then transferred to fresh media for growth, in 
order to create a limited window for colonisation and 
a challenging growth environment. Samples were 
then removed at regular intervals and analysed using 
scanning electron microscopy to determine and 
examine growth patterns on the mineral surfaces. 

Both the pyrite and the bornite-chalcocite ore 
supported colony formation. The pyrite samples 
exhibited preferential attachment of cells to natural 
surfaces, with almost no attachment to the polished 
surface, whereas the ore possessed colonies on all 
bornite-chalcocite surfaces, and evenly scattered 
individual cells on the non-sulphidic minerals in the 
ore. In contrast, the chalcopyrite sample did not result 
in the growth of microcolonies, though cells were 
evenly distributed over the entire specimen. All three 
systems formed precipitates on the mineral surfaces; 
iron phosphates on pyrite and chalcopyrite, and 
copper phosphate on the bornite-chalcocite ore. All 
systems had viable cell counts two orders of 
magnitude higher than the original inoculum by the 
end of the experiment. 

The lack of iron both in solution and in the 
precipitates formed on the bornite/chalcocite ore 
sample indicate a preferential leaching of chalcocite, 
with no significant solubilisation of bornite. An 
increase of copper in solution, coupled with high 
bacterial counts in the fluid phase showed that colony 
formation on the surface of chalcopyrite is not 
essential for bacterial growth, suggesting that copper 
solubilisation from this mineral is likely due to a 
biogenically catalysed chemical leach rather than 
direct biooxidation of the mineral. 
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The Cretaceous has been characterized by 

intervals of super-greenhouse climate and profound 
environmental perturbations, including the early 
Aptian Oceanic Anoxic Event (OAE 1) a and the 
latest Cenomanian OAE 2 being episodes of 
widespread organic matter burial in oxygen-depleted 
oceans. The OAE 1a and OAE 2 are thought to be 
related to the emplacement of the Ontong Java 
Plateau and the Caribbean Plateau, respectively. The 
volcanic acrivity of these Large Igneous Provinces 
(LIPs) introduced in the atmosphere a large amount 
of CO2 with consequent impact on biota, climate and 
ocean chemistry. The perturbations of the C cycle are 
traced in the C isotopic record which shows a 
negative shift at the beginning of OAE 1a followed 
by a positive excursion, and a large positive anomaly 
marking the OAE 2. In this study, we intended to 
detected if and how these changes in pCO2 affected 
the biogenic carbonate production of calcareous 
nannoplankton. Coccolithophore algae are in fact 
extremely sensitive to changes in physical and 
chemical conditions of the oceans and laboratory 
experiments on living forms indicate that coccolith 
type, abundance and degree of mineralization depend 
on chemical-physical-trophic conditions of water as 
well as on pCO2. Our data revealed the presence of 
dwarf/malformed coccoliths during OAE 1a and 
OAE 2 interpreted to be the response of some 
coccolithophore species to increased surface-water 
acidification, thus providing indication of intervals of 
excess CO2. Following these observations, that 
suggest that past calcareous nannoplankton probably 
responded similarly to extant coccolithophores under 
fluctuating CO2, we reconstructed nannofossil calcite 
paleofluxes during the Aptian and used them to 
calculate paleoCO2. Calcite production resulted to be 
severly affected during OAE 1a, when the highest 
CO2 concetrations of the Aptian were reached under 
the most intense phase of Ontong Java. During the 
middle-late Aptian, paleofluxes were then 
characterized by fluctuations, suggestive for variable 
paleoCO2 depending on the interplay between CO2 
emissions and uptake. 
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The latemost Triassic was marked by a major 

mass extinction event, following profound global 
environmental changes likely related to the activity of 
the Central Atlantic Magmatic Province (CAMP), 
including: i) rapid sea-level fluctuations, ii) 
perturbations of the global C cycle, iii) and the 
collapse of the carbonate biological factory. Several 
studies tempted to stratigraphically constrain this 
global event and reconstruct the causative dynamics 
behind this dramatic extinction. In this work, we 
investigated the freshly-caved Italcementi active 
Quarry section, outcropping on the Mt. Albenza 
(Lombardy Basin, Southern Alps, Italy), for organic 
and carbonate carbon isotopes and calcareous 
nannofossils, contributing to the stratigrafic and 
paleoceanographic characterization of the end-
Triassic interval. The new isotopic data highlight the 
occurrence of three δ13C anomalies, which have been 
demostrated to be of global significance and to 
correspond to: 1) the late Rhaetian “precursor Carbon 
Isotope Excursion (CIE)”; 2) the latemost Rhaetian 
“initial negative CIE”; 3) and the Early Jurassic 
“main CIE”. These excursions likely correspond to 
different phases of the CAMP volcanism probably 
responsible for perturbations in the ocean-atmoshpere 
system. We identify changes in nannofossil 
abundance and composition in correspondence of 
these intervals. In particular, a turnover is detected in 
correspondence of the “initial negative CIE” with the 
first occurrence of Jurassic species coinciding with 
the end of the δ13C anomaly thus being at a lower 
stratigraphic level than found in other localities 
worldwide. Further analyses are therefore required to 
cast light on this new evidence. 
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Estimates of volcanic CO2 emissions from the 
mantle can be obtained from both the primary volatile 
CO2/3He ratio and the helium fluxes [1]. This latter 
may be evaluated from local and regional variations 
of the atmospheric helium isotope ratio [RA= 
(3He/4He)ATM]. In 2011, we attempted to detect 3He 
excesses in air due to subaerial release of magmatic 
gases enriched in 3He. We focused on the Erta Ale 
region in Ethiopia, which presents a major volcanic 
activity marked by a permanent lava lake. We used 
an accumulation chamber placed on the soil surface 
to evaluate CO2 fluxes [e.g., 2] from fumarolic 
sources. Air samples have been collected from this 
chamber, above the lava lake and from the crater and 
the rifting areas. They were analyzed for noble gases 
in the CRPG laboratory (Nancy, France). We found 
no evidence of variation of the RA above the rifting 
area and the crater zones. However, air samples from 
the accumulation chamber and the lava lake show 3He 
excesses (1.3±0.6% for the latter). Significant 
variations of the RA with time in the accumulation 
chamber allows us to estimate for the Erta Ale 
caldera, a maximum 3He soil flux of (0.022±0.002) 
mol/yr. This correspond to a CO2 fluxes of 
(6.6±0.5)*107 mol/yr, which point to a CO2/3He ratio 
of (3.0±0.4)*109. Based on this ratio and assuming a 
plume moving at 7 m/s generated by the active zone 
lava lake (≈8m of diameter), we evaluate a lava lake 
3He and CO2 fluxes of (0.19±0.10) mol/yr and (5.6± 
3.0) x 108 mol/yr, respectively. A coherent CO2 flux 
of 4.3 x 108 mol/yr is find based on a CO2/SO2 ratio 
of 1.3 from fumaroles [3] and a SO2 flux of 11 mol/s 
for the active lava lake [4]. 

 
[1] Marty et al. (1989) Chem. Geol. 76, 25-40. [2] 
Perrier et al. (2009) EPSL, 278 (3), 198-207. [3] 
Fischer, T.P. (2008) Geochem.J. 42, 21-38. [4] 
Oppenheimer et al. (2014) Geol. Soc. Am. 32, 509-   
512. 
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As sedimentary rocks crop out over a large 
fraction of the Earth continental surface, their 
weathering has a major impact on global 
biogeochemical cycles, solutes and particulate fluxes 
to the oceans, and evolution of atmospheric CO2 [1]. 
The Bolivian Andes are a perfect setting to study the 
global effect of this process, as they are almost solely 
underlain by sedimentary rocks, feature high erosion 
rates, and are drained by the largest river system in 
the world, the Amazon. Based on an extensive 
sampling of the dissolved load of more than 20 rivers 
draining the Bolivian Andes and the associated 
foreland and lowland areas of the Madeira Basin, we 
quantify the rates and characterize the chemical 
pathways of sedimentary rock weathering and 
erosion. We use an inverse method to solve a novel 
set of mass budget equations and estimate the 
contribution of the various rock and acidity sources to 
the solute load. The results of the inversion are 
checked against independent isotope data on 
dissolved sulfate (δ18O and δ 34S).  

Silicate weathering contributes to around 70% of 
the chemical denudation in the Upper Beni Basin, 
while the contribution of carbonate weathering attains 
50% in some Andean rivers. In addition, sulfuric acid 
(derived from the oxidation of sedimentary sulfides) 
is the major proton supplier in the upper Bolivian 
Andes, and is much less significant at lowland sites. 
We find that the rate of sulfide oxidation at the basin 
scale is correlated with the erosion rate, indicating 
that this process is limited by the supply of sulfide to 
the Earth surface. In the Andean area, weathering 
reactions comsume only a limited amount of acidity 
derived from atmospheric CO2, while in the lowland 
area of the Madeira Basin, weathering reactions 
represent a net sink of atmospheric CO2. In particular, 
we find that the net atmospheric CO2 sink related to 
weathering in the whole Madeira Basin is around 
40.104 mol y-1, i.e. three times lower than previously 
suggested [2,3]. Following these results, a 
reconsideration of the role of mountain building on 
the long-term evolution of atmospheric CO2 is 
warranted. 
 
[1] Dellinger et al., EPSL 401:359-372, 2014. [2] 
Gaillardet et al., Chem. Geol. 142:141-173, 1997 [3] 
Moquet et al., Chem. Geol. 287:1-26, 2011 
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Recent findings of the MESSENGER mission on 
Mercury have brought new evidence for its reducing 
nature, widespread volcanism and surface 
compositional heteregeneity [1-3]. MESSENGER 
also provided major elemental ratios of its surface [3] 
that can be used to infer large-scale differentiation 
processes and the thermal history of the planet. 
Mercury is known as being very reduced, with very 
low Fe-content and high S and alkali contents on its 
surface. Its bulk composition is therefore likely close 
to EH enstatite chondrites. 

In order to elucidate the origin of the chemical 
diversity of Mercury’s surface, we determined the 
melting properties of EH enstatite chondrites, at 
pressures between 1 bar and 3 GPa and oxygen 
fugacity of IW-3 to IW-5, using piston-cylinder 
experiments, combined with a previous study on EH4 
melting at 1 bar [4]. We found that the presence of 
Ca-rich sulfide melts induces significant decrease of 
Ca-content in silicate melts at low pressure and low 
degree of melting (F). Also at pressures lower than 3 
GPa, the SiO2-content decreases with F, while it 
increases at 3 GPa. This is likely due to the chemical 
composition of the bulk silicate which has a 
(Mg+Fe+Ca)/Si ratio very close to 1 and to the 
change from incongruent to congruent melting of 
enstatite. 

We then tested whether the various chemical 
compositions of Mercury’s surface can result from 
mixing between two melting products of EH 
chondrites. We found that the majority of the 
geochemical provinces of Mercury’s surface can be 
explained by mixing of two melts, with the exception 
of the High-Al plains that require an Al-rich source. 
Our findings indicate that Mercury’s surface could 
have been produced by polybaric melting of a 
relatively primitive mantle.  
 
[1] Zolotov M. Y. et al. (2013) JGR, 118, 138-146. 
[2] Solomon S. C. et al. (2011) Planet Space Sci., 59, 
1827-1828. [3] Weider et al. (2015) EPSL, 416, 109-
120. [4] McCoy T. J. et al. (1999) Meteoritics & 
Planet. Sci., 34, 735-746. 
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The South Armorican Shear Zone (SASZ) is a 

lithsopheric-scale shear zone from western Europe 
that was active during Variscan times. U–Pb analyses 
on zircon and monazite and 40Ar-39Ar analyses on 
muscovite from mylonites and syntectonic granites 
define a minimum duration of 20 Ma for the 
deformation and magmato-hydrothermal history 
along the SASZ, between 320 Ma and 300 Ma. Giant 
quartz veins associated with the deformed zones 
record important crustal-scale fluid circulations. Most 
quartz veins have δ18O values between 10 and 16‰, 
indicating a crustal origin for the fluids. 
Microthermometry on fluid inclusions from euhedral 
quartz indicates that late fluids were mostly aqueous 
with very low salinity (0–1.7 wt% eq.) and with 
homogenization temperatures ranging between 150 
and 270 °C. Together with very low δ18O values of 
some euhedral quartz down to -2‰, these features 
argue for a surface origin for these fluids. Calculated 
δ18Ofluid values of about -11‰ reflect surface-derived 
fluids sourced at high elevation. Independantly, some 
mylonites from the SASZ have low δ18O silicate 
values compared to their undeformed protolith, which 
has to be related to the influx of surface-derived 
waters. The heat source necessary for this crustal 
scale downward fluid infiltration followed by upward 
motion was likely provided by the exhumation of 
lower crustal units in the South Armorican domain. 
New investigations are currently in progress, notably 
δD measurements on micas from mylonites from both 
the SASZ and associated detachments to better 
constrain the paleo-altitude reached during the 
orogeny. Various ore deposits were formed during 
these events, so that this integrated study should help 
to draw the metallogenic crustal landscape of this 
region. 
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Increasing rates of atmospheric nitrogen 
deposition on subalpine watersheds is a recently 
observed and documented reality (Burns et al 2003, 
Preunkert et al 2003, Kirchner et al 2014) leading to 
a change of nitrogen (N) availability with 
consequences on critical ecosystems services (Aber et 
al, 1998, Baron et al, 2000, Voss et al 2006).  
Changes in land managements have also been shown 
to alter N biogeochemical cycle as well as 
composition and functioning of upland vegetation 
(Robson et al 2010, McGovern et al 2013, Gill et al 
2014) but the potential synergetic effect between both 
phenomena is poorly understood. 

Here we compare soils from three subalpine 
meadows with known past and current land-use, 
located at the Lautaret pass in the French Alps. The 
meadows underwent either “mown + fertilized”, 
“mown + grazed” or “abandoned” treatment. Δ17O, 
δ15N, δ18N of NO3

- as well as [NO3
-], [NH4

+] and 
TDN were measured in several soils leachates and 
extracts collected from early summer 2015 
throughout the end of Autumn 2015, coupled to 
aerosols and streams samples. We particularly 
focused our research on the changes in the fate of 
atmospheric NO3

- that deposited based on its Δ17O 
value. Preliminary results show less NO3

- atm. in 
soils with fertilization history (ca 4% of the total N 
budget) compared to non-fertilized soils (ca 12% of 
the total N budget), highlighting different responses 
to N deposition and pointing out that to use MIF in an 
ecological perspective makes it a unique tool to 
further investigate transformations affecting remote 
ecosystems in conjunction with human activities.  
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The effect of recycling crust and sediments, on 
the composition of the mantle wedge, in particular for 
volatiles, is still debated. Chlorine is an important 
fluid mobile element. Its stable isotopes have 
different concentrations in the terrestrial reservoirs [1] 
suggesting the use of δ37Cl as tracer of slab-derived 
fluids [1]. Olivine-hosted melt inclusions (MI) 
provide a first order constraint on the δ37Cl of 
primary magmas, since they were unaffected by near 
surface processes. δ37Cl analyses were conducted 
with a CAMECA IMS 1280-HR. A series of Cl-
bearing glass standards with variable δ37Cl, and 
composition from basaltic to rhyolitic, were 
synthesized and used.  

We determined that SiO2, Al2O3 and K2O are 
primarily responsible for the instrumental mass 
fractionation.  We obtain δ37Cl measurements with a 
reproducibility better than 0.30‰, 2SD and an 
uncertainty of 0.40‰. Our first results show that MI 
from Lesser Antilles, Aeolian and Vanuatu arcs range 
from -1.9 to +0.6‰,  -3.3 to -1.4‰ and -1.7 to 
+0.4‰, respectively. Combined with Cl/K2O ratios, 
these data suggest that for the Lesser Antilles and 
Vanuata arc, Cl addition mainly comes from 
serpentinites, whereas Cl added in the mantle beneath 
the Aeolian islands may originate from marine pore 
water-like fluids.  
	  
[1] John et al. (2010) EPSL 298, 175-182 
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The biosphere within the Shimokita coalbeds is 

currently the deepest evidence of microbial life 
encountered by scientific ocean drilling. Within the 
currently drilled interval down to 2466 m below 
seafloor, the coalbeds constitute a significant oasis 
amongst otherwise TOC-poor strata. Using thermal 
maturity parameters sensitive to early diagenetic as 
opposed to petroleum generating processes, we 
calibrated a basin model to obtain 
palaeotemperatures. Palaeotemperatures were then 
used to model formation-averaged inventories of 
indigenous cells. This was done as a material balance 
in which the proportion of carbon present in living 
cells varied due to temperature dependent cell-
building, -repairing and -damaging reactions. It was 
found that observed indiginoeus cell concentrations 
could be best explained by models that took account 
of a transition from a warm active-rift environment to 
the present-day cool aseismic environment, and with 
coal units Neogene in age or younger. Models not 
meeting these criteria overpredicted cell 
concentrations in shallower TOC-poor formations 
(see Fig 1.). Interogration of the model found 
overprediction was caused by lengthened “nursery 
stages”, in which the deep biosphere was artifically 
nurtured at mild temperatures prior to deeper burial. 
This Basin Modelling demonstrates that present day 
temperature is not a good indicator of the deep-
biosphere vibrancy. Instead, energy provision and 
time spent in optimal growth conditions are essential 
aspects. 
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A core of radiouclide contaminated, coated and 

painted concrete taken from the decommissioned, 
spent nuclear fuel cooling pond wall at the 
Hunterston-A nuclear site (Ayreshire, UK) has 
provided a unique opportunity to study strontium and 
caesium behaviour in a real system. The core, 
extracted from a dividing wall at a few cm above the 
original fill level of the pond, exhibited radioactivity 
(dominantly from β-decay of 137Cs and 90Sr) which 
was heterogeneously distributed across both painted 
faces. Autoradiography suggests that activity was 
splashed onto the surface. 

At beamline I18 of the Diamond Light Source 
(UK), the Sr distribution across the painted core 
surface was mapped  using microfocus X-ray 
fluorescence (µXRF) and this was combined with Sr 
K-edge XANES. 

This revealed that Sr on the painted core is bound 
to regions of high TiO2 (the dominant pigment in the 
paint) and XAS spectra exhibit similarities with 
outer-sphere  complexation of Sr on TiO2 reported 
elsewhere. Stable Sr and Cs reactivity experiments 
were also undertaken using uncontaminated blocks of 
the concrete in order to analyse the interactions of 
these elements as proxies for 137Cs and 90Sr in case of 
a failure in the surface sealants. Using μXRF and 
scanning electron microscopy, Sr was shown to be 
immobilized by the cement phases, whilst at the 
concentrations used, Cs was taken up  by clay 
minerals within the altered igneous rocks clasts in the 
concrete aggregate. 

Studies of challenging real world samples such as 
this are crucial to ensure the safe management of 
nuclear wastes and limit the uncertainties associated 
with post-operational clean out and 
decommissioning.  



Goldschmidt Conference Abstracts 288 

The distribution of dissolved 
trace elements across a zonal 

section of the southwest Pacific 
Ocean 

ANDREW R. BOWIE12*, MICHAEL ELLWOOD3, 
PIER VAN DER MERWE1, KATHRIN WUTTIG1, 
ASHLEY TOWNSEND4, ALEX BAKER5, MAX 

THOMAS5, CHRISTEL HASSLER6, PHILIP BOYD2 
1 Antarctic Climate and Ecosystems Cooperative 

Research Centre, Hobart, TAS 7001, Australia 
(*corresponding author: 
Andrew.Bowie@utas.edu.au) 

2 Institute for Marine and Antarctic Studies, 
University of Tasmania, Hobart, TAS 7001, 
Australia 

3 Research School of Earth Sciences, Australian 
National University, Canberra, ACT 0200, 
Australia 

4 Central Science Laboratory, University of 
Tasmania, Hobart, TAS 7001, Australia 

5 School of Environmental Sciences, University of 
East Anglia, Norwich, United Kingdom 

6 Institute F.-A. Forel, University of Geneva, 
Switzerland 

 
Trace elements in the ocean play important roles 

as nutrients, as contaminants and as tracers for ocean 
processes now and in the past. In remote oligotrophic 
ocean waters, such as the South Pacific, the primary 
control on phytoplankton production is the supply of 
the macronutrient nitrogen into the euphotic zone, 
with secondary nutrient limitation associated with the 
supply of micronutrient trace elements (such as iron) 
as well as phosphorus. 

Here we present a full water column section of 
dissolved trace elements, including iron, together 
with macronutrient concentrations, for the 
GEOTRACES zonal transect (GP13) along ~30oS in 
the southwest Pacific Ocean, from east of Australia 
(153oE) to south of Tahiti (150oW). We use a suite of 
trace metals and their ratios to fingerprint the sources 
and sinks in the region, focussing specifically on long 
range aerosol transport to surface waters and 
hydrothermal inputs to the deep sea. We also 
compare data from our Australian-New Zealand 
zonal section (GP13) with the US GEOTRACES 
Eastern Pacific Zonal Transect (GP16) of the 
southeast Pacific Ocean (along ~ 12oS west of Peru). 

Our results show that surface dissolved iron (<0.2 
nmol/L) and nutrient (<5 µmol/L) concentrations are 
very low along GP13, with the oligotrophic waters 
primarily limited by nitrogen. We observe distinct 
enrichments in trace elements such as iron and 
manganese in deep (>1000 m) waters above the 
Kermadec Ridge north of New Zealand, indicative of 
hydrothermal vent delivery, and enrichment in iron 
and lead close to the Australian continent, indicative 
of continental shelf/sediment and anthropogenic 
inputs. 
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The Borden Lake belt is a slab of metabasalt and 

metasedimentary rock that was thrust to lower crustal 
depths during Neoarchean craton formation prior to 
Proterozoic exhumation as part of the Kapuskasing 
crustal cross-section (Superior Province, Canada). 
Here we report on U, Pb, O isotope zoning in 
metamorphic zircons using CL imaging and 
coordinated ion microprobe (SHRIMP and CAMECA 
1280)  analysis. These zircons were separated from 
six sites along a 10 m transect in granulite-facies 
mafic gneiss (metabasalt) away from a contact with 
paragneiss (δ18O=+10‰). These zircons record 
growth over ~100 Ma time span [207Pb/206Pb ages 
(<6% discordance) of 2660 to 2550 Ma; +15 to 60 
Ma, 2sd]. Beyond 8.5 m from the paragneiss contact, 
δ18O values of early zircon cores range from 7.8 to 
9.1‰ (+ 0.2 to 0.4, 2 sd) averaging 8.4‰, similar to 
high-grade mafic gneiss regionally, and record early 
(low T?) alteration of the basalt protolith by 18O/16O-
enriched (non-mantle) fluid sources. Within 8 m of 
the paragneiss, zircon cores have significantly higher 
δ18O values of 9.6 to 11.5 (ave. 10.8‰), indicating 
infiltration of the contact zone with 18O/16O-enriched 
fluid/melt from paragneiss early in burial. Episodic 
growth of zircon continued throughout the metabasalt 
for another ~80 Ma at lower crustal depths, with new 
zircon rims between 5 and 8 m from the paragneiss 
recording variable δ18O values ranging from 11.1 
down to 7.6‰. The lower δ18O rim values indicate 
subsequent channelized infiltration of lower δ18O low 
a(H2O) fluid/melt into the lower crust, and increased 
contribution of mantle sources to these fluids. This 
fluid history is not resolvable with main phase 
minerals, however correlated micron-scale trace 
element, U-Pb age, and oxygen isotopic zoning in 
zircons document upper and lower crustal fluid/melt 
infiltration events involved in the geochemical 
maturation of early crust. 
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The thermodynamic implications of redox 
conditions on organic matter decomposition and C 
sequestration are undervalued in current predictive 
modeling efforts. Here we show conclusive evidence 
of changes in carbon chemistry as an effect of redox 
conditions. This strongly supports the idea that 
thermodynamic constraints regulate microbial 
metabolic activity with important implications for C 
decomposition and the coupled cycling of nutrients 
(e.g. S, N, P, Fe) and contaminants (e.g. U).  

In a regional investigation of organic matter 
composition in relation to metal and nutrient cycling 
within floodplains of the upper Colorado River Basin, 
we observed distinct changes in the soluble carbon 
chemistry within reducing, organic-rich sediments 
compared to  the (sub)oxic surrounding materials. 
This effect was not manifested in the bulk organic 
matter and could not be directly attributed to 
differences in source material. Rather, it indicated 
that metabolic constraints on organic matter 
decomposition imposed by the redox conditions 
resulted in preferential depletion of more oxidized 
organic compounds (e.g. carbohydrates, lignin) in the 
soluble fraction, leaving behind reduced carbon 
substrates (e.g. lipids) that are thermodynamically 
restrictive for microbial metabolism when coupled to 
iron or sulfate reduction. Our data further show 
strong correlations between C, Fe, S and U redox 
chemistry, which fits within the thermodynamic 
limitation framework. Our work supports a 
contention that thermodynamic constraints should be 
incorporated in future modeling of C decomposition 
and projections of metal fate and transport. 
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The Gulf of Aqaba is situated in hyperarid region 

with scarce rainfall, rare seasonal floods and intense 
aeolian dry deposition from adjacent deserts. The 
goal of this study was to constrain biogeochemical 
cycling of redox-sensitive elements in the sediments 
of the Gulf of Aqaba and to identify potential sources 
of these elements. Redox zonation was studied in the 
upper 50 cm of the sediments under shallow water 
depth (≤ 420 m), as well as in the upper 90 cm of the 
sediments under deep waters (694 m). Iron speciation 
was measured in dust and material from dry creek 
beds, which were suggested as potential sources of 
redox-sensitive elements in the sediments of the Gulf 
of Aqaba[1]. 

The oxic zone was located in the upper 1 cm, the 
manganous zone in the upper 1-10 cm, and the 
ferruginous zone in the upper 50 cm of sediments. 
The highest concentration of H2S (≤ 0.31 µM) in 
pore-waters was detected only at depths greater than 
50 cm bsf due to the presence of dissolved iron (≤ 
14.9 µM). Mo content decreased with depth after a 
maximum concentration of 4 ppm in the surface 
sediments. Relatively high Mo/TOC values (up to 10 
ppm/wt%) were predominantly caused by strong 
nutrient limitation and low organic carbon content. 

The composition of highly reactive iron (FeHR) 
present as carbonate-bounded Fe(II) and Fe(III) 
associated with amorphous oxyhydroxides was 
similar in both the sediment and dust samples, 
whereas the composition was lower in seasonal 
stream beds. FeHR present as Fe(III) oxyhydroxide 
(e.g. hematite, goethite) comprised similar 
concentrations in dry creek beds and deep-waters 
sediments (65-66% of FeHR), whereas near-shore 
sedimentary iron content in this pool was lower (29% 
of FeHR). The increase in pyrite content and the 
presence of H2S in pore-waters at shallow depths may 
reflect enhanced consumption of reactive iron due to 
its reaction with H2S. The similarities between iron 
speciation in dust (average FeHR of 56%) and 
sediments (51% of FeHR at deep sites; 44% of FeHR at 
shallow sites) implies strong impact of dust input on 
the iron cycling in the Gulf of Aqaba, as the mean 
FeHR content in desert flood material is 31%. 
 
[1] Katz et al. (2015), EPSL 417, 87-98. 
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A range of short chain carbon-14 (14C) containing 

organic compounds can be formed by oxidation of 
carbides and impurities within nuclear fuel 
cladding[1]. If leaked to ground there is little data on 
the persistence of these compounds (including 
formate; acetate; formaldehyde and methanol) in 
groundwater environments therefore this work has 
investigated the fate and behaviour of four model 14C-
labelled compounds in aerobic microcosm 
experiments using glacial outwash sediments and 
groundwater compositions representative of the UK 
Sellafield nuclear site[2]. 

In the experiments the distribution of 14C 
activities were tracked in each phase: aqueous (liquid 
scintillation counting); gaseous (by CO2 capture); 
inorganic solid (acidification to release gaseous CO2) 
and organic solid (oxidation of acidified sample to 
release gaseous CO2). In experiments in contact with 
atmosphere only ~5% of initial 14C remained in 
solution at the end of the experiments (~300 hours). 
Loss of formate and acetate can be attributed 
primarily to microbial metabolism within the 
sediment. For formaldehyde and especially methanol 
partial loss by volatilisation may also occur. During 
aerobic metabolism, short chain organic 14C 
contaminants are predicted to be oxidised to 
inorganic species (primarily bicarbonate and 
carbonate) by dissimilatory metabolism. In 
subsurface environments this may lead to an increase 
in carbonate concentrations and so the retention of 
14C in solid carbonate precipitates (or by isotopic 
exchange with pre-existing 12/13C carbonate minerals), 
or, conversely may lead to rapid loss of 14CO2 (via 
exchange with 12/13CO2) where good connectivity to 
the atmosphere is present. 

 
[1] M.S. Yim, F. Caron (2006), Prog. Nuclear 
Energy, 48, 2-36.[2] M.J. Wilkins, et al. (2007), 
Geobiology, 5, 293-301. 
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Near-bottom dissolved seawater samples 

collected on the 2014 northern Atlantic GEOVIDE 
cruise consistently show elevated Pb concentrations 
compared to other deep water samples. 206Pb/207Pb of 
these Pb-enriched bottom samples (1.188-1.213) 
diverge substantially from the waters immediately 
above the nepheloid layer (1.181-1.187). This finding 
implies a strong release of Pb from benthic 
sediments. Although the benthic Pb isotopic signature 
overlaps with both pre-Holocene (i.e., natural) Pb and 
historic emissions of United States alkyl-leaded 
gasoline, we suspect that the majority of this Pb is of 
anthropogenic origin and reached the sediment on 
fast-sinking particles during the era of high U.S. 
leaded gasoline consumption. This assumption is 
supported by sediment cores [1] and by inventories of 
Pb emissions from natural and human sources. The 
nepheloid layer isotope trend in this region is of 
further interest because of the contrast with near-
bottom benthic Pb south of 35˚N in the Atlantic 
showing European isotope ratios [2]. Apparently 
different Pb sources dominated the flux to these two 
regions. These near-bottom enrichments have not 
been seen in the western North Atlantic, not even in 
strong nepheloid layers. 

 
[1] Hamelin, Grousset & Sholkovitz (1990) Geochim. 
Cosmochim. Acta 54, 37-47. [2] Noble, Echegoyen-
Sanz, Boyle, Ohnemus, Lam, Kayser, Reuer, Wu & 
Smethie (2015), Deep-Sea Res. II, 116, 208-225. 
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A commission on the storage of highly 

radioactive materials was set up in 2014 to propose a 
site selection procedure for final disposal of high-
level radioactive waste in Germany. 

According to the law and safety requirements a 
geological disposal in a mine is ranked currently as 
preferred and recommended option. Another option 
which could be declared by the commission for 
following up may be geological disposal using deep 
boreholes. In two workshops the option of deep 
boreholes for disposal have discussed in 2015 [1], 
[2]. Furthermore, a field test as a feasibility study for 
borehole disposal has been awarded currently by 
Departement of Energy in the United States. 

Using deep boreholes can have some advantages 
in long term safety because the high-level radioactive 
waste (HAW) is buried down to 5 000 m deep with a 
ample distance between the HAW and the biosphere. 
Furthermore deep boreholes may take advantage of 
multiple geologic barriers as safety features. Open 
questions are concerned with technological 
feasibility, designing of containers, operational safety 
and compliance with regulatory requirements such as 
retrievability and recovery. 

The presentation will show and summarize the 
concept, technology and findings of the expert 
assessment prepared for the commission on the 
storage of highly radioactive materials [3]. 

 
[1] Bracke G.; Schilling F.; Müller B.; Hurst S.; 
Merkel B. (Hg.) (2015): Proceedings of the 
Workshop “Final Disposal in Deep Boreholes Using 
Multiple Geological Barriers: Digging Deeper for 
safety”. Berlin, June 2015. Köln: GRS gGmbH 
(GRS-405). [2] Nuclear Waste Technical Review 
Board (NWTRB) (2015): International Technical 
Workshop on Deep Borehole Disposal of Radioactive 
Waste. October 20-21, 2015, Board Workshop. 
Washington, DC, www.nwtrb.gov. [3] Bracke G. et 
al., (2016), Tiefe Bohrlöcher (Deep Boreholes), 
www.bundestag.de/endlager. 
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Microbes respond to changes in environmental 

conditions by adjusting their metabolism. Metabolic 
adjustments involve perturbations to complex 
biochemical pathways. Biogeochemical proxies rely 
on understanding how these perturbations produce 
information-containing chemical signatures that can 
be preserved in the geological record. Experiments 
aimed at relating chemical information (e.g. isotope 
ratios) to metabolic parameters of microbial 
populations can improve understanding of the 
geological record.   

We report experimental results that investigate 
this relationship. We have performed controlled 
experiments in which some aspect of microbial 
metabolism was perturbed, either by altering the 
electron donor, the growth rate, or using a mutant 
strain to alter a biochemical pathway. We have 
measured metabolic information on microbial 
populations, using proteomics and metabolomics to 
address how the response of biochemical machinery 
results in differential geochemical fingerprints.  

Using Methylobacterium and Desulfovibrio as 
model systems we investigated the relationship of 
cellular metabolic state to i) the apparent 
fractionation of hydrogen isotopes between growth 
medium water and the biomass lipids (all strains), and 
ii) the fractionation between sulfate and sulfide 
during sulfate reduction (Desulfovibrio).  

In Methylobacterium, lipid D/H-isotope ratios are 
strongly influenced by the production of intracellular 
metabolites such as NAD(P)H, and  electron flow 
through central metabolism or the transhydrogenase 
PntAB [1]. In Desulfovibrio, the electron-bifurcating 
transhydrogenase (NfnAB) may play an important 
role, but D/H fractionation is also strongly correlated 
with growth rate [2] similar to sulfur isotope 
fractionation patterns [3,4]. Proteomic and 
metabolomic results from Desulfovibrio grown at fast 
and slow growth rates in electron-donor limited 
continuous culture may shed light on these results.  
 
[1] Bradley et al. (2014). AGU Fall Meeting. [2] 
Leavitt (submitted) Frontiers in Microbiology. [3] 
Leavitt et al. (2013) PNAS 110, 11244–49. [4] Sim et 
al (2012) GCA 75, 75, 4244-4259. 
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Soils exposed following glacier retreat exhibit 
successional characteristics in microbiology and 
geochemisrty over timescales of decades to centuries. 
The characterisation of thse soils is important for our 
understanding of the cycling of organic matter under 
extreme environmental and nutrient limiting 
conditions, and their potential contribution to global 
biogeochemical cycles, particularly since these new 
areas will become more geographically expansive 
with continued ice retreat. 

We integrated modelling using SHIMMER [1] 
with empirical observations and measurements from 
a chronosequence from the forefield of Midtre 
Lovénbreen, Svalbard (78˚N), to investigate the first 
120 years of soil development. We used laboratory-
derived measurements to refine the model. We show 
that biomass accumulates with soil age, and that the 
bacterial production is dominated by autotrophy 
(rather than heterotrophy). Heterotrophic production 
in young soils (0-20 years) is supported by labile 
substrate, whereas carbon stocks in older soils (60-
120 years) are more refractory. Nitrogen-fixing 
organisms are responsible for the initial accumulation 
of available nitrates in the soil. We also infer that 
allochthonous deposition of organic material may 
play a significant contributory role that could 
accelerate or facilitate further microbial growth. 

This integrated model-data approach provides a 
quantitative evaluation on the dynamics of glacier 
forefield systems that have previously largely been 
explored through qualitative interpretation of 
datasets. 

 
[1] Bradley J.A., Anesio A.M., Singarayer J.S., Heath 
M.R., Arndt S. (2015) SHIMMER (1.0): a novel 
mathematical model for microbial and 
biogeochemical dynamics in glacier forefield 
ecosystems. Geosci Model Dev 8(10), 3441-3470. 
doi:10.5194/gmd-8-3441-2015 
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Experiment on the leaching of water-bearing 

rocks was conducted to determine the characteristics 
of the fractionation of rare earth elements in 
groundwater of karst massifs. The results are shown 
in figure below. 

Result of water-rock interaction shows a rapid 
saturation of the solution with most REEs on first 
stages and then gradual reduction of most REE 
except Eu. More noticeable decrease in 
concentrations of LREE is observed leading to a 
slight tilt of the profile towards the accumulation of 
HREE. This is due to a better migration ability of 
heavy REE, because of their smaller ion radius [1, 2]. 
Equilibrium between water and rock is being 
established after a certain time, wherein the salinity 
and pH value can be compared with one's in the 
natural spring. However, the final REE distribution 
profile is somewhat different from the natural one, 
because the final experiment's Eh total value turned 
out lower, causing increasing depletion of LREE and, 
accordingly, a greater profile inclination towards 
accumulation of HREE. Thus, it was confirmed 
earlier suggestion of the authors that the REEs in 
groundwater can provide an excellent tracer of their 
host rocks and pH-Eh conditions [3].  

This work was supported by RSCF project #14-
17-00415. 
 
[1] Bau (1991) Chemical geology 93, 219-230. [2] 
Sholkovitz (1995) Aquatic geochemistry 1, 1-34. [3] 
Bragin et al. (2016) Acta geologica sinica 90, 276-
284. 

Figure 1: NASC-normalized profiles for: 1, 2, 3 – 24, 
2, 236 hours after experiment start; 4 – natural spring; 5 – 

ater-bearing rock. Ordinate axis is logarithmic 
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Bulk elemental, and isotopic data for martian 

meteorites demonstrate that key aspects of Mars’ 
composition are markedly different from that of 
Earth. This suggests that Mars formed outside of the 
terrestrial feeding zone and has always remained far 
from the Sun. Its growth was stunted early and its 
mass remained low, compared to Earth and Venus. 
Here we show a robust dynamical pathway in the 
framework of the recently-elaborated ‘Grand Tack’ 
scenario of terrestrial planet formation [1,2] that 
forms and keeps Mars outside of Earth's accretion 
zone while at the same time accounting for strict age 
and compositional constraints, and mass differences. 

In the Grand Tack, Jupiter and Saturn together 
migrated towards the inner solar system, but they 
reversed their direction near 1.5 AU. This radial 
migration caused a pileup of solid material inside of 1 
AU. Thus, almost all protoplanets and planetesimals 
in the intervening space between 1 AU and 1.5 AU 
were cleared by Jupiter.   

Owing to the fact that Mars is currently at 1.5 AU 
from the Sun and formed farther than the Earth, it 
somehow escaped Jupiter’s Grand Tack incursion. 
We propose a scenario wherein proto-Mars formed in 
a few million years beyond 1 AU and remained there 
as Jupiter migrated inwards and then reversed 
direction. Proto-Mars was then pushed towards 1.5 
AU by the dynamical interaction with other 
protoplanets and planetesimals in the disk. 

We tested our hypothesis by performing a large 
number of N-body Grand Tack simulations of 
terrestrial planet formation, and with a probability of 
50% we form and keep Mars beyond 1.25 AU if the 
tack occurred at 2 AU. 

We predict that Mars' volatile budget is different 
from Earth's and additionally predict that Venus 
formed close enough to our planet that it is expected 
to have similar bulk composition, including the 
oxygen isotopes.  
 
[1] Walsh et al. (2011) Nature 475, 206-209. [2] 
Morbidelli et al. (2012) Ann. Rev. Earth Planet Sci. 
40, 251-252. 
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Of the >100 million tonnes of alumina 

manufactured annually, approximately 100-200 
million tonnes of bauxite residue (red mud) is 
produced as by-product. This red mud is disposed of 
in large land based bauxite residue disposal areas 
(BRDA). Freshly deposited raw red mud, when in 
contact with natural waters, produce highly alkaline 
and saline solutions. The main challenges around the 
legacy of BRDAs are (a) physical stability of red 
mud, (b)  alkalinity (pH 11+) and salinity of pore 
water and leachates, and (c) mobilisation of trace 
metals (Al, V, and Cr). Here we present a unique 
study from a BRDA of three 17 year old plots, 2 of 
differing treatments (a combination of organic matter 
and gypsum) to a depth of 20 cm, and one untreated. 
Samples were taken at intervals to a maximum depth 
of 50 cm. 

Initial results indicate that all plots developed an 
increased proportion of solids (~60%), compared to 
freshly deposited bauxite residue. Furthermore, the 
treated plots exhibit a decrease of 2.5 pH units at a 
given depth, compared to the untreated plot, giving 
the surface zone of the treated plots pH <8. Treated 
plots also displayed a 3-4 fold decrease in aqueous 
available sodium at all depths. Treatment also 
decreased the overall availability of trace metals Al, 
V, and Cr to 50 cm, compared to the untreated plot. It 
is worth noting that the positive effects of treatment 
extend well beyond the 20 cm deep treatment zone, 
and are evident by the lush vegetation growing on the 
surface. 

In this presentation we will discuss the chemical 
processes reducing alkalinity and improving the 
physical stability of bauxite residue in the treated 
plots. We will also highlight how, at 1/10 the 
financial cost of traditional cap and cover 
remediation, these treatments may provide a cost 
effective and viable solution to BDRA closure and 
red mud rehabilitation. 
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The suggestion that speleothem δ13C values 

depend on atmospheric pCO2 [1] is evaluated here 
using a global compilation of speleothem records. 
Global mean speleothem δ13C anomalies over the past 
90 kyr closely track those expected from the 
experimentally-determined atmospheric pCO2 effect 
on C3 plant δ13C values [2]. Because the relevance of 
this effect to natural changes in atmospheric pCO2 
has been questioned [3,4], I evaluate here alternative 
explanations for the observed global mean 
speleothem δ13C anomalies. The alternative effects 
considered include glacial-interglacial changes in 
mean annual precipitation and the δ13C values of 
atmospheric CO2 (MAP and δ13Ca, respectively, both 
of which control the δ13C values of C3 plants), mean 
annual temperature (MAT, which controls the stable 
carbon isotope fractionation between CO2 and calcite) 
and belowground respiration rates. I evaluted these 
effects across the last deglaciation, a time period 
during which speoleothem data density is relatively 
high and paleoclimate climate changes are relatively 
well constrained [e.g., 5].  

The sum of the δ13C changes expected from 
Holocene-LGM changes in MAP [5], MAT [5] and 
δ13Ca [6] is -0.3‰, an order of magntiude smaller 
than the observed shift of -1.9‰, suggesting these 
variables do not explain the observations. Exclusion 
of speleothem δ13C records possibly sensitive to 
changes in respiration rates results in a Holocene-
LGM global mean speleothem δ13C anomaly of -
1.4‰, which is similar to that for the full dataset, 
suggesting that changes in repiration rates also do not 
expain the observations. I thus conclude that 1) 
atmospheric pCO2 is an important control on 
speleothem δ13C values, 2) the pCO2 effect should be 
removed from existing and future speleothem δ13C 
records that span time periods during which 
atmospheric pCO2 is known from ice core records, 3) 
global mean speleothem δ13C anomalies provides 
radiometric ages for Pleistocene CO2 variations and 
thus ice core climate records and 4) averaging 
multiple spleeothem δ13C records might allow 
reconstruction of atmospheric pCO2 in deeper time. 
 
[1] Wong & Breecker (2015), Quaternary Science 
Reviews 127, 1-18. [2] Schubert & Jahren (2012), 
Geochimica et Cosmochimica Acta 96, 29-43. [3] 
Kohn (2016) Geochemical Perspectives Letters 2, 36-
43. [4] Diefendorf et al. (2015) Earth and Planetary 
Science Letters 429, 33-44. [5] Alder & Hostetler 
(2015), Climate of the Past 11, 449-471. [6] Schmitt 
et al., (2012) Science 336, 711-714. 
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Calcium–aluminum-rich inclusions, or CAIs, 
were the first solids to condense in the cooling 
protoplanetary disk and thus represent a snapshot of 
the isotopic character of the reservoir in which they 
formed. A marked difference between the isotopic 
composition of the CAI-forming reservoir and the 
reservoir represented by inner Solar System rocks has 
been known for decades in elements near the Fe-peak 
of nucleosynthesis [e.g., 1-2]. However, recent work 
by multiple groups has shown subtle isotopic 
differences extend to elements at much higher 
masses, up to at least A≈185 [3-7]. With the possible 
exception of certain siderophile elements that may 
show variability between fine- and coarse-grained 
samples [3, 7], the isotopic compositions of most 
elements measured in normal CAIs (non-FUN) 
appear to be homogeneous, regardless of the 
classification of the host meteorite [4-6]. This 
apparent homogeneity in the CAI-forming region 
suggests that the reservoir from which CAIs were 
derived was isolated from later-formed solids by 
space and/or time [4]. 

In this work, we present updated results of 
numerous ongoing and integrated studies determining 
the isotopic character of the CAI-forming region, as 
well as discuss recent results from bulk meteoritic 
materials. From these studies, it is concluded that the 
isotopic character of the CAI-forming region was 
unambiguously and systematically different from the 
isotopic character of later-formed solids. Such 
isotopic differences can, in most cases, be ascribed to 
variable amounts of material derived from p-, s-, or r-
process nucleosynthesis, with the specific amount and 
process depending on the material and element 
investigated [3-10]. 
 
[1] Birck & Lugmair (1988) EPSL, 90, 131. [2] Loss 
& Lugmair (1990) ApJ, 360, L59. [3] Burkhardt et al. 
(2011) EPSL, 312, 390. [4] Brennecka et al. (2013) 
PNAS, 110, 17241. [5] Brennecka et al. (2014) 45th 
LPSC, Abs. #2280. [6] Shollenberger et al. (2016) 
47th LPSC, Abs. #1964. [7] Kruijer et al. (2014) 
EPSL, 403, 317. [8] Akram et al. (2015) GCA, 165, 
484. [9] Fischer-Gödde et al. (2015) GCA, 168, 151. 
[10] Burkhardt et al. (2016) 47th LPSC, Abs. #1908. 
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We recently developed a membrane inlet mass 

spectro-metric system operating at gas / water 
equilibrium (GE-MIMS) enabling real time (noble) 
gas analyses under field conditions. The new second-
generation of the system ('Mini-Ruedi-Rüssel') is 
portable (i.e., < 40 kg, operated by car batteries). 
Concentrations of He, (and newly) Ne, Ar, Kr, N2, 
O2, CH4 and CO2 can be measured simultaneously 
and quasi-continuously (< 10 min.) in various kinds 
of terrestrial fluid under field conditions on site [1, 2]. 
Such a system was also used onboard the German RV 
Sonne to determine dissolved gas concentrations in 
deep waters of the Gulf of California (Mexico) and to 
analyse seafloor fluid emission from cold and hot 
seeps in the northern Guaymas Basin [3]. The GE-
MIMS was modified such to enable quantitative gas 
analysis in 8 L of water taken from a single standard 
Niskin bottle within 10 min [2]. 

Most of the investigated seafloor sites were found 
not to emit fluids. However, a dissolved gas plume 
was detected in the northern Guaymas Basin and its 
source could be identified as an active Black Smoker 
hill sitting off the spreading axis within the sediment 
strata. Numerous Black Smokers emit CH4-, CO2- 
and He-rich fluids. The gas concentrations are 
linearly correlated, which is interpreted as a binary 
mixture between deep seated gas sources and 
dissolved gases from ocean water. Laboratory 
analyses of selected gas samples showed that He 
originates from a depleted MORB-source whereas 
CH4 was formed during thermal degradation of 
organic matter. Our measurements indicate that 
magmatic activity within organic-rich sediments 
forces strong green house gas emissions. 

The Guaymas Basin is interpreted as a recent 
analogue of the young Atlantic Ocean during its 
opening. In combina-tion with seismic results, our 
findings support the idea that the Paleocene-Eocene-
Thermal maximum (55 Ma) was caused by 
magmatism in response to the formation of the 
Atlantic Ocean [4].  
 
[1] Mächler L. et al. (2012) Environ. Sci. Technol., 
46, 8288–8296. [2] Brennwald M. S. et. al (2015) 
Goldschmidt Abstracts, 386. [3] Berndt, Ch. et. al 
(2015) RV SONNE 241 Cruise Report, 74 pp. DOI 
10.3289/CR_S241. [4] Svensen H. et al. (2004) 
Nature, 429, 542–545. 
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The cycling of Ba in the ocean is dominated by 

removal through barite (BaSO4) precipitation, with 
BaSO4 accumilation rates in sediments commonly 
applied as a paleo-proxy for export production [1]. 
Isotope composition variations are a promising new 
tool for studying the marine biogeochemical cycle of 
Ba [2,3,4]. Here we present Ba isotope composition 
data for marine sediments, in addition to data for the 
overlying water column from samples collected in the 
South Atlantic (GEOTRACES GA10W cruise, 
December, 2011 – January, 2012).  

Dissolved Ba concentrations and isotope 
compositions in the water column display a strong 
co-variance. Barium concentrations and isotope 
compositions range from 40 nmol kg-1 and 
δ138/134BaNIST3104a ≈ 0.5‰ in surface waters, to 100 
nmol kg-1 and δ138/134BaNIST3104a ≈ 0.2‰ at depth. This 
relationship is consistent with Ba removal following 
closed system Rayleigh fractionation models, using 
fractionation factors (seawater-BaSO4) of 1.0003 to 
1.0004. 

Underlying sediments display lighter isotope 
compositions than the dissolved seawater, of 
δ138/134BaNIST3104a = -0.12 – 0.05‰. These 
compositions are consistent with those predicted by 
the aforementioned Rayleigh fractionation models. 
Ba isotope compositions of marine sediments may 
therefore record useful information on Ba removal 
from the ocean. However, Ba/Al ratios indicate the 
sediments feature a range of Ba contributions from 
authigenic and detrital sources. Similar isotope 
compositions are observed for samples featuring high 
and low Ba/Al ratios, making it difficult to 
deconvolve the composition of authigenic Ba, 
particularly for sediments close to the continental 
shelf. Isolation of BaSO4 from the sediment may 
circumvent this issue [1]. We will also gain further 
insights into marine Ba cycling through aquistition of 
data for suspended particulate material in the water 
column. 

 
[1] Paytan & Griffith (2007), Deep Sea Research II, 
54, 687-705 [2] Hsieh & Henderson (2015), 
Goldschmidt Abstracts, 1326 [3] Horner et al. (2015), 
EPSL, 430, 511-522 [4] Cao et al. (2016), EPSL, 434, 
1-9  
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Biogenic volatile organic compounds (BVOCs) 

play an essential role in atmospheric chemistry and 
form, through a complex set of atmospheric 
processes, secondary organic aerosols (SOAs) that 
affect both the air quality and the climate. The 
organic composition of aerosol is quite complex and 
its molecular composition is still poorly understood. 
To gain a better understanding of the molecular 
composition of atmospheric organic matter (AOM), a 
total of 12 biogenic secondary  organic aerosol 
samples were generated in the Large Atmospheric 
Simulation Chamber (SAPHIR) in Jülich from the 
ozonolysis of individual biogenic SOA precursors 
including β-pinene, limonene, a mixture of β-
pinene/limonene as well as VOCs emitted from Scots 
pines. Chamber-generated SOAs were subsequently 
aged with OH radicals primarily formed from the 
photolysis of HONO and ozone. Each sample was 
collected on quartz filter and analyzed without further 
sample preparation in the ambient ionization source 
DART™ (Direct Analysis in Real Time) coupled to 
an LTQ-Orbitrap™ high resolution mass 
spectrometer operated in both positive and negative 
ionization mode.  

Our results show that all chamber-generated 
monoterpene SOA samples analyzed by DART™ 
/Orbitrap™-HRMS have a very complex molecular 
composition with over 1,000 monoisotopic molecular 
formulas assigned for each sample. Most samples 
generated 4 series of oligomeric clusters with m/z up 
to 900 Daltons, whose structural features could be 
evidenced by collision-induced dissociation (CID) of 
precursor ions. Data produced from these 
experiments will be compared using multivariate 
statistical analysis.  Finally, the detailed molecular 
composition of chamber-generated SOA analyzed by 
DART™ /Orbitrap™-HRMS will be discussed and 
compared with that of background aerosols collected 
from rural and urban areas analyzed using the same 
method.   
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Pegmatitic segregations in hypabyssal tinguaites 
from the Alpine Dike Swarm lamprophyre-
carbonatite complex (New Zealand) contain zircon 
that record volatile-driven igneous differentiation in a 
closed system. 

Mineralogically, the segregations contain 
sodalite-cancrinite-carbonate-phyllosilicate-albite-
niobian-rutile-ilmenite-zircon and represent the 
crystallized product of a volatile-rich residual melt. 
Zircon displays intensely recrystallized cores (Z1), 
syntaxial cathodoluminescence-dark mantles (Z2), 
and oscillatory zoned rims (Z3). Geochemically, Z1 
and Z3 are similar with U = 150 ppm, extremely high 
Th/U ratios (~10 – 100) and chrondrite-normalized 
rare earth element (REE) profiles typical of magmatic 
zircon. In contrast, Z2 has high U (~500-1000 ppm), 
Nb, Ta, Ti, and Ca, low Th/U ratios (4-7), and 
LREE’s comprise 50 wt.% of total REE’s (~2.5 wt.% 
in Z3). We interpret these unusual patterns in 
geochemistry and zonation to be a result of 
progressive volatile saturation of a residual melt. Z1 
grew from the volatile-undersaturated phonolitic 
melt. Upon volatile saturation Z2 precipitated from 
the fluid phase with low Th/U ratios and LREE 
enrichment, while Z1, in disequilibrium, was replaced 
via fluid-mediated dissolution-reprecipitation 
processes. LREE enrichment in Z2 occurred by fluid-
melt fractionation of the REE’s by REE-F and REE-
Cl complexes, and/or REE3+ incorporation via non-
xenotime-type substitutions involving H, Cl, F, or 
Nb+Ta. Z2 growth ceased with the sequestration of 
H, Cl, F, U5+, U6+ and LREE in sodalite-cancrinite-
carbonates-phyllosilicates, resulting in high Th/U, 
low LREE Z3. The availability of volatiles as 
complexing ligands is the primary control on the 
distribution of REE in minerals precipitating from 
evolved alkaline and carbonatitic systems. 

 

Figure 1: Cathodoluminescence image of zircon overlain 
by Th/U map 
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Carbon dioxide is an essential atmospheric 
component in martian climate models that attempt to 
reconcile a faint young sun with planet-wide evidence 
of liquid water at the planets surface in the Noachian 
and Early Hesperian. Current estimates of ancient 
martian CO2 levels, derived from global inventories 
of carbon, and orbital detections of Noachian and 
Early Hesperian clay mineral-bearing terrains 
indicate CO2 levels that are unable to support warm 
and wet conditions. These estimates are subject to 
various sources of uncertainty however.  

Mineral and contextual sedimentary 
environmental data collected by the Mars Science 
Laboratory rover Curiosity in Gale Crater provide a 
more direct means of estimating the atmospheric 
partial pressure of CO2 (PCO2) coinciding with a long-
lived lake system in Gale crater at ~3.5 Ga. Results 
from a reaction-transport model, which simulates 
mineralogy observed within the Sheepbed member at 
Yellowknife Bay by coupling mineral equilibria with 
carbonate precipitation kinetics and rates of 
sedimentation, indicate atmospheric PCO2 levels in the 
10’s mbar range. At such low PCO2 levels, climate 
models are unable to warm Hesperian Mars anywhere 
near the freezing point of water and other gases are 
required to raise atmospheric pressure to prevent 
lakes from boiling away. Thus, lacustrine features of 
Gale formed in a cold environment by a mechanism 
yet to be determined, or the climate models still lack 
an essential component that would serve to elevate 
surface temperatures, at least temporally and/or 
locally, on Hesperian Mars. Our results also impose 
restrictions on the potential role of atmospheric CO2 
in inferred warmer conditions of the Noachian. 
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Spatially and temporally constant sorption 

coefficients (Kd-values) are currently applied in 
transport codes for long-term safety analysis of 
radioactive waste repositories. However, temporally 
and spatially variable geochemical conditions 
occuring in natural systems may lead to significant 
changes in sorption processes of e.g. radionuclides 
(RN). To account for changing geochemical 
conditions such constant Kd-values are replaced by 
so-called “smart Kd-values” which consider the 
impact of varying geochemical parameters on the 
sorption behaviour of long-term safety relevant 
elements; inter alia pH, pCO2, ionic strength, 
complexing ions. 

We present an overview of the state-of-the-art 
“smart-Kd” approach to model RN migration with the 
coupled reactive transport code d3f++ [1, 2].  The 
smart Kd-concept aims to describe complex 
geochemical and mineralogical systems through 
detailed geochemical characterization of major 
components referred to as component additivity 
approach. 

To verify the developed concept, column 
experiments were conducted to investigate Eu(III) 
transport processes. Eu(III) serves as a homologue for 
long-term safety relevant trivalent actinides, e.g. 
Cm(III) and Am(III). We investigated transport 
processes through quartz, mica, and feldspar minerals 
which are ubiquitously presend in Northern Germany. 
Experiments were conducted in mono-mineral 
systems and more complex sediments thus covering a 
variety of geochemical conditions.  

We illustrate first results of Eu(III) reactive 
transport models using the geochemical speciation 
code PHREEQC [3]. Surface complexation 
parameters were determined by batch and titration 
experiments, CXTFIT [4] was applied to assess initial 
estimates of effective transport parameters. Our 
analysis provides a comparison  of the smart-Kd 
approach with conventional Kd-values and offers a 
valuable insight into transport processes of trivalent 
rare earth elements which are of great relevance for 
nuclear waste disposal but also in the areas of solar 
panel construction and wind turbines.  

 
[1] Schneider et al. (2016)  GRS-392, in press. [2] 
Noseck et al. (2012) GRS-297, 293 pp. [3] Parkhurst, 
Appelo (1999) U.S. Geological Survey, 312 pp. [4] 
Toride et al. (1999) U.S. Salinity Laboratory, Report 
No. 137, 118 pp. 
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Recycling of volatiles back to the mantle at 
subduction zones has a profound, yet poorly 
constrained impact on the geochemical evolution of 
Earth’s mantle. Halogens and noble gases with 
seawater and marine pore-fluid signatures have 
previously been discovered in volcanic-front 
peridotites, suggesting that marine volatiles can 
survive the subduction cycle to subarc depths and 
modify the sub-continental lithospheric mantle 
(SCLM) beneath subduction zones [1]. In order to 
understand the extent to which volatiles can be 
subducted past the volcanic front, and how these 
volatiles are modified during subduction, we have 
investigated the halogen and noble gas characteristics 
of xenoliths originating from Antarctica (10-20 Ma) 
and the Siberia (150-360 Ma). 

Both localities show evidence for a recycled 
volatile component with halogen concentrations 
orders of magnitude greater than MORB as well as 
air-like noble gas signatures [2]. Values of Br/Cl and 
I/Cl are distinct from both MORB, and each other. 
Antarctic xenoliths show an enrichment in I with I/Cl 
ratios ranging from a MORB-like (0.1 x 10-3) to 
highly enriched values of 54.6 x 10-3. Siberian 
xenoliths however, show an enrichment in Br with 
Br/Cl ratios ranging from MORB-like (1.2 x 10-3) to 
19.0 x 10-3.  

The Br/Cl and I/Cl within the Antarctic xenoliths 
are similar to marine pore fluids, whilst Siberian 
xenoliths appear similar to eclogitic fluids [3]. 
Differences in halogen ratios suggest compositionally 
distinct subduction-derived fluids. The similarity of 
the Antarctic xenoliths to marine pore fluids indicates 
the SCLM has incorporated fluids released from a 
downgoing slab, whilst the eglogitic signature of the 
Siberian xenoliths suggests that the Siberian SCLM 
contains a fractionated fluid component trapped 
within a subducted lithology. Halogens and noble 
gases are therefore, able to identify the source and 
constrain the history of subducted fluids introduced 
across the SCLM.  

 
[1] Kobayashi et al., 2013 Mineral. Mag. 77, 1484. 
[2] Broadley et al., 2016, GCA, 176, 139-156. [3] 
Svenson et al., 1999 Geology 27, 467. 
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Living organisms frequently reflect the 

deterioration scale of the environment in which they 
occur. Freshwater mollusks have long been the 
subject of ecotoxicology and environmental 
monitoring studies, mainly investigating for trace 
metal concentrations in their soft tissues. There are 
also some reports mollusks’ shells are probably able 
to bioaccumulate some elements, although studies 
have not given a clear and passable answer to this 
issue so far.  

Complete shells of three bivalve species (Unio 
pictorum, Anodonta anatina, Dreissena polymorpha) 
were sampled from water reservoir “Pogoria II” 
located on the Upper Silesian Anthropogenic Lake 
District (southern Poland). The shells were tested by 
means of the following methods to determine the 
metal content and their distribution in different shell 
layers: Atomic Absorption Spectrometry, Inductively 
Coupled Plasma – Mass Spectrometry and Energy-
dispersive X-ray spectroscopy. In addition to 
naturally-occurring elements in a shell (e.g. Ca, Na, 
Mg, S), high content of elements such as Mn, Sr, Ba 
has been detected. Every tested shell showed such 
increase, although differences in the accumulation of 
elements between species are clearly demonstrated.  

The results were compared with the content of 
trace elements present in the water and mud medium 
to determine a correlation between the degree of 
accumulation in bivalve shells. 
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Boron is an essential micro-nutrient that is 
ubiquitous in crustal settings, commonly added to 
manufactured products, including fertilizer, 
detergents, and naturally elevated in animal excreta. 
Due to its soluble nature, boron redistributes into 
aqueous environments where it is commonly 
associated with nutrient-rich solutes. Boric acid and 
borate dominate the speciation of boron in acidic and 
alkaline water, respectively. The two naturally 
occurring stable isotopes are preferentially 
sequestered in opposite species, 11B in boric acid and 
10B in borate. Isotopic fractionation occurs with 
adsorption/ desorption reactions, mineral 
precipitation and dissolution, evaporation, and 
biological processes. Stable isotope fingerprinting is 
commonly used to trace contamination sources and to 
distinguish the primary mechanisms of fractionation 
in water systems. Isotopic signatures of geogenic and 
anthropogenic boron provide a basis to test whether 
contamination can be ascribed to natural sources. In 
the Oreti River catchment in Southland, New 
Zealand, nutrient loading has resulted in a decline in 
regional water quality. Eutrophication is associated 
with a long history of intensive land use, including a 
more recent shift from sheep to dairy farming. Boron 
isotopic values in surface water samples decrease 
with distance from the coast (+20 to +40‰ δ11BCoast; 
+5 to +30‰ δ11BInland), and with increasing elevation 
(+12 to +40‰ δ11BMSL; +5 to +30‰ δ11BMtns), 
suggesting a marine influence in accord with 
seawater aerosols (+40‰). Widespread variance 
implies that there is an anthropogenic and/ or 
lithological component to fractionation in the 
catchment. Isotopic compositions of tile-drainage 
samples (+15 to +35‰), representative of an 
agricultural efflux, suggest that the waters are 
contaminated by cattle manure (+28.6‰), phosphate 
fertilizer (+14.8‰), or nitrate fertilizer (-2 to +0.7‰). 
Scatter in the tile-drainage values points to 
anthropogenic contributors as the primary source of 
contamination in the middle to lower reaches of the 
Oreti catchment, but ratio variations in surface water 
north of the glacio-fluvial plains suggest a stronger 
geogenic component in the upper reaches. Given that 
nutrient loading is a global issue, the Oreti River can 
be used as a model for determining systematic 
controls when assessing catchments worldwide. 
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Based upon the pioneering work of Weyer and 

others [1] it is now recognized that small variations in 
238U/235U exist in many natural and experimental 
systems.  The U isotope system is now applied to a 
wide array of questions including  environmental 
remediation, paleo seawater anoxia and economic 
geology.  

Our understanding of U isotope fractionation is 
largely based on the nuclear field shift theory 
(NFST), observations from laboratory experiments 
and field studies. NFST predicts that the product 
phase will be preferentially enriched in 238U, while 
the reactant phase is complementarily depleted. 
Microbial U reduction experiments are largely 
consistent with the NFST predictions. In contrast, 
inorganic U reduction experiments show minimal or 
reverse U isotope fractionation effects, inconsistent 
with NFST, leading to the idea that certain U isotopic 
signatures “fingerprint” direct enzymatic reduction.  

We review the published data from field studies 
of groundwater and uranium minerals and conclude 
that the observed 238U/235U can be largely explained 
by the preferential reduction of the 238U isotope as 
predicted by nuclear field shift theory and by isotope 
hydrology models, not requiring kinetic isotope 
fractionation favoring 235U in the product phase.  

In light of these findings we re-evaluate the 
observed isotope fractionation for 238U/235U during 
inorganic reduction. We suggest that solution 
composition and the aqueous speciation of U(VI) 
affects the direction and magnitude of 238U/235U 
isotope fractionation in inorganic experiments and 
that enzymatic  238U/235U fractionation may, in fact, 
be a function of experimental design rather than a 
unique signature of biotic U reduction. 
 
 [1] Weyer, S. et al  (2008). Natural fractionation of 
238U/235U. Geochimica Et Cosmochimica Acta, 72(2), 
345–359.  
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The magmatic record has evolved through 

geological time from Tonalite Tronjhemite 
Granodiorite (TTG) in the Archean toward typical arc 
magma compositions (BADR) observable at the 
present day. The Archean-Proterozoic transition is 
marked by the appearance of sanukitoids, which have 
been found on every continent.  

This shift in composition has been interpreted by 
some as reflecting major geodynamic changes and, in 
particular, the appearance of sanukitoids has been 
linked to the onset of subduction-driven plate 
tectonics.  

However, there are remaining fundamental 
questions about the conditions of the early Earth as its 
record is extremely sparse (e.g. composition of the 
crust, geodynamic regime. For example, recent 
studies are still debating the composition of the early 
Earth crust: felsic or mafic? The processes leading to 
the differentiation of the crust during the early Earth 
need, therefore, to be better characterized. New tools 
are required to provide further insights on Earth 
evolution via the petrogenetic analysis of the 
Archean-Hadean record and the transition to the post-
Archaean. 

Trace element geochemistry of accessory phases 
can give additional information about the 
petrogenesis and the sources of their host rocks. In 
this contribution, we present new geochemical data 
on accessory phases (titanite, apatite, zircon) from a 
compilation of granitoids through geological time: 
TTG’s, sanukitoids and BADR from a variety of 
settings. We demonstrate that trace element analysis 
and detailed petrographic work on these phases can 
give direct access to petrogenesis of the host magmas. 
In this study, apatite and titanite trace element 
chemistry is also shown to track changes in magma 
composition through time. These observations offer a 
new way of interrogating the magmatic record 
through time and insight into the secular evolution of 
plate tectonics and the continental crust. 
 
 



Goldschmidt Conference Abstracts 313 

O isotopes in underexplored 
accessory minerals (titanite and 
apatite). A new tool for crustal 

evolution? 
EMILIE BRUAND1, CRAIG STOREY1, MIKE 

FOWLER1, ESA HEILIMO2, OSCAR LAURENT3 
1School of Earth and Environmental Sciences, 

Portsmouth, United Kingdom, 
emilie.bruand@port.ac.uk 

2Geological Survey of Finland, P.O. Box 1237, FI-
70211 Kuopio, Finland 

3Department of Geology (B20)  Université de Liège 
B-4000 Sart Tilman, Belgium 

 
Delineating the evolution of the Earth’s 

continental crust and its extraction from the mantle is 
key to understanding planetary differentiation. Today, 
plate tectonic processes play a major role in creating 
and destroying continental crust. A major point of 
contention concerns how and when the Earth evolved 
from an Archean system that generated greenstone 
belts and Tonalite-Trondjhemite-Granodiorite 
associations (TTGs) to the modern ‘plate’ Earth. 
Linking the rock record with Earth’s dynamic system 
to quantify different aspects of Earth evolution has 
proven difficult. However, recent advances using 
stable isotopes have provided new insights on 
magmatic and metamorphic processes. 

O isotope analyses in zircon have been 
extensively used to constrain the nature of the magma 
source reservoirs and more particularly the input of 
recycled material in the source or by assimilation. 
Zircon has been shown to retain O isotope ratios of 
the magma source unlike other minerals in which O 
isotopes can be completely reset when affected by 
metamorphic or metasomatic events (e.g. quartz).  O 
isotope data from single grains of other accessory 
minerals is limited. Like for zircon, other accessory 
minerals have the potential to highlight mantle and/or 
crustal component in their source.  

In this contribution, we expand the use of a range 
of underexplored accessory phases (titanite and 
apatite) by developing geochemical indicators 
involving O isotopes and trace element 
concentrations to fingerprint crustal evolution. These 
minerals have the advantage over zircon of being 
present in less evolved magmas and being more 
responsive to igneous processes and crustal 
metamorphism. We present new geochemical data on 
the accessory phases (titanite, apatite, zircon) of 
various granitoids through geological time:  a BADR 
suite (Guernsey, Channel Island), “modern” 
sanukitoids (High Ba-Sr suite, Scotland) and their 
Archean equivalent (Karelian Province sanukitoids). 
We demonstrate that O isotopes, trace element 
analysis and detailed petrographic work on these 
phases gives direct access to the petrogenesis of the 
host magmas.  
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Marine organisms utilize cadmium (Cd) in the 

oceans with a preferential uptake of light Cd isotopes. 
The Cd isotope system may therefore be a promising 
tool to understand past nutrient utilization and ocean 
mixing. However, the relationship between Cd 
isotope compositions in recently deposited sediments 
and those in both overlying waters and suspended 
particulates is poorly understood. 

This work aims to analyze the Cd isotopic 
composition and concentration of near-surface 
seafloor sediments, waters and suspended particulates 
from the East Mid-Ocean Ridge and a transect of five 
sites on the continental slope and shelf of the 
Argentine Basin. The samples were collected by UK 
GEOTRACES cruises between 2011 and 2012.  

Results suggest that Cd concentrations in near-
surface sediment profiles are sensitive to changes in 
redox state, an argument which is supported by a 
covariance between Cd and Mn concentrations. Both 
Cd and Mn display an enrichment spike associated 
with peak nitrate reduction. The Cd spike 
corresponds to a negative excursion in the Cd 
isotopes and may be caused by H2S forming insoluble 
CdS. The overlying water column exhibits a 
characteristic nutrient depth profile, similar to 
phosphate, with low Cd concentrations and heavy Cd 
isotope values near the surface and increased Cd 
concentrations and lighter Cd isotope values in deep 
waters. The completed measurement of the samples 
will further our understanding of Cd cycling in 
modern oceans, and the potential of Cd isotopes as a 
paleoproductivity indicator in ancient oceans. 
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Magnetite is a minor to major mineral in the 
mafic and ultramafic rocks of the Eastern Gabbro 
(EG) suite, a complicated sequence of crosscutting 
sills and dykes, including metabasalts, a Layered 
Series, and the mineralized Marathon Series [1]. 
Magnetite in these units exhibits a continuum of 
exsolution textures from cloth to trellis types. Cloth-
textured magnetite consists of a box-like network of 
ulvöspinel (<1μm wide) ± thick trellis lamellae of 
ilmenite (5-20 μm wide) ± bladed spinel (1-5 μm 
wide), all hosted by magnetite. Trellis-textured 
magnetite consists of both fine (1-5 μm wide) and 
thick trellis lamellae, and always contains spinel 
hosted by both the magnetite and ilmenite lamellae.  
Experimental evidence indicates that ilmenite cannot 
exsolve from magnetite, but rather must form by 
oxidation of ulvöspinel mediated by fluid-mineral 
reaction [2]. The Layered Series is distinct from the 
Marathon Series because it lacks magnetite with fine 
trellis lamellae. The presence of these different 
textural variants throughout the EG, as well as within 
individual samples and within individual grains is 
consistent with subsolidus, fluid-induced oxidation. 
Textural and chemical evidence, including trellis-like 
intergrowths radiating outwards from Cu-bearing 
fractures in magnetite, and alteration of many host 
rocks suggests that the trellis exsolution textures 
resulted from reaction of cloth-textured magnetite 
with late, Cu-rich fluids. The trace element chemistry 
of the magnetite textural types are indistinguishable 
on the sample scale, with the exception of W, Ta, Nb, 
Mo, and Sn, which have higher concentrations in 
trellis-textured magnetite. These elemental variations, 
in part, can be explained by reaction of cloth-textured 
magnetite with an oxidized fluid to form trellis-
textured magnetite, whereby the oxidized forms of 
Sn, W, and Mo, which are more compatible in 
magnetite than their reduced forms, were available 
during transformation of the magnetite-ulvöspinel 
assemblage.  This suggests that within a given 
gabbroic series, the various magnetite types represent 
initial crystallization of the same high-temperature 
magnetite-ulvöspinel solid solution, but have 
developed different textures and trace-element 
chemistry due to varying degrees of oxidation. High-
resolution textural characterization prior to laser 
ablation analysis is thus critical for interpreting 
variations in W, Ta, Nb, Mo, and Sn. These results 
suggest that the suite of rocks making up the EG 
crystallized under relatively reducing conditions, 
capable of stabilizing ulvöspinel. In the Marathon 
Series, the fO2 conditions of the local environment 
were later modified by the flux of Cu-rich fluids, 
which caused oxidation of cloth-textured ulvöspinel 
to trellis-textured ilmenite. 
[1] Good et al. (2015) Econ Geol 110, 983-1008. [2] 
Buddington and Lindsley (1964) J Petrol 5, 310-357. 
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Chondrules and matrix are the major constituents 

of chondrites, but both the origin of chondrules and 
the genetic relationship between chondrules and 
matrix are poorly understood. To address these 
questions, we obtained W and Mo isotopic data for 
several chondrule and matrix fractions separated from 
the Allende CV3 chondrite. Our data show that 
chondrules and matrix have large and complementary 
nucleosynthetic W and Mo isotope anomalies 
resulting from the uneven distribution of stellar-
derived dust. For Mo, chondrules and matrix show 
the characteristic w- and m-shaped patterns, 
indicative for the heterogeneous distribution of s-
process matter, where the matrix is enriched in an s-
process carrier over chondrules. The nature of this 
carrier is not well constrained, but the combined W 
and Mo isotope data are best explained by the 
heterogeneous distribution of a metal component 
enriched in s-process Mo and W. 

The presence of complementary nucleosynthetic 
isotope anomalies in chondrules and matrix refutes an 
origin of chondrules in protoplanetary collisions and, 
instead, indicates that chondrules and matrix formed 
together from a common reservoir of nebular dust. 
This is consistent with prior conclusions based on the 
chemical complementarity of chondrules and matrix 
[1]. Of note, bulk Allende (like other bulk meteorites 
and inner solar system planets) shows no or only very 
small nucleosynthetic W isotope anomalies. Thus, 
after their formation, no or only very minor amounts 
of chondrules or matrix were lost, because otherwise 
bulk meteorites would show significant 
nucleosynthetic W isotope anomalies. To prevent this 
loss in a turbulent solar nebula, both chondrules and 
matrix must have accreted rapidly to a parent body, 
suggesting that chondrule formation was a critical 
step toward the formation of planetesimals [2]. 
Moreover, the need for rapid accretion of chondrules 
and matrix indicates that chondrules from a given 
chondrite group should exhibit very similar formation 
ages [2]. For the Allende chondrules we obtained a 
Hf-W age of 2.2±0.8 Ma after CAI formation, which 
given the large number of chondrules analyzed 
(~5,000), corresponds to the time at which most 
Allende chondrules formed. 
 
[1] Palme et al. (2015) EPSL 411, 11-19. [2] Budde 
et al. (2016) PNAS (in press). 
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Understanding how organic molecules interact 

with mineral surfaces is of major interest in a number 
of fields, including biomineralisation and enhanced 
oil recovery, and can offer significant environmental 
impacts and economic benefits. Molecular modelling 
techniques, such as density functional theory (DFT), 
provide a powerful means to complement 
experimental studies and gain insight into 
fundamental interaction between organic molecules 
and mineral surfaces. However, DFT calculations are 
generally performed in vacuum at 0 K, which can 
limit their applicability to investigations performed, 
for example, in solution at ambient temperature. 

Our aim was to incorporate thermodynamics and 
solvation effects into the description of small organic 
molecule adsorption on mineral surfaces, specifically 
calcite. The thermodynamic results were obtained 
from explicit DFT calculations while the solvation 
effects were obtained using the COSMO-RS implicit 
solvent method. A model oil was also developed, 
which allows us to investigate the effect of multi-
component solvent on the adsorption of the small 
organic molecules on calcite. This combined 
approach provided information about the adsorption 
behaviour of these small organic molecules on calcite 
in different realistic conditions, including a variety of 
temperatures and solution composition. The results 
indicate that solvation and thermodynamics affect the 
adsorption of the molecules on calcite significantly, 
with the latter dominating over the effect of solvation. 
Only a few of the small molecules are still stable on 
calcite in solution at 25 °C. Most of these molecules 
were less stable in the water phase than in the oil 
phase. 
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We provide an overview of radionuclides 

released from the Fukushima Daiichi Nuclear Power 
Plant five years after the accident.  Key data sets are 
combined and we identify the challenges and 
surprises observed from oceanic radionuclide 
distributions.  The emphasis is on cesium isotopes, 
though other radionuclides are also considered.  
Topics include:  sources from atmospheric and ocean 
discharges in 2011 as well as estimates of ongoing 
releases from groundwater and operations during 
decommissioning; a cross Pacific Ocean time-series 
to track transport pathways and mixing in surface and 
subsurface waters; an extended time-series in marine 
fish that examines species specific variability in 
radionuclide content and how results fit current 
radioecological models; and the transport and burial 
of particle associated contaminants. Societal impacts 
are discussed including the difficulties in 
communicating complex issues and basic health 
physics to the public, in light of dose assessment 
models of expected health effects in Japan and along 
the west coast of N. America. 
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Lake Kiba has been facing to organic pollution 
over twenty years. This study aims to understand 
dynamic of organic matter in Lake Kiba through a 
year. Water samples were monthly collected at a 
central site of the lake in a period of 2014-2015. We 
also collected water samples at four sites in the 
transect of lake. The water samples were filtered with 
GF/F filters and measured for the concentration of 
organic carbon and nitrogen in dissolved and 
particulate forms. Suspended solids were collected 
from 60 L of the surface lake water samples by using 
continuous-flow centrifugation.  Characteristics of 
dissolved organic matter were determined by three 
dimensional excitation emission matrix spectra.  

Dissolved organic carbon (DOC) concentration 
ranged from 0.96 mg/L and 3.29 mg/L, which 
characterized high value from May to October in a 
year (2.1-3.29 mg/L). Particulate organic carbon 
(POC) concentration increased from April to 
September 2015, especially 5.0 mg/L in July, 2015. 
Both the DOC, and POC concentration reached high 
concentration during spring and summer. The pH of 
water samples also shows similar variation pattern. In 
contract, dissolved nitrogen concentration got higher 
value (0.37-0.5 mg/L) during winter and fall. There is 
a positive relationship between relative fluorescence 
intensity of humic-like substances (an excitation 
wavelength of 320 nm and emission wavelength of 
430 nm) and the DOC concentration with correlation 
factor of 0.93. These results suggested that the 
increase in DOC and POC concentrations are affected 
by the activity of phytoplankton in the lake.   
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The Seblyavr ultramafic–alkaline–carbonatite 

massif is one of the largest (4×5 km) Paleozoic 
complexes intruding Archean gneisses of the Kola 
Shield. The complex has a concentrically zoned 
structure. The inner zone consists of olivinites, 
clinopyroxenites, ijolites, phoscorites and 
carbonatites, surrounded by wide fenite aureole. All 
magmatic rocks were largely transformed by CO2-
rich alkaline fluids derived from later carbonatite 
injections. To better understand the sources and 
evolution of fluid phases we performed noble gas 
isotope analyses in monomineralic separates from 
pyroxenites, ijolite and carbonatites extracting gases 
by stepwise crushing. The samples were collected 
from different drill sites, with depths ranging from 40 
to 65 meters.  

The data show typical plums-like 4Не/3Не ratios 
[1,2] in initial crushing steps of pyroxenes, garnet and 
magnetite, and more radiogenic values with 
prolonged crushing. Calcites from all magmatic series 
are characterized by a 3Не content which is three 
orders of magnitude lower than in silicate minerals, 
and crustal-like 4Не/3Не ratios due to release of in 
situ radiogenic 4Не. The much lower He content in 
carbonatites has been previously attributed to 
postmagmatic loss [3]. Neon isotopic data of initial 
crushing steps of most samples are consistent with a 
mixing line close to Loihi samples. Data of a calcite 
from amphibole-carbonatite form a mixing line right 
to the Réunion line, thus showing a more nucleogenic 
21Ne/22Ne mantle endmember of 0.0426±0.0019 (at 
20Ne/22Ne = 12.5) as well as 40Ar/36Ar mantle 
component of 4579±342 (1 σ). Data of the other 
samples converge at a value of ∼4000 which is 
consistent with the value of 5000±1000 reported by 
[2].  

The work was supported by Klaus Tschira 
Stiftung and RFBR grants №13-05-01009 and 16-05-
00974. 
 
[1] Trieloff M., Kunz J., Clague D.A. et al. (2000) // 
Science 288, 1036-1038; [2] Marty B., Tolstikhin 
I.N., Kamensky I.L. et al. (1998) // EPSL 164, 179-
192; [3] Tolstikhin I.N., Kamensky I. L., Marty B. et 
al. (2002) // GCA 66(5), 881-901. 
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Carbonic anhydrase is a zinc-containing enzyme that 
catalyses the reversible reaction between carbon 
dioxide hydration and bicarbonate dehydration and is 
used for inorganic carbon acquisition by 
phytoplankton. In the oceans, where zinc (Zn) is 
depleted, diatoms can use cadmium (Cd) as a 
catalytic metal atom in cadmium carbonic anhydrase 
(CdCA). Measurements from the Otago transect have 
shown that during summer Cd is depleted 
anomalously in Subantarctic water because of 
enhanced biological uptake. Zn concentrations in this 
water are also extremely low. Cd levels decline 
significantly during summer probably as a result of 
iron-induced biological growth. One possible 
mechanism for uptake of Cd under Zn-limiting 
conditions is the formation of cadmium containing 
carbonic anhydrase (CdCA) enzyme.We made 
seasonal measurements of carbonic anhydrase (CA) 
activity of phytoplankton in the same subantarctic 
waters to investigate whether the summer uptake of 
dissolved Cd is accompanied by an increase in CA 
activity. Our results show that, instead, CA activity 
decreases in summer, along with Cd. This implies 
that whatever role Cd might be playing in 
phytoplankton growth, it does not appear to be related 
to CA activity in these waters.  
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To date no studies have been made to determine  
how hydrotalcite, a Mg-Al subclass of permanently  
positively charged layer double hydroxides, sequester 
uranyl cations (UO2

2+) and specifically the uranyl 
tris-carbonate (UO2(CO3)3

4-) complex. Co-
precipitation and adsorption experiments (MgSO4, 
Al(NO3)3, UO2(NO3)2) in CO2-rich and CO2-poor 
environments were conducted at pH 9.5 and 7.0 to 
observe the amount U sequestered, the effects from 
the presence of UO2

2+ on phase formation (powder 
XRD) and the specific bonding environment (U LIII 
XAFS) by which UO2

2+ becomes incorporated into 
the hydrotalcite structure and/or adsorbs to its 
external surfaces. Uranyl did not inhibit the formation 
of hydrotalcite, and the absence of carbonate ions 
from the systems (CO2p) promoted expansion of the 
interlayer spacing from ca. 8.4 Å (CO3-interlayer) to 
ca. 8.6 Å  consistent with a mixed sulphate-nitrate 
interlayer and possibly incorporating some 
UO2(CO3)3

4-. In all cases, Mg2+ ions were deficient in 
the structure reducing the ideal Mg:Al of 3:1. 
Theoretical negative charge occurred when the 
Mg:Al ratio dropped below 2.5 – the case of two 
samples prepared at pH 7.0. The absence of increased 
UO2

2+ or Al sequestration suggested that neither Al 
nor UO2

2+ occupied the vacant Mg sites. Preliminary 
analysis of the U LIII edge XAFS data showed that 
the first shell coordination environment was 
dominated by carbonate ligands in CO2-rich 
environments, whereas carbonate ligands were absent 
from uranyl’s first shell in CO2-poor environments. In 
the latter environments, uranyl was coordinated by 
four O atoms in the equatorial plane at ca. 2.3 and 2.5 
Å. The higher shell environment is dominated by 
signal from the O-U-O-U MS path near 3.68 Å in 
CO2p and CO2r samples. In both environments, we 
observed Mg and Al at ca. 3.20 and 3.35 Å, 
respectively. Interatomic distances suggest that UO2

2+ 
binds to Mg sites as an edge-sharing complex and as 
a bidentate binuclear surface complex to Al atoms. 
The magnitude of the CN (ca. 0.3 U-Mg and ca. 0.9 
U-Al) suggest that one third of U atoms bond as 
edge-sharing complexes, one half bond as bidentate 
binuclear complexes and ca. 20 %  is held in the 
positively charged double layer as outer-sphere 
complexes. The preliminary conclusions are that 
UO2

2+ and UO2(CO3)3
4- adsorb via an inner-sphere 

mechanism to hydrotalcite, which would involve 
ligand exchange of carbonate moieties in CO2r 
environments, which is supported by reduced U-C 
coordination numbers in CO2r samples. 
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The New Horizons spacecraft provided the first 

reconnaissance of the Third Zone of the Solar 
System, the region beyond Neptune that is populated 
by ice bodies that may date from the earliest epochs 
of planetary formation (1). The encounter with Pluto 
showed a world of active processes at the edge of the 
Solar System, including ongoing glaciation; eolian 
processes; features characteristic of thermal 
segregation of volatiles; global volatile transport;  
tectonic extension; and possible cryovolcanism. 
Pluto’s surface is covered with methane, nitrogen, 
carbon monoxide, and water ice, some of it freshly 
deposited. The youngest regions are free of impact 
craters. Pluto’s substantial atmosphere is a location of 
photochemical reactions that create complex organics 
that coat parts of Pluto’s surface.  

Charon also exhibits evidence for major tectonic 
activity, although  it does  not appear to be active at 
the present. A large impact basin is associated with a 
mysterious low-albedo material of unknown origin.  
 
Discussion  
     New Horizons accurately measured the sizes 
of both Pluto and Charon, enabling a derivation 
of the bulk density of the two bodies; they differ 
by only ~10%. If Pluto and Charon were formed 
in a catastrophic collision, these similar 
densities imply that the two bodies were not 
differentiated early in their history.  
 
[1] Stern, S. A. et al. (2015). Science 350, 292.  
Funded by NASA 
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Cable bacteria give rise to a whole new type of 

“electro-active” microbial ecosystems in the seafloor. 
These long, filamentous bacteria couple the oxidation 
of sulfide in deeper sediment to the reduction of 
oxygen in the upper millimeters by long-distance 
electron transport, and thus endow an electrical field 
upon the sediment. The metabolic activity of cable 
bacteria strongly impacts the sedimentary iron and 
sulfur cycling, and recently, it was proposed that this 
impact can extend to the basin scale. In a seasonal 
hypoxic basin, it was shown that cable bacteria build 
up a large pool of iron(hydr)oxides in the sediment in 
spring. These iron(hydr)oxides then can act as a 
chemical “firewall” in summer, inhibiting or delaying 
the release of toxic sulfide from the sediment, and 
thus preventing bottom water euxinia (Seitaj et al., 
2015).  

Here, we tested this firewall hypothesis by 
seasonally sampling sediment cores, and artificially 
inducing anoxia in these cores. Subsequently, we 
monitored the solute fluxes until euxinic conditions 
were reached. Cores collected in spring showed 
intensive cable bacteria activity, and revealed high 
concentrations of iron(hydr)oxides in the upper 
sediment. These cores did not show an efflux of 
sulfide for up to 80 days, thus demonstrating the 
“firewall” mechanism. Given the global distribution 
of cable bacteria, our results suggest that the 
“firewall” mechanism could be an essential 
ecosystem function in seasonally hypoxic coastal 
systems. 
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Changes in the circulation of the Southern Ocean 

are thought to be important for glacial-interglacial 
atmospheric CO2 variations because the Southern 
Ocean is a region of intense upwelling and deep 
water formation.  These dynamical characteristics 
provide a connection between deep, carbon-rich 
waters and the surface ocean, and thus changes in the 
circulation in this region can exert a strong influence 
on atmospheric CO2.  Radiocarbon is a sensitive 
tracer of past circulation and carbon cycle dynamics 
because it is produced in the atmosphere, enters the 
ocean through air-sea gas exchange at the surface, 
and then decays away as it is isolated from the 
atmosphere. We present new radiocarbon 
measurements of U-Th dated deep-sea corals from 
the Drake Passage to supplement previously 
published data from this region [1,2], and we 
combine these higher-resolution radiocarbon records 
with both biogeographical data, estimates of 
dissolved seawater Ba concentration, and boron 
isotope measurements to reconstruct the history of 
intermediate water circulation and carbon cycling 
from the last glacial period to the Holocene. The 
corals have ages ranging between 9.9 and 27.2 
thousand years ago, and were dredged from water 
depths ranging from 328 to 1710 m.  The increased 
temporal resolution provided from these newly dated 
corals is used to pinpoint the timing and examine the 
potential causes of millennial scale variations in 
Southern Ocean circulation and carbon cycling 
during the last glacial and deglacial periods.  

 
[1] Burke, A., & Robinson, L. F. (2012). Science, 
335(6068), 557–561. [2] Chen, T., Robinson, L. F., 
Burke, A., Southon, J., Spooner, P., Morris, P. J., & 
Ng, H. C. (2015). Science, 349(6255), 1537–1541.  
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A fundamental assumption in Earth Sciences 

states that the isotopic composition and relative 
abundances of refractory elements in the bulk Earth 
are the same as in chondritic meteorites. This 
'chondritic Earth' paradigm is the basis for using 
radiogenic isotope systems and partitioning studies to 
investigate the differentiation of planets into crust, 
mantle, and core.  

The accessible silicate Earth exhibits a ~20 ppm 
excess in 142Nd compared to most chondrites 
analyzed so far [1, 2]. Thus, if the bulk Earth is 
characterized by chondritic Sm/Nd and 142Nd/144Nd 
ratios, then this 142Nd difference must reflect 146Sm-
decay and a higher-than-chondritic Sm/Nd in the 
accessible silicate Earth. Mass balance then requires 
the existence of a complementary reservoir 
characterized by a lower-than-chondritic Sm/Nd. This 
enriched reservoir must have been isolated from the 
accessible silicate Earth within the first 30 My of the 
solar system, either by sequestration to the deep Earth 
[1] or by loss to space through collisional erosion [3]. 
As to whether this reservoir existed and whether or 
not it has been lost from Earth has tremendous 
implications for our fundamental understanding of 
the Earth, not only for constraining the timescales of 
mantle differentiation and mantle mixing, but also for 
determining the Earth's bulk composition, heat 
content and structure [3, 4]. 

Here we show by high-precison Nd and Sm 
isotope measurements of a comprehensive set of 
chondrites that the 142Nd excess of the accessible 
Earth compared to chondrites results from Earth’s 
accretion from precursor bodies enriched in Nd 
produced by the s-process of nucleosynthesis. After 
correction for this effect, the 142Nd/144Nd of 
chondrites and the accessible Earth are 
indistinguishable to within ~5 parts per million. This 
obviates the need for a hidden reservoir or collisional 
erosion of early-formed crust, and implies a 
chondritic Sm/Nd ratio, bulk composition and heat 
budget for the present-day bulk Earth. 
 
[1] Boyet M., Carlson R.W. (2005) Science 309, 576-
581. [2] Carlson R.W. et al., (2007) Science 316, 
1175-1178. [3] Campbell, I.H., O'Neill H.S.C. (2012) 
Nature 483, 553-558. [4] Jellinek, A.M, Jackson, 
M.G. (2015) Nature Geosci 8, 587-593. 
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Noble gases are key tracers of the evolution of 

the terrestrial mantle-atmosphere system: a realistic 
description of their abundance and isotopic 
heterogeneities in the Earth’s mantle is required to 
properly understand the mantle-atmosphere 
interactions. At present, the storage mode and 
mobility mechanisms of Ar and He are parameters 
poorly constrained since it is technically challenging 
to perform experiments with volatiles at high 
temperature and high pressure in samples mimicking 
properly mantle rocks. It is also difficult since the 
inert behaviour of noble gas in silicates is complex 
and can be related to numerous different host sites 
and incorporation mechanisms. Here, we will present 
in details a new method of noble gas doping in 
olivine aggregates at high pressure and high 
temperature (Burnard et al., 2015, 
10.1016/j.epsl.2015.08.024). The experiments are 
performed in a gas vessel (Paterson’s press). First, a 
hot-press sample of fine-grained olivine (San Carlos) 
is  sintered in a Ni sleeve. Ni is used to control the O2 
fugacity during annealing. Second, slabs of the hot-
press sample are packed surrounded by a mixed 
powder of old orthoclase (Madagascar) and uraninite 
(Minsk) in a telescopic Ni canister and annealed for 
at least 24 h. The large hot zone of the Paterson’s 
press insures an homogeneous doping by ionic 
diffusion. Afterwards, run products are characterized 
by SEM, EBSD, TEM and high resolution TEM and 
noble gas spectrometry (step-heating). The 
presentation will also discuss the relevance of the 
diffusion domain parameters for polycrystalline fine-
grained olivine. 
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The Al-in-olivine thermometer [1] has rapidly 
found popularity [2,3] because of the ease with which 
it can be applied to basaltic rocks. At present it is 
calibrated for spinel-saturated conditions [1,2]; an 
extension to spinel-free rocks would be benefical. 

A rigorous evaluation of the thermodynamics of 
this thermometer require the systematics of Al 
substitution to be well understood. For example, Al 
can substitute into forsterite (Mg2SiO4) as the 
following components: 

 
(1) MgAlAlO4 (substitution onto the T- and M-

sites) 
(2) MgRAlO4 (substitution onto the T-site, with 

R = Cr3+, Fe3+ etc.) 
(3) Al4/3�2/3SiO4 or MgAl2/3�1/3SiO4 (vacancy-

mediated substitution onto one or both M-
sites) 

 
New systematic experimental forsterite/melt 

partitioning data for Al and Cr3+ at 1400 °C provide 
insights into the charge compensation mechanisms 
for these cations, the extent of short-range order in 
these defects, and the relative importance of the 
different substitution mechanisms. In contrast to [4] 
we observe DAl to vary by a factor of 2 in Cr-free 
systems, implying that mechanism 1 dominates; DAl 
is substantially enhanced by the availability of Cr3+. 
Mechanism 3 is important because it permits fast 
diffusion of Al, in contrast to the low mobility of Al 
on the T-site [5]. 

The results of this study reiterate the complexity 
of trivalent cation substitution into olivine [4], which 
should be unsurprising given the diversity of 
substitution mechanisms for H+ in forsterite [6]. 

 
[1] Wan et al. (2008). Am. Min. 93, 1142-1147. [2] 
Coogan et al. (2014) Chem. Geol. 368, 1-10. [3] 
Heinonen et al. (2015) Chem. Geol. 411, 26-35. [4] 
Grant and Wood (2010) Geochim. Cosmochim. Acta 
74, 2412-2428. [5] Zhukova et al. (2014) Geophys. 
Res. Abstr. 16, EGU2014-573. [6] Berry et al. (2005) 
Geology 33, 869-872. 
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The intensity of tightly focussed, near infrared, 
ultrafast (750-1040 nm, ~150 fs) laser pulses can 
create nonlinear optical responses at low pulse energy 
due to the 2nd and 3rd order polarizability of molecular 
structures.  The response is a nonlinear function of 
the intensity at the focus, generating image contrast 
only within the focal spot. Therefore, imaging is 
intrinsically confocal, allowing depth sectioning and 
creation of 3D image volumes with diffraction-
limited resolution.  Image contrast can arise from 
second harmonic generation (SHG), two-photon 
excitation fluorescence (TPEF), third harmonic 
generation (THG), coherent anti-Stokes Raman 
scattering (CARS), and stimulated Raman scattering 
(SRS).  Spectral analysis of the Raman responses 
creates chemically-specific hyperspectral data 
volumes.  Following on our proof-of-concept 
application of multimodal CARS microscopy to fluid 
inclusion analysis [1], we are exploring more general 
geoscience applications, initially imaging minerals 
and organic matter in sedimentary rocks.   SHG is a 
unique response non-centrosymmetric minerals. 
Quartz is the most common example. In mudrocks 
SHG reveals the 3D distribution of quartz silt and 
clay size (<1 µm) detrital and diagenetic grains.  
CARS and SRS allow rapid vibrational imaging and 
spectroscopy of fluorescent organic matter (algal 
microfossils, kerogen, bitumen) in petroleum source 
rocks that is impossible with conventional confocal 
Raman imaging due to intense fluorescence at visible 
wavelengths.  Depth-sectioning with multimodal 
imaging creates 3D images of organic matter and 
minerals with contrast from aromatic fluorophores 
(TPEF) and C-C and C-H vibrational frequencies 
(CARS, SRS) and mineral vibration modes from 400 
to 4000 cm-1 (SRS).  The wide spectral range of SRS 
allows imaging of minerals (quartz, carbonates, 
sulfates) as well as organic matter in 3D to depths of 
~ 70 µm [2].  For the first time, we successfully 
imaged Devonian age Tasmanites algal cysts and the 
intergranular organic matter network of a petroleum 
source rock using CARS and SRS while 
simultaneously imaging quartz in the matrix. We 
believe the non-destructive multiple imaging modes 
possible with nonlinear optical methods have broad 
application in 3D chemical characterization of 
geologic materials. 
 
[1] Burruss et al. (2012) Geology, v. 40, pp. 1063-
1066. [2] Houle, et al. (2016, in review), J. Raman 
Spectroscopy 
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Integrated petrographic and rock- magnetic 
experiments were conducted on two genetically 
different metabasites (metadolerites and 
metavolcanics) from Oscar II Land, Western 
Spitsbergen. The results of investigations allowed for 
precise identification of ferromagnetic content and 
determined their origins.  

It is worth emphasizing that standard petro-
magnetic analyses are limited to defining the mixture 
of magnetic properties of all ferromagnetic phases in 
the samples. The main advantage of the presented 
research was the fact of conducting rock-magnetic 
and mineralogical observation on samples containing 
small separated ferromagnetic grains.  

Combined petro-magnetic analysis of separates 
and “whole-samples” indicated that the main 
ferromagnetic carriers in metadolerites are non-
stoichiometric magnetites intergrowths in titanites, 
magnetites/maghemites occurring with metamorphic 
sulphides and  the  last group- pyrrhotites. 
Metavolcanics samples are rich in 
magnetites/maghemites and hematites in paragenesis 
with metamorphic minerals. There is also a small 
amount of low-coercivity minerals demagnetized in 
temperatures 150-200 ºC. Such temperature range 
and chemical composition could be correlated with 
fine-grained titanomagnetite / titanomaghemite.  

The method of separation used in our 
investigation significantly raised the resolution of 
ferromagnetic mineral identification. It allowed us to 
accurately point out   ferromagnetic carriers and 
connect them with particular history stages of 
investigated rocks. Conclusions about the origin of 
ferromagnetic mineralization will be essential for our 
further palaeomagnetic and petrographic 
interpretations of this region. 

This study was supported by Leading National 
Research Centre (KNOW) received by the Centre for 
Polar Studies for the period 2014-2018 and NSC 
(Polish National Science Centre) grant number 
2011/03/D/ST10/05193. 
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The volatile element contents (noble gases, 
HCN), including their isotopic compositions, of the 
most primitive meteorite classes are necessary to 
constrain the origin of the volatiles in the terrestrial 
planets [1-3]. However, data for the primordial noble 
gases in meteorites, and hence a representative 
estimate for the early volatile inventory of primitive 
planetesimals and potential planetary building blocks, 
are difficult to obtain, as many subsequent processes 
modify the original gas budget.  

Here, we present new noble gas data on >15 CR 
chondrites (CRs), one of the most primitive meteorite 
classes. The noble gases were known so far only for a 
few CRs and a complete overview including an 
estimate of their primordial noble gas composition, 
potentially important as input for modelling the 
volatile inventories of the bodies in the solar system, 
was lacking. We will compare our new estimates for 
CRs based on our new data with literature data of CI 
chondrites.  
The Ne isotope data indicate mixing between trapped 
and cosmogenic Ne. Evidence for solar wind (SW) is 
found only in 3 new CRs. Combining this with 
literature data shows that less than 30% of the CRs 
are regolith breccias, contrasting an earlier estimate 
of 100% [4]. Expectedly, most non-SW-bearing 
samples indicate a trapped “Ne-HL” component from 
presolar diamonds, in agreement with, e.g., CI and 
CM observations. One of the most altered CRs (type 
CR1) shows an even lower trapped endmember 
20Ne/22Ne, suggesting more abundant Ne-E (relative 
to HL) residing in presolar SiC or graphite. A similar 
trend was observed for the most aqueously altered 
lithology of Tagish Lake [5]. The trapped Xe 
composition in all samples but one is dominated by 
Xe-Q. A heated CR2 shows a clear access of 129Xe 
due to decay of once live 129I. One of the most 
severely weathered CRs analysed so far may suggest 
the presence of terrestrial Xe. 
 
[1] Marty B. (2012) EPSL, 313-314, 56-66. [2] 
Halliday A.N. (2013) GCA, 105, 146-171. [3] 
Alexander C.M.O’D. et al. (2012) Science, 337, 721-
723.[4] Bischoff A. et al. (2006) in Meteorites and 
the Early Solar System II, Eds. D. Lauretta, L.A. 
Leshin, and H. McSween, Univ. of Arizona Press, p. 
679-712. [5] Riebe M. et al. (in prep.) M&PS. 
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Fluid flow is recorded in vein structures of high 

pressure Atg-serpentinite from the Santa Clara 
subduction mélange (Central Cuba). Whole rock 
major and trace element composition of host 
serpentinite indicates MOR setting formation of 
subducted ultramafic protolith, which likely formed 
by seafloor spreading during the Late Jurassic-
Cretaceous of the Proto-Caribbean ocean (related to 
the Central Atlantic). Atg-serpentinite formed during 
subduction and was incorporated as a tectonic blocks 
in the Caribbean subduction channel. Fluid 
infiltration took place shortly after incorporation into 
the subduction channel along open fractures, forming 
tremolite (nephrite jade) veins and metasomatic 
domains in host Atg-serpentinite. Pseudosection 
modelling of vein domains suggest that vein structure 
was formed c. 10 kbar and 450 ºC, during 
exhumation Atg-serpentinite blocks within channel 
mélange. Geochemical data indicates a LILE-, HFSE- 
and REE- enriched fluid likely derived from 
dehydration of subducted oceanic crust, while Sr and 
Nd isotopic compositions point to a mixture of 
depleted mantle- and metasediment-derived fluids. 
Mass balance modelling indicates that LILE, Th and 
Hf were enriched in the metasomatic zones (up to 
100% for LILE and 600% for Th and Hf) relative to 
parent Atg-serpentinite. The mechanical and 
chemical processes are lower-T lower-P analogues of 
deeper fluid/melt transport and interaction in the 
mantle wedge. Further subduction of these rocks 
constitute potential sources for enriched fluids 
evolved from the slab and introduced in the parent 
mantle wedge region of volcanic arc magmas. 
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Magnetite (Fe3O4) is a mixed valent Fe(II)-Fe(III) 

mineral that is readily found in the environment. It is 
considered to be an important mineral for its potential 
use in a wide range of applications including 
remediation of pollutants or in the medical industry 
for drug targeting or cancer treatment. Magnetite can 
be formed via a number of different pathways 
including biogenic mechanisms such as dissimilatory 
Fe(III)-reduction [1], microbial Fe(II)-oxidation [2], 
or via non-biogenic processes such as chemical 
synthesis [3], the weathering of igneous rocks, and 
metamorphic processes at elevated pressure and 
temperature [4]. Differences between how magnetite 
is formed can significantly affect its properties such 
as Fe(II)/Fe(III) stoichiometry, magnetic 
recoverability and particle size. These differences can 
in turn have dramatic effects on the bioavailability of 
magnetite to Fe-metabolizing bacteria [5] and on its 
potential reactivity towards environmental pollutants 
or use in other applications.  

Here we compare and contrast the properties of 
different magnetite nanoparticles that have been 
produced through biogenic, synthetic and weathering 
processes. We have probed how different properties 
such as Fe(II)/Fe(III) ratio, magnetization and 
mineralogy are dependent upon their route of 
formation and crucially address how biotic vs. abiotic 
synthesis influences the bioavailability of the 
minerals to Fe-metabolizing bacteria and furthermore 
how these processes affect the reactivity of the 
magnetite towards chromium, which is often cited as 
a contaminant that can be treated with magnetite [6]. 
This work will help develop a better understanding of 
how biogenic or synthetic magnetite can be used in 
applications in the near to long term future. 
 

[1] Lovley D. R. and Philips E. J. P., (1986) AEM, 52, 
751-757; [2] Miot J., et al., (2014), GCA, 139, 327-
343; [3] Pearce C. I., et al. (2012) JACS, 387, 24-38; 
[4] Posth N., et. al. (2013) Chem Geol, 362, 66-73; 
[5] Byrne J. M., et al. (2015), Science, 347, 1473-
1476; [6] Watts M. P., et al. (2015), App Geochem, 
54, 27-42. 
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      We have evaluated the potential for perchlorate-
reducing bacteria to grow through the utilization of 
the nutrients that were measured on Mars by the 
Phoenix Lander Wet Chemistry Laboratory [1], the 
Mars Science Laboratory Sample Analysis at Mars 
instrument suite [2], and the Mars Exploration Rover 
Athena Science instrument package [3]. 
      Nutrient sources that may support microbial 
metabolism on Mars potentially exist in the form of 
carbon as formate [4], nitrogen as nitrate [2], and 
phosphorus as phosphate [3]. Perchlorate-reducing 
bacteria, Azospira suillum strain PS, was cultured in 
media containing phosphate and different 
combinations of nitrogen and carbon sources, 
including formate and nitrate.  

Our experiments indicate that although sodium 
acetate is more efficiently utilized, sodium formate is 
a viable electron donor.  
      Our results show that perchlorate-reducing 
bacteria are capable of growing in Mars analog media 
based solely on the nutrients measured in martian 
surface materials.  
 
[1] Hecht et al. al. (2009) Science, 325, 64–67. 
[2] Stern et al. (2015) PNAS, 112, 4245-4250. [3] 
Ming, et al. (2006) JGR, 111, E02S12. [4] Hubbard 
(1971) Proc. Natl. Acad. Sci., 68, 574-578. 
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Projections of future climate depend critically on 

refined estimates of climate sensitivity, which 
remains poorly constrained for the modern climate. 
Improved proxy reconstructions of past altered 
climates hold great promise in placing tighter 
constraints on the climate sensitivity parameter 
relevant to future climate change. Here, I will review 
recent progress in estimating paleoclimate sensitivity 
using data and modelling approaches for both early 
Cenozoic greenhouse and late Cenozoic icehouse 
climates. Two fundamental problems are encountered 
in both periods. One is the difficulty in accurately 
estimating the magnitude of and response to different 
climate forcing  agents. Another is the issue of “state 
dependent” sensitivity—the fact that the climate 
response to a given forcing may be different in 
different climate states. I will examine the way in 
which these interrelated problems play out in both 
greenhouse and icehouse climates, and outline 
possible strategies for future progress. 
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Over geological time, carbon isotopic 
composition associated with carbonates in the 
sedimentary record (δ13Ccarbonates) can be considered 
as stable at around 0‰, with two main time intervals 
presenting positive isotope excursions at 2.2-2.0 Ga 
and 710-600 Ma. These excursions are commonly 
explained as global perturbations of the carbon cycle 
due to increased organic matter burial. However, 
doubts remain and local perturbations of the carbon 
cycle have thus  been proposed due to enhanced 
methanogenesis. 

We report here the first results obtained on a 
possible new analogue of environments presenting 
anomalously high δ13C:  the volcanic crater lake 
Dziani Dzaha located in Mayotte (France). It is a 
saline and alkaline lake, permanently anoxic below 1 
m depth in spite of seasonal mixing, with a biomass 
overwhelmingly dominated by prokaryotes. CO2 (42-
220 mmol/m2/day, stratified-non stratified water 
column resp.) and CH4 (136-38 mmol/m2/day, same) 
continuously degas into the atmosphere and H2S (1 to 
6 mmol/L) and CH4 (up to ca. 2 mmol/L) accumulate 
below the halocline during the stratified season. δ13C 
values of organic (-15±2‰) and inorganic carbon 
(+13±2‰) in the water column and surface sediments 
are very high compared to the ocean. 

A box-model of the carbon cycle in the lake 
points to the methanogenesis coupled to methane 
degassing as the dominant processes accounting for 
these positive δ13C values.  

Overall, these results confirm that the lake Dziani 
Dzaha shares many similarities with Precambrian 
environments and support to the hypothesis that 
methanogenesis (when associated to methane 
degassing) may have been at least partly responsible 
for the positive δ13C excursions in the Precambrian. 
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The measurement of radionuclides by accelerator 

mass spectrometry (AMS) allows the quantitative 
study of depositional and erosional processes. 
Although AMS techniques have been in routine use 
for about three decades the technique is still 
improving. These advances are enabling both more 
precise measurements of commonly-measured 
radionuclides as well as new capabilities for 
additional nuclides. We have recently begun routine 
use of a gas-filled-magnet (GFM) detector system at 
PRIME Lab. This instrumentation has significantly 
improved the measurement capability for 10Be, 26Al, 
36Cl, and 41Ca.  

Although the AMS technique is capable of 
rejecting the vast majority of interferences that could 
compromise a measurement, pure isobars can make 
AMS measurements difficult. Many of the commonly 
run radionuclides are accompanied by an isobar (10B, 
26Mg, 36S, 41K). The GFM suppresses these isobars by 
placing them on a different trajectory within the 
vacuum chamber of a dipole magnet, preventing them 
from entering the dE/dx detector. This produces 
lower backgrounds, which in turn improves detection 
sensitivity. The most dramatic improvement is for the 
AMS measurement of 26Al. Most AMS laboratories 
inject Al- since Mg- does not form a negative ion. 
AlO- currents are ~ 10 times higher, but MgO- is 
likewise formed and cannot be resolved with standard 
dE/dx techniques. The low Al currents have always 
limited the precision, and accordingly, the 
applicability 26Al measurements. The compromised 
26Al measurement is especially problematic for those 
studies employing the 10Be-26Al pair, e.g. burial 
dating. With the GFM we are now able to inject AlO-, 
which has a current comparable to BeO-, and the 
precision of the 26Al measurements is essentially 
equivalent to that of 10Be measurements.  

Although we have only recently implemented the 
GFM it is already impacting multiple scientific 
investigations. We anticipate the development of new 
measurement capabilities that will likewise impact 
geoscience investigations. 
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Development of natural gas resources has 

propensity to mobilize methane (CH4) from deep and 
intermediate depths resulting in gas contamination of 
fresh groundwater resources. During groundwater 
contamination, CH4 may be attenuated by microbially 
mediated redox reactions, changing the chemistry of 
groundwater fundamentally. Whilst attenuation 
removes CH4 mitigating explosion hazards, it also 
degrades groundwater quality by inducing reducing 
conditions, generating undesirable bi-products (e.g. 
NH4

+, H2S, Fe2+, Mn2+) and potentially releasing 
harmful trace metals. To the best of our knowledge, 
no field or laboratory studies of such processes have 
been undertaken in an energy resource development 
context. Consequently, a controlled methane release 
experiment was conducted in 2015 at the Borden 
research aquifer in Ontario, Canada. During the 
experiment 51.4 m3 of methane (34.9 kg at 1.013 bar 
and 15 °C) were injected into an unconsolidated, 
phreatic beach-sand aquifer over 72 days (at 3 rates) 
at depths of 4.5 and 9 m. During and following 
injection, aqueous chemistry was monitored in 32 
observation points using multilevel groundwater 
wells with approximately 1000 samples collected 
over 300 days. Additionally, targeted sediment 
extractions were performed before and after CH4 
release to quantify and characterize mineral alteration 
related to CH4 oxidation reactions. Results show gas 
injection caused stratigraphically controlled, erratic 
and variable increases in [CH4](aq) with little 
attenuation evident. Following cessation of injection, 
[CH4](aq) initially continued to increase signficantly 
then appeared recalcitrant with indication of only 
weak attenuation after 127 days. Throughout the 
experiment groundwater chemistry evolved in 
complex and dynamic patterns including fluctuating 
pH, changes in major and minor ion concentrations, 
mineralogical alteration and signficant shifts in 
microbial communities (i.e. increased 
methanotrophs). Results have profound implications 
for potential risks posed to groundwater by fugitive 
CH4 and its attenuation potential. 
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Introduction 

Lunar surface maturity is consistently examined 
using the NIR optical maturity parameter (OMAT) 
[1]. However, the NIR only provides a perspective of 
the upper microns of the lunar surface. Recent studies 
of Lunar Prospector (LP) and Lunar Reconnaissance 
Orbiter data sets are now demonstrating additional 
measures of maturity with sensitivities to greater 
depths (~2 m) in the regolith. These include thermal 
infrared, S-band radar, and epithermal neutron data 
sets [2-4].  
 
Previous Work 

Interestingly, each of these data sets measured 
parameter or abundance is directly comparable to 
OMAT despite each measuring slightly different 
aspects of the regolith. This is demonstrated by 
Lawrence et al. [3] where LP-measured non-polar 
highlands epithermal neutrons trend well with albedo, 
OMAT, and the Christensen Feature (CF). Lawrence 
et al. [3] used these data to derive and map highlands 
hydrogen (H) which is dominantly a function of H-
implantation. With this in mind, areas of enriched-H 
are mature, while areas of depleted H are immature.  
 
Presented Here 

Surface roughness as measured by S-band radar 
[4], also provides a measure of maturity. In this case, 
the circular polarization ratio (CPR) is high when 
rough and immature, and low when smooth and 
mature. Knowing this, one can recognize areas in the 
non-polar lunar highlands that show contradictory 
measures of maturity. For example, while many lunar 
localities show consistently immature albedo, 
OMAT, CF, CPR, and H concentrations (e.g., 
Tycho), others do not (e.g., Orientale).  
 
Summary 

To better understand how the lunar regolith is 
weathering with time we examine ~35 localities in 
the non-polar highlands.  
 
[1] Lucey et al. (2000) JGR, 105, 20377. [2] Lucey et 
al. (2013) LPSC, 44, 2890. [3] Lawrence et al. (2015) 
Icarus, j.icarus.2015.01.005. [4] Neish et al. (2013) 
JGR, 118, 2247.  
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One to three cages diamondoids and 

thiadiamondoids were detected from most of the oils 
and condensates analyzed from deeply buried 
Cambrian and Ordovician reservoirs in the Tarim 
Basin. Diamondoids concentrations and most of the 
presumed diamondoids maturity proxies (including 
MAI, EAI, DMAI2 and TMAI) and source rock 
lithology proxy (4,8DMD/3,4DMD) show increase 
with increasing total thiaadamantanes concentrations 
or the extents of thermochemical sulfate reduction 
(TSR), indicating that they are controlled by TSR	  
process. TSR can destroy all compounds but newly 
generate and concentrate light n-alkanes, 
diamondoids and organic sulfur compounds. The 
most extensive TSR condensate is found to contain  
3.2 wt% total dibenzothiophenes, 0.4 wt% 
thiadiamondoids and 7 wt% diamondoids, in which 
tetramantane and pentamantane are associated with 
polythiadiamondoids incuding dithiaamantanes, 
trithiaamantanes and tetrathiaamantanes, and 
diathiadiamantanes and trithiadiamantanes.  These 
higher diamondoids and thiadiamondoids are unlikely 
to have been generated from Lewis acid-catalyzed 
rearrangement of polycyclic hydrocarbons or sulfides 
but likely from reactions with free radicals generated 
from TSR in the carbonate reservoirs during late 
diagenesis and catagenesis. Thus, we propose that 
those diamondoids parameters cannot be used to 
reflect maturity and source rock in the TSR active 
areas, and that TSR may have generated both higher 
diamondoids and polythiadiamondoids. 
 
[1] Cai et al. (in press) GCA; [2] Dahl et al. (2010) 
Chemie International Edition 49, 9881-9885. [3] 
Gvirtzman et al. (2015) GCA 167, 144-161. 
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Travertine precipitation is a very common 

process occurring in the ocean or on the continental 
surface and is largely studied because it can provide 
high-resolution information related to paleoclimate 
and palaeoenvironment. As a newly developped 
isotope system, the direction and magnitude of 
mercury (Hg) isotopic fractionation during travertine 
precipitation still remain unknown.  

In this study, two natural travertine precipitation 
systems where carbonates respectively form in pool 
and canal under different hydrodynamic condition 
were choosed to investigate the fractionation of Hg 
isotopes during travertine precipitation and check if 
Hg isotopes can provide useful information on the 
paleoclimate and palaeoenvironment. According to 
the XRD data, all the travertine collected were 
consists of pure calcite. In both systems, travertines 
are enriched in light Hg isotopes relative to water 
samples. In general, the magnitude of Hg isotopic 
fractionation between travertine and water samples 
decreases with increasing precipitation rate and water 
temperature, which could be likely explained by a 
kinetic isotope effects caused by variable 
precipitation rate. The effect of water temperature is 
not well identified at this stage but it may primarily 
impact on the precipitation rate thus indirectly 
influence the Hg isotopic fractionation. Finally, a 
conceptual model is established to intepret Hg isotope 
fractionation in the whole travertine system. The 
observed relationship between water temperature and 
the magnitude of Hg isotopic fractionation may 
provide useful information for reconstructing 
paleoclimate and palaeoenvironment. 
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The Wulashan-Daqingshan Complex in the 

central segment of the Khondalite Belt, the North 
China Craton yields anatectic garnet-cordierite-
sillimanite metapelitic rocks with representative 
metamorphic assemblages and microtextures. 
Combined with petrographic observation and P–T 
pseudosections, a clockwise P–T path involving 
periods of pre-peak, peak, post-peak near-isothermal 
decompression and decompressional cooling is 
therefore inferred. In the pre-peak field of garnet + 
biotite + K-feldspar + plagioclase + sillimanite + 
quartz + magnetite + liquid, garnet is produced by 
consuming biotite, quartz, and plagioclase during 
biotite dehydration melting. The peak assemblage is 
garnet + biotite + K-feldspar + plagioclase + 
sillimanite + quartz + ilmenite + magnetite + liquid 
with P–T conditions of 830–860 °C and 9.5–11 kbar. 
The following near-isothermal decompression 
assemblage is garnet + biotite + cordierite + K-
feldspar + plagioclase + quartz + magnetite + 
ilmenite + liquid at 840–880 °C and 6.0–7.5 kbar, 
characterized by matrix cordierite isolated from 
garnet via biotite decompressional dehydration 
melting reaction of Bt + Sil + Qz ± Pl → Crd + Kfs ± 
Ilm + Melt. Subsequent decompressional cooling 
processes resulted in cordierite and biotite + 
plagioclase symplectites surrounding garnet due to 
the following reactions of Grt + Sil + Melt → Crd + 
Bt + Fe-oxide and Grt + Melt → Bt + Qz ± Pl. LA-
ICP-MS U–Pb analyses on detrital zircons yield three 
age populations of 2400 ~ 2500 Ma, ~2300 Ma and 
2000 ~ 2100 Ma, suggesting that the sedimentary 
protoliths of the studied rocks deposited at some time 
after ~2000 Ma. Moreover, results of LA-ICP-MS U–
Pb dating for the metamorphic zircons range in 1850 
~ 1950 Ma with two age groups of ~1950 Ma and 
~1860 Ma. The clockwise P–T path and new zircon 
data reveal that the Khondalite Belt involved in 
continent–continent subduction and collision 
followed by exhumation and cooling between the 
Yinshan and Ordos Blocks in the Western Block of 
the North China Craton, and experienced the 
Paleoproterozoic granulite-facies metamorphism. 
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The North China Craton (NCC) has an tectonic 

evolution history of 3.8 Ga. It has been reported that 
there are hundreds of alkaline intrusive complexes 
from the Proterozoic to the Cenozoic in the NCC. So 
far, seven alkali rock belts have been confirmed, 
including four nearly EW-trending Paleo- 
Mesoproterozoic  and early Mesozoic belts  
respectively in the northern and southern margin of 
NCC, and three NNE-orientated late Mesozoic belts 
along the deep fracture zones and their both sides 
from Eastern China[1][2]. 

Recently, For the first time, based on systematic 
lithogeochemistry and high precision U-Pb isotopic 
dating, a Neopaleozoic alkaline rock belt nearly EW- 
orientated in the northern margin of the NCC has 
been discovered and determinated. The belt longer 
than 400 kilometers consists of three alkaline 
complexes in the north of Yinshan Mountain and the 
other two in the north of Yanshan Mountain. They 
are all the product of Devonian alkaline magmatic 
activities, Huangheshao alkali feldspar syenite 
(410.1±6.2 Ma), Gucheng alkali syenite (410±2 Ma), 
Gaojiacun hornblende syenite (399±7 Ma[3]), 
Shuiquangou alkaline syenite (380~390 Ma[4]),and 
Badaogou-huangtuyao hornblende syenite (373±3 
Ma).   

The formation of the Devonian alkaline rock belt 
may  has relation to the extensional setting after arc-
continent collision in the north margin of the NCC.  
The discovery of the belt is not only of great 
significance for study on the geological tectonic 
evolution of the north margin of the NCC, but also 
for the discussion on the relationship between the two 
tectonic units of the Xing’an-Mongolian Orogenic 
belt and the NCC. 
 
[1] Cai et al. (2011) JJU (Ear. Sci. Ed.) 41(6),1901-
1913.[2] Yan et al . (2007) GJCU 13(2),161-174.[3] 
Wang et al. (2012) Acta Petro. Sin. 28(1):2843-
2854.[4]Luo et al. (2011) Geochimica, 30(02):116-
122 
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In some ore deposits, such as Sediment-hosted 

Stratiform Copper deposits, Epithermal Copper 
deposits and Volcanic associated massive sulfide 
deposits, the assemblage of pyrite, copper (iron) 
sulfides and iron oxides often occurs. Aims to 
understand the mechanism and its geological 
significance of of outcropping this assemblage, we 
use pyrite and Cu(I)-Cl solution to study the products 
as well as the reaction mechanism at their interface. 

We conducted the reaction in a 10 mL PTFE 
tube. Every tube contains 6mL pH buffer solutions 
and one cubic-cut pyrite. The cube provides one 
reference shape during the leaching process. The 
reaction is kept under anaerobic conditions with 
different Cu(I) concentrations, at different 
temperature and different pH, and lasts different 
reaction time. We used X-ray Diffraction (XRD), 
Electron Probe Microanalysis (EPMA), Scanning 
Electron Microscope (SEM) and Laser Raman 
Microprobe (LRMP) to study the chemical 
composition and structure change of products. 

The results show that the species of the product 
vary with different temperature, pH and reaction 
time. The main mineral compositions are 
chalcopyrite, bornite, digenite, anilite, hematite and 
magnetite etc. At low temperature (about 100OC) the 
pyrite mainly converts to hematite. The hematite 
formed in different pH solutions and much of them 
was found to nucleate on the bottom and wall of the 
PTFE tube. Chalcopyrite and bornite form in mild 
acid conditions while digenite forms in mild basic 
conditions at higher temperatures. The bornite could 
be the final product with the hematite and 
chalcopyrite as the intermidiates in mild acid 
solutions. However, the diginite was the final product 
with the hematite as the intermidiate in basic 
solutions. The study shows that  mineral-fluid 
interaction involves dissolution-reprecipitation 
process, giving rise to migration and/or precipitation 
of some ore-formation elements and the processes are 
pseudomorphic reactions. 

The project is supported by the National Natural 
Science Foundation of China (Grant No.41272055 ). 
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To understand the properties and dynamics of 

subsoil carbon and the importance of mineral 
association for soil organic carbon (SOC) storage, we 
chose nine shrub-dominated sites in North and South 
China and used gas chromatography-mass 
spectrometry to analyze mineral-bound lipids 
released after HF dissolution of soil minerals in the 
depth profiles. We further compared their molecular 
composition with that of hydrolysable lipids isolated 
from the same soils before HF treatment. It is found 
that compounds derived from cutin in leaf epidermis 
and suberin in roots and bark periderm decreased 
with increasing soil depth of up to 1 m, whereas 
microbial-derived short-chain lipids showed the 
opposite trend. This suggests that subsoil SOC 
consists more of microbial carbon than the topsoil. In 
addition, mineral-protected lipids were mainly of 
microbial sources indicated by the high abundance of 
short-chain fatty acids and alkanols, likely resulting 
from the clustering of soil microorganisms at mineral 
surfaces. Interestingly, a relatively high amount of 
alkanes became extractable after HF treatment, 
especially even-numbered alkanes which are not 
enriched in plants but may indicate degradation 
products of other alkyl lipids. Overall, our detailed 
molecular investigation on mineral-associated lipids 
provides direct evidence for the importance of 
microbial-derived or -processed carbon in the 
“stabilized” SOC pool. 
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Milos Island (Greece), located on the Hellenic 

Volcanic Arc, harbour several shallow hydrothermal 
systems on its coastal area. Unique characteristics of 
the vented hydrothermal fluids are high arsenic 
contents reaching up to 3900 times above seawater 
levels and, gas discharge predominated by CO2 that 
affects sediment and seawater chemistry. Despite our 
awareness on the impact of arsenic on phosphate 
bioavailability, there is a scarcity of information on 
the relationship between arsenotrophy and the 
distribution of phosphate uptake genes in arsenic-rich 
hydrothermal sediments. Here, two hydrothermal 
sediments capped by visually distinct white and 
brown deposits and a distal environment composed 
mainly of sand (reference sediment) were sampled at 
Milos to investigate the relationship between 
arsenotrophy, detoxification and phosphate 
metabolism by quantifying key genes involved in 
arsenotrophy and in the regulation of phosphate 
uptake into cells. Quantitative PCR data, coupled to 
sediment geochemistry highlights a situation where 
arsenotrophy and arsenic detoxification covary with 
high affinity phosphate uptake genes as a function of 
the degree of hydrothermal influence. The As/P ratio 
impacts the metabolism and further suggest that a 
hydrothermally active sediment, covered by the 
deposits with high arsenic emissions, provides a 
relatively habitable environment for life, with respect 
to arsenic toxicity and phosphate stress, compared to 
zones lacking visible mat cover (reference 
sediments).  
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Cosmogenic nuclides in stream sediment have 

been widely used to measure erosion rates averaged 
over millenial timescales. Stream sediment can also 
reveal both the timescale and the relative importance 
of physical and chem-ical weathering in landscapes, 
when U-series nuclides are measured in the bulk 
sediment [1]. Here we show how 238U, 234U, 230Th and 
cosmogenic 10Be in sediment can be combined into a 
potentially powerful geochemical tool for testing 
hypotheses about landscape evolution. Our analysis 
focused on 30 catchments underlain by granitic 
bedrock in the southern Sierra Nevada, California. 
We chose our study sites to test two longstanding 
hypotheses about landscape evol-ution in the region. 
The first hypothesis is that the “stepped topography” 
of the region results from differential chemical 
weathering, in which relatively steep, soil-free steps 
erode more slowly than more gentle soil-mantled 
treads due to exposure of bare bedrock on the steps, 
which resist chemical weathering [2]. Our 10Be data 
show the opposite: steps are eroding as much  as 
three times faster than the treads across our 
catchments. Moroever, contrary to the hypothesis, U-
series measurements suggest that physical erosion 
dominates over chemical weathering on many of the 
treads. The second hypothesis is that delamination of 
a dense crustal root has prompted relief growth in the 
Kings River drainage and relief decline in the the 
adjacent San Joaquin drainage due to differential 
uplift. Although detritial thermochronometry from 
previous work is consistent with this hypothesis [3], 
our measurements of cosmogenic and U-series 
nuclides in sediment show no significant difference in 
erosion rates or activity ratios between the two 
drainages. We cast our analyses in the context of 
other paired measurements of cosmogenic and U-
series nuclides from around the world and develop a 
framework for an improved understanding of 
landscape evolution. 
 
[1] Dosseto et al. (2014) Geochem. Cosmochim. Ac. 132, 
238-258 [2] Wahrhaftig (1965) Geol. Soc Am. Bull. 76, 
1165 1190. [3] McPhillips & Brandon (2010) Earth Planet. 
Sci. Lett. 296, 373-383. 
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Rare earth elements (REE) are critical 

materials for developing clean energy-, strategic 
defense-, and consumer technologies. Mining, 
which is expensive and laborious with a significant 
environmental burden, is currently the economically 
preferable method of extracting and harvesting these 
elements. Previous research has shown that fluids 
generated through geothermal energy production may 
be enriched with REE and represent a potentially 
untapped source of these critical materials. This 
research details the development and performance of 
ligand-functionalized adsorbents designed to 
selectively uptake REE from heterogeneous aqueous 
mixtures. Batch experiments resulted in adsorption 
yields of up to 99.4% for lanthanides in synthetic 
geothermal brines. A suite of ligands and adsorbent 
supports were tested under various reaction 
conditions, and their capacity, selectivity, and uptake 
kinetics were compared directly. The synthesized 
materials demonstrated robustness and retained their 
adsorptive capacity after exposure to elevated 
temperatures (100°C) and acid/base solutions. A 
bench-scale column system was developed and 
packed with functionalized supports to simulate 
potential geothermal fluid treatment scheme. Results 
from flow-through column experiments were 
compared with those anticipated from mathematical 
model simulations.  
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Detrital zircons are the only preserved Hadean 

materials. Mildly elevated δ18Ozrc from Jack Hills 
zircons are interpreted to be primary igneous values, 
and have been used to identify protolith alteration, 
oceans, and proto-continental crust before 4.3 Ga. 
Alternatively, thermometry and U-Pb dating of 
phosphate inclusions in detrital Jack Hills zircons 
have been used to suggest that most inclusions are 
secondary [1]. In this study of quartz inclusions, we 
found high-T Δ18Oqz-zrc fractionations (upper left in 
figure). SIMS analysis shows that 22 quartz 
inclusions in 11 zircons (δ18Oqz = 8.8-10.7‰ 
VSMOW) did not exchange with the host quartzite 
(δ18Oqz = 10.8-12.7‰; Δ18Oqz-qz inclusion = 0.5 to 1.7‰ 
VSMOW). The Qz-Zrc fractionations are either 
magmatic or from closed system metamorphism (see 
also [2]), and overlap values for Archean zircons 
from known rocks. Inclusions in 3 of 14 zircons 
likely exchanged δ18Oqz (10.6-12.6‰ VSMOW) with 
surrounding host quartz. These results show that 
zircons and quartz inclusions in zircon can preserve 
primary magmatic values, but need to be tested for 
fidelity. Primary inclusions can be used to infer 
properties of Hadean parent magmas at the time 
zircon crystallized. 

 
[1] Rasmussen et al. (2011) Geology 39, 1143-1146. 
[2] Ortiz-Cordero (2010) M.S. Thesis, UW – 
Madison. 
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The changes that occur at the boundary between 

the Archean and Proterozoic eons are arguably the 
most fundamental to affect the evolution of the 
continental crust.  The principal component of 
Archean continental crust is granite-greenstone 
terranes (GGTs), with granites always dominant. The 
greenstones consist of a lower sequence of submarine 
komatiites and basalts, which erupted onto pre-
existing tonalite-trondhjemite-granodiorite (TTG) 
crust. The basaltic rocks pass upwards first into 
evolved volcanic rocks, such as andesites and dacites, 
and then into reworked felsic pyroclastic material and 
immature sediments. This transition coincides with 
widespread emplacement of granitoids and 
stabilisation (cratonisation) of the continental crust.  
Proterozoic supracrustal rocks, on the other hand, are 
dominated by extensive flat-lying platform sequences 
of mature sediments, which were deposited on stable 
cratonic basements.  Basaltic rocks are appreciably 
less important than in the Archean. Experimental 
evidence shows that TTGs are produced by melting 
wet basalt at pressures greater than 1.2 GPa, leaving a 
complimentary dense eclogitic reservoir in the 
continental roots, which we suggest, acted as ballast 
to the early continents. Ubiquitous continental pillow 
basalts in Archean lower greenstone sequences 
require the early continental crust to have been sub-
marine whereas the appearance of sedimentary rocks, 
at higher stratigraphic levels, requires it to have 
emerged above sea level by the time of 
sedimentation. We argue that the rise of the 
continental crust, the onset of sedimentation, 
widespread melting of the continental crust, and 
cratonisation form a continuum that is the direct 
result of delamination of the dense eclogite roots, 
triggered by the arrival of the mantle plumes at the 
base of the lithosphere that produced the komatiites 
and associated basalts.   
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Mars’ basaltic crust has been chemically altered 

by fluids to form secondary minerals, particularly 
phyllosilicates, that are distributed all over the 
surface and to great depth [1,2]. The reactions that 
drove this alteration required a source of heat and 
water; while it is generally agreed this occurred 
mostly >3 Ga, it has been difficult to constrain 
exactly when and where these reactions originally 
took place. Once formed, phyllosilicates are 
thermodynamically robust against being transformed 
further at near-surface conditions, so they could be 
inherited from very early in Mars’ history and simply 
shuffled around by impact gardening and fluvio-
lacustrine activity since then. A cooling magma 
ocean probably represents the largest source of heat 
and volatiles Mars ever had, and here we explore the 
possibility that some of the observed crustal alteration 
happened during this time. 

We synthesized basaltic rocks with a composition 
similar to the estimated bulk martian crust. The 
samples consist of plagioclase > pyroxene 
(Wo46En30Fs24) > olivine (zoned from Fo31-63), with 
accessory oxides and glass. We are reacting coarsely 
ground particles (0.5-1 mm) of this material with 
water in a hydrothermal cell at 4 conditions within 
and adjacent to the supercritical field; these 
conditions are predicted to be relevant to the martian 
surface and subsurface at the time of primordial crust 
formation [3]. Altered samples are being analyzed by 
visible/near-infrared spectroscopy, scanning electron 
microsopy, X-ray diffraction, and electron probe 
microanalysis to determine the extent of alteration 
and compare the alteration products with those 
identified on Mars through remote sensing. 
Preliminary results show noticeable Fe/Mg 
phyllosilicate formation in the supercritical region 
(425°C, 300 bar) after just 2 weeks; we will present 
full data on all samples, comparing near-supercritical 
conditions with more typical crustal environments 
considered for ancient Mars. 

 
[1] Carter et al. (2013) J. Geophys. Res. 118, 1-

28. [2] Sun and Milliken (2015) J. Geophys. Res. 
120, 2293-2332. [3] Elkins-Tanton (2008) Earth 
Planet. Sci. Lett. 271, 181-191.  
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Recent studies have advanced our understanding 

of major terms in the carbon budget of the coastal 
ocean, including riverine input to estuaries, exchange 
between the major aquatic reservoirs, sediment 
burial, air-sea exchange, primary production and 
respiration. However, gaps remain in quantifying 
carbon fluxes and associated uncertainties at key 
interfaces in the coastal zone such as the marsh-
estuary interface. This study measured the amounts, 
sources, and composition of dissolved and particulate 
organic carbon exchanged at the marsh-estuarine 
interface of a representative temperate system, 
Taskinas Creek, VA. Water samples were collected 
over a tidal cycle on a monthly basis from Taskinas 
Creek over ~2 years, to determine the concentrations 
and sources of carbon pools over a range of 
timescales (e.g., tidal, monthly, seasonal). 
Concentrations of three carbon pools were 
determined: particulate organic carbon (POC), 
dissolved organic carbon (DOC), and dissolved 
inorganic carbon (DIC). Sources of POC were 
determined using lipid biomarkers, stable isotopes, 
and C:N ratios, while optical properties and C:N 
ratios were used to study the source, composition, 
and degradation state of DOC. Results from this 
study reinforce the need to better understand 
variations in carbon exchange in marsh and estuarine 
environments in order to estimate their roles as 
sources and sinks for carbon. 
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Sichuan Basin is located in southeast China, west 

of the Yangtze Metaplatform. Changning and 
Weiyuan located in the Southern of Sichuan Basin. 
The distance between the two shale gas plays is no 
more than 140km. However, Gas geochemical 
characteristics are sharply different.  

Sixteen shale gas samples collected from Lower 
Silurian Longmaxi Formation (Marine black shale) of 
Southern Sichuan Basin in Changning and Weiyuan 
were analyzed for molecular composition and stable 
carbon isotope composition of hydrocarbons (CH4, 
C2H6, C3H8,) and CO2, stable hydrogen isotope 
composition of methane and ethane, and stable 
isotope composition of noble gases (He, Ne, Ar, Kr, 
and Xe). Hydrocarbon gas content (94.14% ~ 
98.73%) in Weiyuan shale gas is lower than it is in 
Changning shale gas (98.89% ~ 99.03%). And, δ13C1 
and δ13C2 is 8‰ and 6‰ lighter, respectively, in 
Weiyuan shale gas than Changning shale gas. There 
are more 40Ar (about 40%) in Weiyuan Shale gas 
plays. And, the value of  40Ar/36Ar is higher than it is 
in Changning Shale gas. Molecular composition and 
isotope composition of He are almost the same in this 
two area. The value of 3He/4He (n×10-8) indicate the 
crust source. Molecular composition and isotope 
composition of Kr and Xe are all air type in 
Changning and Weiyuan shale gas. Ne content is very 
low, about n×10-3 ppm in this two shale gas plays. 

Tectonic environment and depositional 
environment are different in Changning and 
Weiyuan. But, more work should be done to identify 
the real reason that lead to carbon isotope has bigger 
difference between Changning and Weiyuan. 

This study was supported by National Basic 
Research Program (973 Program) (No. 
2012CB214701), the National Science Foundation of 
China (NO. 41502143) and the Key Laboratory 
Project of Gansu Province (Grant No.1309RTSA041) 
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High-pressure amphibolite from orogenic belt is 

an important rock for decoding metamorphic 
processes. Three amphibolite samples from Songduo 
metamorphic belt were studied with phase equilibria 
modelling in order to obtain the metamorphic P−T 
path. The garnet exhibits two-stage growth 
characteristics with increasing pyrope and grossular 
content from core to rim. Phase equilibria modelling 
suggests that the garnet core grew on the breakdown 
of chlorite and glaucophane together with epidote at 
~500−550 oC and ~1.8−1.6 GPa. The garnet rim grew 
on the breakdown of epidote and clinopyroxene at 
>~550 oC and ~1.6−1.4 GPa. The garnet and the 
epidote decomposed to form hornblende and 
plagioclase with decreasing P and T, probably during 
the retrograde stage. The omphacite-bearing 
amphibolite has an analogous P−T path with that of 
the garnet-bearing sample. Garnet and omphacite are 
absent in the highly retrograded amphibolite sample, 
indicating a retrograde reaction: omphacite + garnet + 
epidote − hornblende + plagioclase + quartz. The 
difference of the mineral assemblages reflects the 
distinct compositions of the protoliths. The difference 
of P−T metamorphic paths for the eclogites and 
blueschists of intimate occurrence in the same high-
pressure belt indicate that this region likely comprises 
different slices, which had distinct P–T histories and 
underwent high-pressure metamorphism at different 
times.  
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Organic aerosols typically contribute to 20–50% 

of total atmospheric aerosol mass, where 40–80% of 
organic aerosols are water-soluble. Low-molecular-
weight dicarboxylic acids and their related polar 
compounds have been found as one of the most 
abundant water-soluble organic compound class in 
aerosols. Due to their water-soluble and hygroscopic 
properties, dicarboxylic acids play an important role 
in atmospheric chemistry via atmospheric processing 
(e.g., secondary aerosol formation), and the Earth's 
climate by enhancing the ability of organic aerosols 
to act as cloud condensation nuclei. Despite 
importance of dicarboxylic acid, their emissions 
source and formation process still remains uncertain.  

Compound-specific stable carbon isotope analysis 
is a powerful tool to provide important information of 
the sources and atmospheric processing of organic 
aerosols. However, stable carbon isotope analysis of 
aerosol has never been reported in biomass burning 
aerosols from China. Here, we present the 
measurement results on molecular distribution and 
stable carbon isotope composition of dicarboxylic 
acids in PM2.5 collected at a rural background site in 
Sanjiang Plain, Northeast China during biomass-
burning and non-biomass-burning events from one-
year campaign. The results obtained from this study 
could be beneficial for a provide important 
information of the sources and atmospheric 
processing of organic aerosols in East Asia. 
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The Mahu sag, located in the northwestern 

Junggar Basin of NW China, is a famous lacustrine 
hydrocarbon source depocenter, and in theory can 
generate both oil and gas. However, the present 
hydrocarbon exploration and production are oil in 
dominance, and thus the gas exploration prospects are 
questionable. Here, to improve the understanding of 
this issue, we address the origins of gas based on a 
relatively comprehensive study of gas geochemistry 
including composition, carbon isotopes, light 
hydrocarbons and biomarkers of retrograded 
condensates. Then, combined with the geological 
setting, we discuss the gas exploration prospects. 
Results indicate three types of gases in the region, 
i.e., sapropelic-type gas derived from the lower 
Permian Fengcheng Formation (P1f), humic-type gas 
sourced from the Carboniferous and the lower 
Permian Jiamuhe Formation (P1j), and humic-type 
gas derived from the middle Permian lower-Wuerhe 
Formation (P2w). The P1f-sourced sapropelic-type gas 
has at least two accumulation periods including lowly 
mature oil-associated gases and mature-highly mature 
kerogen/oil-cracking gases. In contrast, the 
Carboniferous and P1j sourced humic-type gases are 
mainly highly mature-over mature kerogen-cracking 
gases, without obvious geochemical characteristics of 
multi-period accumulation. The P2w-sourced gas is 
mature and humic-type. Of these three types of gas, 
the former two types form the predominant gas 
occurrence and exploration targets. The Mahu sag has 
good gas exploration prospects in general. Further 
gas exploration in the region should be focused on 
deep anticlines in sag area with both kerogen- and 
oil-cracking gases. The deep burial of favorable 
targets caused few drilling and thus is one of the 
critical reasons why there are not giant discoveries of 
natural gas exploration in the study area at present. 
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Due to the Fukushima Daiichi Nuclear Power Plant 
(FDNPP) accident in March 2011, approximately 6.4 
PBq of 137Cs from the accident were deposited on the 
land surface in Japan [1], and 1.0-2.4 × 109 Bq 
239+240Pu were released into the environment [2]. Due 
to the long half-lives of released radiocesium and Pu 
isotopes, their radioactive contamination  in the 
environment became a great concern for public 
safety. Lake Inba, extensively utilized as a source of 
water for irrigation and industrial and urban 
waterworks, could be contaminated by radioactivity 
from the accident. Therefore, it is highly required to 
investigate the vertical distribution of radiocesium 
and Pu in order to understand their long-term 
environmental behavior in the lake. 

The obtained 134Cs/137Cs activity ratios for the 
sediment samples were overall around 1, indicating 
that radiocesium in these sediments originated from 
the FDNPP accident. For the four sediment cores 
collected from 2011 to 2015, the estimated 137Cs 
inventories were higher than 20700 ± 410 Bq/m2 
(decay corrected to 15 March 2011), thus most of the 
Fukushima-derived radiocesium were accumulated in 
the sediments after their deposition. The vertical 
distribution of radiocesium showed severe mixing 
and rapid downward migration in the sediment 
column. As for the measured Pu, 240Pu/239Pu atom 
ratios in the core samples ranged from 0.161-0.210, 
within the range of global fallout (0.18 ± 0.014) [3], 
which suggested that global fallout was the main 
source for Pu contamination. 
 
[1] Stohl et al (2012) J. Atmos. Chem. Phys 12, 2313-
2143. [2] Zheng et al (2014) Environ. Sci. Technol 
[3] Kelley et al (1999) Sci. Total Envrion 237, 483-
500. 
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Formation of major strike-slip faults represents one of 
the 

most important dynamic processes significantly 
affecting the lithosphere system. Orogen-scale 
exhumed strike-slip faults are often subparallel to 
mountain ranges. The major strike-slip fault 
represents the presence of crustal rocks exhumed 
from great depth. The dominant but contrasting 
mineralogy results in shear concentration in the 
rheological weakest layer, which exhibits contrasting 
patterns of fabrics and thermal conditions during their 
formation. We tested a combination of methodologies 
including microstructural and textural investigations, 
geochronology and geothermometry on deformed 
rocks from an exhumed strike-slip fault, the Ailao 
Shan-Red River fault, SE Asia. The initiation of 
strike-slip faults occurs by rheological weakening 
along hot-to-cold contacts deep within the crust and 
mantle lithosphere. Results indicate that the exhumed 
deep-crustal rocks exhumed since late Oligocene (ca. 
28 Ma) to Pliocene (ca. 4 Ma) typically involve 
dynamic microstructural, textural and thermal 
evolution processes, which typically record a 
progressive deformation and syn-kinematic reactions 
from ductile to semi-ductile and brittle behavior 
during exhumation. This transformation also resulted 
in a dramatic strength reduction that promoted strain 
localization along the strike-slip and transtensional 
faults. Detailed analysis has revealed the co-existence 
of microfabrics ranging from high-temperatures 
(granulite facies conditions) superimposed by low-
temperature fabrics (lower greenschist facies 
conditions). As a result, grain-size reduction 
associated with alteration by fluids circulating within 
the strike-slip fault zone at brittle–ductile transition is 
common.  
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The present understanding of the 
chemosynthetic/autotrophic potential of microbes 
especially of ocean sediments is almost nascent. 
Oceanic stretches experiencing perpetual darkness 
and extreme limitation of utilizable organic matter are 
often at the mercy of chemosynthetic carbon fixation. 
Hence C-fixation is neither limited to carbon-deplete 
environments nor to the copious vents and seeps. This 
also occurs to varying degrees in carbon-replete 
locales depending on nature and concentration of 
available carbon and electron donors. Factors like 
organic matter influx, its quality and concentration, 
sub-seafloor diffuse fluid flow and thereby 
concentrations of various electron donors and 
acceptors strongly influence chemosynthetic activity. 
Quantification of microbial C-fixation and relative 
contribution of microbial domains in different 
sediment realms is therefore crucial. Sino-Pacific 
marine sediments [Western Pacific, East China Sea, 
South China Sea and Okinawa Trough] were 
examined for total microbial, using the aqueous 
NaH14CO3 (dark carbon fixation) method, bacterial 
and archaeal contribution to autotrophic fixation by 
blocking archaeal metabolism using inhibitor GC7 
during the dark uptake experiment. The study also 
estimated the differential effects of addition of 
electron donors. The results suggested that the 
contribution by bacterial and archaeal communities 
could be considerable. C-fixation in marine sediments 
is not the function of Archaea alone, much in contrast 
to some recent opinions. C-fixing bacteria are also 
equally active in deep-sea realms. Often in spite of 
great effort of one domain to fix carbon, the system 
does not become net C-fixing due to equal and 
opposite C-releasing activity of the other domain. 
Environmental situations appear to dictate C-fixation 
rates at any given space or time. Thus a C-releasing 
bacterial or archaeal community can become C-fixing 
with the change of nature and concentration of 
electron donors or available organic load. The 
environmental paradigm more than genetic 
composition appears to finally control the 
biogeochemical impacts of autotrophy. 
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The equilibrium isotope fractionation factor α is a 
fundamental parameter in stable isotope 
geochemistry. Although equilibrium α can be 
determined by theoretical calculation or by 
measurement of natural samples, direct laboratory 
experiments are ultimately required to verify those 
results. The attainment of a true exchange 
equilibrium in experiments is often difficult, but three 
methods have been devised and used to ensure that an 
equilibrium α has been obtained in an isotope 
exchange experiment. These are the two-directional 
method, partial-exchange method, and three-isotope 
method. Of these, the three-isotope method is thought 
to be the most rigorous. However, over the years 
some researchers have cautioned on the limitations of 
this method, but the foundation of the three-isotope 
method has not been properly examined and the 
method is still widely used in calibrating equilibrium 
α for both traditional and non-traditional isotope 
systems today. Here, using water-water oxygen 
exchange as a model system, we conduct an 
isotopologues-specific kinetic analysis of the 
exchange processes and explore the underlying 
assumptions and validity of the three-isotope method. 
We demonstrate that without knowing the detailed 
exchange kinetics a priori the three-isotope method 
cannot lead to a reliable equilibrium α. For a two-
component system, α determined by this method may 
be equilibrium α, kinetic isotope effect (KIE), 
apparent KIE (AKIE), or steady-state α, which can all 
bear different values. When multiple components 
exist during the exchange, the evolving trajectory can 
be complex and hard to predict. Instead of being a 
tool for equilibrium α determination, three-isotope 
method should be used as a tool for studying 
exchange kinetics as well as important fundamental 
parameters such as KIE or AKIE, which provides 
useful information about diffusion, dissolution, 
precipitation, and surface reaction processes. 
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According to the previous studies, the type, the 

time and the distribution of the HP–UHP rocks, and 
the period of the magmatism in the South Altyn Tagh 
have been identified (Liu et al., 2013), which play 
significant roles on understanding the formation and 
evolution of the orogen. However, the anatexis and 
the fluid activity caused by the continental subduction 
and exhumation are not in-depth studied. In this 
study, the authors focus on the chronological studies 
on the felsic veins and the host Grt biotite gneiss 
from the Jianggalesayi area in the South Altyn HP-
UHP terrane, in order to ristrict the time of the 
anatexis of the gneiss. 

CL images show that the zircons of the Grt biotite 
gneiss from Jianggalesayi area have the multilayered 
structure of core – rim I – rim II – rim III. The zircon 
U–Pb dating obtained four groups of ages for the 
different zones: the 586Ma of the core is interpreted 
as the top limit protolith age of the rock, 503 ± 5Ma 
of rim I and 459 ± 4 Ma of rim II are identical to the 
peak UHP and granulite–facies retrograded 
metamorphic ages of the eclogite and UHP Grt 
bearing pelitic gneiss from the Jianggalesayi area 
(Liu et al., 2012; Cao, 2013), respectively, 415 ± 3 
Ma of rim III should represent the age of the anatexis 
of the rock. The zircons from the felsic vein exhibit 
the structure of core-rim. The zircon cores of the 
felsic vein have consistent ages of 604–1702 Ma with 
the cores of the host gneiss, indicating the identical 
source of the zircon cores of the two rocks, which 
suggest that the zircon cores of the felsic vein may be 
derived from the host gneiss; The age of the rims 
(417 ± 2 Ma) is also consistent with the rim III of the 
host gneiss, which represent the anatexis time of the 
host gneiss. The ages (415 ± 3 Ma and 417 ± 2 Ma) 
are correspond to the fouth period of the early 
Paleozoic granitic magmatism (426-385Ma) (Kang et 
al., 2015) in the south Altyn Tagh. Combining with 
previous studies, the authors infer that the anatexis of 
the gneiss was caused by the upwelling of hot mantle 
materials, due to the exhumation of the subducted 
continent in the environment from compressive to 
extensive after slab break-off at ~415Ma.  
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Smelting of Au, and Cu-Zn ores in the Trail, 

British Columbia, Canada, region has been a major 
emitter of metal(loid) contaminants, predominately 
Pb, As, Zn and Cd, in the region since 1896 [1]. 
Surface soil horizon samples contain up to 2 wt% Pb, 
980 ppm Sb and 1010 ppm As, concentrations 140, 
50 and 85 times the Canadian soil quality guidelines 
for residential areas, respectively. Forested soils 
contaminated by smelting activities are studied to 
determine the behaviour and mobilisation potential of 
these elements in the environment. In this study, we 
investigate the association of Pb, Sb and As with 
specific soil organic and authigenic mineral phases 
using sequential extractions. The potential 
bioavailability of Pb, Sb, and As are examined using 
a 0.01M LiNO3 solution. Studies have shown that Pb 
forms stable complexes with soil organic matter [2] 
and Sb and As are bound as inner-sphere complexes 
to Fe-oxyhydroxides [3], an association explored in 
this study using the dithionite – Na-citrate method. 
The association of Pb, As and Sb with soil organic 
matter, an important sink for metal(loid)s of concern 
[3], is investigated using pyrophosphate and peroxide 
extraction procedures. The examination of the 
association of metal(loid)s with mineral soil phases 
and organic matter through sequential extractions 
sheds insight to the potential mobilisation and 
attenuation of Pb, Sb and As in the soil system and, in 
turn, the biosphere. Supplementing the standard 
predictive risk assessment, which is based solely on 
bulk geochemical analysis, with the mineralogical 
and geochemical behaviour of these metal(loid)s will 
improve the development of procedures for land 
restoration projects impacted by Pb, Sb and As 
contamination.  

 
[1] Goodarzi, Sanei & Duncan (2003), GSC Bulletin 
573 1-49. [2] Gao, Pearce, Jones, Taylor & Taylor 
(1997), Enviro. Geochem. Health 21 13-26. [3]  
Dousova, Buzek, Herzogova, Machovic & Lhotka 
(2015), Eur. J. Soil Sci. 66 74-82.  
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The U.S. Used Fuel Disposition Campaign is 

conducting a Deep Borehole repository 
demonstration project for disposal of CsCl waste 
forms. Experimental work will constrain the P, T 
conditions which “seal” material will experience in 
deep borehole repositories. Mineral alteration is one 
of the concerns regarding bentonite seal stability and 
radionuclide capture after emplacement and we 
therefore focused on borehole seals conditions at 5 
Km depth. 

 Experiments were performed at 1 K bar and 400 
oC over a period of ~2 weeks. An unprocessed 
bentonite from Colony, Wyoming and CaCl, NaCl, 
and Cs-Na-Ca-Cl 2 molal brine was used at a 2:1 
water:rock ratio. The baseline experiments contained 
brine + clay, and buffered at low oxygen fugacity. 
The experiments were designed to determine the 
stability of zeolite minerals (analcime-pollucite-
wairakitess) under repository conditions.  

Potassium was mobilized and exchanged with 
interlayer Na, transitioning the clay from Na-
montmorillonite to K-smectite. Clinoptilolite (and 
remnant glass) present in the starting bentonite 
mixture are unstable at 400 oC. Hence, precursor 
clinoptilolite underwent recrystallization at 150°C 
producing, a Si-rich analcime in addition to 
authigenic silica phases in the Na-rich brine. The 
analcime reaction is:  

 
clinoptilolite + 0.92 Na+ + 0.02 Ca2+ à 8 analcime 
+ 0.14 K+ + 11.62 SiO2 + 12.64 H2O + 0.40 H+  
 

Wairakite and pollucite were formed by similar 
phase transformations. When clinoptilolite alters at 
the high temperature thermal pulse of a repository, 
analcime/wairakite will form and exist as 
radionuclide sorbing phases, while pollucite would 
incorporate Cs into the crystal structure if released 
from the waste container. 
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The Great Oxidation Event (GOE) between 2.45 

and 2.2 Ga has been linked to the onset of multiple 
global glaciations. The correlation of the different 
glacial deposits is uncertain because key sedimentary 
successions remain undated. The Turee Creek Group 
(TCG) in Western Australia shows evidence for 
continuous deposition across the GOE, and thus 
allows examining the nature, rate, and duration of the 
rise of atmospheric oxygen on Earth. The TCG has a 
total thickness of ~4 km, from BIF of the underlying 
Boolgeeda Iron Fm., to glacial diamictites of the 
Meteorite Bore Member (MBM), quartzite of the 
Koolbye Fm. and carbonates of the Kazput Fm. The 
age of deposition is loosely constrained between a 
2450 ± 3 Ma age obtained for the Woongarra 
rhyolites at the base of the Boolgeeda Fm. and a 2209 
± 15 Ma on unconformably overlying Cheela 
Spring’s basalts. Three drill cores have been obtained 
at the Boolgeeda-Kungarra transition (T1), the upper 
Kungarra Fm. encompassing MBM diamictites (T2) 
and the Kazput-Koolbye transition (T3). Here we 
present new in situ U-Pb zircon geochronological 
data from the second drillcore (T2) including samples 
from the MBM diamictites and underlying sandstone 
and microbialite. Over 200 detrital zircons were 
analyzed by means of Laser Ablation-ICP-MS and 
yielded four groups of ages: ca. 2.68 Ga, 2.54 Ga, 
2.45 Ga and 2.34 Ga. The youngest zircons define a 
maximum age of 2.34 Ga for the MBM and account 
for the first direct age estimate of one of the 
Paleoproterozoic glacial event in Australia. 
According to correlation with the deposits in North 
America and South Africa and previous sulfur isotope 
studies the MBM diamictites must have recorded the 
beginning of the permanent accumulation of oxygen 
in the atmosphere. 
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Noble gases are powerful tracers of the origin of 
terrestrial volatile elements and of the processes that 
controlled their distribution between the Earth's 
interior and the terrestrial atmosphere over geological 
ages. We will present xenon isotope measurements of 
CO2-rich gases emitted in the Eifel magmatic region 
(Germany). 

Xe isotope ratios, determined at high precision, 
present excesses on light isotopes (124-128Xe) signing 
the presence of a chondritic component in Eifel 
source [1]. This chondritic signature is consistent 
with an asteroidal origin of volatile elements in the 
whole Earth's mantle[2]. Because atmospheric Xe is 
not derived from a chondritic component [3], this 
result demonstrates that the atmosphere cannot be 
simply produced by mantle degassing through 
geological eras. 

Heavy Xe isotopes in Eifel gas contain 
fissiogenic excesses entirely derived from the 
spontaneous fission of 244Pu (T1/2 = 82 Ma) 
highlighting the undegassed nature of the Eifel 
magmatic source. In addition, 129Xe* excess permits 
to compute a 129Xe*/136Xe(Pu) ratio fully compatible 
with other oceanic plume sources [4]. These 
observations, very different from MORB features, 
suggest that Eifel Xe originated from a plume source 
located in the deep mantle. Our results are also in 
agreement with previous geophysical and 
geochemical studies that suggested the presence of a 
mantle plume beneath the Eifel volcanic region [e.g., 
5]. 

Radiogenic and fissiogenic excesses allow us to 
compute that the plume mantle source sampled by 
Eifel Xe remained isolated from whole mantle 
convection during the last 4.45 Ga. This result is in 
agreement with models calling for an early isolation 
of mantle domains that preserve the early stages of 
Earth's accretion. Furthermore, the difference of 
129Xe*/136XePu between the upper and lower mantles 
could be explained by addition of volatile rich 
material to the proto-Earth. 
 
[1] Caracausi et al. (2016), Nature in press. [2] 
Holland et al. (2013), Nature 497, 357-360. [3] Pepin 
(1991), Icarus 92, 2-79. [4] Parai & Mukhopadhyay 
(2015) G-cubed 16, 1-17. [5] Buikin et al. (2005), 
EPSL 230, 143-162. 
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Quantifying the biogeochemical factors that 
determine microbial metabolic capabilities remains a 
grand challenge for geomicrobiology with relevance 
to predictive modeling and engineering of natural, 
industrial and anthropogenically perturbed 
ecosystems.  Specifically, a predictive understanding 
of how natural gradients of compounds influence the 
rates, intermediates and end-products of element 
cycling (i.e. C, N, P, S) will enable better 
biogeochemical models and permit selective 
perturbation of environmental systems to achieve 
desired outcomes.  Current approaches to 
understanding the controls on microbial element 
cycling are generally low-throughput.  We are 
developing a general, laboratory-based, high-
throughput screening strategy to quantify the 
inhibitory and stimulatory concentrations of 
compounds that influence the functional capacity of 
natural microbial communities to transform microbial 
respiratory substrates in the nitrogen cycle to 
different endproducts (e.g. dinitrogen/ammonia).  We 
also evaluate the synergistic and antagonistic 
interactions between natural and anthropogenic 
compounds to develop a complete picture of how 
multi-dimensional gradients influence respiratory 
processes.  The predictions from the high-throughput 
screening campaign can be tested in mesocosm and 
field scale experiments, and amplicon sequencing and 
metagenomics can be used to define how community 
structure changes along with changes in respiratory 
rates. 
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One of the issues of concern in areas of extensive 
hydraulic fracturing is the migration of oil, gas, or 
produced water to a groundwater aquifer resulting in 
contamination of drinking water. The initial step 
toward understanding the impacts of oil and gas 
activities is to determine the occurrence, where it is 
and where it came from. Subsequently, the 
mechanism of contamination should be determined so 
that mitigation measures can be employed. In this 
study, groundwater methane data collected in 
response to a relatively new regulation in Colorado is 
analyzed. Methane was detected in 78% of 
groundwater wells with an average concentration of 
4.0 mg/L and a range of 0− 37.1 mg/L. Greater than 
95% of the methane found was classified as having a 
microbial origin, and there was minimal overlap 
between the C and H isotopic characterization of the 
produced gas and methane measured in the aquifer. 
Neither density of oil and gas wells nor distance to oil 
and gas wells had a significant impact on methane 
concentration suggesting other important factors were 
influencing methane generation and distribution. 
Thermogenic methane was detected in two aquifer 
wells indicating a potential contamination pathway 
from the producing formation, but microbial-origin 
gas was by far the predominant source of methane. 
To understand if aqueous and gas phases from the 
producing formation were transported concurrently to 
drinking water aquifers without the presence of 
oil/gas related hydrocarbons, the ionic composition of 
three water groups was studied: (1) uncont- aminated 
deep confined aquifer, (2) suspected contaminated 
groundwater - deep confined aquifer containing 
thermogenic methane, and (3) produced water from 
nearby oil and gas wells that would represent aqueous 
phase contaminants. On the basis of quantitative and 
spatial analysis, we identified that the “thermogenic 
methane contaminated” groundwater did not have 
similarities to produced water in terms of ionic 
character, but rather to the uncontaminated 
groundwater. The analysis indicates that groundwater 
wells with demonstrated gas phase contamination 
have likely not been contacted by an aqueous phase 
from compromised casing through the aquifer. 
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Our current Earth is the end product of 4.5 Ga of 
chemical and physical differentiation.  Results 
obtained over just the last decade, however, provide 
increasing evidence that events that occurred during 
the terrestrial planet forming process determined 
major compositional features of Earth.  
Nucleosynthetic isotopic variability in meteorites 
shows that carbonaceous chondrites, long used as the 
starting point for estimating bulk-Earth composition, 
cannot form a major mass proportion of the Earth, or 
even an important component of the late accreted 
material proposed to account for mantle abundances 
of the highly siderophile elements.  Enstatite 
chondrites show substantial isotopic overlap with 
Earth.  If Earth was built primarily from enstatite 
chondrites, their very reduced nature and 
compositional features imply a bulk-Earth 
composition dramatically different than that 
observed, at least in the upper mantle.  Evidence for 
global melting and differentiation of planetesimals 
occuring within 1-4 Ma of Solar System formation 
suggests that Earth grew primarily from differentiated 
planetismals, with consequences for its initial volatile 
abundances, metal-silicate ratio, and perhaps even 
refractory lithophile element abundances.  Evidence 
from the short-lived radionuclides 129I, 146Sm, 182Hf 
and 244Pu documents differentiation events occurring 
within the first 100 Ma of Earth history.  The isotopic 
imprint of this differentiation, however, is 
surprisingly small, suggesting either that extensive 
differentiation of a terrestrial magma ocean did not 
occur, or that it occurred relatively late in Solar 
System history, perhaps as late as circa 4.4 Ga, a 
suggested age for the Moon-forming giant impact.  
By 4.3 Ga, Earth’s surface appears to have cooled to 
the point where it could host liquid water, and 
differentiation of the solid Earth was occuring via the 
type of melting processes we associate today with 
plate tectonics. 
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The formation of iron oxides in Archean and 
Paleoproterozoic Banded Iron Formations is still a 
matter of debate. We report here a detailed rock 
magnetic study (susceptibility, isothermal remanent 
magnetization, Curie and Verwey transition 
temperatures) coupled with scanning and 
transmission electron microscopy (SEM and TEM) 
and electron microprobe analyses (EPMA) along a 60 
meters section which encompasses the uppermost 
Archean Boolgeeda Iron Formation and its transition 
into the lower Paleoproterozoic Kungarra Formation 
in the Pilbara Craton, Western Australia. Treatment 
of the remanence acquisition curves by cumulative 
log-Gaussian functions allowed to quantify the 
relative magnetic contribution of magnetite and 
hematite throughout the section. Magnetite is 
identified as the main magnetic carrier in all iron-rich 
layers including hematite-bearing jasper beds. A 
sharp decrease in magnetization at the Archean-
Proterozoic transition attest for the almost complete 
disappearance of magnetite/hematite in the section at 
the onset of the Paleoproterozoic. Chemically impure 
silician magnetite is specifically reported from a 2 
meter-thick interval lying within the late Archean 
section of the core. High resolution TEM 
observations reveal nano-domains of Si-rich 
magnetite associated with crystal defects caused by 
cation exchange mechanism. Solid-solution models 
based on EPMA measurements are discussed. The 
detection of nano carbon phases, joined with an 
overall increase in Total Organic Carbon (TOC) in 
the same interval attest for a close association of 
organic carbon with Si-rich magnetite. 
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Antarctic sea ice microalgal communities are 

known to produce very large amounts of the organic 
sulfur metabolite dimethylsulfoniopropionate 
(DMSP), the biological precursor of the semi-volatile 
dimethylsulfide (DMS). In the remote atmosphere of 
polar oceans, DMS is a major precursor of non sea 
salt sulfate aerosols which directly influence cloud 
formation and albedo. Hence, it is essential to 
understand the processes controlling DMSP 
production by sea ice microalgae, and to assess how 
much of its degradation product, DMS, is effectively 
transferred to the atmosphere. Despite several field 
measurements of bulk ice DMS(P) concentrations, 
punctual measurements of sea ice-atmosphere DMS 
fluxes, and experiments with isotopically-labelled 
DMS(P) in brine, our knowledge of the sea ice DMS 
cycle remains very limited. In this study, we present a 
novel approach using sulfur natural isotope ratio 
(δ34S). We report the first profiles of the δ34S of 
DMS(P) in natural sea ice cores from the Ross Sea 
and Weddell sea, by combining dry crushing 
extraction of DMS(P), and δ34S determination at the 
picomole level with GC-MC-ICPMS. Depth-profiles 
of δ34S of DMSP revealed considerable variability 
between regions, across seasons, and between sea ice 
horizons, with values ranging between 9.2 and 
21.9‰. This variability is remarkable considering the 
relative sulfur isotopic homogeneity of DMSP in 
oceanic waters (18.9-20.3‰). The most 34S depleted 
values, and highest spatial variability, were mainly 
observed in surface and interior ice in the winter and 
early spring, where adapted microalgae thrive in the 
extreme conditions (e.g. temperature and salinity) of 
brine microenvironments as shown by ancillary 
physical and biological data . This, combined with 
the remarkable consistency (~21‰) of the δ34S of 
SO4 in the same ice samples, suggests that the 
observed variability in DMSP probably originated 
from distinct metabolic pathways of DMSP synthesis. 
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The concept of enrichment factors (EF) has been 

introduced about four decades ago as a means of 
speculating on the origin of elements in the 
atmosphere of remote regions [1, 2, 3, 4]. The general 
formula for estimating EFs is: EFcrustEl = 
([El]sample/[X]sample) / ([El]crust/[X]crust) where El is an 
element under consideration, X is a reference 
element, the square brackets indicate element 
concentration, and the subscripts "crust" or "sample" 
refer to the medium from which element 
concentration was measured. The application of EFs 
has subsequently been extended to a variety of earth 
materials to discern between natural and 
anthropogenic sources for elements. However, 
Reimann and De Caritat [5, 6] concluded that this 
extended usage of EFs is "at odds with the original 
concept" and they recommended that such 
indiscriminate use of EFs should be avoided. 

In the geochemical mineral exploration literature 
in the last decade or so, there are some extended 
applications of EFs to geochemical mineral 
exploration [7, 8, 9, 10, 11, 12, 13]. In this 
contribution, using the same soil geochemical data 
used by Sadeghi et al. [14] and Carranza et al. [15], it 
is shown through statistical and spatial analyses that 
using EFs is no better than using logratio-transformed 
data in geochemical anomaly mapping for mineral 
exploration. Thus, following Reimann and De Caritat 
[5, 6] and this present study, it is also recommended 
that the extended use of EFs to geochemical mineral 
exploration should be avoided. 
 
[1] Chester & Stoner (1973) Nature 245, 27-28. [2] 
Peirson et al. (1974) Nature 251, 675-679. [3] Zoller 
et al. (1974) Science 183, 199-201. [4] Duce et al. 
(1975) Science 187, 59-61. [5] Reimann & De Caritat 
(2000) Env Sci Tech 34, 5084-5091. [6] Reimann & 
De Caritat (2005) Sci Total Env 337, 91-107. [7] 
Chandrajith et al. (2001) Appl Geochem 16, 339-350. 
[8] El-Makky & Sediek (2012) Nat Resour Res 21, 
95-115. [9] Gong et al. (2013) J Geochem Explor 
128, 14-24. [10] Yaylali-Abanuz (2013) J Geochem 
Explor 132, 63-74. [11] Liu et al. (2014) J Geochem 
Explor 139, 152-159. [12] Wang et al. (2013) J 
Geochem Explor 124, 40-58. [13] Hosseini-Dinani et 
al. (2015) J of Geochem Explor 156, 114-130. [14] 
Sadeghi et al. (2015) J Geochem Explor 154, 180-
193. [15] Carranza et al. (2015) Ore Geol Rev 71, 
703-718. 
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Organic complexing ligands dominate the 
chemical speciation of Zn in seawater, affecting its 
bioavailability and regulating its micronutrient role. 
We have shown evidence of water masses in the West 
Pacific connecting point sources related to marginal 
seas, riverine matter, benthic fluxes, and continental 
shelves, with ligand concentrations and binding 
strengths evolving along water mass trajectories. We 
used ASV and modern comprehensive mathematical 
methods. 

Here we present results from recent studies in 
tropical South East Asia that explore (1) in rivers 
from pristine peatland and with agricultural and 
industrial anthropogenic influence and (2) a transect 
along the Malacca Straits with the  aim of elucidating 
fresh natural and anthropogenic material in the 
organic matter mix that the ligands are a part of. We 
will compare the results from these sources of 
organic matter with samples from a transect across 
the Malacca Straits that reflects what could be 
transported further out to the South China Sea or the 
Andaman Sea, with the ligands observed in 
continental shelves, where the organic matter has 
suffered biochemical processes, with previous 
analysis of ligands observed in the West Pacific, after 
decades of bacterial respiration while travelling along 
water masses. Preliminary data shows an intriguing 
disconnect of the strongest ligand between the 
riverine sources and the oceanic values that we 
expect to resolve with the Malacca Straits transect. 
We aim to compare these ligands in order to assess 
the relevance of these sources of complexing ligands 
to regulate regional and global distribution of Zn 
ligands and its bioavailable concentrations. 
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MESSENGER physical data were used to 
demonstrate that Mercury’s metallic core constitutes 
ca. 70 % of the planet mass [1-3]. The core is 
possibly surrounded by a FeS layer [1,3], with a 
thickness of about 90 km, as constrained by very 
recent experiments on sulfur solubility in silicate 
melts under reducing conditions [4]. This study also 
provides a mean value for the Mercurian mantle fO2 
of IW-5.4 ± 0.4. Here, we combine new experiments 
with some literature data to define the partitioning of 
major and trace elements under suitable P, T, fO2 
conditions in an analogous system, i.e. a silicate 
magma ocean + two immiscible metallic melts 
constituting the core (FeNiSi and FeS). During 
Mercury early core-mantle equilibration: 

* Fe strongly partitioned into the two shells core. 
As a consequence, the primordial mantle should not 
contain more than ca. 0.5 wt.% Fe. Mercury would 
need an exotic mechanism or a late veneer to explain 
the Fe content of surface lavas.  

* 40 – 60 wt.% of the bulk Si would have been 
extracted to the inner core, strongly depleting the 
primordial silicate mantle in Si compared to Mg. A 
resulting high Mg/Si would be consistent with the 
estimated mantle mineralogy (olivine + 
orthopyroxene) [5]. 

* A maximum of 7-11 wt.% S would have been 
distributed in the primordial mantle, which may have 
a strong influence on phase equilibria, melting 
conditions and physical properties.  

* ca. 7 wt.% of the bulk U would have been 
distributed in the FeS outer core, resulting in a only 
few ppb U in this layer if considering chondritic 
building blocks.  

 
As a progress of this work, the data will be 

parameterized and used to model the composition of 
individual reservoirs of Mercury, to infer its bulk 
composition and identify its potential building blocks. 
Our preliminary results indicate that Mercury cannot 
be made of known chondritic material.   
 
[1] Hauck et al. 2013 JGR; [2] Rivoldini and Van 
Hoolst 2013 EPSL; [3] Smith et al. 2012 Science; [4] 
Namur et al. under review; [5] Namur et al. 2016 
EPSL 
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Up to 30% of the world’s rainforests overlap with 

conventional oil and gas reserves, being the Amazon 
one of the tropical rainforests with the highest 
percentage of overlap. The area leased for oil 
exploration and exploitation in the Peruvian Amazon 
peaked in 2010, where only 13 national parks and 
sanctuaries (<10% of the Peruvian Amazon) are 
strictly off-limits to extractive activities for oil and 
gas. The first oil activities in the Peruvian Amazon 
began more than four decades ago, and have 
generated a long-standing socio-environmental 
conflict. Thus, the spillage by accident, or during 
regular operational activities, of oil and formation or 
produced water (PW) was commonplace until 2010, 
and still is relatively frequent nowadays. 

PW sprouts along with oil and amounts to 70% of 
the average volume of fluids produced by an oil well. 
It is highly enriched in salt and heavy metals, and 
land areas affected by spills are frequently visited by 
fauna according to reports from local indigenous 
communities. One of the aims of the project is to 
determine whether species of game hunted by local 
communities, as part of their subsistence diet, do 
indeed ingest oil contaminated soil and water, and 
have abnormal levels of heavy metals in their organs.  

By means of an extensive camera trap program 
we have collected multiple visual evidence that local 
game do regularly ingest soil and water in areas 
affected by spills. We have also collected tissue 
samples from animals hunted in polluted areas, as 
well as from control areas that are distant from any 
oil infrastructure, and analyzed their Pb isotopic 
signatures, and contents of other heavy metals.  Our 
results show that control livers samples share a 
unique source of Pb that we argue to be from local 
soils, while livers samples from areas close to oil 
extraction infrastructure have multiple sources of Pb. 
Our findings suggest that in remote regions of the 
Amazon, oil extraction activites are a significant 
source of Pb in the animal livers obtained from wild 
game hunted in the oil concession blocks.  
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The old mine of Escádia Grande, located 11 kms 
south of Góis, Coimbra district, central Portugal was 
exploited for Au and Ag and was active at the midle 
of the 1900. Between 1939 and 1952 about 42878 
tonnes of material were treated. The mineralized 
quartz veins consist of quartz, arsenopyrite, pyrite, 
chalcopyrite, galena, sphalerite, gold and argentite. 
The Góis relief is extremely vigorous, with the high 
altitudes reaching 1000 meters and the lowest 200 
meters. The mine dumps were deposited close to the 
stream and a river beach was created 2 km 
downstream.  

 The waters have circum-neutral pH values and 
contained up to 284 µg/L of As. The As 
concentrations decrease to downstream of mine 
dumps. The geochemical modelling carried out by 
Phreeq C demonstrated that As mainly occurs in the 
pentavalent form. The As concentration is attenuated 
by the iron-(hydro)-oxides adsorption upstream, close 
to mine dumps. However, the transport of the tailing 
material along the stream to the river beach still 
currently occurs. The stream sediments and soils 
close to the old mining area also have high 
concentrations of As, up to 3140 mg/kg and 5940 
mg/kg, respectively.  The stream sediments have As 
concentrations up to 45 times higher than the limit of 
the sediment guideline values (NWQMS, 2000). The 
soils have As concentrations 27 times higher the 
Foregs Geochemical Atlas of Europe.  

The human health risks associated with the use of 
a river beach, stream sediments and soils for 
recreational proposes were assessed. The use of the 
river beach causes a cancer risk (4.48×10-6) that 
exceeds the USEPA limit, mainly due to the arsenic 
exposure. The stream sediments and soils also have 
high non-carcinogenic effects (2.76 and 4.78, 
respectively) for childrens, mainly due to the arsenic 
exposure, by ingestion pathway.  Moreover, non-
cancer risk for adults (1.13) is also unacceptable 
according to the USEPA limits, mainly due to the 
arsenic exposure in soils. Consequently, the arsenic 
constitutes a main threat to the human health in this 
old mining area.  
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The increasing use of TiO2 nanoparticles (NPs) is 

inevitably leading to its introduction into different 
environmental compartments, including soils, surface 
water and groundwater. Where groundwater is widely 
used for drinking water, any contamination could 
have an adverse impact on human health as already 
shown for TiO2 NPs on living organisms and human 
lymphocytes. Consequently, the potential exposure of 
TiO2 NPs through groundwater contamination needs 
to be studied and assessed.  

The small-scale tracer experiment conducted in a 
schist aquifer constitutes an attempt to understand the 
physical and chemical processes occurring if TiO2 
NPs happen to penetrate in a hard rock aquifer. The 
schist aquifer can be represented by a dual-porosity 
medium constituted of fractures with low longitudinal 
dispersivity in which water and solute transport is 
relatively fast, and of a network of smaller fissures 
with high longitudinal dispersivity in which transport 
is slower.  

One of the major results is that TiO2 NPs were 
mobile and transferred in a heterogeneous schist 
aquifer through its conductive zones under aggregate 
forms. NPs do not penetrate the entire poral network 
during transfer, especially the one with very low 
porosity, due to electrostatic interactions between 
NPs aggregates and rock. During their transfer, a 
large amount of NPs was also deposited onto the rock 
surface, i.e. affected by sedimentation, clogging and 
adsorption. Weakly negatively charged NPs may be 
adsorbed onto the rock surface and especially on the 
positively charged iron oxi-hydroxides that coat the 
main pathways due to natural denitrification process. 
NPs aggregation is reversible due to the 
mineralogical heterogeneity of the schist and is likely 
to evolve rapidly after injection and during transport 
according to the environmental conditions.  

Any modification of the aquifer chemical 
conditions is likely to impact the groundwater pH, the 
nitrate content and the denitrification process that 
controls the precipitation of iron oxides in the flow 
pathways, and thus change NPs aggregation and 
sorption.  
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The Lagonegro Basin was part of the 

southwestern branch of the western Tethys. The 
Upper Triassic Lagonegro succession is comprised of 
deep-marine sediments belonging to the Calcari con 
Selce (“Cherty Limestone”) Formation of late 
Ladinian to late Norian-early Rhaetian age and the 
Scisti Silicei (“Siliceous Shale”) Formation of late 
Norian-early Rhaetian to Late Jurassic age. The 
“Transitional Interval” between these two formations 
is gradational stratigraphically and diachronous 
across the basin. This transition was investigated in 
three sections (Pignola-Abriola, Monte Volturino, 
and Madonna del Sirino) representing a proximal-to-
distal transect across the Lagonegro Basin. The shift 
from mainly calcareous to mainly siliceous 
sedimentation is inferred to have been influenced by 
rapid, post-rift subsidence of the Lagonegro Basin. It 
also coincided with a shift to warmer, more humid 
conditions around the Norian/Rhaetian boundary, as 
reflected in a pronounced increase in the chemical 
index of alteration (CIA), a weathering proxy. Redox 
proxies indicate mainly oxic conditions in the deep 
basin, although organic-rich shale beds are present at 
multiple levels in the otherwise organic-poor 
succession. The abruptness of the transitions between 
organic-poor and –rich sediment layers suggests 
major changes in paleoceanographic conditions, 
possibly related to switches from lagoonal circulation 
(linked to a net negative water balance) to estuarine 
circulation (linked to a net positive water balance). 
We infer that the Transitional Interval was related 
primarily to rift-driven changes and secondarily to 
climate-driven hydrographic changes within the 
Lagonegro Basin.  
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In the years following the Fukushima Dai-ichi 

Nuclear Power Plant (FDNPP) accident in 2011, 
monitoring of less radiologically relevant 
radionuclides has received limited attention. This is 
the case of 90Sr, 129I and actinides (236U and Pu-
isotopes). Their monitoring is however important 
because: i) they can be proxies for other 
radionuclides with radiological interest; and/or ii) 
they are suitable as geochemical tracers providing 
valuable information about hydrological, 
atmospheric, and geochemical processes. 
Additionally, two years after the accident, 90Sr was 
still a major contaminant in waters accumulated 
within the nuclear facility and storage tanks.  

In 2013 and 2014, three cruises took place in the 
coast off Japan, with the aim to re-evaluate the 
concentrations and the distribution of artificial 
radionuclides from FDNPP and identify the current 
potential sources of these isotopes, with particular 
emphasis to 90Sr.  

Here we present results of 90Sr, 129I, 236U and Pu-
isotopes from May 2013, May 2014 and October 
2014 onboard R/V Daisan Kaiyo Maru and R/V 
Shinsei Maru. Surface concentrations of 90Sr and 129I 
up to 8.9±0.4 Bq·m-3 [1] and 780±15×107 at·kg-1, 
respectively, suggest ongoing releases of these 
radionuclides from the FDNPP. Potential releases of 
236U and Pu-isotopes remain under discussion. The 
evolution of atomic and/or activity ratios of 
137Cs/90Sr, 129I/137Cs, 129I/90Sr with time corroborate 
the ongoing releases of radionuclides to the coast off 
Japan. 

Upper boundary estimates of 90Sr and 129I 
releases during the years following the FDNPP 
accident are minor compared to the total amounts 
released in 2011. Yet this study indicates that a 
continuous surveillance of artificial radionuclides to 
the Pacific Ocean is still required. 

 

 [1] Castrillejo et al. (2016) Environ. Sci. Technol. 
50, 173-180.  
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Diagenetic alteration of ancient benthic and 
nekrotic marine carbonates is possibly the most 
significant obstacle for understanding past climate 
dynamics. Living organisms build local chemical 
environments for physiologic processes such as 
biomineralisation. After death these chemical 
disequilibria are not sustained and all tissues are 
subject to alteration. 

We performed laboratory-based hydrothermal 
experiments on modern Arctica islandica shells. The 
shells were altered in solutions that simulate meteoric 
and burial fluids at four different temperature regimes 
ranging from 100 °C to 175 °C. We investigated 
micro- and nanostructural alteration with varying 
fluid composition and kinetics of the biogenic 
aragonite to non-biogenic calcite transition. The 
pristine and altered shells were characterised by X-
ray powder diffraction, high-resolution scanning 
electron microscopy and electron backscattered 
diffraction. 

 Arctica islandica shells treated hydrothermally at 
100 °C show a fine-grained microstructure and an 
almost randomised aragonite orientation distribution. 
An elevation in alteration temperatures to 175 °C 
leads to a coarse-grained, calcitic microstructure 
showing random orientation of the crystals. Aragonite 
to calcite transformation proceeds at shell surfaces, 
e.g. at its two rims, at pores and at the location of 
growth lines. We assume that in the case of Arctica 
islandica aragonite the alteration from highly co-
oriented bioaragonite to randomly oriented inorganic 
aragonite is driven by internal stresses caused by 
organic matrices and interface energies related to the 
nanoscale fabric of the biogenic calcium carbonate 
material. Nucleation sites for the newly formed 
mineral are present in pores of the decomposed 
organic matrix. 
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Even an oxide ion with 40 atoms captures much 

of the macroscopic chemistry of mineral-fluid 
reaction kinetics--isotope-exchange and dissociation 
reaction pathways involve concerted motions of 
many atoms, amphoteric chemistry and metastable 
states1.  All of these insights were gained via solution 
NMR spectroscopy and tagged experimental models.  
High-pressure NMR spectroscopy is particularly 
useful because it can detect changes in reaction 
volumes as are caused by altered solvation states.  
Recent advances in the simulation of aqueous 
solutions has also estimated dielectric constants of 
water to 6.0 GPa and 1200oC, well beyond the 
previous limits (<0.5 GPa)2. 

Thus we designed an NMR probe3 that allows 
experiments to 2.0 GPa and is so simple that it can be 
used by students.  The probe involves a microcoil 
solenoid in a clamped-cell device, with temperature 
control, multinuclear circuitry and a sample volume 
of 0.01-0.02 mL.  Pressures are estimated by a ruby 
sphere glued to a fiberoptic cable and periodically 
coupled to a spectrometer that reads the fluoresence 
signal.  Pressure is increased intermittently using a 
simple hydraulic ram. 

We here show 11B, 2H, 139La and 133Cs spectra 
collected at pressures of up to 1.8 GPa, where the 
hydrogen-bonded structure of water has largely 
collapsed and nuclear relaxation is dominated by 
solution viscosities.  These can be measured in situ 
using magnetic-field gradients to estimate the 
diffusion coefficients and thus the viscosities via the 
Stokes-Einstein relation.  Freezing of the electrolyte 
solutions is kinetically slow and suppressed by the 
solutes so that NMR measurements can be made in 
metastable solutions at nearly twice (<1.8 GPa) the 
nominal freezing pressure (0.9 GPa), providing 
information about solution chemistry well beyond 
where it was anticipated to be inaccessible.  

 
[1] Rustad, J. R. and  Casey, W. H. (2012) Nature 
Materials 11, 223-225.  [2] D. Pan et al., Proc. Natl. 
Acad. Sci. U.S.A. 2013, 110, 6646. [3] Pautler, et al., 
(2014) Angewandte Chemie 53, 9788-9791; Ochoa, 
G. et al., (2015) Angewandte Chemie 54, 15444-
15447. 
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Northwest Africa  (NWA) 10416 is an olivine 
phyric Martian basalt with a trace element 
composition similar to (LREE) depleted shergotittes 
[1]. It is the second Martian basalt recovered to date 
that has crystaline, igneous feldspar, the other being 
NWA 8159 [2]. To better understand the 
petrogenentic relationship between NWA 10416 and 
other Martian meteorites, here we report He, Ne, Ar, 
Kr, and Xe isotopic measurements, (U-Th)/He 
chronometry, and 40Ar/39Ar chronometry. 

Preliminary 40Ar/39Ar data are indicative of a 400 
– 500 Ma crystallization age. Comparable ages have 
been obtained from the chemically similar depleted 
Shergottites Dar al Gani (DaG) 476 [3] and Yamato 
980459 [4]. High temperature extractions likely 
associated with gas released from large (up to 1 mm) 
olivine crystals yield ages that exceed 1 Ga, which 
suggests that excess Ar is present in olivine crystals 
or they are of xenocrystic origin. The trapped 
component identified by isochron analysis indicates 
that NWA 10416 equilibrated with a Martian interior 
noble gas reservoir or has subsequently acquired 
terrestrial noble gases due to Antarctic weathering. 
Additional 40Ar/39Ar measurements on mineral 
separates are underway.  

Cosmic ray exposure ages were calculated from 
3He, 21Ne, and 38Ar measurements using the 
production rate estimates of [5] and chemical 
composition determined by ICP-MS. All three 
systems yield exposure ages of 1.05 ± 0.15 Ma. Like 
the 40Ar/39Ar data, similar exposure ages have been 
obtained from DaG 476 [6] and Yamato 980459 [7]. 
(U-Th)/He ages obtained from three whole-rock 
fragments of NWA 10416 are concordant at ~20 Ma, 
consistent with >95% loss of He during the ejection 
event that occurred at ~1 Ma.  
 
This work was performed under the auspices of the 
U.S. Department of Energy by Lawrence Livermore 
National Laboratory under Contract DE-AC52-
07NA27344. 
 
[1] Herd et al. (2016) LPSC Abstract #2527. [2] Walton et 
al. (2016) LPSC Abstract #1639. [3] Borg et al. (2003) GCA 
67, 3519-3536. [4] Shih et al. (2005) AMR 18, 46-65. [5] 
Eugster & Michel (1995) GCA 59, 177-199. [6] Park et al. 
(2003) LPSC Abstract #1213. [7] Nishiizumi & Hillegonds 
(2004) Antarctic Meteorites XXVIII, 60-61. 
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The Dawn Visible and Infrared mapping 

spectrometer has yielded critical information on the 
global mineralogy of the dwarf planet Ceres. While 
second order details remain to be resolved, a big 
picture of Ceres’ evolution emerges that puts 
constraints on Ceres’ early history and offers a 
background for supporting the interpretation of future 
observations. 

We survey a broad space of input conditions 
using the Geochemist’s Workbench and PHREEQ 
software, then run the FREZCHEM software to 
model chemistry derived from freezing the liquid 
phase in equilibrium with the observed mineralogical 
assemblage. The surface chemistry points to 
advanced alteration under high fugacity of hydrogen 
and is consistent with predictions for and 
observations of large ice-rich bodies. The simulations 
indicate that methane was abundant and helped 
regulate the redox environment. The combined 
hydrothermal and freezing simulations yield 
hydrohalite, a hydrated chloride commonly found in 
Earth’s polar regions, as well as methane clathrate 
hydrates . The presence on Ceres’ surface, at the 
global scale, of material formed at depth suggests a 
large-scale emplacement mechanism that cannot be 
simply explained by endogenic processes. 

Part of this work is being conducted at the Jet 
Propulsion Laboratory, California Institute of 
Technology, under contract to NASA. Government 
sponsorship acknowledged. 
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The Iberian Pyrite belt contains some of the most 
diverse and extreme acidic ecosystems. In order to 
study the biogeochemical processes supporting the 
biome under acidic and oxygen limiting conditions, a 
biofilm was sampled from an abandoned mine 
pithead. Physico-chemical conditions of the 
microenviroments ranged from microaerophilic (pH, 
Eh, and DO of 2.76, 508 mV and 16.9 µM, 
respectively) to anaerobic (pH, Eh, and DO of 2.35, 
555 mV and 3.8 µM respectively). Fe and Al showed 
the highest concentrations (600 and 108 mg/L, 
respectively) followed by other trace metals, mainly 
Cu and Zn (14 and 15 mg/L). Analysis by SEM-EDS, 
XRD, XPS and Py-GC/MS-CSIA revealed that the 
SOx species present in the biofilm were originated 
from oxidative processes (δ18O and δ34S) and it was 
associated with Cu0. The copper interaction is 
interesting as it acts as cofactor for enzymes such as 
cytochrome oxidases or superoxide dismutases 
because of its ability to cycle between Cu2+ and Cu+. 
One consideration is the accumulation of Cu+/2+ ions 
as it contributes to oxidative stress due its 
participation in Fenton-type reactions. Next 
generation microbial diversity analysis showed the 
coexistence of oxido-reductive microorganisms such 
as Alicyclobacillus sp. and Desulfosporosinus sp.. 
This special coexistence and data suggested novel 
strategies for ROSs (Radical Oxygen Species) and 
copper homeostasis. Thus, the oxidation processes by 
Alicyclobacillus sp. generates ROSs that oxidize CuS 
precipitated by Desulfosporosinus sp. metabolism. 
This oxidation releases SOx and Cu0, which 
accumulate in the biofilm. This process could 
regulate the ROSs in the system and could allow the 
accumulation of Cu0 as a neoformed mineral phase 
now possibly not toxic for the biofilm.   
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The presence of elevated methane in 

groundwaters within the Barnett Shale footprint in 
Parker and Hood counties, Central Texas has caused 
public concern that hydrocarbon production may 
facilitate migration of natural gas into a critical 
groundwater resource. This study attempts to place 
constraints on the source of methane in these 
groundwaters by analyzing data from 35 groundwater 
wells of dissolved methane and noble gases, both of 
crustal and atmospheric origin. Particular emphasis is 
given to the heavier noble gases 84Kr and 132Xe which 
are significantly less affected by the presence of 
excess air, commonly present in modern Texas 
groundwaters (e.g., [1]). 

Dissolved methane concentrations are positively 
correlated with crustal 4He, 21Ne and 40Ar and suggest 
that noble gases and methane in these groundwaters 
originate from a common source, likely the Strawn 
Group, which the sampled aquifer overlies 
unconformably. In constrast to most samples, four 
groundwater wells with the highest methane 
concentrations unequivocally show heavy depletion 
of all atmospheric noble gases 20Ne, 36Ar, 84Kr and 
132Xe with respect to freshwater recharge equilibrated 
with the atmosphere (ASW). This is consistent with 
predicted noble gas concentrations in a residual water 
phase in contact with a gas phase with initial ASW 
composition at 18°C-25°C, assuming a closed-system 
and suggest a highly localized gas source. All these 
four wells, without exception, tap into the Strawn 
Group and it is likely that shallow gas accumulations, 
as they are known to exist, were reached. 
Additionally, lack of correlation between (84Kr/36Ar) 
and (132Xe/36Ar) fractionation levels and distance to 
the nearest production wells does not support the 
notion that methane present in these groundwater 
wells migrated from nearby production wells, either 
conventional or using hydraulic fracturing 
techniques. Lack of correlation between the latter and 
4He/20Ne further supports these findings. 
 
[1] Castro et al. (2007) EPSL 257, 170-187. 
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Manganese oxide minerals are ubiquitous in soils, 
occurring as lamellar, nanocrystalline phases with 
high surface areas and high reactivity. Despite their 
lower abundance compared to other reactive phases, 
like iron oxides, these minerals often are major 
controls on the fate and availability of trace metals, 
including Ni and Zn. Such metals are important 
micronutrients required for microbial carbon and 
nitrogen cycling but are also toxic at higher 
concentrations, such as in soils impacted by mining, 
smelting, or other industrial processes. The reactivity 
of Mn oxides towards metals is controlled by their 
structure and composition, with materials having a 
low Mn(III) content and a large number of vacancies 
showing the greatest reactivity. We have investigated 
chemical processes that may alter vacancy content 
and the structure of Mn oxides, thereby modifying 
their affinity and capacity for metal binding. 
Dissolved Mn(II), which is often present at redox 
interfaces, causes substantial structural changes at 
acidic pH conditions, whereas Mn oxide structures 
are stable at neutral pH until the onset of phase 
transformations into MnOOH minerals. This pH-
dependent structural response directly impacts metal 
binding, with trace metals ejected from binding over 
vacancy sites upon Mn(II) addition at low pH but 
maintaining strong binding to such sites under neutral 
conditions. The small organic acids oxalate and 
citrate, produced via organic matter decomposition 
and as root exudates, are known to reduce Mn oxides 
and thus may also impact mineral structure and metal 
binding. Aging of Mn oxides with these organic acids 
at both pH 4 and 7 causes partial Mn reduction but 
does not substantially alter the overall 
phyllomanganate structure. Citrate, which causes 
greater Mn reduction, drives Ni to weaker binding 
sites on the edges of mineral particles, whereas 
oxalate promotes Ni incorporation into the mineral 
sheet at pH 7 and has no effect on binding at pH 4. 
These studies show that Mn oxides undergo dynamic 
structural changes in response to changing chemical 
conditions. This in turn may increase or decrease the 
stability of bound metals, altering micronutrient 
availability and contaminant fate. 
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The combination of concentrations and δ13C 

signatures of Particulate Organic Carbon and sterols 
provides a powerful approach to study ecological and 
environmental changes in both the modern and 
ancient ocean. We applied this tool to study the 
biogeochemical changes in the modern ocean water 
column during the BONUS-GoodHope survey (Feb.–
Mar. 2008) from Cape Basin to the northern part of 
the Weddell Gyre. Cholesterol and brassicasterol 
were chosen as ideal biomarkers of the heterotrophic 
and autotrophic carbon pools, respectively, because 
of their ubiquitous and relatively refractory nature. 
We document depth distributions of concentrations 
(relative to bulk POC) and δ13C signatures of 
cholesterol and brassicasterol combined with CO2 aq. 
surface concentration variation. While the 
relationship between CO2 aq. and δ13C of bulk POC 
and biomarkers have been reported by others for the 
surface water, our data show that this persists in 
mesopelagic and deep waters, suggesting that δ13C 
signatures of certain biomarkers in the water column 
could be applied as proxies for surface water CO2 aq. 
Our data suggest a key role of zooplankton fecal 
aggregates in carbon export for this part of the 
Southern Ocean. Also, south of the Polar Front, the 
release of sea-ice algae during the ice demise in the 
Seasonal Ice Zone is hypothesized to influence the 
isotopic signature of sterols in the open ocean. 
Overall, the combined use of δ13C values and 
concentrations measurements of both bulk organic C 
and specific sterols throughout the water column 
offers the promising potential to explore the recent 
history of plankton and the fate of organic matter in 
the SO. 
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Mercury in its many chemical forms is highly 

toxic to human, animal and environmental health, 
therefore accurate measurements to assess 
concentrations and trends are essential. In fact, one of 
the objectives of European Directives is to ensure the 
reliability and comparability of measurement results, 
as is the case for similar toxic elements covered by 
legislation. It was in this framework that the 
European Project JRP ENV51 MeTra – Traceability 
for Mercury Measurements has emerged. 

Mercury stable isotope analysis has been recently 
used to help explain Hg sources and biogeochemical 
transformations and pathways. Stable isotopes 
fractionate during many biogeochemical processes, 
imprinting specific isotope compositions in end 
products, and allowing us to trace potential sources 
and pathways of Hg. However, these fractionation 
phenomena can also occur during the analysis, or 
more precisely, in each stage of the analytical chain, 
from sampling, storage, sample preparation 
(digestion, derivatization, ...) and sample introduction 
into the MC-ICP-MS and it is therefore crucial to 
control them. 

In this work, a metrological approach was 
adopted in order to evaluate how sample storage, 
sample preparation, sample introduction and mass 
bias correction could influence Hg isotopic 
measurements and assess the impact of each stage of 
the analytical chain on the traceability of Hg 
measurements. In oder to do so, samples were stored 
up to 6 months, digestions performed with high 
pressure asher and hotblocks were compared as well 
as different digestion mixtures, matrix effects were 
studied and different approaches on mass bias 
correction (sample-standard bracketing, internal 
standard and double spike) were evaluated.  
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Granular zircons are a most unusual morphotype 
of shocked zircon, consiting of aggregates of sub-µm 
neoblasts. Despite being reported from a number of 
impact environments [e.g., 1,2], formation conditions 
and mechanisms are essentially unconstrained, and 
have not been produced experimentally. Here we 
report a new occurrence of granular zircon, from 
Meteor Crater (USA), and use high resolution 
electron backscatter diffraction (EBSD) orientation 
data to resolve phase transformations involved in its 
formation. The granular zircons occur in a clast of 
highly shocked Coconino Formation sandstone 
comprised entirely of vesicular lechatelierite (fused 
SiO2). EBSD data show that individual zircons are 
comprised of multiple neoblast domains, some with 
boundaries misorieted by 65°/<110>, the known 
orientation of {112} shock twins. Other domains 
have crystallographic c-axes in alignment with {110} 
of neighboring domains, a relationship consistent 
with the former presence of the high pressure 
polymorph reidite [3,4,5]. Nearly all the granular 
zircons contain ZrO2 from partial dissociation of 
zircon. The genesis of Coconino Formation granular 
zircons thus started with transformations including 
shock-twinning and reidite formation (20-30 GPa), 
and likely produced a disordered ZrSiO4 phase at 
peak conditions that retained crystallographic 
orientation memory. This phase then recrystallized to 
systematically oriented zircon neoblasts, some of 
which partially dissociated to ZrO2 during shock 
unloading.  

Formation conditions of granular zircon are not 
well constrained, however, it is often found in 
samples that experienced >50 GPa [6]. Dissociation 
of pure zircon occurs at temperatures of 1670 °C at 1 
atm [7], but may differ for non-stoichometric natural 
zircon. Experiments indicate lechaterlierite formation 
at temperatures of 2200 °C [8], which, even briefly, 
would facilitate zircon dissociation. Granular zircon 
thus records a cumulative P-T history of extreme 
conditions produced during impact. 
 
[1] Bohor et al. 1993 EPSL. [2] Kamo et al. 1996 
EPSL. [3] Leroux et al. 1999 EPSL. [4] Cavosie et al. 
2015 Geology. [5] Reddy et al. 2015 Geology. [6] 
Wittmann et al. 2006 MAPS. [7] Kaiser et al. 2008 J 
Eur Cer Soc. [8] Macris et al. 2014 Met Soc. 
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The continental crust displays secular trends 

controlled by tectonic processes with, for example 
distinctive peaks and troughs of ages for igneous 
crystallization, metamorphism, continental margins 
and mineralization. This temporal distribution is 
argued to reflect the different preservation potential 
of rocks generated in different tectonic settings, 
rather than fundamental pulses of activity, and the 
peaks of ages are linked to the timing of 
supercontinent assembly.  

We recognize 5 stages of Earth evolution: 1) 
Initial accretion and differentiation of the core/mantle 
system within the first few 10’s of millions of years, 
on an anoxic prebiotic Earth; 2) Generation of crust 
prior to 3.0 Ga, in a pre-plate tectonic regime 
associated with the evolution of early life and large 
fluctuations in atmospheric chemistry; 3) Early plate 
tectonics involving hot, presumably shallow 
subduction over the period from 3.0-1.7 Ga, 
associated with changes in the composition of new 
crust from mafic to felsic and an increase in crustal 
thickness and recycling, along with massive changes 
in the biosphere, ocean and atmospheric chemistry, 
and global climate, including the initial rise in 
atmospheric oxygen and global glaciations; 4) Earth’s 
middle age from 1.7-0.75 Ga, characterized by 
lithospheric, environmental, and evolutionary 
stability, and the evolution of early eukaryotes; 5) 
Initiation of modern cold subduction at ~0.75 Ga, 
associated with a second rise in atmospheric oxygen, 
extensive global glaciations, and the radiation of 
animal life. Supercontinents have operated during the 
last three stages and their assembly and dispersal 
require horizontal motion of the lithopshere through 
plate tectonics. This evolving tectonic character has 
likely been controlled by secular changes in mantle 
temperature and its resultant impact on lithospheric 
behavior. Crustal volumes, reflecting the 
tectonochemical interplay of crust generation and 
recycling, increased until Earth’s middle age and they 
may have been decreasing for the last ~1 Ga. 
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Particulate carbonaceous matter (PCM) is a 
significant contributor to ambient particulate matter 
originating from intervening sources which 
contribution is difficult to quantify due to source 
diversity, chemical complexity of PCM and processes 
during atmospheric transport. 

Carbon isotope analysis of stable and radioactive 
carbon spun out several techniques for identifying the 
sources and elucidating processes along atmospheric 
transport due to the unique isotopic signatures. Three 
principal sources have been quantified in marine 
North Atlantic air masses using dual carbon isotope 
analysis [1]. The technique also identified 
contribution of marine source in continentally 
modified air masses during EUCAARI intensive 
measurement periods at Mace Head on the west coast 
of Ireland.  

Two principal sources have been quantified in an 
urban environment in Eastern Europe (Vilnius, 
Lithuania) using stable carbon analysis in size 
segregated aerosol utilising a cascade impactor [2].  

A hypothetical model conceived to describe sea-
to-air transfer of oceanic OM was capable of 
reproducing stable carbon measurements at 
Amsterdam Island in the Soutern Indian Ocean and 
subsequently linked ocean biology to primary marine 
aerosol [3]. The hypothetical model suggested that 
fresh organic matter readily resulted in organic matter 
enrichment in sea spray particles and likely contained 
fresh colloidal and nanogel particulate matter. 
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[1] Ceburnis et al. (2011) Atmos. Chem. Phys. 11, 
8593–8606. [2] Masalaite et al. (2015) Atmos. Res. 
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Black carbon (BC) is the single most important 
absorbing species in the atmosphere emitted by 
combustion processes. Climatic implications of BC in 
warming the lower atmosphere highly depend on the 
dispersion and chemical complexity of the species. 
Marine environment is largely devoid of black carbon 
sources with the exception of shipping routes and 
thus ideal for studying background levels of BC.  

Two intensive measurement campaigns have 
been undertaken in 2015: Southern Atlantic Ocean 
cruise around Antarctica and land based North East 
Atlantic measurement campaign at Mace Head, 
Ireland. BC measurements were performed by the 
single particle soot photometer SP2 alonside the suite 
of other aerosol parameters. SP2 was compared 
against MAAP and AE16 at Mace Head revealing 
significant departures in mass attenuation cross-
section used in absorption based instruments. Size 
distribution of black carbon bearing particles was 
compared against SMPS spectrum informing about 
the long-term evolution of primary combustion 
particles. 

During Southern Atlantic Ocean cruise and 
around western Antarctic Pennisula BC 
concentrations were below 1 ng/m3 75% of time 
during 6 week cruise. Similarly low BC 
concentrations of 1-2ng/m3 were recorded in the 
cleanest North Atlantic air masses arriving at Mace 
Head. Observations strongly suggest that pristine 
environments do exist in certain regions over the 
globe despite generally assumed polluted atmosphere 
worldwide. 
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Leakage of CO2 and brine along abandoned oil 

and gas wells represents a potentially important 
leakage risk in CO2 storage systems.  This is 
especially true in North America, where millions of 
oil and gas wells have been drilled in the last 150 
years, and most of those wells are located in areas 
identified as being appropriate for CO2 storage.  We 
have developed computational models to simulate the 
flow of CO2 and brine, including leakage along old 
wells.  These models can be applied to systems with 
multiple layers of permeable (aquifers) and 
impermeable (aquitards or caprock) formations in a 
sedimentary basin, and can include an arbitrary 
number of potentially leaky wells.  To date we have 
only been able to use hypothetical well information 
due to a lack of data on leaky wells.  Recent in situ 
measurements in old wells, as well as measurements 
and analysis of different kinds of leaky wells, have 
led to data-based estimation of effective permeability 
values for several hundred leaky wells.    

We have now coupled our computational 
modeling with the new well data to produce more 
realistic estimates of CO2 and brine leakage along old 
wells. The specific location for our computations is 
the Wabamun Lake area of Alberta, Canada.  The 
model includes 11 permeable formations along the 
vertical direction, with a total of 1,146 old 
(potentially leaky) wells in an area of 2,500 square 
kilometers. Injection is assumed to take place in the 
Nisku formation, and the injection takes place for a 
period of 50 years.  The computational efficiency of 
our models allow for Monte Carlo-type analysis.  
Results show that the mean leakage rate for the 
fraction of injected CO2 that reaches the shallow 
(drinking-water) aquifers after 50 years of injection is 
less than 0.001%, with 95% of the results falling 
below 0.002%, and none of the 1,000 simulated 
results having leakage greater than 0.01%.  The 
amount of brine that leaks into shallow aquifers is 
much lower than the amount of CO2, indicating that 
shallow drinking water supplies should be safe from 
any significant leakage of CO2 or displaced brine.  
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The study focused specifically on the 

mineralogical and geochemical properties, and origin 
of carbonate sediments partially intercalated 
sepiolite-rich clayey carbonates in the study area. The 
Upper Pliocene-Pleistocene sediments contain 
commercial sepiolite deposits. Dolomite and 
dolomite +sepiolite were found in the bottom and 
intermediate layers while calcite+dolomite and 
calcite-rich deposits occurred at top of the sequence. 
Fossil-rich clay beds are partially intercalated with 
brown sepiolitic and mostly rich in limestone beds.  

The composition of most calcites is relatively 
homogeneous and low-Mg to near stoichiometry. The 
dolomites are Ca-rich dolomite composition, 
disordered, and idiomorphic and/or subidometric. 
δ13C values of dolomite and calcite range from -0.6 to 
-4.7 and 1.0 to -5.4, respectively. δ18O values of 
dolomite and calcite vary from -1.0 to -4.2, and -1.8 
to -10.0‰, respectively, and values indicate that they 
precipitated from more evaluated water with a higher 
contribution of atmospheric CO2 to the total dissolved 
C than those of calcites. Negative δ18O (-10.0‰) and 
slightly positive δ13C (1.0‰) values of calcites 
indicate evaporative condition while slightly negative 
δ18O (-2.9‰) and δ13C (-5.4‰) values related to 
fresh or meteoric water influx during the calcite 
precipitation.  



Goldschmidt Conference Abstracts 394 

Zr, Hf and REE behaviour 
during  halite crystallisation 

CENSI P.1 , INGUAGGIATO C.1, 2, 3, ZUDDAS P.2 
CENSI V.4 

1 DiSTeM, Università degli Studi di Palermo, Via 
Archirafi, 22 - 90123 Palermo, Italy. 

2 UPMC-Sorbonne Universités, Institut des Sciences 
de la Terre de Paris, 4 place Jussieu, F75005 
Paris, France. 

3 INGV-Palermo, Via La Malfa, 153, 90146 Palermo, 
Italy. 

4 Politecnico di Bari, DICATECH Department, Via E. 
Orabona 4, 80100 Bari, Italy 

 
Halite crystallisation from evaporating brines 

fractionates Zr, Hf and REE throughout a two-steps 
process. In the first step, dissolved complexes of 
studied elements are scavenged onto the surfaces of 
crystallising halite. During the second step, Zr, Hf 
and REE are co-precipitated into the crystal lattice as 
it growths. The first step mechanism is determined by 
the dissolved REE speciation (Bau, 1996) whereas 
the second step occurs by means of an ionic radius-
controlled mechanism (Bau, 1996). In saltworks 
where carbonate-REE complexes occur, the surface 
complexation of REE onto halite crystals does not 
occur whereas they are forming in the Dead Sea 
where aqueous REE speciation is dominated by 
chloride-complexes. Under the latter conditions, 
halite crystallises with cubic and cubic-octahedral 
composite habitus. Octahedral planes involve the 
formation of strong coulombic interactions mainly 
with [Hf(OH)5]- rather then with [Zr(OH)4]0 
complexes. As a consequence, newly formed halite in 
the Dead Sea shows strong subchondritic Zr/Hf 
ratios.  

Based on these indications, analyses carried out 
on salt minerals coming from Messinian and 
Tortonian evaporites from Sicily and Spain show that 
their overall REE content can be considered a 
discriminating parameter between authigenic 
minerals and diagenetic-modified materials. But 
features of shale-normalised REE patterns are driven 
by the mineralogical composition of evaporites rather 
than their crystallisation. Otherwise, the latter 
influences the Zr/Hf ratio of salt minerals. Therefore, 
primary samples show subchondritic Zr/Hf values 
differently from diagenetic-modified materials.  

Calculated distribution coefficients of Zr, Hf and 
REE have been employed for modelling the REE 
distribution in halite equilibrated with the deep-sea 
brines from Typo, Medee and Thetis basins (Eastern 
Mediterranean). The obtained indications allow us to 
discriminate brines formed by dissolution of 
evaporites relative to those representing relics of 
fossil evaporated seawater. 
 
[1] Bau M. (2015). Contrib. Mineral. Petrol. 123, 
323-333. 
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Biofilms are groups of microbial cells that are 
encased in an extracellular matrix (ECM) composed 
mainly of proteins and polysaccharides.  Biofilms can 
be beneficial, for example when protecting the roots 
of plants, but they are often detrimental to the host: 
their formation on medical devices and implants such 
as catheters, artificial hips, or contact lenses may lead 
to both acute and chronic infections. The ECM 
functions as an inter-cellular glue and it is also known 
to protect the cells from external toxins. Recently, it 
has been suggested that in addition to these roles, the 
ECM is involved in biomineralization. Specifically, 
calcium carbonate crystals have been observed in soil 
bacteria including the Gram positive Bacillus subtilis. 
Our study focuses on the role of the ECM in B. 
subtilis in mineralization using SAXS/WAXS, 
XAS, SEM, and multiparametric AFM. Approaching 
bacterial biomineralization using these methods is 
unique and therefore has the potential to have 
implications on biofilm formation in environmental 
(e.g. plant roots) and clinical (e.g. catheters) settings. 
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Estimates of the past ocean state often rely on 

sparsely sampled observations, and from this, 
attempts are made to quantify changes in Earth 
history. The ocean carbonate system represents: a 
newly developing proxy database, an underused 
oceanic water mass tracer, and a quantitative link to 
the ocean-atmosphere carbon cycle. We present 
global carbonate system maps consistent with sea 
floor observations and Atlantic mass circulation 
solutions utilizing current B/Ca-[CO3

2-] and other 
carbonate parameters to constrain an ocean model 
with 4° resolution. The addition of carbonate fields to 
a global model allows for quantitative analysis of 
changes to ocean storage, a crucial control for glacial-
interglacial variation.  

Although the quantity of published B/Ca derived 
carbonate data is low, they add an independent 
constraint to the interface between water emanating 
from the Northern (North Atlantic Deep Water) and 
Southern (Antarctic Bottom and Intermediate waters) 
sources. We find that the North Atlantic Deep Water 
- Antarctic Bottom Water interface is below 2500m, 
and significantly different from some previous 
estimations. This both suggests that atmospheric CO2 
change can be driven by relatively minor changes to 
ocean circulation, and that more traditional proxy 
records of circulation may need to be reinterpreted in 
a multiproxy setting.  

We utilize 3D visualization from the Woods Hole 
Oceanographic Institution, Physical Oceanography 
MiniCave to view these complex datasets and provide 
new insights into the structure of LGM ocean 
structure. 
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Over the years the drive for sustainable energy 
has become relevant to every developed country. A 
global effort to understand deep ressources has 
resulted in state of the art geophysical studies in order 
to characterise the deep seated source of active 
geothermal systems (Fig)[1,2]. By studying active and 
fossil magmatic-hydrothermal systems, we are able to 
anticipate the chemical reactions that will occur by 
drilling closer and closer to magma in different 
tectonic settings.  

MT resistivity profile through the Rotokawa (RK) and Ohaaki (OH) 
geothermal fields with earthquake hypocenters (black dots) occurring 
within 1 km of the profile overlaid.  

Recent investigations on a buried Taupo Volcanic 
Zone fossil magmatic-hydrothermal system, using 
trace element content of rocks, show a clear 
enrichment toward the surface in Te, Bi, Au, Sb, As 
and ± Pb, Se, Sn above the intrusion. Unsurprisingly 
similar zoning is observed above porphyry-Cu 
systems[3]. This zoning is associated with deep 
hypogene acid and potassic alteration assemblages 
that grade toward the surface into phyllic and 
advanced argillic alteration. This is different from the 
hornfels carapace intercepted by IDDP1[4].  The 
occurrences of high acid assemblages above magmas 
at depth are common in arc environments suggesting 
that supercritical water-rock interactions are variable 
in between tectonic settings. 

 This contribution will present what has been 
learned to date from deep investigations in New 
Zealand and what the scientific community still needs 
to resolve.  

[1] Bertrand et al. (2015), JVGR, 305, 63–75. [2] Heise et 
al. (2015), JVGR, doi:10.1016/j.jvolgeores.2015.10.017. [3] 
Halley et al. (2015), SEG Newsletters, 100. [4] Schiffman et 
al. (2014) Geothermics, 49, 42–48.  
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Recent decades have seen significant progress on 

Fe-oxidizing microbial physiology and genomics, 
allowing us a window into how these microbes might 
function in nature. Fe-oxiding bacteria (FeOB) have 
been found in a wide variety of environments: from 
classical terrestrial Fe seeps to marine hydrothermal 
vents, aquifer and coastal sediments, burrows, and 
lake and estuary chemoclines. But, what are Fe-
oxidizers doing there? That is, what roles do FeOB 
play in ecology and biogeochemical cycling?  

To quantify effects on Fe cycling, we first need to 
know how fast microbes oxidize Fe(II) (vs. abiotic 
oxidation), and under what geochemical conditions 
FeOB. To this end, we have been performing kinetics 
studies to determine the rates at which autotrophic 
and heterotrophic FeOB oxidize Fe(II) under 
environmentally-relevant conditions. These results 
show how Fe oxidation rate depends on oxygen 
concentration, and that both inorganic and organic 
carbon can fuel Fe oxidation. To further determine 
how FeOB connect Fe and other cycles (e.g. C, N, S, 
P), we have been performing field 
biogeochemical/metagenomic studies in a coastal 
aquifer in Delaware, as well as metatranscriptomics 
studies on Fe mats from hydrothermal vents at the 
Loihi Seamount, Hawaii. The metatranscriptomic 
studies show us how mixed communities of 
uncultured Zetaproteobacteria function in the 
environment and in shipboard incubation 
experiments. Preliminary results show that Loihi mat 
microbes are expressing genes for carbon fixation, 
denitrification, N and sulfate assimilation, and Fe 
oxidation (putative). Because phosphate sorbs 
strongly to Fe oxyhydroxides, P is expected to be 
limiting in Fe mats; as a consequence, the community 
appears to be employing multiple strategies to access 
P, including recycling from organic molecules. 
Continuing analysis is giving us insights into how 
FeOB interact with other microorganisms and abiotic 
geochemical processes to influence biogeochemical 
cycles.  
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Magnetite sometimes takes the form of a 

plaquette – barrel-shaped stack of magnetite disks – 
in carbonaceous chondrites (CC) that show evidence 
of aqueous alteration [1-3]. The asymmetric nature of 
the plaquettes caused Pizzarello and Groy [4] to 
propose magnetite plaquettes as a naturally 
asymmetric mineral that can introduce symmetry-
breaking in organic molecules. Our previous 
synchrotron X-ray computed microtomography 
(SXRCT) and electron backscatter diffraction 
(EBSD) analyses of the magnetite plaquettes in 
fifteen CCs indicate that magnetite plaquettes are 
composed of nearly parallel discs, and the 
crystallographic orientations of the discs change 
around a rotational axis normal to the discs surfaces 
[1].  

In order to further investigate the microstructures 
of magnetite plaquettes using transmission electron 
microscope  (TEM), we prepared two focused ion 
beam sections of nine magnetite plaquettes from a 
thin section of CI Orgueil. Individual magnetite discs 
are all single crystals. EDS imaging shows that the 
magnetite discs are purely iron oxide Fe3O4 (42.9 at% 
Fe and 57.1 at% O), which suggest that the plaquettes 
are of aqueous origin as it is difficult to form pure 
magnetite as a nebular condensate [5]. Our TEM 
observations indicate that the planar surfaces of the 
magnetite discs belong to the {100} planes of the 
cubic inverse spinel structure, which are in agreement 
with our previous SEM and EBSD analyses [1]. 
Kerridge et al. [5] suggested that the epitaxial 
relationship between magnetite plaquette and 
carbonate determines the magnetite face. However, 
according to our TEM observation, the association of 
magnetite with porous networks of phyllosilicate 
indicates that the epitaxial relationship with carbonate 
is not essential to the formation of magnetite 
plaquettes. It was difficult to determine the preferred 
rotational orientation of the plaquettes due to the 
symmetry of the cubic structure, however, we were 
able to observe consistent rotational orientation 
across several discs within a plaquette.  
 
[1] Chan et al. (2016) Am. Mineral.  [2] Jedwab J. 
(1971) Icarus, 15, 319-340. [3] Hua X. and Buseck 
P.R. (1998) MAPS, 33, A215-A220. [4] Pizzarello S. 
and Groy T.L. (2011) GCA, 75, 645-656. [5] 
Kerridge J.F. et al. (1979) Science, 205, 395-397.      
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Seprpentinization reactions known to produce 

hydrogen, which are considered to be important 
energy source for organo-photo chemical reaction, as 
well as its reaction with carbon dioxide in methane 
production on the Martian surface. The presence of 
methane on the surface of Mars can be explained due 
to Seprpentinization reaction [1]. High-pressure 
studies on the phase stability of serpentine minerals 
are of great importance in the dehydration reaction of 
hydrous minerals on the impact –crater region on the 
Martian surface. The studied antigorite sample has 
been extracted from the Ararki meteorite sample  
High-pressure experiments were carried out in an 
opposed anvil cell system [2] Our present high-
pressure investigations showed that antigorite 
undergoes a pressure induced amorphization at 6.5 to 
7.5 GPa at room temperature. The amorphous nature 
of antigorite has been characterized by powder XRD 
and FTIR spectroscopic techniques. The 
amorphization pressure is found to be much lower 
than the earlier results on pure crystalline antigorite, 
implying the presence of dignified antigorite in the 
shocked meteorite. FTIR spectra of the starting 
antogorite sample showed several absorption peaks at 
449, 562, 650, 710, 996, 1080, 1129, 1208 and 1719 
cm-1. High pressure spectra of the sam[ple showed  
very broad absorption peak at 1080 cm -

1cahracteristics of glassy or amorphous phase. 
However the hydorus component is found to be 
almost same as the initial material. We did not 
observe any dehydration reaction up to 8 GPa at room 
temperature.  The observed results have strong 
implications on the stability of serpentine minerals in 
the Noachian region of the Martian surface. This 
work is supported by CSIR-SHORE P0205 project 
and PLANEX project of PRL, Space Application 
Centre, Ahmedabad Department of Space, 
Government of India. 

 
[1] B.L. Ehlmann, J.F. Mustard, S.L. Murchie, 
Geophys.Res.Lett . 37, L06201 (2010). [3] 
G.Parthasarathy, American Mineralogist 96,  860-863 
(2011) 
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Thioesters such as thioacetic acid (TAA) and 

methyl thioacetic acid (MTA) are often invoked as a 
key prebiotic reagent for the establishment of self-
propagating metabolic reactions or as a reducing 
agent for the abiotic synthesis of 
deoxyribonucleotides. The esters would be acting as 
an activated form of acetate (i.e. acetyl-CoA) 
allowing C-insertions to form C3 compounds such as 
pyruvate. Despite its interest in prebiotic chemistry, 
data related to kinetic and thermodynamic properties 
of thioacetic acid are scarce, making it difficult to 
evaluate its relevance in a geochemical context.  

Here, using a combination of laboratory 
measurements, literature data, and thermochemical 
models, we examine the constrains of the 
accumulation of sufficient amounts of this compound 
to participate in these types of chemistry. We find 
that the equilibrium constant for the formation of 
TAA is extraordinarily low, and there are unlikely to 
be many environments where this compound could 
have formed abiotically to any significant extant. 
These problems in the synthesis of TAA may call into 
question the plausibility of higher order chemistry 
which requires it as a reactant. 
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Compositional images of silicate minerals in a 

volcanic rock provide valuable information on the 
genesis of magma. By taking advantages of the high 
sensitivity and reduced matrix effect provided by the 
femtosecond laser ablation system connected to a 
sector-field ICPMS (fsLA-SF-ICPMS), we present 
rapid and quantitative multi-elemental mapping 
analyses of pyroxenes and plagioclase studied 
previously for igneous rock geochemistry[1,2]. 
Quantification of elements in the crystals and their 
adjacent ground mass was achieved via external 
calibration against basalt reference material BHVO-
2G, together with correction of ablation efficiency by 
normalizing the sum of measured major elements 
composition to 100%. This approach dose not require 
prior determination of internal standard element by 
another method (e.g., electron micropobe), and is 
applicable to all anhydrous silicate minerals 
ubiquitous in volcanic rocks [3]. 2D maps of 
elemental abundance and ratios of interest were 
constructed from equally spaced line scans on the 
samples. The lateral resolution was estimated to be 
~40 μm with a laser beam diameter of 16 μm, 
scanning velocity of 2 μm/s for the fsLA system and 
fast scan data acquisition mode for the SF-ICPMS. 
Quantitative imaging of 43 elements including trace, 
minor and major elements for an area 500 × 500 μm 
can be acquired in 3 hours. Both laboratory bias and 
repeatability of the line scan analysis were estimated 
by mapping the BCR-2G basalt glass standard and 
found to be better than 5% for most of the elements 
except for Er, Lu, and Ta which were 9–10%. Limits 
of detection were sub-ppm for the trace and minor 
elements, and sub-percent level for the major 
elements. The method was used to generate 
quantitative multi-element maps of a plagioclase 
crystal within a dacite lava from Daisen volcano, SW 
Japan, and revealed significant zoning. The anorthite 
composition (Ca/(Ca+Na) molar ratios) of the 
plagioclase co-varied with Sr and rare earth element 
compositions. The results show that both 
compositional and temperature variations occurred in 
the host melt during crystallization of the plagioclase. 
Thus quantitative multi-element mapping of 
phenocryst phases has the potential to be a useful tool 
in studies of magma genesis. 
 
[1] Kimura et al., 2005, The Island Arc. [2] Takahashi et al., 
2013, J. Petrol. [3] Kimura & Chang 2012, J. Anal. At. 
Spectrom. 
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In natural aqueous systems, reactions involving 

orthophosphate (represented here by PO4 to 
encompass the range of protonation states and ion 
pairs) are primarily carried out by microorganisms 
and catalyzed by enzymes. The O-isotope 
composition (δ18O) of PO4 is a widely used 
(paleo)thermometer [1], biomarker [2] and useful 
tracers of P biogeochemical cycling [e.g., 3] and 
intracellular reactions [4]. Recent evidence points to 
inorganic pyrophosphatase (PPase) as the key 
enzyme responsible for both the equilibrium and 
temperature dependence of dissolved PO4-H2O O-
isotope exchange [5]. Calibration of equilibrium O-
isotope fractionations between PO4 and H2O, 
catalyzed by PPase, was experimentally determined 
from 3 to 37 ºC [6]. 

Here, we present experimentally-determined 
kinetics of O-isotope exchange between dissolved 
PO4 and H2O, catalyzed by PPase, from 3-26 ºC. O-
isotope exchange reactions were conducted using 
18O-labeled PO4 and waters in the presence of PPase 
(0.16 units/µmole PO4) for a week in buffered 
solution at pH 7.4. The data are well described by 
first order reaction kinetics (rate constant k = 9E-05 
to 2E-04 sec-1; t1/2 = 64 to 696 min). The temperature 
dependence of the exchange reaction is well fit by the 
Arrhenius equation, and the activation energy is ca. 
65-70 kJ/mole. The rate of PPase-catalyzed reaction 
is ca. 8 orders of magnitude faster than the rate of 
abiotic reaction (pH 5) at 20 ºC calculated by 
extrapolation of high temperature rate data [7]. 
Results from this study may be used to improve 
interpretation of measured δ18O values of dissolved 
PO4 in nature and cellular reactions (e.g., distinction 
between microbial overall, PPase-catalyzed or other 
enzymatic rates of evolution of δ18O values). 

 
[1] Longinelli & Nuti (1973) EPSL 19, 373-376. [2] 
Blake et al. (2001) PNAS 98, 2148-2153. [3] Colman 
et al. (2005) PNAS 102, 13023-13028. [4] Li et al. 
(2016) PNAS in review. [5] Blake et al. (2005) Am. J. 
Sci. 305, 596-620. [6] Chang & Blake (2015) GCA 
150, 314-329. [7] Lecuyer et al. (1999) GCA 63, 855-
862. 
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In this study, the benzene-polycarboxylic acids 

(BPCAs) were compared before and after mineral 
removal in clay fractions (< 2 µm) of soil NP (natural 
soil) and P55 (paddy soil for 55 years) profiles. The 
results showed that the sum of BC after mineral 
removal increased greatly and individual BPCA 
molecules also increased. This result suggested the 
protections of BC in organo-mineral complexes. The 
extent of BPCA increase in NP was generally higher 
than that of P55, probably because of long-term 
intense tillage resulted in the break down of BC-
mineral interactions. Through particlar size analysis 
and X-ray diffraction analysis, we found that BC 
amount and BPCA molecule increase after mineral 
removal is significantly related to the content of clay 
minerals. This result suggested that organo-mineral 
complexation is involved in BC stabilization, and the 
content of clay minerals is important in this process.  
 

 

 
 
 
 
 
 
 
Figure 1:  The concentration ratios of BPCA 

molecules after and before mineral removal for 
topsoils of NP (left) and P55 (right). 

 
     
 Figure 2: BPCA concentration increase ratios after 
mineral removal are positively related with content of 
clay minerals. 
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Tallgrass prairies have been reduced in area by 

over 90% and are therefore one of the most 
threatened ecosystems in the world. Nachusa 
Grasslands, located in Franklin Grove, IL, USA, is a 
successful long-term effort of restoring agricultural 
land to mosaic tallgrass prairies. More than 30 bison 
(sp. Bison bison) were reintroduced into 500 acres of 
enclosed prairie in November 2014 to reinstate 
integral grazing regimes to the landscape. The goal of 
this study was to understand how nutrient influx and 
microbial communities in bison feces affect the 
microbial community of prairie soil. Newly-
reintroduced bison have access to restored prairies 
that were re-planted at nine different time-points over 
the last 16 years, including remnant prairies that were 
never used for agriculture. Manipulative field 
experiments were used to explore the direct 
interactions between bison dung and various aged 
prairie soil, with bulk soil from both bison-exposed 
and bison-free treatments sampled biweekly in 
summer 2015. We sampled soil along transects away 
from undisturbed fecal patties during a 3-week period 
to examine their direct impact on soil geochemistry 
and microbial diversity. Soil and fecal geochemistry 
and 16S rDNA were analyzed to quantify microbial 
community and nutrient fluxes. Initial analyses 
suggest that feces inputs drive an increase in easily 
cultivable, acidophilic Acidobacteria Groups 1 and 3 
in old and remnant prairies, but decrease these groups 
in newly-planted prairies. Conversely, uncultured, 
neutrophilic Acidobacteria Groups 6 and 16 show the 
opposite trend, suggesting that pH and nutrient 
concentration may have drastically different effects 
on different-aged prairies. Further analyses of soil 
geochemistry and the reconstruction of microbial 
metabolism will determine if bison-mediated 
increases in nitrogen and carbon are directly 
responsible for these community shifts. Continuing 
studies at Nachusa Grasslands will establish whether 
changes in geological and microbial structure due to 
fecal deposits are temporary or have long-term 
impacts on both the prairie soil and higher trophic 
levels. Ecosystem restoration is a critical component 
of managing sustainable biogeochemical cycles in the 
Anthropocene, and characterizing the microbial 
contributions will be critical to improving success 
rates for future restoration efforts. 
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The behavior of deep-seated fluids is one of the 
most intriguing issues of the Earth's and planetary 
dynamic processes, since they influence most of the 
geologic processes in the deep mantle, such as mantle 
metasomatism, magma generation, and diamond 
formation [1,2]. Here we studied the primary fluid 
inclusions in low-Cr peridotitic garnet from Mir 
kimberlite pipe. These inclusions were analyzed by 
Raman and IR spectroscopy. The IR spectra revealed 
complex polyphase composition. For fluid inclusions 
we observed three hydrocarbon peaks near 2857, 
2927 and 2955 cm-1, a broad water absorption band 
within the range of 3100–3600 cm-1 and sharp (OH-) 
peak at around 3700 cm-1. Raman spectroscopy 
revealed a strong luminescence and interference 
patterns and will be studied further with different 
wavelength. Polyphase fluid inclusions indicates a 
complex composition of the deep-seated fluid; 
discovery of hydrocarbon inclusions suggests the 
reduced conditions for studied kimberlitic garnets 
formation.  

Figure 1. Example of the IR spectra of polyphase 
fluid inclusions in the garnet from the Mir kimberlite 
pipe. 

 
[1] Litasov (2011) Russian Geology and 

Geophysics 52, 475-492. [2] Shirey et al. (2013) 
Reviews in Mineralogy and Geochemistry 75, 355-
421.  

The work is supported by Russian Science 
Foundation RSF (No 15-17-30012)and Ministry of 
Education and Science of Russian Federation 
(project No 14.B25.31.0032) 
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Isotopic ratios can be useful tracers of riverine 
solute sources, weathering mechanisms and transport 
processes in the critical zone. In a highly weathered, 
marine-bedded, andesitic, metavolcaniclastic 
catchment in the Luquillo Critical Zone Observatory 
(Puerto Rico, USA), we determined that [Mg] and 
δ26Mg in regolith pore waters mainly reflect rain 
input, with increasing weathering inputs with depth. 
The effect of vegetation uptake on the pore water 
δ26Mg is negligible. Pore water Mg is primarily a 
mixture of precipitation and weathering-sourced Mg, 
but an isotopic fractionation occurs during 
dissolution-recrystallization of Fe(III)-(hydro)oxides 
under alternating redox conditions near the soil-
saprolite interface. Bulk regolith Mg is isotopically 
heavier than bedrock Mg, consistent with the 
preferential incorporation of heavy 26Mg into 
secondary minerals.  

Stream [Mg] shows typical dilution behaviour 
during a storm event, but the relationship between 
[Mg] and δ26Mg is consistent with steady state 
fractionation (α=1.00115). During base flow, stream 
water Mg is isotopically heavier than regolith pore 
water or bedrock. In-situ (LA-MC-ICPMS) δ26Mg 
analysis of the bedrock minerals indicates dissolution 
of Mg-rich chlorite (δ26Mg = +0.19‰), deep in the 
critical zone at rock-saprolite interfaces and in 
fractured bedrock, as the likely source of this 
isotopically heavy Mg; mass balance calculations 
indicate it is also the main source of Mg to the 
stream. This result highlights the importance of 
weathering processes that occur 10s of meters below 
the rooting zone, to watershed exports. Conversely, 
shallow processes (e.g., vegetation-induced 
weathering) have little to no impact on the production 
and export of weathering-sourced solutes. 
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Kudriavy on Iturup Island is a rare example of 

volcano with quasi-stable high-temperature fumarolic 
system. Since the last magmatic eruption (1883) 
volcanic activity there is characterized by strong field 
(3000 m2) degassing with episodic phreatic 
explosions (the last in October 1999). First gas 
studies in early 1990-ties revealed temperatures up to 
940оC [1]. The fumarolic system of the Kudriavy 
volcano has been monitored almost each year from 
1991 up to 2015 [1, 2, 3]. During this period the 
concentrations of main components in high-
temperature gases varied as follows (mol%): H2O 92–
96, CO2 0.7–3.23, St 1.27–2.96, HCl 0.1–0.7. The 
maximum gas temperature varied from 820 to 940°C 
(in 1992). Since 1992 the max temperature slowly 
decreased down to ~900°C in 1999. At the 1999 
phreatic explosion the hottest vent has been buried 
and max temperature in 2001 (870°C) was measured 
inside the phreatic crater. In the 2002–2015 period 
the max temperature remained within the range of 
820–850°C at vents of adjacent to the crater 
fumarolic field. Water isotopes from condensates 
show that most high-temperature gases (δD -28.5 – -
12‰, δ18O 4.0–11.6‰) are close to magmatic fluids. 
The 3He/4He ratios of 7,7 Ra and 7,8 Ra in 2012 and 
2013 gases, respectively, which are among the 
highest values for subduction related volcanoes, 
indicate high portion of mantle He. The most 
plausible mechanism supporting such a persistent 
activity at the Kudriavy implies convection in a 
magmatic column linking shallow degassing zone 
and magma chamber. According to that mechanism 
gas-rich magma ascend and release gases, then 
submerge within the same magmatic conduit [4, 5]. 
Observed fluctuations in gas composition at the 
Kudriavy volcano could be explained by a pulsing 
character of the convection. This study is supported 
by RFBR (project 14-05-00874) and RNF (project 
15-17-20011). 

 
[1] Taran et al. (1995) GCA 59, 1749–1761. [2] 
Korzhinsky et al. (2002) EPS 54, 337–347. [3] 
Fischer et al. (1998) EPSL 166. 81–96. [4] Kazahaya 
et al. (1994) Bull Volcanol 56. 207–216. [5] 
Stevenson & Blake (1998) Bull Volcanol 60. 307–
317. 
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Bacterial interactions with uranium include 
processes such as redox transformation, biosorption 
at the cell surface or intracellular bioaccumulation. 
These different mechanisms can lead to the 
sequestration of uranium by the bacterial cells in 
uranium-phosphate minerals. We examined the 
mechanisms of uranium biomineralization in a 
phylogenetically diverse set of environmental 
bacteria. By a combination of spectroscopic 
approaches (FTIR, TRLFS, EXAFS) and microscopic 
methods (TEM-EDS), we showed that uranium 
biomineralization occurred either at the cell wall [1] 
or intracellularly [2], depending on the strain and 
exposure conditions. When resting cells of 
Microbacterium strains were exposed to bioavailable 
forms of uranium at 10µM, U(VI) was accumulated 
as intracellular needle-like structures composed of an 
autunite type mineral [2]. Uranium intracellular 
accumulation was observed only in metabolically 
active cells, suggesting the involvement of an active 
process. The molecular mechanism involved in 
intracellular uranium biomineralization is currently 
being explored by a combination of genomic and 
proteomic approaches. 
 
[1] Llorens I et al. (2012) PLoS One. 
2012;7(12):e51783.  
[2] Theodorakopoulos N. et al. (2015) J Hazard Mat. 
285: 285-93. 
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Chromium (Cr), tungsten (W) and vanadium (V) 

are redox sensitive trace elements. When buried in 
sediments, they might be remobilized, released into 
the water column and may induce toxic effects— 
depending on their speciation. Their unique redox 
properties make them also promising proxies for 
studying past anoxic events in aquatic systems. 
Recent studies have demonstrated strong potential 
that remains to be fully explored. To better assess the 
conditions that could trigger their remobilization and 
improve their use as paleo-redox tracers, a 
comprehensive understanding of the early diagenetic 
processes controlling their distribution at the 
sediment-water interface is required. However, 
porewater data for these three trace metals are scarce 
and, as a consequence, our knowledge of the 
reactions involved is limited. To fill this gap, 
porewater samples from a Californian lake were 
collected using peepers at two sites (oxic and anoxic). 
Chromium, W and V concentrations were measured 
using ICP-MS. A one dimensional mass conservation 
equation was applied to model the porewater profiles. 
Preliminary results indicate the intensity and depth of 
diagenetic processes identified vary significantly with 
redox conditions occurring at the sediment-water 
interface. 
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Clays and claystone are used for a variety of 
sealing applications such as waste confinement, 
radioactive waste- oil- and carbon- geological 
storage. Drawing on our own research, this 
presentation explores new theoretical contributions to 
debates on spatial and temporal contaminant 
mobilities, uncovers different mechanistic modes of 
mineral reactivity, and contributes to re-imagining 
mechanistic-based performance assessment of clay- 
carbonate- and sulfide-rich geo-engineering systems.  

Clay edges and basal planes are known to 
complex a variety of toxics and radionucleides (RNs) 
but a combination of XRD, XAFS, NMR and 
molecular dynamics simulations has lead to new 
insights on ternary surface complexes formed with 
organics (dissolved organic matter, anthropogenic 
molecules1) shown to enhance the retention of some 
cations and RNs. On the other hand, neutron and X-
Ray diffraction, XAFS spectroscopy, and DFT 
theoretical modeling have confirmed ion substitution 
as an important sorption process for both carbonate 
and sulfide minerals. DFT, diffraction and EXAFS 
results demonstratd that selenite substitutes at 
carbonate anion sites in calcite2. Divalent metal 
cations substitute at Fe sites in mackinawite (FeS)3, 
an iron sulfide precursor of pyrite difficult to identify 
in natural medium due to the small size (≈5 nm) of its 
coherent domains. Such substitutions can impact the 
mineral stability and solubility, a phenomenon of 
importance for FeS since this mineral is often 
considered to be unstable, and thus neglected in long 
term geological repository thermodynamic 
calculations. DFT also allows to calculate the 
interfacial energy of various  mineral faces, thus to 
evaluate the reactivity of their nanoparticulate 
counterparts as a function of environmental variables 
(e.g., partial pressure ratios of H2S/H2). Therefore a 
clever combination of computational, spectroscopic 
and diffraction methods leads to new insights into our 
“macroscopic” view of “sorption”, a phenomenon of 
such critical importance in risk assessment.  

 
[1] Aristilde, et al. (2010). Env. Sci. Technol. 44, 
7839-7845 [2] Aurelio et al. (2010) Chemical 
Geology 270, 249–256 [3] Kwon et al. (2015) Am. 
Mineralogist 100, 1509-1517 
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Sc is one of the most valuable elements of the 

periodic table but the uptake of promising 
applications depends on a greater availability of Sc 
on the market [1]. Lateritic weathering over 
ultramafic rocks in Syerston-Flamington (NSW, 
Australia) has led to deposits with concentrations 
among the highest known in the world, which are 
expected to become leading sources of Sc [2]. A 
better knowledge of the formation of those deposits is 
crucial for the exploration, mining and processing of 
these ore deposits. 

A detailed mineralogical and geochemical study 
of those lateritic profiles shows that the parent rock is 
a phlogopite-bearing pyroxenite. The Sc 
concentration of this parent rock is high (about 80 
ppm) compared to average crust (ca. 22 ppm [3]). 
Along the lateritic profile, major- and trace-element 
geochemistry shows that Sc content is correlated with 
the content of low-solubility elements. In the 
saprolite, Sc concentration is still low (ca. 100 ppm in 
average) and diffuse. Sc is largely concentrated in the 
lateritic duricrust, with average bulk concentrations 
of ca. 400 ppm, reaching up to 700 ppm. Scanning 
electron microscopy and electron microprobe analysis 
show a correlation of Sc concentration with Fe oxides 
in which it can reach 1,500 ppm. X-ray diffraction 
shows that goethite (α-FeO(OH)) and hematite (α-
Fe2O3) are the major phases in these Sc-rich parts of 
the profile. 

Anomalously high Sc concentrations in the 
bedrock are enhanced by the dissolution of primary 
clinopyroxenes and trapping of Sc by secondary Fe 
(oxyhydr)oxides leading to the formation of a world-
class deposit holding a Sc resource of 3.1 million tons 
at 434 ppm Sc on average. 
 
[1] Emsley (2014) Nat. Chem. 6:1025, [2] USGS 
(2015) Mineral Commodity Summaries pp. 140-141, 
[3] Rudnick & Gao (2003) Treatise on Geochemistry 
vol 3, p. 46. 
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While many studies have routinely analyzed Sc 

concentrations in mantle rocks and minerals, this 
element has long been overlooked in most subsequent 
geochemical interpretations. Data mining of 
geochemical analyses on more than 11,000 garnets 
and 5,000 clinopyroxenes reveal that, below the 
spinel – garnet transition, the Sc budget of the mantle 
is controlled by Cr-pyrope garnet, while above it, 
clinopyroxene is the main carrier mineral (Fig. 1).  

Figure 1: Boxplots of Sc concentrations in rock-
forming minerals. 

Those minerals also are key indicators of major 
processes operating in the mantle as their chemistry 
preserves a record of events, such as melt extraction 
and metasomatism. Thus, we have assessed the 
relative influence of crystal chemistry, modal mineral 
proportions and fluid-related events on the 
distribution of Sc in mantle garnets and 
clinopyroxenes to find clues on the geochemical 
budget of Sc in the mantle. We also focus on 
identifying the behavior of Sc relative to the 
transition elements and the rare earth elements, 
including Y, to improve the tracking of geochemical 
processes into the mantle. 

We will show that the modal mineral proportions 
is the main factor influencing Sc distribution in 
garnets and clinopyroxenes with a strong effect of 
dilution in garnet- and clinopyroxene-rich rocks. But, 
for similar modal proportions, crystal chemistry is 
strongly affecting Sc concentration in garnets. It is of 
lesser importance in clinopyroxenes, where Sc 
distribution is sensitive to metasomatic events, in 
particular to carbonatite metasomatism. In regard 
with Cr-pyrope garnet geochemistry, Sc can be 
considered as behaving as a trivalent transition 
element while Sc behavior is close to the one of 
heavy rare earth elements in clinopyroxene. 
 



Goldschmidt Conference Abstracts 414 

Evidence for a Mid-Holocene 
Buried Himalayan River  

beneath the Ghaggar Plains, 
NW India: A Geochemical 

Provenance Study 
A. CHATTERJEE1*, J. S. RAY1 

1Physical Research Laboratory, Geosciences 
Division, Ahmedabad, India (*correspondance: 
anirban@prl.res.in) 

 
Existence of a glacier-fed major paleo-river 

channel (the lost Sarasvati), during the mid-
Holocene, has always been theorised along the 
present day ephemeral Ghaggar–Hakra river of north-
western Indian sub-continent [1]. Furthermore, the 
mysterious collapse of the Bronze Age Harappan 
civilisation (3300-1300 BCE) has often been 
correlated with the demise of this paleo-river. In the 
present study, we sampled sub-surface sand bodies, 
appear to have been deposited by a paleo channel, 
present beneath the modern Ghaggar-alluvium along 
a 120 km trail and studied their trace element and Sr-
Nd isotopic characteristics to constrain provenance. 
These coarse, micaceous, grey, sub-surface channel 
sand deposits occur at a depth of 7-12 m and are 
visibly distinguishable from the immediately 
overlying brown alluvial silty-mud. Their 
depositional ages were determined by radiocarbon (of 
molluscs) and OSL dating (of quartz) methods, which 
suggest that the paleochannle was active  more than 
~6000 years BP. Geochemical results reveal that the 
trace element patterns of these sand deposits overlap 
with the modern fluvial sediments of the rivers of 
Punjab. Their 87Sr/86Sr (0.759 to 0.770) and εNd (-16.9 
to -18.9) are akin to those of the sediment carried by 
higher Himalayan born Sutlej River and very 
different from the Siwalik derived Ghaggar sediments 
(87Sr/86Sr: 0.733 to 0.747 and εNd: -14.4 to -15.1). 
Moreover, the 87Sr/86Sr ratios of the in-situ mollusc 
shells from these sand bodies are  0.7187±0.0003 and 
resemble that of the water of the Sutlej (0.7166 – 
0.7218 [2,3]). We therefore infer that the Sutlej was 
flowing into the paleo-Ghaggar during the mid-
Holocene (≥6 ka), before it was captured by the Ravi. 

 
[1] Valdiya (2013) Curr. Sci. 104, 42-54. [2] Pande et 
al. (1994) Chem Geol 116, 245-259. [3] Karim and 
Veizer (2000) Chem Geol 170, 153-177. 
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Some of the primitive gabbros sampled during 

IODP Expedition 345 at Hess Deep (EPR) were 
surprisingly rich in orthopyroxenes (Opx). The high 
content of these gabbros in olivine and their high 
Mg# whole rock chemistry show their primitive 
nature (Gillis et al., 2014). On the basis of mineral 
composition, two types of Opx may be distinguished: 
(1) Opx which composition is in the MORB trend, 
and (2) Opx plotting out of the MORB domain. The 
first show a more differentiated chemistry, with Mg# 
in Opx and olivine lower than 82%. They were 
probably generated after a certain degree of fractional 
crystallization of a MORB melt. They show however 
that Opx may crystallize much earlier than previously 
thought from a still primitive magma. 

The latter show a narrow range of Mg# (84-86%) 
and primitive chemical characteristics, suggesting 
that the Mg/Fe ratio of their parental magma was 
buffered during their formation. Mg# calculations on 
all the ferro-magnesian minerals show that Opx and 
olivine are in equilibrium while Cpx has a higher 
Mg# than the calculated Cpx in equilibrium with 
Opx. The concentrations in minor elements in Opx 
from the second group gabbros are uncommonly high 
(e.g. same TiO2 content in both pyroxenes). These 
data point to a origin that may involve melt-rock 
reaction buffering the Mg# and mixing of MORB 
with an enriched melt leading to enrichment in Ti, Cr 
and Al. 
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Identification of biogeochemical reactions in 

aquifers and determining kinetics is important for the 
prediction of contaminant transport in aquifers and 
groundwater management. Therefore, experiments 
accounting for both fluid flow and reactive transport 
are essential to quantify reactive transport properties 
at field scale. 

This study presents the results of a groundwater 
tracer test using the combined injection of dissolved 
conservative and reactive gases (He, Xe, Ar, and O2) 
and NO3

- in order to evaluate the transport properties 
of a fractured media in Brittany, France.  

Dissolved gas concentrations are continuously 
monitored in situ with a CF-MIMS (Continuous Flow 
- Membrane Inlet Mass Spectrometer) allowing a 
high frequency (1 gas every 1.5 seconds) multi-tracer 
analysis (N2, O2, CO2, CH4, N2O, H2, He, Ne, Ar, Kr, 
Xe) over a large resolution (6 orders of magnitude). 
Along with dissolved gases, groundwater 
biogeochemistry are monitored through the sampling 
of major anions and cations, trace elements and 
microbial diversity analysis. 

The results show breakthrough curves allowing 
the combined quantification of conservative and 
reactive transport properties such as dispersivity, 
fracture aperture as well as reactions kinetic 
parameters. This ongoing work consisting in the field 
characterization of biogeochemical reactivity is to be 
implemented in other fracture networks in order to 
investigate the link between fluid flow properties and 
reaction kinetics. 
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The origin of tonalite-trondhjemite-granodiorite 
(TTG) is a matter of scientific debate. In the present 
study, TTGs of both the Aravalli and Bundelkhand 
craton show distinct groups at microscopic scale 
based on mineral assemblages though the 
geochemical results are almost similar. Geochemical 
data of TTGs from both the craton shows a wide 
spectrum of SiO2 composition (65-75wt%), 
exhibiting peraluminous characteristics (1<A/CNK) 
with a modal range from trondhjemite to 
granodiorites. The tectonic discriminant plot suggests 
a volcanic arc setting while REE pattern shows 
fractionation of Ti-bearing phases along with the 
involvement of crustal components. U-Pb TIMS 
Zircon chronology of Aravalli TTGs yield the 
discordant age of 2680 + 30 Ma and is interpreted as 
an age of magmatic crystallization of tonalite for the 
Aravalli Craton. These zircons have moderate to high 
U contents (180-770 ppm) with low Th/U ratios (0.2-
0.5), characteristic for magmatic zircons. While U-Pb 
SIMS Zircon chronology from Bundelkhand craton 
yields the older concordant age of 3327 ± 4.5 Ma 
(core) and younger concordant age of 3301 ± 2.2Ma 
(rims). EPMA mineral chemistry data of biotite and 
calcic amphiboles from Bundelkhand granitoid, 
suggests that these granitoid formed from calc-
alkaline magma produced in subduction environment, 
however, the geochemical proxies for slab-melts 
(Sr/Y > 40, (La/Yb) n> 20, Mg # > 50) are solely not 
in favour of a slab melting origin for the Aravalli 
TTG rocks. In the given scenario, the evolution of the 
TTGs can be best explained by the episodic partial 
melting of the thickened mafic crust formed at 
variable depths. 
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Large non mass-dependent oxygen isotopic 

variations are known to be present within meteoritic 
chondrules [1]. These variations are understood as 
reflecting the presence in the accretion disk of several 
reservoirs having various 16O contents. However, 
there is no general model based on simple physico-
chemical processes operating during the formation of 
chondrules which would be able to explain the 
different characteristics of the oxygen isotopic 
variations, namely the range of isotopic variations 
(δ18O and Δ17O) and the slopes of the correlation lines 
between δ17O and δ18O in the 3 oxygen isotopes 
diagram. 

We will show that the systematics of the oxygen 
isotopic variations observed in Mg-rich porphyritic 
chondrules result from gas-melt exchanges taking 
place at high-temperatures between precursor silicate 
dust and a nebular gas enriched in SiO (and other 
elements) by the partial melting and evaporation of 
this precursor dust [2]. This models reproduces (i) the 
range of bulk oxygen isotopic composition observed 
for Mg-rich porphyritic chondrules (≈15‰ range in 
δ18O), (ii) the existence of various levels of isotopic 
disequilibrium between olivine, glass and pyroxene 
(from 0 to ≈5‰ for δ18O) which results from different 
dust enrichments in the chondrule forming region and 
(iii) the details of the variations observed for the 
slope of the δ17O versus δ18O lines that is in between 
the YR (slope 1) and the CCAM (slope 0.94) lines. 

Two astrophysical settings, commonly proposed 
as viable chondrule forming regions, are compatible 
with the present model: either shock waves which 
would cause partial evaporation of dust 
concentrations in the accretion disk or impact plumes 
generated during impact between planetesimals. 
These two settings are not mutually exclusive. 

 
[1] Clayton R.N., Onuma N., Grossman L., Mayeda 
T.K. (1983) in King, E.A. (Ed.) Chondrules and Their 
Origins. Lunar and Planetary Institute, Houston, pp 
37–43. [2] Marrocchi Y. & Chaussidon M. (2015) 
Earth Planet. Sci. Lett. 430, 308-315. 
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Complex isotope geochemical researches of 

fluids of the Sinegorsky Spa mineral waters, localized 
in the southern part of Sakhalin Island were 
conducted. The alkali carbonated waters (HCO3–Na) 
with TDS - 10,5–23,1 g/l, high contents of B (583 
mg/l), Br (10 mg/l) and I (12 mg/l) is overspread in 
Mesozoic rocks at the depth from 50 to 500 m. The 
investigations of the water and gases allow us to draw 
the following conclusions: i) water isotopic 
composition (δ18O from +4.6 to +5.7‰; δD from -
18.3 to -19.9‰ V-SMOW) indicates its 
methamorphic genesis. The tritium concentrations of 
the  surface water is 11 TU, while  deep HCO3-Na 
mineral water have less then detection limit (<0,3 
TU); ii) major components of bubbling gases are CO2 

(81-98 vol%), CH4 (0,5-13 vol%) and N2 (0,5-10 
vol%). Carbon isotopic composition of CO2 (-30.6‰, 
VPDB), CH4 (-27,5‰, VPDB) and for the first time 
the executed definitions δ2H(CH4) (-84,2 ‰ VPDB) in 
associated gases testifies in favor of the thermogene 
nature of methane; iii) the brackish waters aquifer of 
HCO3-Na waters relates to the transformation of 
organic matter in the host rocks. Data on content and 
behavior of rare-earth elements show that the 
chemical composition of waters is caused by both 
litologo-geochemical structure of the water-bearings 
rocks, and processes of mixture with meteoric waters. 

A soil radon monitoring was carried out for the 
first time in order to study the correlation between 
radon anomalies and the seismic activity of the 
region. A decrease of water conductivity and low soil 
radon emission (0-150 Bq/m3) have been being 
observed over 3 months before seismic event wich 
took place at 3.07.2015 21:07 UTC. Soil radon 
emission and water conductivity have drastically 
grown 41 hours after the earthquake. During next 14 
days soil radon emmanations reach up 620 kBq/m3. 

This study was supported by the Russian Science 
Foundation (RSF), project № 14-17-00415. 
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Paleo-temperature recorded in nature archives is a 

critical parameter to understand climate change in the 
past. With advantages of unique inert chemical 
characteristics and sensitive solubilities with 
temperature, dissolved noble gases in speleothem 
inclusion water were recently proposed to retrieve 
terrestrial temperature history. In order to accurately 
apply this newly-developed speleothem noble gas 
temperature (NGT) as a reliable proxy, a fundamental 
issue about behaviors of noble gases in the karst 
should be first clarified. This study developed a new 
system for analyzing helium isotopic ratios and noble 
gas abundances by mass spectrometric and 
quadrupole mass spectrometic technqiues with static 
mode and an ultrahigh vacuum purification line. 
3He/4He measurements made on reference materials 
show the long-term 2-sigma external uncertainty of 
±0.44%. Cave dripping water samples were collected 
from three selected caves, Shihua Cave in northern 
China, Furong Cave in southwestern, and Gyukusen 
Cave in an island located in the western Pacific. We 
found that helium isotopic ratios in the dripping water 
samples match air values. Only one exceptional 
dataset is observed in Furong cave. This isotopic 
offset could be attributed to a possible extra 4He 
source in the cave. Our results indicate that elemental 
and isotopic signatures of noble gases from air can be 
generally preserved in the epikarst and support the 
fidelity of NGT techniques. 
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Soot nanoparticles produced from incomplete 

fuel and biomass combustion are often of <100 nm 
and possess health hazard as they may enter 
respiratory systems of human and animals. When 
these airborn particles enter atmospheric system, their 
fate and transport are governed by aggregation 
kinetics and their interactions with the ambient 
atmospheric environment. In this study, we examined 
interactions of soot nanoparticles under aqueous 
condition in an effort to elucidate the fundamental 
processes that control particle-particle interactions 
under wet or rain droplet conditions. We have 
investigated the influence of different types of 
electrolytes and aqueous pH on the colloidal stability 
of diesel soot nanoparticles by measuring their 
aggregation kinetics in different aqueous solution 
conditions. Our results showed that the soot 
nanoparticles have negatively charged surfaces and 
exhibited both reaction and diffusion limited 
aggregation regimes with rates depended upon 
solution chemistry. The experimental data for 
aggregation kinetics were in good agreement with the 
classic Derjaguin-Landau-Verwey-Overbeek 
(DLVO) theory. We quantified the critical 
coagulation concentrations (CCC) and derived the 
Hamaker constant for the tested soot nanoparticles. 
Our study indicated that, depending upon the local 
solution conditions, single soot nanoparticles could 
remain stable against aggregation in wet or aquatic 
environments, but will likely aggregate in dry and 
salty aquatic conditions. 
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Fe minerals play a critical role in soil C cycle by 

retaining organic matter (OM) or mediating OM 
decomposition as a resut of Fe redox cycles. Soil 
Fe(III) (oxyhydr)oxides serve as abundant terminal 
electron acceptors for anaerobic microbial growth 
and microbial reduction of Fe(III) in the solid phase 
leads to the production of Fe(II). Fe(II) under anoxic 
conditions can catalyze the transformation of poorly 
crystalline ferrihydrite (Fh) to more stable Fe 
minerals. The mineral-bound OM changes the 
mineral surface properties and the reactivity of Fh. In 
this study, we investigated the extent and pathway of 
Fe(II)-catalyzed transformation of Fh, Fh with 
adsorbed OM, and Fh coprecipiated OM and 
evaluated its subsequent consequences for C 
dynamics. The effects of OM types (dissolved 
organic matter (DOM) vs. polysaccharides) were also 
compared. Regardless of OM types, the difference in 
Fh transformation was small between the adsorbed 
and coprecipitated OM at similar OM loadings. DOM 
impeded goethite and magnetite formation and 
stimulated lepidocrocite formation, whereas 
polysaccharides did not alter the resulting secondary 
Fe minerals and goethite was the major secondary Fe 
minerals. OM remains associated with Fe minerals 
following Fh transformation to more stable Fe 
minerals, whereas Fe(II)-catalyzed Fh transformation 
may decrease OM stability under anoxic conditions. 

In homogeneous systems, the rate of aqueous 
Fe(II) oxidation by O2 governs the crystal order of the 
resulting Fe(III) minerals and their reactivity toward 
microbial Fe reduction, which is coupled with OM 
decomposition. But it remains unclear if this same 
behavior occurs in soils, where much of the Fe(II) is 
present as surface complexes. This study examined 
how the rate of Fe(II) oxidation by O2 affects 
subsequent microbial Fe(III) reduction and C 
mineralization rates. We added isotopically-labeled 
57Fe(II) to soil suspensions and exposed them to 21% 
and 1% of O2 for 9 d, followed by a 14 d anoxic 
period. We tracked the fall and rise of 57Fe and 
measured CO2 evolution to quantify Fe reduction 
rates and C mineralization rates. Mössbauer 
spectroscopy was used to track the solid phase Fe 
speciation. Our preliminary results suggest higher O2 
levels leads to fast Fe(II) oxidation followed by more 
rapid Fe reduction events during the subsequent 
anoxic cycles. 
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Film Thickness on Different Silica Surfaces 

We show that water film thickness decreases as 
contact angle increases. The predicted thickness is 
smaller than experimental results because we used 
flat silica surfaces and film thickness decreases as 
surface roughness decreases [1]. 

 
Figure 1: Snapshots of simulation systems (20MPa 
and 313K) as well as an illustrtion of film break 
mechanism of CO2 adhesion on mineral surfaces. 
Three different silica surfaces were used (from 
left)[3]: Q3-50%, Q3 and Q3/Q4.  
A Mechanism of CO2 Adhesion on Mineral 
Surfaces 

CO2 adhesion may be caused by water film break 
leading to contact angle increase: (1) at low CA 
conditions, no adhesion occurs as CO2 droplet 
detachs even it was initially placed on surface 
without water film; (2) at high CA conditions, 
adhesion always occurs as film thickness tends to 
zero; (3) at mediate CA conditions, adhesion occurs 
with a possilibity which is controlled by film 
thickness. Adhesion incidence decreases as surface 
roughness increases [2] because of film thickness 
increasing [1]. Reacted biotite surfaces are more 
hydrophilic and exhibit a lower CO2 adhesion [4] 
because of larger film thickness. 
 
[1] Kim (2012) Water Resour. Res. 48, W09558. [2] 
Wang (2013) Environ. Sci. Technol. 47, 11858. [3] 
Chen (2015) Environ. Sci. Technol. 49, 14680. [4] 
Zhang (2016) Environ. Sci. Technol. Lett. 
10.1021/acs.estlett.5b00359 
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The redox reaction between iron and nitrogen 

drives the global biogeochemical cycles of iron and 
nitrogen, and concomitantly changes the mineralogy 
and the fate of nutrients. Despite the microbial 
nitrate-dependent Fe(II) oxidation has been reported 
to play a key role on the Fe/N interactions under 
neutral-anoxic conditions, the detailed mechanisms 
underpinning remain poorly understood. The 
microbial nitrate-dependent Fe(II) oxidation was 
known as a biotic process before, but recent studies 
showed this process could be mediated by both biotic 
and abiotic mechanisms. To examine the 
simultaneous Fe(II) oxidation and nitrate reduction 
under neutral-anoxic conditions, anaerobic 
experiments was set up with a lithoautotrophic 
nitrate-dependent Fe(II) oxidation bacterium, 
Pseudogulbenkiania sp. strain 2002 in this study. The 
reaction kinetics of Fe(II) oxidation and nitrate 
reduction clearly showed that Fe(II) oxidation was 
greatly enhanced when the presence of nitrate and the 
intermediate of nitrate reduction (nitrite) could also 
chemically oxidize Fe(II). Furthermore, the isotope 
fractionation of N2O showed that the biotic process, 
abiotic process, and the coupling processes were 
largely separated, implying that the overall nitrate 
reduction and iron oxidation could be mediated by 
both the biotic and abiotic processes. Mineral phases 
analysis indicated goethite was formed after Fe(II) 
oxidation in the abiotic control, however, the 
dominant mineral was identified as lepidocrocite 
(>70%) in the nitrate-dependent Fe(II) oxidation 
system. Thus,  the elementary reaction mechanism 
was proposed based on the aforementioned results, 
and a brief kinetic model was also established. 
According to the best-fitting to the experimental 
kinetic data, the optimal rate constants of biotic 
process, abiotic process, and the coupling processes 
were obtained, so the relative contributions of each 
processes were evaluated. This study will not only 
estimate the contributions of chemical and microbial 
reactions but also provide new insights into their 
interactions. 

 
This work was funded by the National Natural 
Science Foundations of China (41522105 and 
41571130052). 
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The balance of calcium in hydrothermal systems 

remains enigmatic. In theory, calcium from seawater 
enters the oceanic crust and mixes with calcium 
contained in basalt. Within the hydrothermal system, 
calcium may precipitate in carbonate and anhydrite 
veins or in altered basalt, or it may circulate through 
vents and return to the ocean. These processes do not 
seem to be in isotopic balance with respect to the 
calcium isotopic composition of the known 
endmembers. The two main sources of calcium in 
these systems are seawater and basalt, which have 
δ44Ca of 0.80‰ and -0.15‰, respectively (reported 
relative to Bulk Silicate Earth - BSE)1,2. However, all 
known sinks for calcium in these systems are 
disproportionatly enriched in 40Ca. Measured calcium 
carbonate veins (-0.9‰ to 0.09‰), gypsum veins (-
0.6‰ to -0.3‰), and hydrothermal fluids (-0.2‰) are 
all light (isotopically depleted).3 This suggests that 
within the hydrothermal system, a heavy (isotopically 
enriched) sink must exist whose isotopic composition 
has not been measured previously.  

Alteration halos in basalt that form around veins 
constitute one possibility for this heavy calcium sink.4 
Modeling of the calcium isotopic mass balance in 
hydrothermal systems suggests that if this altered 
basalt is the missing sink that balances the 
hydrothermal calcium isotopic budget, its δ44Ca must 
range between 1-4‰. The range is large because 
other variables within the hydrothermal system, such 
as the amount of calcium leached from basalt, the 
partitioning of calcium between vein minerals and 
altered basalt, and the isotopic composition of these 
veins, are poorly constrained. We will report the 
calcium isotopic composition of calcite veins and 
altered basalts from the Mid-Atlantic Ridge, East 
Pacific Rise, and Izu-Bonin-Mariana Arc. These 
measurements will contribute to our understanding of 
calcium cycling and carbonate vein formation in 
hydrothermal systems and demonstrate whether 
altered basalts are a major sink for seawater calcium. 

 
[1] Fantle and Tipper (2014) Earth Science Rev. 129, 
148-177 [2] Skulan, et al., (1997) GCA 61, 2505-
2510 [3] Amini et al. (2008) GCA 72, 4107-4122 [4] 
Alt and Teagle (2003), Chemical Geology 201, 191-
211 
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Material and Methods 

In this paper shake flask leaching tests with 
different pulp densities are carried out for a low grade 
hard rock type ore from a certain uranium deposit, 
South China. The entire sample was crushed to −1.0 
mm. Chemical analysis show that the principal 
components were silicates (71%), that pyrite was the 
most important sulphur mineralization (-3%). High 
pyrite content is suitable for bioleaching. The most 
common uranium mineralization in the vein, 
pitchblende, appears as UO2. The tests were carried 
out in 250 ml conical flasks containing 20 g, 40 g and 
80 g of this 8ore individually, and 100 ml of adapted 
culture. The experiments with pure culture were 
carried out at 150 rpm and 30℃.Samples were 
periodically taken to analyze the U308 and total iron 
in solution. 	  
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Figure1. Recovery with residence time in different 
pulp densities. 
 
Discussion of Results 

The results of uranium oxidation suggest that (1) 
the low pulp density is, the high recovery will be; (2) 
Uranium reaction kinetics is performed in two stages. 
In 6 hour the recovery increase fast. The second stage 
it decrease with leaching progress. It indicate in first 
stage uranium is oxidized by ferric iron. In the second 
stage, uranium is as UO2

2+ ion in the solution which 
is easily absorbed by clay minerals. That means 
leaching time less than 6 hrs is suitable for this ore 
leaching. 
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Recently, the discovery of planetary scale 

correlation of neutron-rich iron group isotopic 
heterogeneities in meteorites has been applied as 
fingerprint for exploring planetary evolution in the 
solar system [1-2].  The magic neutron number iron 
group isotopes, 48Ca and 50Ti, were possibly 
contributed from late stage of rare accretion induced 
high density supernovae [3]. However, the carrier 
phases of those isotopic anomalies are still unclear.   
Such phases need to be sought by in situ analysis but 
isobaric species from neighbouring isotopes, e.g. 48Ti 
and 50Cr, interfere during isotopic measurements 
without proper chemical separation. 

A new generation mass spectrometer, the Proteus 
[4], has been installed at the Bristol Isotope Group in 
July 2015.  This multi-collector, inductively coupled 
plasma source mass spectrometry incorporates a 
collision cell technique to remove elemental 
interferences during instrumental isotopic analysis 
without chemical purification process, such as ion 
chromatography.  Therefore, it is possible to make 
calcium and titanium isotopic measurements with a 
laser ablation system on pre-solar phases and using 
reaction gases, such as oxygen to separate Ti from Ca 
and thus remove the critical isobaric interferences.  
Here we report on initial work to characterise the 
behaviour of the instrument, both in terms of 
separation of Cr, Ca and Ti in the collision cell and 
the performance of multiple multipliers to measure 
the small ion-beams generated by ablation of micron-
sized ablation pits.  
 
[1] Trinquier et al. (2009) Science 324, 374. [2] Chen 
et al. (2011) ApJ, 743, L23  [3] Woosley (1997) ApJ, 
476, 801. [4] Elliott et al. (2015) Goldschmidt 
Abstracts 25, 824.. 
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The widespread intraplate small-volume basalts 

in eastern China provide an excellent opportunity to 
investigate the temporal and spatial variation of 
magma source components associated to the ongoing 
subducted Pacific slab. We measured the H2O content 
and oxygen isotopic composition in Chaihe-aershan 
basalts, NE China. The δ18O values of cpx 
phenocrysts (4.27 to 8.57 ‰) and the H2O contents of 
magmas (0.23-2.70 wt.%) show large variations. The 
δ18O values and H2O contents within individual 
sample also display a considerable variation 
indicating the mixing of magmas. The relationships 
between the δ18O values of cpx phenocrysts and the 
H2O/Ce, Ba/Th, Nb/La ratios and Eu anomaly of 
whole-rocks demonstrate the contribution of three 
components (hydrothermally altered upper oceanic 
crust or marine sediments, altered lower gabbroic 
oceanic crust, ambient mantle) in the mantle source. 
The proportions of these three components vary 
strongly over time (1.27 Ma to 0.25 Ma). As the 
Pacific slab is constantly subducted to the eastern 
Asia, which continuously transport the recycled 
materials to the mantle, the temporal heterogeneity of 
source component might be caused by the ongoing 
Pacific slab subduction. Combined with Shuangliao, 
Taihang and Shandong basalts in different areas of 
North China, these results show that the contributions 
of recycled components from Pacific slab among 
their mantle source varies widely. This spatial 
variation of source components is probably directly 
induced by variable alteration and dehydration events 
occuring during the recycling progress of the Pacific 
slab. 
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The Neo-Tethyan orogenic evolution of eastern 

Turkey in the Arabia-Eurasia collision zone involves 
two tectonic units, i.e., the Pontides in north and the 
Anatolide-Tauride in south, separated by at least two 
ophiolite belts representing relicts of the oceanic crust 
from the northern and southern branches of Neo-
Tethys, respectively. To better understand the 
complex geologic history of eastern Pontides, in 
specific during the Cretaceous and Eocene when the 
northern branch of Neo-Tethys may have closed, we 
conducted a geochronological and geochemical 
analysis of main magmatic outcrops in the region and 
report here zircon U-Pb ages and geochemical data 
for 26 samples. The results allow us to divide the 
magmatism into four stages: (1) Early Cretaceous (ca. 
144-128 Ma) calc-alkaline rocks, composed of 
gabbro to granodiorite lithologies; (2) Late 
Cretaceous (87-77 Ma) tholeiitic to high-K calc-
alkaline rocks, composed of diversified lithologies 
including diorite to granite and basalt to rhyolite; (3) 
Early Eocene (55-54 Ma) adakitic rocks, only of 
felsic composition such as granodiorite and rhyolite; 
and (4) Late Eocene (43-40 Ma) high-K clac-alkaline 
rocks, also of diversified lithologies. The Early 
Cretaceous magmatism, which can be correlated to 
broadly coeval granitoids emplaced in Armenia, is 
attributed to the subduction following opening of the 
northern branch of Neo-Tethys. Then, after a 40-myr 
magmatic gap, the second stage of magmatism that 
exhibits significant lithological and geochemical 
variations is interpreted as the products of ending 
subduction and subsequent closure of the northern 
branch of Neo-Tethys. Under this framework, the two 
stages of Eocene magmatism are post-collisional 
activities that resulted from partial melting of the 
lower part of a collision-thickened crust and the 
subduction-metasomatized continental lithospheric 
mantle, respectively.  
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The Mengtuo village of Boshang town in Lincang 
is adjacent to the Dazhai coal-hosted Ge deposit. To 
investigate the geochemistry of Mengtuo Neogene 
lignite and compare it to the Dazhai Ge-rich coal, 11 
bump coal samples were collected from the one 
illegal mine operated by local residents. The trace 
elements were determined by ICP-MS and ICP-CCT-
MS (As and Se). 

Compared to the geochemical feature of the 
Dazhai coals[1], beryllium (44.5×), Ge (1147×), As 
(14.2×), Nb (6.0×), W (15.9×), Tl (5.0×), Th (12.2×) 
in the Mengtuo lignite indicates a different 
geochemical composition. 

With respect to the common Chinese coals [2], 
the Mengtuo lignite are significantly enriched in Rb 
(96.1 mg/kg), Sb (15.3 mg/kg), and Cs (25.9 mg/kg); 
enriched in W (10.6 mg/kg) and U (20.2 mg/kg); 
slightly enriched in Be (7.84 mg/kg), Ga (16.1 
mg/kg), As (11.6 mg/kg), Cd (0.67mg/kg), In (0.10 
mg/kg), Sn (6.66 mg/kg), Pb (34.6 mg/kg), Bi (3.86 
mg/kg), and Th (28.2 mg/kg), differentiating all coal-
hosted Ge deposits (enriched in Be, As, Ge, Sb, Cs, 
W, Hg, and Tl). 

A significant geochemical characteristic of the 
Mengtuo lignite is the typical UCC-normalized REY 
distribution pattern, significantly positive Ce anomaly 
and negative Eu anomaly, suggesting a different REY 
origin and/or post-diagenetic conditions to the 
hydrothermal solutions influenced Dazhai coals. 
 
[1]Dai S., Wang P., Ward C.R., Tang Y., Song X., 
Jiang J., Hower J.C., Li T., Seredin V.V., Wagner 
N.J., Jiang Y., Wang X., Liu J., (2015). International 
Journal of Coal Geology 152, 19-46. [2]Dai S., Ren 
D., Chou C.-L., Finkelman R.B., Seredin V.V., Zhou 
Y., (2012). International Journal of Coal Geology 94, 
3-21. 
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Nitrogen is an important element in crude oil. 

Due to the low nitrogen content and high C / N ratio 
of crude oils, the isotope samples are difficult to be 
prepared and so as to make them seldom studied and 
taken to the application. In this work, a series of 
crude oil samples from several typical sedimentary 
basins(marine carbonatite, saline water-salt lake, 
brackish water lake, fresh water lake sedimentary 
basin) in China were determined to reveal the 
distribution characteristic and main influence factors 
of nitrogen isotope in different sedimentary 
environments. And the research uses an elemental 
analyzer (EA) coupled directly to an isotope ratio 
mass spectrometer (IRMS) to measure the carbon and 
nitrogen isotope values of crude oil samples based on 
Dumas combustion method.  

The results show that there are obvious 
differences between nitrogen isotopic composition of 
crude oil and organic matter in different sedimentary 
environments. The values of marine sedimentary 
environment are significantly lighter than continental 
sedimentary environment (see Fig.1). In continental 
sedimentary environment, the composition 
characteristics of nitrogen isotope in crude oil are 
related to the salinity and redox condition of 
sedimentary environment, and the effect of salinity is 
more obvious than redox conditions. The higher 
nitrogen isotope values appeared in suboxic / dysoxic 
and slightly brackish water column conditions (see 
Fig.2), which is beneficial to denitrification and thus 
resulting in heavy nitrogen isotope values in oil. 

Fig. 1. The diagram of nitrogen isotopic composition 
of crude oils in different depositional environment, 

Fig. 1 shows the nitrogen isotopic composition oil 
from different depositional environments is obvious 
different. The oil from marine carbonatite in Tarim 
basin have lighter.  
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 Geologic CO2 sequestration (GCS) in deep saline 

aquifers is the most effective way to reduce CO2 
emissions. Since the injected CO2 is not pure and 
always contains several reducing gases such as SO2. 
Considering dissolved SO2 in water might seriously 
change the pH value of the solution and accelerate the 
water-rock reaction, we conducted experiments for 
the investigation on the impure CO2-brine-minerals 
interactions.  

In our present study, pure CO2 and impure CO2 
(Vol. % SO2= 0.5%) were reacted for two weeks with 
calcite at 50°C and 10MPa, and feldspar at 200°C and 
15MPa, respectively. Cleaved surfaces of minerals 
were characterized by SEM-EDS and the solutions 
were measured by ICP-OES. The results showed the 
dissolution of the calcite surface could be observed in 
both pure and impure CO2, while the corrosion pits 
were deeper in the later system. A few of corrosion 
pits and secondary minerals were found on the 
feldspar surface in these two systems. The platy 
secondary minerals generated near the corrosion pits 
piled up into rose-like shape on early formed flakes in 
pure CO2. While in the CO2 mixed with SO2 system, 
the secondary minerals grew preferentially on 
feldspar surface and developed into a thin layer. The 
secondary minerals were confirmed to be kaolinite 
and phyllosilicate. It indicated SO2 only enhanced the 
dissolution of calcite and changed the development 
area of secondary minerals on feldspar surface. The 
results indicate that impure CO2 injection would be 
carefully considered for the related CO2 geological 
storage. 
 

The study was supported by National Natural 
Science Foundation of China (41272061, 41472232), 
Fundamental Research Funds for the Central 
Universities. 
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Sr isotopic composition has been widely used to 
constrain petrogenesis and source of rocks and 
geological processes. Epidote widely occurs in most 
types of rocks in nature. As an accessory mineral, it 
records the complex geological processes, including 
magmatism, metamorphism or hydrothermal activties 
of its host rock. It typically contains high 
concentration in Sr, but has very low Rb content, 
which makes it suitable for in-situ micro-analysis of 
Sr isotope. Matrix effect is a major problem of the in-
situ Sr isotope analysis by LA-MC-ICP-MS. 
Therefore, a natural epidote standard is fundamental 
for the accurate measurement of  Sr isotope. Here we 
report an epidote sample, i.e., PSV (probably from 
Pakistan), as a potential standard for in-situ Sr isotope 
analysis. 

Sr isotopic results of PSV solution obtained by 
TIMS and MC-ICP-MS yield an 87Sr/86Sr ratio of 
0.707672 ± 10 (n = 2, 2SD) and 0.707657 ± 12 (n = 
2, 2SD), which are consistent with each other within 
analytical uncertainties. 

In-situ Sr isotopic analysis of PSV was performed 
on polished thin sections using a Neptune MC-ICP-
MS equipped with an 193 nm laser at the Institute of 
Geology and Geophysics, Chinese Academy of 
Sciences (IGGCAS). During analysis, a spot size of 
160 μm was applied with a repetition rate of 8 Hz, 
and the energy density was ~10 J/cm2. The results 
give a weighted mean 87Sr/86Sr ratio of 0.70757 ± 2 (n 
= 131, 2SD), which is consistent with the 87Sr/86Sr 
ratio of 0.707672±10 (n=2, 2SD) obtained by 
solution-based methods (TIMS) within uncertainties. 

Our study demonstrates that the PSV epidote is 
fairly homogeneous in Sr isotopic ratios at 160 μm 
scales. Variations in Sr isotopic ratios by LA-MC-
ICP-MS did not exceed experimental uncertainties. 
Therefore, the PSV epidote is a potential standard for 
in-situ Sr isotope analysis. 
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Preliminary studies have demonstrated both 

mass-dependent fractionation (MDF) and mass-
independent fractionation (MIF) of Hg isotopes in 
natural samples. To date, more than 100 papers have 
been published on Hg isotope ratios, which 
demonstrated the potential of Hg isotopes in tracing 
the source, processes and the fate of Hg in the 
atmosphere, biosphere, lithosphere, and hydrosphere. 
A few special processes such as photochemical 
reduction of Hg(II) and photodegradation of 
methylmercury  can produce mass-independent 
fractionation (MIF) of odd Hg isotopes (odd-MIF), 
which had been largely reported in variable natural 
samples and laboratory experiments, and was thought 
to be caused by either nuclear volume effect or 
magnetic isotope effect. Moreover, recent work 
reported, unexpectively, intriguing MIF of even Hg 
isotopes (even-MIF, Δ200Hg up to 1.24‰) in natural 
samples mainly related to the atmosphere, rendering 
Hg a “three dimentional” isotope tracing system.  

Here, we try to give a tentative review of 
publications on even Hg isotope anomalies, with a 
main focus on sample strategies and possible 
processes and mechanisms triggering even-MIF. 
Given the fact that Δ200Hg was determined in variable 
regions with different altitude and latitude in China 
and in North America, the occurrence of even-MIF is 
likely a worldwide phenomenon. This is also 
supported by the positive Δ200Hg (0.22‰) just 
determined in the tree moss in Sweden. Though 
Δ200Hg is actually used to refer to the deviation of 
even Hg isotopes from MDF, other even isotopes are 
probably subject to the same fractionation. The 
relationships amongst even isotope anomalies thus 
need to be fully elucidated. Δ200Hg values were 
mainly determined in samples related to the 
atmosphere, implying an upper atmosphere origin of 
even-MIF. If our conceptual model can hold, even-
MIF may serve as a useful indicator of upper 
atmosphere chemistry. The implication of even-MIF 
as a possible conservative tracer remains to be largely 
developed. In fact, 200Hg anomaly is likely related to 
solar irradiation, air mass move and stratosphere 
incursion, thus even-MIF could provide additional 
information about atmospheric chemistry, 
meteorological condition and even related climate 
changes. Moreover, the conservative behavior of 
200Hg anomaly may also be helpful for better 
understanding the global biogeochemical cycle of Hg, 
especially the surface-atmosphere exchange. 
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A sequence of high pressure experiments were 
conducted to study water solubility in aluminous 
bridgmanite as a function of pressure at 1900oC. The 
experimental high pressures were generated using 
multi-anvil presses at Bayerisches Geoinstitut (BGI) 
for pressures up to 28 GPa and at Geodynamics 
Research Center (GRC) for pressures above 30GPa. 
The starting material for these experiments was a 
mixture of oxides (Mg(OH)2, Al2O3 and SiO2) with 
equivalent of about 5 mol % of Al2O3 and 15 wt % of 
H2O. The structure and composition of the 
bridgmanite sample after high P/T syntheses were 
examined using x-ray diffraction (XRD) and electron 
probe microanalysis (EPMA). Water concentration in 
the sample was measured using secondary ion mass 
spectroscopy (SIMS) and Fourier transform infrared 
spectroscopy (FTIR). The measurements yield that 
the aluminous bridgmanite with about 2 wt% of 
Al2O3 may take as much as 0.13 wt % of H2O at the 
P/T condition of the top of the Earth’s lower mantle 
and this solubility increases significantly with 
pressure. At the bottom of Earth’s lower mantle, 
bridgmanite may take nearly a couple of weight 
percent of water according to simple extrapolation of 
the experiment result, indicating that the capacity of 
water reservoir of the lower mantle can be as large as 
a few to ten oceans of water. 
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MC-ICP-MS is now becoming a widespread 

technique to determine natural variations in most of 
radiogenic and stable isotope compositions. However, 
during Fe, Si and S isotope ratios analysis by MC-
ICP-MS, there is much of interference (polyatomic 
ions) which influence the data accuracy and precision 
of results. This work describes using a high resolution 
MC-ICP-MS Nu 1700 and through careful control of 
analytical procedures at high resolution (RP > 10000) 
via solution nebulizer to get good data with high 
precision and accuracy. The measured δ56FeIRMM-014 of 
BCR-2 (0.085±0.042‰), BHVO-2 (0.098±0.045‰), 
AGV-2 (0.091±0.048‰), GSR-2 (0.073±0.051‰), 
GSR-3 (0.143±0.036‰) were in good agreement 
with the reference or published values within 2s 
measurement uncertainties, the obtained precision is 
better than 0.03‰/AMU (2SD); and the measured 
δ29SiNBS-28 of IRMM-018a (δ29SiNBS-28:-0.90±0.09‰), 
BHVO-2 (-0.14±0.06‰), AGV-2 (-0.10±0.08‰), 
BIR-1 (-0.17±0.06‰), BCR-2 (-0.14±0.05‰) were 
in good agreement with the reference or published 
values within 2s measurement uncertainties, the 
obtained precision is better than 0.04‰/AMU 
(2SD);and the measured δ34SV-CDT of IAEA-S-1 (-
0.27±0.11‰), IAEA-S-2 (22.29±0.22‰), IAEA-S-3 
(32.16±0.27‰), and NBS-123 (17.81±0.21‰) were 
in good agreement with the reference or published 
values within 2s measurement uncertainties, the 
obtained precision is better than 0.12‰/AMU (2SD). 
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Element mobility during continental weathering 

can be quantified by partition coefficients (Ksw-UCC) 
between seawater and the upper continental crust 
(UCC). Previous estimates are relatively incomplete 
and fraught with large uncertainties. We here use a 
depth-integrated and volume-weighted approach to 
reestimate the average composition of seawater, 
based on profile data from the Pacific and Atlantic 
Oceans. Combined with the updated UCC 
composition [1, 2], new estimates for seawater-UCC 
partition coefficients were obtained (Fig. 1). Our 
estimates for Al, Ti, Mn, Ga, Nb, Hf, Ta, W, Au, Hg 
and Bi are lower by one to four orders of magnitude 
than previous estimates (3). We also provide, for the 
first time, the seawater-UCC partition coefficients for 
Rh, Pd, Te, Os, Ir and Pt. Finally, we report new 
estimates of mean element oceanic residence time 
based on our new seawater composition and updated 
composition of pelagic clays from the literature. 

 
Fig. 1. Relative element mobility during 

continental weathering. Ksw-pc, seawater-pelagic clay 
partition coefficients. τ, mean element oceanic 
residence time.  
 

 [1] Rudnick & Gao (2003) Treatise on Geochem. 
Vol. 3,  pp. 1-64. [2] Hu & Gao (2008) Chem. Geol. 
253, 205-221. [3] Taylor & McLennan, (1985) 
Blackwell Scientific, Oxford. 
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Stromatolite , especially conical stromatolites, -

plays an important role for the study of early Earth, 
are layered bio-chemical accretionary structures by 
the trapping, binding and cementation of sedimentary 
grains by microorganisms, especially  cyanobacteria. 
Modern cyanobacterial mat from the hot springs of 
Yellowstone National Park (YNP) grow into 
macroscopic structure similar to an ancient analogs. 
Using high resolution imaging (TEM) and isotopic 
mapping (Nano-scale SIMS), we probed the carbon 
and nitrogen uptake patterns and dynamics in conical-
stromatolite forming microbial community from the 
YNP hot spring, and focused on the characterization 
of carbon and nitrogen enrichment in autotrophs, 
especially cyanobacteria. We detected distinct 
patterns of carbon uptake and storage for 
cyanobacteria which belong to different subsection (I, 
II and III), and identified filamentous non-
heterocystous cyanobacteria (subsection III) to be the 
main constitute of cone structure. These 
cyanobacteria bear unique sub-organelle structure 
‘cyanophycin’, which can accumulate and storage 
large amount of carbon and nitrogen. This ability of 
carbon and nitrogen accumulation and storage may 
provide great advantages for competition of carbon 
and nitrogen during the formation of conical 
stromatolites.  
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Magnesium is one of the major elements of the 

terrestrial mantle. Previous studies on mantle 
xenoliths and oceanic basalts suggested a 
homogeneous average δ26Mg value of -0.25±0.07 
(2SD) for the Earth’s mantle, and the partial melting 
or magma differentiation would not fractionate the 
Mg isotope significantly. Here we report new Mg 
isotopic data of basalts from the Hawaii islands and 
the Louisville seamounts, and re-evaluate the 
heteogeneity of Mg isotopes for oceanic basalts. The 
new data suggest that the Mg heteogeneity of OIBs is 
still limited, with an overall average δ26Mg value of -
0.287±0.032 (2SD), but at least higher than that of 
MORBs. After re-examing published data, as well as 
our new data, Mg isotopes of most OIBs are well-
correlated with those geochemical indices for melting 
degree,  and alkaline basalts always have lighter Mg 
isotopic composition than tholeiites, suggesting low-
degree melting might induce fractionation of Mg 
isotopes. However, The Louisville seems a exception, 
which has lighter Mg isotopes (average δ26Mg value 
of -0.321±0.032‰, 2SD) for a given melting degree, 
indicating that not only melting degree but also 
source heteogeneity should be responsible for the Mg 
isotopic heteogeneity of oceanic basalts. 

This study was supported by NSFC (Grant 
41372064). 
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Andesitic volcanics are commonly rich in 

phenocrysts with complex textures and compositions, 
providing an excellent object to decipher magmatic 
processes in andesite petrogenesis. This is illustrated 
by clinopyroxene phenocrysts in andesitic rocks from 
the Ningwu basin in the Middle-Lower Yangtze 
Valley, South China. The phenocrysts show complex 
textural features and compositional zoning, in 
association with variable REE distribution patterns. 
Three types of clinopyroxene can be distinguished 
from their distinct REE distribution patterns. Type I 
clinopyroxene shows smooth REE distribution 
patterns and significant negative Eu anomalies, Type 
II clinopyroxene exhibits enrichment in LREE and 
MREE over HREE with moderate negative Eu 
anomalies, and Type III clinopyroxene shows 
depletion in MREE and significant negative Eu 
anomalies. The distinct compositional correlation 
patterns between the three types of clinopyroxenes 
suggest that these clinopyroxenes were crystallized 
from two kinds of primary melts. Among which, 
Type I clinopyroxene was crystallized from less 
REE-enriched primary melts, whereas Types II and 
III clinopyroxenes were crystallized at different 
evolution stages of the more REE-enriched primary 
melts. The transition from Type II clinopyroxene to 
Type III clinopyroxene indicates that large amounts 
of plagioclase and amphibole crystals were 
crystallized from the magmas. However, the host 
rocks of these phenocrysts show insignificant Eu 
negative anomalies and negligible MREE depletion. 
This suggests that the majority of plagioclase and 
amphibole antecrysts were not separated from the 
host magmas and thus have negligible contribution to 
the final composition of andesitic volcanics. The 
patchy and reverse zoned clinopyroxene phenocrysts 
clearly record the magma recharge processes that 
operated during the magma evolution. Such persistent 
magma recharge spans the magmatic circles of 
interest and thus may be responsible for the relatively 
restricted composition of the Ningwu andesitic rocks. 
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We synthesized a new glassy chalcopyrite 

standard(Fig. 1) for micro in-situ S isotopic 
composition analyses in chalcopyrite using 
femtosecond laser ablation multi-collector 
inductively coupled plasma mass spectrometry 
(fsLA-MC-ICP-MS). The Nu1700 MC-ICP-MS was 
optimized at high resolution mode (Resolution power 
= 10000RP) to separate any interference peaks 
completely on 32S. The intensity of 32S was 8-20V for 
laser ablated spot sizes 10-20μm (diameter).  

 
 
 
 
 
 
 
 

Fig. 1 BSE and electron probe scans images of glassy 
chalcopyrite show a great content uniformity of 
sulfur. 
 

We synthesized a new sulphur standard for in-situ 
S analysis using following procedures: 1) picking out 
the pure and unoxidized chalcopyrite under a 
stereoscope; 2) cleaning and grinding the pure 
chalcopyrite down to 800 mesh; 3) melting the 
chalcopyrite powder for 3min in 1000℃ under the 
protection of nitrogen environment; 4) pouring the 
liquid melt into iced high purity water as quickly as 
possible. The homogeneity of the glass was evaluated 
using fsLA-MC-ICP-MS. Thirty three measurements 
of the glass were carried out and the external 
precision of δ34S was 0.29‰ (n=33). The S isotope 
composition of this glass was measured using both 
fsLA-MC-ICP-MS and GS-MS. The δ34S results for 
the two techniques were 0.43±0.12‰ (n=3) and 
0.53±0.22‰ (n=3), respectively. This standard can be 
applied for S measurements using micro-beam 
analytical techniques, which is important for multi-
stage mineralization researches.  
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Iron reduction is a key step to influence the 

biogeochemical cycling of iron and plays a vital role 
in the reductive dechlorination of organochlorine 
pesticides (OCPs) in paddy soils. The interplay 
between iron reduction and OCP dechlorination in 
paddy soils is particularly important due to the high 
abundance and reactivity of iron, together with the 
high residual levels of OCPs. However, the linkage 
between iron reduction and reductive dechlorination 
of OCPs in paddy soils are not fully understood. In 
this study, a set of experiments for soil iron reduction 
and pentachlorophenol (PCP) reductive 
dechlorination were conducted to fill up the gap 
between iron reduction and PCP transformation on 
the view of biogeochemistry. Iron reduction occurred 
concurrently with PCP reductive dechlorination in 
paddy soils and the addition of PCP led to the 
decrease of iron reducibilities (≈ 16.33%) , which 
indicated that both Fe(III) and PCP may compete for 
the available electrons. However, positive 
correlations between the reduction rates of Fe(III) and 
PCP (pearson correlation coefficients r = 0.921) 
suggested the crucial effect of iron reduction on PCP 
dechlorination in soils. Clostridium and Veillonella 
genus, which were reporteded containing the bacteria 
with iron-reducing and dechlorinating abilities, were 
identified as the main species in the reactions. 
Furthermore, the typical iron-reducing bacteria 
(Shewanella sp. and Geobacter sp.) and 
dechlorinating bacteria (Dehalobacter sp. and 
Desulfitobacterium sp.) were detected during the 
reduction of Fe(III) and PCP. The addition of PCP 
could enhance the abundance of these bacteria (16S 
rRNA gene copies increased up to 103), which 
illustrating that reductive dechlorination of PCP 
could stimulate iron reduction. In conclusion, 
microbial iron reduction is an important reaction in 
soil biogeochemistry processes, which can couple 
with and even accelerate the reductive transformation 
of OCPs in anoxic paddy soils. 
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The ~2.7 Ga Eastern Goldfields Superterrane 
(EGST) greenstone volcanism in Yilgarn Craton, 
Western Australia, has been recognized as a plume-
related Large Igneous Province (LIPs) with several 
episodes and cycles [1-3]. However, the eruption 
intensity of the EGST greenstone volcanisms is 
poorly constrained, due to pervasive erosion, tectonic 
deformation and covering of later sediments.  

We report SHRIMP SI multi-isotopic sulfur 
analyses (32S 33S 34S) of pyrites from deep marine 
sediments interbedded with greenstone lava flows. 
The results of the four principle stratigraphic units: 
Lunnon Basalt, Devon Consols Basalt, Paringa Basalt 
and Black Flag Group, show a clear positive 
correlation between ratios of thickness of the 
interflow shale to the lava flow (S/L ratio, as a proxy 
of eruption intensity) and ∆33S values of the 
sedimentary pyrites. Higher the S/L ratio, more 
positive the ∆33S of the sediments. The Lunnon 
Basalt, the thickest and most widespread of the 
basaltic lava flows, is > 1,750 m thick and has the 
lowest S/L ratio of 1.3×10-3. Its interflow shale shows 
mantle-like ∆33S values of -0.04‰ to +0.2‰. The 
post basaltic volcanism Black Flag Group, which 
features black shale beds > 200 meters thick, has a 
S/L ratio of ca. 1, and positive ∆33S up to +3.98‰. 
The S/L ratio and ∆33S values of the Devon Consols 
Basalt are higher than those of the Paringa Basalt, as 
the latter is thicker (~850 m), with a thickness four 
times that of the Devon Consols Basalt. Our findings 
suggest that the multi-sulfur isotopes, together with 
detailed volcano-stratigraphy, may help build up the 
time-intensity profile of the EGST greenstone 
volcanisms. 

 
[1] Campbell & Hill (1988) EPSL 90, 11-25. [2] 
Barnes et al (2012) AJES 59, 707-735. [3] Hayman et 
al (2015) Precam. Res. 270, 334-368. 
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I will present an integrated research on the 

Jiulong River-estuary system in southeast China in 
the context of environmental change and climate 
perturbation. Combined the results of observation, 
experiment and modeling, this study examined how 
human activities and storm events have influenced 
nutrient (N, P, Si) delivery and cycling along the 
river-reservoir-estuary-bay continuum. Rapid 
development and poor management driven by 
national policies were responsible for increasing 
riverine N export and over-enrichment in aquatic 
ecosystems. Construction of cascade reservoirs is 
likely to enhance nitrification and N2O emission 
while reduce N removal capacity, regulating N 
delivery to coast. Storm events resulted in strong 
fluctuation in nutrient concentration, composition and 
flux. These scientific findings at various spatial-
temporal scales provide important implication for 
integrated watershed-coast management. 

 



Goldschmidt Conference Abstracts 445 

In-situ Raman spectroscopic 
investigation of nitrogen 

speciation in hydrothermal 
fluids 

QI CHEN AND HUAIWEI NI  
CAS Key Laboratory of Crust-Mantle Materials and 

Environments, School of Earth and Space 
Sciences, University of Science and Technology 
of China, Hefei 230026, China 
(cq123@mail.ustc.edu.cnmailto:) 

 
Nitrogen has multiple valence states and is the 

most abundant volatile component in the atmosphere. 
Nitrogen speciation in hydrothermal fluids is crucial 
for understanding the evolution of the atmosphere 
and global nitrogen cycling. A recent study quantified 
the proportions of NH3 and N2 in fluid inclusions 
quenched from 600–1400°C, 0.2–3.5 GPa, and a 
range of redox states [1]. However,  it is questionable 
whether the measured speciation faithfully reflects 
the equilibrium speciation at experimental conditions. 
We hence carried out in situ Raman spectroscopic 
investigation of nitrogen speciation in N-H-O fluids 
in a hydrothermal diamond anvil cell. Hydroxylamine 
(NH2OH) solutions (12 to 50 wt%) were used as the 
starting material. In the absence of a catalyst, upon 
heating the solution decomposed stoichiometrically to 
produce equivalent amount of NH3 and N2. But when 
Pt powder was added as a catalyst, we observed a 
marked increase in N2 band intensity and a decrease 
in NH3 band intensity above 600°C (Fig. 1). The 
obtained data series of N2/H2O ratio vs. NH3/H2O at 
T >600°C yield a slope of about -0.5, further 
confirming the conversion of NH3 to N2. The inferred 
H2/H2O ratio was used to constrain the intrinsic 
oxygen fugacity of the system and the equilibrium 
constant of the reaction N2 + 3H2 = 2NH3. Our 
preliminary results appear to be consistent with the 
equilibrium constant obtained from the quench 
method [1]. 
 
 
 
 
 
 
 
 
 

 
Figure 1: Raman spectra of N-H-O fluid 
(normalized to the same H2O band intensity). 

 
[1] Li Y & Keppler H (2014), Geochimica et 
Cosmochimica Acta 129, 13-32. 
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Zircon is theoretically unable to crystallize from 
the primary peridotite due to its low Zr content and Si 
activity. However, zircon has indeed been found in 
orogenic peridotites from several ultrahigh-pressure 
(UHP) metamorphic terranes in the world. The 
mechanism of zircon occurrences, especially for relict 
zircon cores in the orogenic peridotites, and the 
interpretation of geochemical information contained 
in zircon are intriguing. Zircons are common in 
orogenic peridotites from the Dabie-Sulu and North 
Qaidam orogenic belt in China. A number of 
petrological and geochemical studies have been 
devoted to the host UHP metamorphic rocks, 
allowing us distinction between different origins of 
zircons in the orogenic peridotites. As such, this 
study provides a comprehensive study of zirconology 
in the orogenic peridotites from these orogenic belts. 

The occurrence of zircons in thin sections and 
olivine inclusions in zircons for some peridotites 
explicitly indicate that zircons were indeed 
crystallized inside the peridotites. The newly grown 
zircons in the orogenic peridotites show U-Pb ages 
similar to the metamorphic ages of UHP rocks. They 
have crustal Hf-O isotope compositions similar to 
those for UHP metamorphic rocks in the same 
orogenic belt, suggesting that the orogenic peridotite 
underwent multiple episodes of metasomatism by 
fluids originated from the deeply subducted 
continental crust. There are large variations in zircon 
Hf isotope composition, indicating that the fluids 
would originate from different parts of the subducted 
continental crust. Relict magmatic zircons have also 
been found in the Sulu orogenic peridotites. Their U-
Pb ages, trace element and Hf-O isotope 
compositions are similar to those for protolith zircons 
from UHP metamorphic rocks in the Dabie-Sulu 
orogenic belt. Thus, these relict magmatic zircons 
would be physically transported into the peridotite by 
metasomatic fluids originated from the deeply 
subducted continental crust. Therefore, the orogenic 
peridotites underwent metasomatism by the fluids 
derived from the deeply subducted continental crust. 
These crustally derived fluids would have brought not 
only such chemical components as Zr and Si but also 
tiny zircon grains from the deeply subducted crustal 
rocks into the peridotite at the slab-mantle interface 
in continental subduction channel.  
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Currently, total six Methanoculleus species 

genomes were available, including M. taiwanensis 
[1], M. sediminis [2], M. marisnigri [3], M. 
bourgensis [4], M. thermophilus [5] and 
Methanoculleus strain MH98A [6], which were 
isolated from various habitats, including sediments at 
Deformation Front region, submarine mud volcano, 
Black Sea, sewage sludge, marine sediment under 
nuclear power plant and gas hydrate associated 
sediment at Krishna Godavari Basin (India), 
respectively. Through comparative genomic analyses 
using Integrated Microbial Genomes (IMG) system at 
DOE’s Joint Genome Institute (JGI) website, the 
results showed M. taiwanensis contains significantly 
high abundance of Cluster of Orthologous Groups 
(COGs) in the category of ‘signal transduction 
mechanisms’, which indicates this species may have 
more sensing modules to monitor environmental 
changes. In addition, the genome of M. bourgensis 
harbors highly abundant transposase genes, which 
may be disseminated from microbial communities in 
its habitat, the sewage treatment plant, where is a 
breeding ground for antibiotic resistant bacteria. All 
Methanoculleus genomes contain three coding genes 
for trehalose synthases, which convert ADP-glucose 
to trehalose. In addition, structural genes adjacent to 
trehalose synthase genes, which comprise signaling 
module of PAS domain containing proteins, heat 
shock protein Hsp20 family proteins, arabinose efflux 
permeases and multiple surface proteins with FAS 
repeat, may indicate that trehalose synthases gene 
clusters in Methanoculleus strains play roles involved 
stress response and regulation through accumulation 
of compatible solutes and modification of surface 
proteins. Through comparative genomic analyses, we 
could gain more insight in understanding the life 
under the deep sea, especially for the methane based 
ecosystems.  

 
[1] Weng et al. (2015) Int J Syst Evol Microbiol 65, 
1044-49. [2] Chen et al. (2015) Int J Syst Evol 
Microbiol 65, 2141-47. [3] Anderson et al. (2009) 
Stand Genomic Sci 1, 189-196. [4] Maus et al. (2012) 
J Bacteriol 194, 5487-8. [5] Rivard & Smith (1982) 
Int J Syst Evol Microbiol 32, 430-36. [6] Dabir et al. 
(2014) Mar Genomics 18PB, 139-140. 
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The Athabasca Basin is a large Paleo- to 

Mesoproterozoic sandstone basin in the northern 
Saskatchewan, Canada. It hosts the world's largest 
high-grade U resources along the unconformity 
between the sandstones and underlying crystalline 
basement rocks. Uranium deposits are accompanied 
by hydrothermal alteration halos, which overprint the 
diagenetic minerals of the sandstones and the 
metamorphic minerals of the basement rocks. Our 
research area, Denison Mines’ Wheeler River 
Property, is in the southeast part of the basin and 
where Phoenix and Gryphon U deposits occur. 
Enrichment Factor (EF), Pearson’s r, RQ-mode 
principal component analysis after centred log-ratio 
transformation are conducted on the sandstone 
compositions from the Wheeler River Property and 
compared to those from background sandstones from 
the entire Athabasca. The EFs show that B, Mg, Ni, 
Cu, Pb, W, Nb, Th, Ti, Ga, Zn, Zr, U, Er and P are 
relatively enriched in the Wheeler River Property 
compared to background sandstones from the entire 
Athabasca Basin. The Pearson’s r and PCA results 
show that U is positively associated with B, Cu, 
REEs, Y, W, Pb and inversely with Th, Fe, Ti in 
sandstones over Phoenix and Gryphon deposits, 
indicating strong hydrothermal imprints.  The 
uppermost sandstone unit overlying the two U 
deposits, Dunlop Member of Manitou Fall Fm. 
(MFd), U is postively correlated with B, HREEs, W, 
Pb, Cu, representing the U-related hydrothermal 
imprints in shallow sandstones. Elevated values of 
important principal components and elemental ratios 
(Mg/Fe, Mg/Li, U/Th, Y/Th, B/K) in the MFd and the 
lowermost sandstone unit, Read Fm., also indicate 
that shallow sandstones show geochemical signature 
of uraniferous hydrothermal activity. The information 
is useful in geochemical exploration for buried U 
deposits. 
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The Coastal Range, eastern Taiwan that 
represents the northernmost part of the Luzon arc is 
composed of volcanic and sedimentary sequences. 
Our study reports new zircon U-Pb age and Hf 
isotopic data of selected volcanogenic rocks from a 
cross section in Tungho area, the southern Coastal 
Range. The results are as follows: (1) two andesite 
samples yielded zircon U-Pb ages at 7.7±0.3 Ma and 
7.8±0.3 Ma, with identical εHf(T) values from +24 to 
+13; (2) an epiclastic sample yielded two age peaks at 
8.4±0.4 Ma and 4.2±0.3 Ma, with εHf(T) values from 
+20 to +12, corresponding to the ages and Hf isotopic 
ratios obtained from magmatic zircons in associated 
volcanic rocks, and thus sourcing mainly from the arc 
volcanics of the Coastal Range; (3) two samples from 
tuffaceous layers in the lower and upper parts of the 
Plio-Pleistocene Paliwan Formation yielded ages at 
1.7±0.2 and 1.6±0.1 Ma, respectively, which are the 
youngest volcanic ages obtained so far from the 
Coastal Range; their low εHf(T) values (-17 to +8) and 
high U contents (205 to 1239 ppm), however, 
suggesting that the tuffaceous layers derived most 
likely from eruptions in the Lutao islet, off SE 
Taiwan. The above data allow us to conclude that the 
volcanism in the Coastal Range was active at ~8 Ma 
and terminated at ~4.2 Ma, while the Paliwan 
Formation in Tungho was deposited largely at ~1.7 
Ma when the volcanogenic sequences started 
receiving ash material from Lutao eruptions. 
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Boron isotopic compositions are well accepted as 

a useful tracer in diverse geological processes. The 
application is relatively limited in high-temperature 
geology mainly due to the analytical difficulties, i.e., 
the extreme low boron content in mantle rocks (≤1 
ppm). Boron isotopic determination with the wet 
chemistry involves the choice of resins and notorious 
contamination. Recently, development of in-situ 
boron isotope analysis has been improved, especially 
the technique with laser ablation MC-ICP-MS. Here 
we present the first work with attempts to obtain 
precise in-situ boron isotopic ratios for mantle 
carbonates ([B]<1 ppm).  

The boron isotopic ratios (δ11B) is determined 
using a Resonics 193nm excimer laser ablation 
system coupled to a Nu Plasma II MC-ICP-MS. Ion 
counters are adopted with the consideration of the 
low boron contents. NIST612 glass is used as the 
external standard in the standard bracketing 
procedure to monitor and correct for instrumental 
fractionation and drift. The methodology was first 
tested with MPI-DING glasses (GOR128, GOR132 
and StHs6/80), which yield boron isotope 
compositions in good agreement with the reported 
values at a reproducibility of ~ 1‰ (SD). Matrix 
effects and varied settings in the laser system (e.g., 
spot size) could cause fractionation between sample 
and standard for the light isotopes as boron. The 
obtained  δ11B of 22.11 ±0.79‰ for an in-house coral 
standard is consistent with the value determined by 
solution mode MC-ICP-MS, which indicates that the 
matrix effect between carbonate and the soda-lime 
glass is negligible for boron isotope determination. 
Different spot sizes have been used for the analysis of 
NIST614 (190µm) with NIST612 (75µm) as the 
standard, the obtained B isotopic ratio (-0.27 
±0.92‰) agrees well with the reported value. This 
suggests that varied spot size cause limited 
fractionation in the standard bracketing procedure. As 
a first application, calcite from the Oka carbonatite 
complex is determined with a δ11B value of 3.4 
±1.8‰, which overlaps that obtained by solution 
mode MC-ICP-MS.  
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      The Lala Fe-Cu-(Mo, LREE) deposit in Sichuan 
province, SW China, has a paragenetic sequence of 
Stage I of pre-ore Na-alteration, Stage II of magnetite 
and apatite, and Stage III of Cu-(Mo) sulfides and 
rare earth element (REE) minerals, similar to IOCG-
type deposits. REE minerals are mainly monazite, 
parisite and bastnäsite, associated with biotite, 
muscovite and calcite and related K-Ca-carbonate 
alteration of Stage III. In places where magnetite and 
apatite of Stage II are overprinted by minerals of 
Stage III, the apatite grains are commonly embayed 
or eroded, and contain abundant monazite inclusions 
with minor bastnäsite, calcite and sulfide minerals. 
These monazite-bearing apatite grains are similar to 
the metasomatized apatite reported in experiments, 
and thus are suggested to have formed from the Stage 
II apatite via a dissolution-precipitation process 
related to the Stage III fluids. Such a fluid 
metasomatism has mobilized and leached LREEs 
from the primary Stage II apatite. Similarly, LREEs 
of country rocks altered by the Stage III fluids are 
also mobilized and leached out during alteration, 
which was suggested to responsible for subsequent 
REE mineralization in the Lala deposit.  

Mineral assemblages of Stages II and III, 
previous fluid inclusion data, and compositions of 
amphibole and biotite demonstrate that Stage III 
fluids have higher K, CO2 (or HCO3

- and CO3
2-)and 

HF/HCl fugacity but lower salinity and Na activity 
than Stage II fluids. We suggest that elevated K and 
CO2 in Stage III fluids or associated K-carbonate 
alteration are possibly important for LREE 
mobilization. The mobilized LREEs from country 
rocks were inferred to be transported as chlorite-
complexing before depositing as REE minerals at 
certain levels. Deposition of REE minerals was likely 
triggered by mixing with relatively low-temperature, 
F-rich, and oxidized basinal brines and/or local 
interaction with carbonate hosts. We propose that the 
common association of REEs with Cu mineralization 
in many IOCG deposits are possibly ascribed to the 
specific nature of K-CO2-rich Cu mineralizing fluids. 
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Ocean Acidification caused by anthropogenic 

CO2 emission has drawn much attention to seawater 
pH variation, especially its long-term variation 
patterns. Boron isotope composition in marine 
carbonate is a key quantitative  proxy for 
reconstructing seawater pH records. Coral δ11B based 
seawater pH variations in the past three-hundred 
years shows evident decadal to interdecadal 
variations which may be associated to the oceanic 
and climatic processes (e.g. ocean circulation and 
river runoff). To a better understanding of the past 
seawater pH variation, we measured boron isotope 
compositions in annual samples from four fossil 
corals collected from the northern South China Sea. 
The U-series ages of these fossil corals are 254 ± 4, 
371±64, 756 ± 9.6 and 929 ± 82 years BP, 
respectively, with two fossil corals growing in the 
Medieval Warm Period, and the other two growing in 
the Little Ice Age period. 

 The reconstructed seawater pH time series show 
evident interdecadal variability, and the variation 
amplitude (~0.45) is smaller than that for pH records 
from the modern coral (~0.73). The average seawater 
pH value for the period of ~1600-1700 years AD is 
8.36 which is slightly higher than that for the period 
of ~1000-1200years AD (8.26) and is much higher 
than that for the current warm period (8.02). As the 
seawater pH increased slightly from the Medieval 
Warm Period to Little Ice Age and then decreased 
dramatically to the present, it is suggested that there 
exists a natural forcing controlling seawater pH 
variation on the centennial time scale. Furthermore, it 
also implies that ocean acidification may already start 
before the Industrial Era and the natural forcing 
coupled with anthropogenic influences jointly 
aggravate the pH decreasing.  
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Owing to its long half-life and high mobility in 

the geosphere, 14C is an important contributor to the 
annual radioactive dose predicted for a low- and 
intermediate-level radioactive waste repository.  

To address possible weak retardation processes, 
we investigated the migration behaviour of selected 
carboxylic acids (CAs) in compacted illite, kaolinite 
and Opalinus Clay (OPA, potential host rock for 
Swiss nuclear waste reposi–tories) using an 
infiltration technique with a pulse injection of the 
CAs [1].  

The pure clay samples (infiltration with NaCl; 
uncontro–lled pH) exhibited symmetrical 
breakthrough curves with no tailing. Test solutes 
eluted from illite in the following order: 36Cl, 
aliphatic CAs, HTO, ß-OH-CAs, α-OH-CAs [1]. The 
early breakthrough of 36Cl suggests an anion 
exclusion effect caused by the negatively charged 
illite surface. In kaolinite, the elution order was: 
HTO, aliphatic CAs, 36Cl, ß-OH-CAs. Breakthrough 
curves of all test solutes from OPA (infiltration with 
artificial pore water; Br- as the reference tracer) were 
asymmetrical with tailing, which might be caused by 
the increased predominance of diffusion processes. 
Compared with Br-, test aliphatic CAs were not 
retarded in OPA. α-OH-CAs could not be recovered 
in the effluents from kaolinite and OPA within the 
time of observation. 

Variations of salinity and pH were conducted in 
the expe–riments with pure clays to (i) compare to the 
OPA system, and (ii) to get further insight into the 
retardation mechanisms. First results on illite 
indicated an increasing retardation for all test solutes 
with increasing salinity. Therefore, the retardation in 
illite can not be explained by electrostatic interaction 
or ligand exchange. Different retention behaviours of 
D-Lactate and L-Lactate enantiomers in illite were 
observed. It could be concluded that the hydroxy 
group in the alpha position is involved in the 
retardation. The sorption of hydroxylated acids is 
hypothetically caused by chelation of the α-/ß-
hydroxo group with the metal cations on the clay 
surface. 
 
[1] Chen Y, Glaus M.A., Van Loon L, Mäder U 
(2015) Goldschmidt Abstracts, 2015 527.  
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Iron is the fourth most abundant element in 

Earth’s crust and has long been recognized as a 
physiological requirement for many microorganisms 
in soils and sediments. Microbial Fe redox cycling at 
circumneutral pH can significantly affect many soil 
geochemical processes, including degradation of 
organic matters, mineral weathering, metal 
mobilization, and greenhouse gas emissions. 
Microaerophilic, neutrophilic iron-oxidizing bacteria 
(FeOB) can use Fe(II) as an electron donor for carbon 
assimilation into biomass under low oxygen 
conditions, which have profound influences on 
carbon/iron cycling in iron-rich environments. 
However, little is known about the composition and 
ecology of FeOB communities in paddy soil, which is 
considered to be the most important model system for 
research into iron cycling and carbon sink. Hence, to 
investigate the microaerophilic FeOB in paddy soil at 
circumneutral pH and to explore the potential linkage 
between iron oxidation and carbon fixation, we 
described the enrichment of FeOB communities from 
the paddy soil sampled in PRD, and studied the 
carbon fixation and biomineralization by FeOB. 
Additionally, we utilized both 16S rRNA 
pyrosequencing and metagenomic analyses to 
characterize potential FeOB communities associated 
with the iron oxidation process coupling with carbon 
assimilation. The mineralogical analyses indicated 
the presence of an amorphous and poorly crystalline 
phase as a result of microbial oxidation of Fe(II). 
Pyrosequencing and metagenomic analyses of 
microbial communities indicated that the genes 
encoding key enzymes for microbial carbon fixation 
(Calvin-Benson-Basshamn cycle) were largely from 
Acidovorax, Azospirillum, Dechloromonas, 
Flavobacterium, Leptothrix, and many uncultured 
microorganisms. This study first reveals the 
distribution of microaerophilic Fe(II)-oxidizing 
bacteria in paddy soil and will help with 
understanding carbon assimilation coupling to the 
iron oxidation process in this habitat. 

 
This work was funded by the National Natural 
Science Foundations of China (41571130052 and 
41420104007). 
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The differences between the macroscopic and 

microscopic magnetic properties of granular, rod, and 
tubular nano-maghemites were studied. The 
macroscopic magnetic properties of the different 
nano-maghemites were all ferrimagnetic by using a 
superconducting quantum interference device 
(SQUID). However, the coercive magnetic field and 
magnetization were in the orders of grain < tube < 
rod and grain > tube > rod, respectively, which 
indicated that the crystal shape influenced 
macroscopic magnetic properties. A magnetic force 
microscope (MFM) was used to observe the 
microscopic magnetic structures; the samples were all 
magnetic in multiple domains, but the form and 
distribution of these domains were different. 
However, the domain information of nano-
maghemites calculated from SQUID results 
suggested that all specimens were pseudo-single 
domains. This indicates that the crystal morphology 
had a significant effect on magnetic properties of 
these nano-maghemites owing to their different 
magnetic-domain structures. MFM can be used to 
detect minute magnetic-properties that are 
imperceptible to macroscopic measurements. Thus, it 
is a tool with potential development in earth science. 

 
Keywords: nano-maghemite; macroscopic; 

microscopic; magnetic structure; magnetic force 
microscopy. 
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Jadeitite is a relatively rare high-pressure/low-

temperature rock associated with blueschist and 
eclogite in serpentinite-matrix melánges. It is 
commonly interpreted either as the direct aqueous 
fluid precipitate from subduction channel 
devolatilization into the overlying mantle wedge or as 
metasomatic replacement by such fluids of oceanic 
plagiogranite, graywacke, or metabasite along the 
slab-mantle interface. Therefore, jadeitite represents 
direct sample recording fluid transport in the 
subduction channel and provides a window into this 
important geochemical process. Previous studies of 
jadeitites mainly focused on the remarkable transport 
of large ion lithophile elements; however, the stable 
isotope fractionation during this process remain 
enigmatic. 

Here we firstly present Mg and Fe isotope 
compositions of jadeitites, as well as the country 
amphibolites and serpentinites from Myanmar jade 
mine. The Atg-serpentinites have undergone 
subduction-related prograde metamorphism and 
preserve devolatilization texture which is 
chareacterized by a secodary Mg-rich olivine (Fo96) 
directly in contact with the primary olivine (Fo92). 
Both jadeitites and amphibolites have lower δ56Fe (-
0.05~-0.47‰) and δ26Mg (-0.80~-1.33‰) values than 
Atg-serpentinites. Furthermore, Fe isotopes are 
negatively correlated with bulk Cl contents, 
suggesting that serpentinite devilatilization would 
release Cl-rich and low-δ56Fe fluid into jadeitites. Mg 
isotopes have no correlation with Cs, Ba, Sr, Ca, Eu 
and CO2, respectively, implying that the isotopically 
light Mg in jadeitites and amphibolites is not caused 
by sediment dehydration or cabonatitic 
metasomatism. Therefore, we regard serpentinite 
devilatilization during subcution results in the release 
of isotopically light Fe and Mg from serpentinites, 
with the Fe and Mg isotopically heavy residue 
returning to the deep mantle. Such low-δ56Fe and 
δ26Mg fluids are expected to currently affect the 
overlying mantle wedge and arc magmas. 
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Introduction 

Polycyclic aromatic hydrocarbons (PAHs), a 
class of ubiquitous organic contaminants, derive 
mainly from the incomplete combustion or pyrolysis 
of organic meterials. Compound-specific isotope 
analysis (CSIA) is a useful tool for identifying 
sources of PAHs. The measurement of the ratio of 
stable carbon isotopes (δ13C) of individual PAHs can 
be used to identify their origin. This paper documents 
the compound-specific carbon isotope composition of 
individual PAH congeners in smoke particles from 
typical PAH emission sources, including residential 
stove burning of biofuel and coal and vehicular 
exhaust of gasline and diesel vehicles.  
Discussion of Results 

δ13C values of individual PAH ranged from 
−30.6‰ to −19.8‰ (Fig. 1). Somke from biofuel 
burning showed lower δ13C values, whereas gasoline 
vehicle exhibited relatively higher δ13C values. Result 
suggested that emission from fossil fuels combustion 
can lead to  relatively higher δ13C values  than 
biomass combustion. The δ13C of PAH congeners 
from these typical sources can provide scientific 
information on PAH source identification. 
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Zircon Hf isotope composition is widely used to 

trace the growth and evolution of continental crust. 
However, it is still controversial whether the Hf 
isotope composition of magmatic zircons can 
faithfully reflect that of their sources, especially for 
S-type granites. To provide an insight into this issue, 
we revisited published zircon Lu-Hf isotope data for 
well-studied migmatites and associated granites in the 
Sulu orogen and the Cathaysian terrane. The results 
show greatly elevated 176Hf/177Hf ratios (by more than 
10ε units) for newly grown domains compared to 
relict domains. This difference indicates considerable 
contributions from non-zircon Hf to partial melts 
during crustal anatexis and subsequent magmatism. 
Furthermore, this more radiogenic Hf isotope 
signature was not erased during later magmatic 
process. The budget of Hf isotopes in source rocks 
with respect to mineral Lu/Hf ratios suggests the 
involvement of Hf-bearing major minerals in 
anatectic reactions by dissolving Hf-bearing major 
minerals into the anatectic melts. The significant Hf 
isotope variations in some anatectic and magmatic 
zircon domains from the migmatites and granites 
suggest not only the source heterogeneity but also the 
variable non-zircon Hf contributions. As such, the Hf 
isotope compositions of anatectic and magmatic 
zircons are substantially dictated by the mass balance 
between the non-zircon Hf from the anatectic 
reactions and the zircon-Hf from the dissolution of 
protolith zircons into the anatectic melts. They are 
primarily controlled by P-T conditions and 
mechanism of crustal anatexis, and the magmatic 
processes during melt evolution. The present study 
highlights the important contribution of non-zircon 
Hf to the anatectic and magmatic zircon domains. In 
this regard, the greatly elevated 176Hf/177Hf ratios for 
newly grown zircon domains in the migmatites and 
granites cannot reflect the Hf isotope compositions of 
their source rocks. Such a deviation must be kept in 
mind when linking relatively depleted Hf isotope 
compositions to the nature of source rocks in 
petrogenetic interpretation and to the growth of 
continental crust. The contribution of non-zircon Hf 
can also better account for the variable Hf isotope 
compositions often shown by zircons from S-type 
granites. 
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Branched glycerol dialkyl glycerol tetraethers 

(bGDGTs) are unique ether-linked cell membrane 
lipids detected in diverse environments. 
Acidobacteria are considered to produce them in 
acidic soils and peat bogs. However, the biological 
source of bGDGTs in alkaline soils and the 
mechanism of their response to environmental change 
are still obscure. We designed a 1-year incubation 
experiment using different media under varying 
temperature conditions (30, 45, 69 and 85 °C) in 
order to understand the mechanisms underlying the 
change in bGDGTs in the non-acidic soil 
environment. The best results were obtained at 45 °C, 
which showed 10fold increase in abundance of both 
PL-bGDGTs (polar lipid-derived bGDGTs, “living”) 
and CL-bGDGTs (core lipid bGDGTs, “fossil”) 
relative to the original concentration after 8 month 
incubation, indicative of biosynthesis of the bGDGTs 
during the incubation. The MBT/CBT-derived 
temperature was close to the incubation temperature 
(45 °C) at the end of experiment, suggesting that 
MBT/CBT proxy correctly reflected the growth 
temperature of bGDGT producing organisms under 
the laboratory conditions. High throughput 
sequencing of the enrichment cultures showed the 
absence of Acidobacteria, suggesting that bGDGTs 
were produced by other bacteria growing in the 
enrichment.  
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The Pingshuo Mine lacated in north of Ningwu 

basin is an important mine in Shanxi Province. To 
investigate the mineralogy and geochemistry of 
Pingshuo coals, the 10 bench samples of the No. 4 
coal were collected. From top to bottom, the No.4 
coals are named as P1 to P10. 

The content of total REY in the No.4 coals varies 
from 25.55ug/g to 1359.28ug/g and averages 
248.91ug/g, higher than that in common Chinese 
coals (135.89ug/g, Dai et al., 2012a).However the CC 
(Dai et al., 2012) of benches P4 and P2 are higher 
than others (10.00 and 3.21, respectively), means 
abnormal enrichment in these benches, and LREY 
enrichment is a major contributor (CC of LREY are 
12.40 and 3.64 respectively). 

The salinity contents as well as Sr/Cu, 
Sr/Ba�Th/U, Ca/Sr and Al/Ti are obvious zonality. 
From top to bottom, the coal accumulating 
environment can be divide into two sections, e i., 
Section Ⅰ, including upper No.4 coals (from P1 to 
P4), revealed that paleoclimate cycled between warm 
and humid to semi-arid and hot. Section Ⅱ,including 
lower No.4 coals (from P5 to P10), is stable 
depositional environment with freshwater, warm and 
humid.Importantly, in P4 and P2, the salinity 
strengthens due to evaporation over recharge. Thus 
the content of Ca2+ and Ba2+ also increases, and the 
swamp alkaline increases too. That not promote the 
clay minerals to REY adsorption, but make 
contribution to gelatinize, and then produce a large 
amount of humic acid to motivate alkaline ion 
combine with macerals. Other hand, Temperature 
increases may be reduce the activity of hydroxyl, 
making easier to be complex ion. So these elements 
such as REY, Ca, Sr, Ba and so on can be enrichment 
in minerals and macerals. 
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The carbon isotopes of gas CO2, dissolved 

inorganic carbon (DIC) and carbonates from four 
mud volcanoes in the northern Tianshan fold zone 
were investigated for carbon cycling in the mud 
volcanic systems. Experiment results show that the 
δ13C values in CO2, DIC and carbonates range 
13.9～32.1‰, 16.9～33.3‰, and -5.0～15.6‰, 
respectively. The 13C enrichment in CO2 could be 
attributed to carbon isotope fractionation during 
partially reduction of the CO2 by methanogenic 
bacteria. The abnormally positive δ13C values in the 
DIC may be mainly resulted from carbon isotope 
fractionation in the process of CO2-water-rock 
interactions. The relatively less positive δ13C values 
of the carbonates could result from mixing of carbon 
isotope from carbonate precipitation in the water and 
carbonate minerals in the host rocks. Thus reduction 
of CO2 through methanogenic bacteria could be the 
main origin for the 13C enrichment of ejecta in the 
mud volcanic systems. 
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Whether the Permian-Triassic (P-Tr) mass 

extinction is single catastrophe or two-phase crisis 
has long been debated. The first phase (or main) 
extinction is marked by a 2–4% negative shift of ᵹ13C 
worldwide. Afterward, the carbon isotopic excursions 
either remained stable around a low value or 
underwent a further negative shifting followed by a 
positive shift across the 2nd extinction horizon in 
many sections, coinciding with the Isarcicella 
staescheri conodont zone. The 2nd phase of the P-Tr 
crisis didn’t see a remarkable negative shifting 
excursion of ᵹ13C, and thus has long been questioned. 
Here, we report one new P-Tr boundary section 
located at the eastern margin of the Upper Yangtze 
Platform (eastern Sichuan Province, South China), in 
which the uppermost Permian bioclastic limestone is 
overlain by microbialites that is capped with one 3 
cm-thick clay ash bed followed by alternation of 
marlstone and mudstone of earliest Triassic. The ᵹ13C 
values declined 2.3‰ from 2.02‰ to -0.27‰ across 
the 1st extinction horizon, then further decreased -
1.4‰, down to -1.67‰ at the middle of microbialites, 
then followed by a positive shift, surging to 0.12% in 
the top of the microbialites. Another dramatic decline 
of 3.38‰ from 0.12‰ down to -3.26‰ occurred 
across the possible 2nd extinction horizon constrained 
by the I. staescheri conodont zone. Combining biotic 
and other geochemical data and correlations with 
other coeval ᵹ13C excursions, we suggest that the 2nd, 
even more dramatic, negative shift of ᵹ13C was likely 
caused by volcanism rather than a decrease in 
biomass. 
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Nitrate in groundwater is of potential threaten to 

drinking water. In an uranium acid in-situ leaching 
deposit, aquifers pH was decreased from 7.31-8.23 to 
4.07-4.49 and nitrate ion concentration was increased 
from 10.80-31.40 mg/L to 397.0-454.0 mg/L at the 
area 30-60 m away from the leaching site after 19 
months operation[1]. It will be a serious problem for 
the aquifers after the operation finishes. It’s necessary 
to obtain denitrifiers with high efficiency at lower 
pH. 

A new strain of CX5 was isolated and purified 
from the aquifers of a sand stone type uranium ore in 
Xinjiang of China by denitrification medium. 24 h 
cultured by Biolog (ELx808BLG) showed that CX5 
belonged to Pseudomonas aeruginosa. Identification 
by 16SrRNA gene PCR and sequencing BLASTn 
resulted that it had 99% similarity with Pseudomonas 
aeruginosa. Growth pH and temperature range of 
CX5 were 4.0-9.0 (Optimum pH: 6.5-7.8) and 20-
45℃(Optimum temperature: 35±3℃), respectively. 
Denitrification tests at pH of 4.62±0.03 and 
5.25±0.01 showed that nitrate removal rate was 
77.64% and 92.39%, respectively with 1% 
inoculation at 30℃ and microaerobic condition after 
5days incubation. For most denitrifiers grow using 
NO3

- as electron acceptor  at pH >6.0,  the 
denitrification capability of CX5 at lower pH will be 
applicable in bioremediation of nitrate -contained 
waste water underground.  
 

ACKNOWLEDGEMENT 
Thanks for supports of Chinese National 973 

Project (2012CB723101) & National Science 
Foundation of China (50974043). 
 
[1] Hao Yi et.al. Nonferrous Metals Engineering (in 
Chinese), 2013, 3(5):50-52.  



Goldschmidt Conference Abstracts 464 

Surface Complexation Modeling 
of U(VI) Adsorption on Granite 

at Ambient/Elevated 
Temperature: Experimental 

and XPS study 
ZONGYUAN CHEN1*, QIANG JIN1 ZHIJUN 

GUO1 
1 Radiochemistry Laboratory, School of Nuclear 

Science and Technology, Lanzhou University, 
730000 Lanzhou, China (*correspondence: 
zychen@lzu.edu.cn)  

 
The Beishan granitic formation is under 

investigation as the host rock for a high-level 
radioactive waste repository in China. It is important 
to understand the retention processes, including 
influential parameters such as the metal ion 
concentration, pH, ionic strength (I) and temperature. 
The present study deals with U(VI) adsorption on 
Beishan granite using batch-type experiments in a 
CO2-free atmosphere. U(VI) adsorption on granite is 
shown to be insensitive to ionic strength. 
Temperature has a positive effect on U(VI) 
adsorption indicating that it is endothermic. 
Combining the X-ray photoelectron spectroscopy 
(XPS) analysis and adsorption data at 25 °C, a 
Generalized Composite (GC) model with only three 
surface complexes, ≡SOUO2

+, ≡SO(UO2)2(OH)2
+ and 

≡SO(UO2)3(OH)5, was constructed. The experimental 
data at 40 °C and 60 °C were fitted by the proposed 
model to obtain the equilibrium constants (K) of 
surface reactions at these two temperatures. The 
enthalpy changes (ΔH) of the surface reactions were 
evaluated from the K obtained at three temperatures 
via the van’t Hoff equation. Finally, blind modeling 
predictions were performed to test the robustness of 
the proposed model and ΔH. Satisfactory agreement 
with the literature data confirmed this GC model with 
ΔH proving a useful tool to predict U(VI) adsorption 
on granite samples, especially on Beishan granite at 
ambient/high temperature 
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The calibration of atmospheric radiocarbon 

(∆14C) is significant, because it is essential not only 
for the precision and accuracy of 14C dating, but also 
for our understanding of carbon cycle, climate 
change, solar activity and geomagnetic variation. 
Currently, few 14C calibration datasets are available 
beyond the reliable dendro-dated tree ring record 
ended at ~14 ka BP (before 1950 AD), and yet the 
uncertainties of the 14C calibration derived from these 
datasets remain large and complex. Here we present 
high-resolution 230Th-dated 14C records from 
speleothems MSD (~18.5–50 ka BP) and MSL (~36–
50 ka BP) from Hulu cave, China, extending the 
current Hulu record of H82 (10.6–26.8 ka BP) further 
back to the complete 14C calibration range. The three 
Hulu speleothem ∆14C records are coherent in 
contemporary time periods, and the corrections to 

230Th ages for initial detrital 230Th are typically 
negligible. For reasons that remain unclear, the dead 
carbon fractions for the three speleothems are 
unusually small (5–6%) and stable across major 
climate shifts. Our new 14C data are in good 
agreement with published marine, speleothem and 
lake records used to construct the InCal13 (around 
their average). Because the new Hulu dataset has high 
resolution and relatively low ∆14C uncertainties, it is 
now evident that the millennial-scale variability of 
atmospheric ∆14C broadly tracks geomagnetic 
changes during the last glacial period from 50 to 25 
ka BP, including two high ∆14C excursions that 
correlate respectively to the Laschamp and Mono-
lake geomagnetic events. In contrast, the ∆14C 
variability during the last deglaciation is typically 
gradual, possibly modulated by atmospheric CO2 
concentration, which is in turn regulated by changes 
in the Southern Ocean. The new Hulu ∆14C dataset 
will provide important new constraints on the 
calendar ages for ∆14C variations, and will further 
expose the relationships between ∆14C variations and 
changes in the carbon cycle, geomagnetic field, and 
climate as inferred from the Hulu δ18O record. 
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Garnet pyroxenites within the peridotite are 

potential source of ocean-island lavas and offer a 
direct evidence for the heterogeneity of lithospheric 
mantle. They can be formed by high-pressure 
metamorphism of subducted slab or fractional 
crystallization during magmatic process. However, 
some ones are generated by melt-peridotite 
interaction, which plays an important role in 
understanding the mantle evolution. 

In this study, garnet pyroxenite xenoliths from 
Nushan Cenozoic basalt in the eastern China are 
investigated in detail. Garnet pyroxenite vein in the 
spinel-lherzolite is mainly composed of coarse 
clinopyroxene, orthopyroxene and garnet with fine 
olivine. Clinopyroxene, orthopyroxene and olivine 
have similar Mg# ranging from 88 to 90 that is 
obviously higher than Mg# of typical garnet 
pyroxenite formed by fractional crystallization. 
Clinopyroxene exhibits uniform convex-upward REE 
patterns without Eu and Sr anomalies, implying that 
this garnet pyroxenite is not generated by high-
pressure metamorphism of gabbro in the subducted 
slab. A orthopyroxene-riched zone exists between 
garnet pyroxenite vein and the host spinel-lherzolite, 
which is always considered as a result of melt-
peridotite interaction in the experiment [1,2]. 
Furthermore, MgO and Mg# in olivine, 
clinopyroxene and orthopyroxene are systematic 
increasing from the vein to the host spinel-lherzolite, 
which is also consistent with melt-peridotite 
interaction process. 87Sr/86Sr ratios of clinopyroxenes 
in this garnet pyroxenite determined by LA-MC-ICP-
MS are 0.7027-0.7039. Thus, we suggest that melt-
peridotite interaction induced by asthenosphere-
derived melt occurs in the mantle beneath the eastern 
China. Such process converts olivine to 
clinopyroxene and orthopyroxene resulting in the 
formation of garnet pyroxenite and contributes a lot 
to the destruction of the craton. 
 
[1] Rapp et al. (1999) Chemical Geology 160, 335-
356. [2] Zhang et al. (2012) Lithos 149, 91-99. 
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A good part of our understanding about what 

drives the frequent eruptions of many active 
volcanoes, such as Mayon, Stromboli and Etna, 
crucially depends on proper interpretation of the 
chemical and textural information recorded by the 
crystal cargo of the magma. In particular, plagioclase 
has a good potential for magmatic processes 
identification, but its usually complex textural and 
compositional patterns defy interpretation. Thus, 
despite the abundance of plagioclase phenocrysts in 
these magmas and the fact that their textural and 
chemical data can now be easily obtained with SEM 
and EMPA, we are left wondering what it may mean.  

To alleviate this problem, we present a new 
modelling and analytical approach. Backscatter 
electron images of full thin section with a FEG-SEM 
allows complete visualisation of the chemical 
composition and texture of all the crystals at once, 
and thus a statistical treatment of a very large amount 
of crystal data. However, a proper understanding of 
plagioclase population needs taking into account 
possible artifacts that are introduced by random 2D 
cuts of thin sections from complexly zoned 3D 
crystals. Thus, we also have produced a new user-
friendly program called Plagioclase Zoning Patterns 
(PZP) that allows to check whether the large variety 
of plagioclase patterns are caused by the mere 
conversion of 3D crystals into 2D objects. This is 
done by carrying out a similarity analysis of 2D BSE 
images and compositional maps from a numerically 
generated set of zoning patterns.  

We applied these methods to the Mayon 1947 
eruption. The plagioclase phenocrysts can be 
classified into more than five groups based on the 
quite different patterns (such as touching group, two-
zoned group). However, we show that a large part of 
this variety is due to the conversion of 3D to 2D 
objects. When these artifacts are removed, we find 
mainly two plagioclase types, one related to a pre-
existing crystal mush into which new magma and 
crystals intrude, and which is likely related to the 
trigger of the eruption. 
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Many late Neoproterozoic to early Cambrian 

fossils of multicellular eukaryotes, even those of 
benthic animals, are found preserved in anoxic and 
even euxinic bottom water conditions [e.g., 1], which 
is contradictory to the consensus that oxygen is 
essential to eukaryotes. To investigate this apparent 
contradiction, we carried out an integrated study of 
Mo isotope (δ98Mo), iron speciation and redox-
sensitive trace elements (RSTEs) on the stone coal 
beds of the Lower Cambrian Hetang Formation (535-
520 Ma) at Lantian, South China, where abundant 
sponge fossils have been preserved [2]. All iron 
speciation data point to ferruginous or euxinic 
environments, although sponge-bearing beds 
generally show higher RSTE/TOC and lower δ98Mo 
(+0.13‰ to +1.22‰) relative to non-sponge-bearing 
beds (relatively constant δ98Mo around +1.7‰). 
Interval with high δ98Mo may reflect perisistent 
euxinic condition while intervals with lower and 
variable δ98Mo reflect the interrupt of euxinic 
conditions, possibly by oxic conditions. Accordingly, 
we suggest a repeating, transient inflow of oxic 
waters into the Nanhua Basin during this period, 
which brought more RSTEs to the basin and 
interrupted the earlier persistent anoxia in the basin, 
thus providing a transiently oxic environment for 
colonization by sponges. Our study indicates that the 
apparent contradiction between the fossil records and 
the geochemical records likely reflects limitattions of 
geochemical proxies for detection transient 
perturbations of watermass redox conditions. 
 
[1] Yuan et al. (2011), Nature 470, 390-393. [2] Xiao 
et al. (2005), PPP 220, 89-117.  
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The Late Cenozoic Tengchong Volcanic Field 
(TVF) in Southwest China is a cluster of mafic 
continental intra-plate lavas, represented by 68 
volcanic cones spanning an area of ca. 800 km2. We 
present major and trace element data and Sr-Nd-Pb-
Hf isotope ratios of lava rocks from the area and, in 
combination with published data, aim to constrain 
modes of emplacement and the geochemical 
character of their mantle source(s). Indices of 
magmatic differentiation show a clear trend with 
isotope composition, marking a classic case of 
assimilation-fractional-crystallization (AFC) 
processes during the genesis of these rocks. Three 
samples, identified as the most primitive samples 
based on major and trace elements, are interpreted to 
be derived from the source of the rocks without major 
modifications and represent the isotope signature of 
their mantle source. Modelling of a best-fit scenario 
indicates that the isotope and trace element character 
of these samples can be reproduced by ca. 1-4% 
partial melting of a metasomatised mantle source, 
composed of 1-5% of a global subducting sediment 
(GLOSS) component added to a depleted MORB 
mantle. In line with this scenario, we assign their 
average radiogenic isotope composition to the 
present-day enriched part of the SCLM underneath 
SW China. We ascribe these isotopic signatures to 
ancient modifications of parent-daughter ratios in the 
SW Chinese SCLM by past subduction-related 
metasomatism. Accordingly, we cannot identify the 
previously proposed enriched geochemical reservoirs 
(EM-1, EM-2) or so-called DUPAL mantle in the 
source of the Tengchong volcanics, but only 
processes that lead to similar isotopic signatures. In 
the absence of an active plume component, we infer 
that the Tengchong volcanism is triggered by passive 
upwelling of hot, re-enriched lithospheric mantle in 
an extensional setting associated with the rotation of 
the Indian subcontinent. Because fertile 
(metasomatised) mantle sections will preferentially 
melt, the TVF lavas are a direct product of 
decompressional melting of re-enriched sub-
continental lithospheric mantle. 
 



Goldschmidt Conference Abstracts 470 

Ion microprobe Th-Pb 
geochronology and Nd isotope 

geochemistry of rare earth 
element mineralization in South 

Korea 
ALBERT CHANG-SIK CHEONG1 

1Korea Basic Science Institute, Chungbuk 363-883, 
South Korea (ccs@kbsi.re.kr) 

 
In South Korea, rare earth element (REE) 

mineralization has been recognized in two localities; 
Chungju in the southwestern Okcheon metamorphic 
belt, and Hongcheon in the central Gyeonggi massif. 

In the Chungju area, REE mineralization is 
hosted within Neoproterozoic alkaline metaigneous 
rocks. Ion microprobe dating of allanite yielded late 
Ordovician (444.6±8.0 Ma), Permian to Triassic (ca. 
300–220 Ma) and early Jurassic (199–183 Ma) 
208Pb/232Th ages. These multiple age components 
often coexist in single grains showing slight 
differences in backscattered electron brightness. The 
cores and rims of zircon from a syenite hosting REE 
ore bodies yielded Neoproterozoic (858.2±6.3 Ma) 
and early Jurassic (ca. 190 Ma) 206Pb/238U ages, 
respectively. Sub-grain Sm-Nd isotopic analyses of 
allanite indicate that REEs originating from the host 
rock have been recycled during multistage 
mineralization events.  

In the Hongcheon area, REE ore bodies are 
hosted within a swarm of carbonatite dykes. 
Monazite, the main carrier phase of REEs, yielded a 
weighted mean 208Pb/232Th age of 232.9±1.6 Ma, 
which agrees with a weighted mean 206Pb/238U age of 
227.2±8.3 Ma within uncertainties. The Nd isotope 
and trace element data deny a genetic linkage 
between the Hongcheon carbonatite and virtually 
coeval potassic and ultrapotassic silicate rocks 
recently documented in central Korea. The two 
magma types are therefore considered to have been 
generated independently from different lithospheric 
mantle sources. 

Ion microprobe results described above 
demonstrate that the main REE mineralization in 
central Korea has occurred in association with the 
Permian-Triassic collision between the North and 
South China blocks. The early Jurassic mineralization 
events in the Chungju area are probably linked to the 
arc magmatism resulting from the paleo-Pacific plate 
subduction. The geotectonic significance of the late 
Ordovician event recorded in Chungju allanite is still 
unclear, but its temporal coincidence with the 
intraplate orogeny in South China [1] is noteworthy. 
 
[1] Li et al. (2010) GSA Bulletine 122, 772-793. 
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Deep-sea sediments retrieved from Hole 

U1433A, IODP Expedition 349, in the Southwest 
Subbasin of the South China Sea were analyzed for 
clay mineralogy combined with Sr and Nd isotopes to 
determine their provenance and glacial-cyclic 
variations as relating to oceanographic dynamic 
process and environment change. Chronology of Hole 
U1433A sequence is constructed based on the 
astronomically tuned reflectance a*. The clay mineral 
assemblage ranges from 25-60% for smectite, 20-
40% for illite, 10-25% for chlorite, and 2-16% for 
kaolinite. Illite and chlorite contents mostly co-vary, 
while smectite content often shows an opposing 
trend. Illite crystallinity averages to 0.17°Δ2θ, while 
87Sr/86Sr and εNd values fall between 0.722-0.728 
and -12.3 to -11.2, respectively. Our clay 
mineralogical and isotopic data reveal a strong 
mixing in sediment provenances. Multivariate 
analytic technique was adapted to statistically model 
the relative composition of clay-mineral end 
members in each sample, and three dominant 
fractions that represent different sources can be 
recognized: (1) strong mixed sources with differential 
settling of clay minerals marked by enriched smectite 
content, (2) Taiwan drainage system, and (3) the Red 
River. Temporal variations of clay minerals well 
characterize the glacial-interglacial cyclicity, with 
decreasing kaolinite coeval by increasing illite and 
chlorite during interglacial periods. The significant 
lower kaolinite/(illite+chlorite) ratio in interglacial 
periods can be attributed to lesser kaolinite reaching 
the deep basin when shelf areas were submerged to 
become the center of kaolinite deposition. As 
smectite exhibits strong effects from differential 
settling in deep sea environments, it appears to 
explain why its variations present little glacial-cyclic 
patterns. Therefore, the deposition process of deep 
marine sediments, like their shallow water 
counterparts, is strongly regulated by the 
glacioeustatic changes, which govern the availability 
and the amount of fluvial sediment input. Sea level 
lowstand during glacial periods provides a direct 
pathway for in-shelf estuaries to deliver fluvial 
sediments into the deep basin.  
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In 1980 three drill holes were drilled in the area 

between Zorita and Logrosán granites (the Central 
Extremadura Batholith) and recorded high tungsen 
contents (up to 2000 ppm) [1]. Intensive geochemical 
survey carried by the junior prospecting company 
Mineral Exploreation Network in 2014 revealed the 
presence of complex mineralization. 

The promising target area contains contrastive 
zonal As, Pb-Zn anomaly in soil sediments presented 
on the figure below. Elevated concentrations of 
tungsten spatially correlate with the highest arsenic 
levels and are accompanied by significant quantities 
of gold particles (up to 111 grains) found in heavy 
mineral concentrates. The gold grains morphology 
and chemical composition indicate the proximity to a 
primary gold source [2, 3]. 

Figure 1: Geochemical map of the target area 
Zorita  

 
[1] Almadén-IGME (1987), Servicio de 
Doc. IGME. [2] Cheremazova et al. 
(2015), J. Iber. Geol. 41(2), 223-232. 
[3] Novoselov et al. (2015), 
Mineralogija 4, 47-52 
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A generic model for Cs sorption onto 
clays 

Published experimental data and models for 
caesium sorption by pure minerals and natural clay 
materials were compiled and critically analyzed in 
an attempt to propose a generic approach. 

This analysis led to the construction of a new 
mechanistic model for Cs sorption, which combines 
surface complexation and cation exchange 
approaches involving two distinct types of surface 
sites, frayed edge sites (SO-0.5) and planar sites (X-). 
This model takes into account the cation 
competitions, as well as the effect of ionic strength 
and pH. We evaluated our model against Cs sorption 
data for three reference clay minerals (illite, smectite 
and kaolinite) and on natural clays materials (e.g. 
Callovo– Oxfordian Claystones, Hanford sediment) 
measured under a range of physico-chemical 
conditions. 

Results showed that our model successfully 
reproduces most of these experimental data both 
qualitatively and quantitatively. The model account 
for varying levels of Cs interactions with pure and 
natural clay substrates, without making any prior 
adjustment of parameters, offering a major 
advantage over previously developed models (Fig. 
1). 

Figure 1: Comparison between Cs sorption models 
(as Root Mean Squart Error (RMSE) and R2) 

[1] Brouwer et al. (1983) J. Phys. Chem. 87, 1213- 
1219. [2] Bradbury & Baeyens (2000) J. Cont 
Hydrol. 42, 141-163. [3] Savoye et al. (2012) E.S.&T 
46, 2633-2641. [4] Benedicto et al. (2014) E.S.&T 
48, 4909-4915. [5] Missana et al. (2014) Appl. 
Geochem. 49, 95-102. 
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The Beni Bousera peridotite (Morocco) contains 

a diversity of pyroxenite layers, and several studies 
have postulated that at least some of them represent 
elongated strips of oceanic lithosphere recycled in the 
convective mantle (the Marble Cake model). Some 
pyroxenites were however interpreted as high-
pressure crystal segregate or melt-rock reaction 
products. To further constrain the origin of these 
rocks, 170 samples were collected throughout the 
entire massif and examined their variability in 
relation with the peridotite tectono-metamorphic 
domains. A major finding is that all pyroxenite facies 
showing geochemical evidences for a crustal origin 
are found only in a narrow (< 100m) corridor of 
mylonitized peridotites, along the contact with crustal 
rocks. These peculiar facies therefore do not 
represent recycled components from the convective 
mantle and were most likely incorporated at the 
mantle-crust boundary during the massif exhumation. 
Other types of pyroxenites derive from a clearly 
distinct pyroxenite protolith that was ubiquitous in 
the peridotite body before its exhumation. However, 
these layers do not show evidence for a crustal origin 
and thus do not lend support to the Marble Cake 
model either. Formation of these pyroxenites 
probably involved igneous refertilization 
mechanisms. They were thereafter deeply modified 
by partial melting and melt-rock reactions associated 
with lithospheric thinning in a supra-subduction 
setting. 

 



Goldschmidt Conference Abstracts 475 

Unconformity-related uranium 
mineralization in the Athabasca 

Basin, Canada: deep burial 
diagenetic-hydrothermal or 

epithermal? 
GUOXIANG CHI1 AND HAIXIA CHU1 

1Department of Geology, University of Regina, 
Regina, Saskatchewan, Canada; 
guoxiang.chi@uregina.ca  

 
The unconformity-related uranium deposits 

associated with the Proterozoic Athabasca Basin in 
northern Saskatchewan (Canada) are known for their 
high grades and large tonnages, accounting for 17% 
of current uranium production in the world. These 
deposits have been generally considered to have 
formed from basinal brines derived from the 
Athabasca Basin, which circulated through the basin 
and into the upper part of the basement, and extracted 
uranium from the sediments in the basin or 
metamorphic and igneous rocks in the basement. The 
uraniferous fluids thus formed, inferred to be 
oxidixing, reacted with reducing agents (either 
graphitic and Fe2+-rich lithologies or basement-
derived fluids rich in hydrocarbons, H2S and Fe2+) 
and precipitated uraninite near the unconformity. 
Because the mineralizing fluids were initially of 
diagnetic origin and the mineralization may have 
been taking place while the basin sediments were 
experiencing diagenesis, this mineralization model is 
generally referred to as diagenetic-hydrothermal 
model. 

The conventional diagenetic-hydrothermal model 
inferred that the mineralization took place at deep 
burial (>5 km). This inferrence has been mainly 
based on esitmation of high fluid pressures (> 1 kbar) 
and temperatures (~200oC) from fluid inclusions 
recorded in diagenetic quartz as well as hydrothermal 
quartz in the uranium deposits. However, recent 
studies suggest that the high fluid pressures may be 
erroneous and the high fluid temperatures may be 
explained by fluid convection within the basin rather 
than deep burial. A deep burial model is also not 
supported by the preserved basin stratigraphy as well 
as the ages of mineralization, which indicates that the 
basin was likely not under deep burial at the time of 
mineralization. Furthermore, the presence of low-
density vapour-dominated fluid inclusions in 
hydrothermal quartz in the uranium deposits suggests 
fluid immiscibility and low fluid pressures (perhaps 
episodic), which appears to be difficult to explain if 
the mineralization environment was >5 km deep. 
Instead, the current geologic, geochonological and 
fluid inclusion data appear to be compatible with an 
epithermal mineralization model, which derserves to 
be further examined. 
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Based on their morphology and composition, we 

can identify three types of SSA: fresh SSA, partially 
aged SSA, and fully aged SSA. Integrated 
observations of individual SSA through the TEM, 
STEM, and nanoSIMS provided direct evidence of 
the occurrence of sulfate and nitrate in aged SSA in 
the arctic atmosphere. Laskin et al. [1] showed that 
SSA effectively reacted with organic acids in polluted 
coastal air, leaving behind particles depleted in 
chloride and enriched in the corresponding organic 
salts. However, whether weak organic acids 
participated in the chloride depletion remains 
uncertain in the clean arctic air. Our results are shown 
in the figure 1-3 below. 

 
Figure 1. Bright and dark-field TEM images of the 
fresh, partially aged, and fully aged SSA and 
elemental mapping of Na, Mg, Ca, Cl, S, O, C, and 
N. (A) One fresh SSA particle, (B) One partially aged 
SSA particle, (C) One fully aged SSA particle. The 
dot intensity represents elemental concentration 
within an individual particle. The arrows in particles 
B and C represent increase or decrease of elemental 
concentration compared to the particle A. 

The fresh SSA particles exhibited a single core-
shell structure. Containing only Na and Cl, the core 
consisted of the cubic NaCl crystal with the coating 
of Mg, Ca, S, O and Cl, identified as CaSO4 and 
MgCl2. Individual partially aged SSA particles 
consisted of the single irregularly shaped NaCl core 
coated with Na, Mg, Ca, K, N, O, and S, with or 
without minor Cl, suggesting a single Cl-depletion 
phenomenon in the formation of partially aged SSA.  
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The El Niño–Southern Oscillation (ENSO) is one 

of the most prominent climatic phenomena 
responsible for the wide temperature and 
precipitation variability across the globe.  Modelling 
and palaeoclimate studies suggest reduced El Niño 
frequency and amplitude in the early to mid-
Holocene (Tudhope et al. [1]; Moy et al. [2]), 
whereas Cobb et al. [3] claimed no evidence for a 
systematic trend in ENSO variance.  Here we present 
a record of marine reservoir correction (ΔR) over the 
past 6,000 years for Lanyu Island off eastern Taiwan 
using 21 paired U-Th and 14C dates on fossil coral 
samples. The ΔR values range from -343 to 47 yr, but 
bear significant decadal fluctuations, for instance 
varying from -319 yr at 3383 cal yr BP to -186 yr at 
3364 cal yr BP, and from +18 yr at 152 cal yr BP to -
80 yr at 142 cal yr BP.  However, our record shows 
relatively low ΔR during the mid-Holocene and a 
broad increasing trend afterwards, which is opposite 
to the reported pattern in the South China Sea (SCS) 
(Yu et al. [4]).  As Lanyu Island is located right on 
the path of Kuroshio Current, we can attribute the 
millennial ΔR variation to the changes in ocean 
circulation due to ENSO activity.  Under El Niño 
conditions, northward shift of the North Equatorial 
Current bifurcation reduces the Kuroshio transport 
east of Luzon.  This results in more 14C-depleted 
water from the Philippine Sea to penetrate westward 
into the northern SCS through the Luzon Strait 
(Yaremchuk and Qu [5]), but less to stay in the 
northward path.  Therefore, the contrast pattern in ΔR 
results between eastern Taiwan and SCS supports the 
hypothesis of reduced ENSO activity in the mid-
Holocene.  
 
[1] Tudhope et al. (2001) Science 291: 1511-1517. 
[2] Moy et al. (2002) Nature 420: 162-165. [3] Cobb 
et al. (2013) Science 339: 67-70. [4] Yu et al. (2010) 
Paleoceanogr. 25: PA3205. [5] Yaremchuk and Qu 
(2004) J. Phys. Oceanogr. 34: 844-855. 
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Arsenate and phosphate are chemically very 
similar and therefore tend to substitute each other in 
biological and non-biological molecules. However, 
the various chemical forms of arsenic are toxic to 
cells while phosphate is an essential nutrient. It is 
therefore important to understand the relationship 
between arsenic and phosphorus cycling in the 
discussion of phosphate bioavailability in modern and 
past marine ecosystems, especially those affected by 
hydrothermal activity. The Early Proterozoic is an 
important period when Earth experienced its first 
permanent rise in atmospheric oxygen, leading to a 
change in the availability and behaviour of redox 
sensitive elements. Particularly, increased 
atmospheric oxygenation likely increased the 
concentration of arsenate in the shallow oxygenated 
surface oceans. Here, we have carried out a large 
number of batch experiments under Early Proterozoic 
open marine conditions of elevated Si and Fe(II), 
demonstrating that arsenic may have been crucial in 
the regulation of dissolved phosphate content in the 
shallow waters through interactions with an 
Fe(III)(oxyhydr)oxide shuttle operating at the 
chemocline. We propose that competitive 
coprecipitation and adsorption of phosphate in the 
presence of arsenic species are two distinct processes, 
with adsorption being negligible. Strong competitive 
coprecipitation of phosphate by fresh 
Fe(III)(oxyhydr)oxides in and above the chemocline 
at the expense of arsenate, may have led to arsenate-
rich Early Proterozoic surficial waters. Mass balance 
calculations coupled to regeneration of phosphate in 
the anoxic Fe(II)-rich bottom waters of the open 
ocean suggest long-term severe phosphate famine in 
the ocean surface waters compared to depth. Our 
results have implications for primary productivity and 
the trajectory of atmospheric oxygenation through the 
Proterozoic. 
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A huge number of studies have used stable 

carbon and hydrogen isotopic compositions of 
individual lipids (e.g., long-chain n-alkanes), 
particularly for inferring geographical delivery of 
C3/C4 organic matter [1] and for reconstructing 
hydrological cycles in palaeoenvironments [2]. 
However, ‘unexplainable’ isotopic compositions have 
often been observed in modern C4 plants, which 
allows a large uncertainty on the interpretation of the 
isotope data in geochemical cycles. 

To understand these unexplainable isotopic 
compositions, we investigated (1) the mixotrophic 
ability of the C4 plant to take up amino acids and (2) 
the contribution of the amino acid uptake to the 
carbon isotopic composition of lipids in C4 plants, in 
the laboratory incubation of Zea mays (corn) with 13C 
and 15N dual-labeled amino acids. 

During the incubation for 72 hrs, significant 13C- 
(up to +896‰) and 15N-enrichments (up to +778‰) 
are found for amino acids in Zea leaves. Moreover, 
the 13C-enrichment propagates into a wide range of 
lipid molecules (e.g., up to +211‰ for n-C18 fatty 
acid and up to +50‰ for phytol). These results reveal 
(1) C4 plants can directly take up not only inorganic 
nitrogen (e.g., NH4

+ and NO3
−) but also organic 

nitrogen (i.e., amino acids) from roots, and (2) C4 
plants can transfer the amio acids to leaves as a 
carbon source of lipid biosynthesis for plant growth.  

C4 plants have generally higher growth rates than 
C3 plants, because the Hatch-Slack cycle efficiently 
delivers concentrated CO2 to the photosynthesis [3]. 
C4 plants thus likely require a large amount of 
nitrogen to maintain C/N balance in their high 
production. Our results suggest that the uptake of 
organic nitrogen (e.g., amino acids) activates the 
large productivity of C4 plants, resulting in that the 
uptake subsidiary but significantly affects the carbon 
and hydrogen isotopic compositions of leaf lipids in 
C4 plants. 

 
[1] Schefuß et al. (2003) Nature 442, 418-421. [2] 
Sachse et al. (2012) Annu Rev Earth Planet Sci 40, 
221-249. [3] Hatch and Slack (1996) Biochem J 101, 
103-111. 
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The Moho is not a simple geologic feature, but a 
complex zone of mass, heat and chemical transfer 
from the mantle into the crust. How heterogeneous is 
this transition, to what extent do mantle and crustal 
materials mix, and what are the implications for 
magmas? Deep lithospheric cumulates provide a 
high-fidelity record of Moho processes, as mafic 
cumulates are the earliest magma fractionation 
products and are therefore mostly free of crustal 
contamination. We first survey global cumulates 
across diverse tectonic settings and describe simple 
cumulate crystallization model trends (based on 
MORB) as a baseline framework for understanding 
more complex continental settings.  We then present 
data on the two extremes of continental evolution, the 
Sierra Nevada, USA continental arc, where new 
continental crust was formed, and the East African 
continental rift, where continental crust is broken 
apart. In the Sierra Nevada, garnet quartzite xenoliths 
equilibrated at lower crust conditions show that 
orogenic thickening can transport upper crustal 
sediments into the deep crust. Cooling timescales of 
the deep lithosphere were constrained using coupled 
Lu-Hf and Sm-Nd geochronology of pyroxenite 
xenoliths ranging from mid-lower crustal to upper 
mantle depths. These results show that episodic arc 
growth may be modulated by cycles of thickening 
and slab-induced cooling of overriding lithosphere, 
rather than slab dip. In the East African rift, 
pyroxenite accumulation at the Moho may also be an 
important process, as evidenced by abundant 
clinopyroxene megacrysts and pyroxenite xenoliths. 
The E. African pyroxenites define a trend ranging 
from Fe-rich dunites to clinopyroxenites. In addition, 
they lie on a low-Al, HREE-depleted trend 
suggesting “ghost” garnet fractionation deeper in the 
lithosphere before equilibration at the Moho. The 
pyroxenites do not match modeled cumulate trends, 
and are better explained as mixtures between dunite 
and clinopyroxene. Although tectonically distinct, the 
arc and rift studies show that supracrustal input, 
thickening, and mixing between different cumulates 
all occur throughout a vertically extensive (10’s of 
km) Moho-mantle zone. The role of deeper mantle 
lithosphere processes must also be taken into account 
when interpreting the cumulate record. 
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Iron (Fe) is an essential micro-nutrient for 
primary production and has been found limiting 
productivity in 30% of world Oceans. As a part of 
GEOTRACES – INDIA programme a total of 29 full 
vertical profiles were collected during 2013 and 2014 
in the northeastern Indian Ocean. Dissolved Iron 
(DFe) was measured by using flow injection system 
based on chemiluminescence method. 

The DFe shows nutrient type behaviour more or 
less with surface depletion ranging from 0.11 nM to 
0.51 nM. High surface concentrations (~0.5 nM) of 
DFe has been observed in northern stations compared 
to the southern stations of Bay of Bengal (BOB) and 
in the Andaman Sea. High DFe in northern BOB 
could be due to its supply from Ganga-Brahmaputra 
river system either through dissolved or particulate 
phase. A clear maxima (~1.2 nM) in the DFe values 
of intermediate waters (200m – 1000m) coinciding 
with the oxygen minima observed from 18°N to 2° N 
is due to the release of iron from the Fe – Mn 
hydroxides from the high particulate matter from the 
Ganga – Brahmaputra river system. Since, Andaman 
Sea is a back arc basin, DFe (0.8-0.9 nM)  in its 
deeper waters is similar to that in BOB of 1200m -
1500m. Remarkable feature observed in this study is 
enrichment of DFe (~ 2.7 nM) in deeper samples 
along sunda trench could be associated to the 
submarine volcanism as currently the Indian 
subcontinent plate is subducting under the Burmine 
plate. A maximum concentration of DFe  ~27 nM has 
been observed at one station sampled at known 
hydrothermal vent field situated at 25 °S 70 °E.   
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A ascending magma batch, upon decompression, 

selectively releases dissolved volatiles depending on 
their solubilities so that, while barely soluble CO2 
dominates “deep” degassing, more soluble H2O 
prevails at shallow depths. This selective release of 
volatiles from magma implies that heat transfer to 
overlying hydrothermal systems exhibit a non-linear 
pressure dependence. By applying a gas-melt 
degassing model, we find that there is a narrow 
pressure interval (CDP, critical degassing pressure) 
over which the total amount of separated fluid and of 
the associated thermal energy steeply increases by 
more than one order of magnitude. Evidence of 
critical degassing, and consequent heating of the 
hydrothermal system, are clear at Campi Flegrei 
caldera. Large variations in the N2-He-CO2-Ar 
fumarole compositions, indicative of degassing in 
open-system conditions at increasingly lower 
pressures, are in fact accompanied by a 15 years long 
exponential increase of the fumaroles’ CO indicating 
a generalized heating up of the hydrothermal system. 
Based on these observations Campi Flegrei magmatic 
system may be approaching the CDP, i.e. a 
depressurising magma batch is releasing fluids of 
progressively more H2O-rich (and CO2-poor) 
compositions, perturbing the thermal structure of the 
hydrothermal system. This hypothesis was tested and 
confirmed by comparing the observed geochemical 
changes with the results of TOUGH2 models of a 
hydrothermal system affected by the input of 
magmatic fluids, which increase their H2O/CO2 ratio 
during time. Since 2005, magma degassing 
approaching CDP and heating of the system are 
controlling the current accelerating inflation of the 
Campi Flegrei caldera. Similar, years long 
accelerating inflations, possibly controlled by the 
same degassing-heating processes, anticipated the 
eruptions of other calderas.  
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The Carboniferous igneous rocks, widely 

distributed in the Caucasian region and along the 
north of Izmir-Ankara-Erzincan suture in Turkey, 
have long been considered as parts of the Variscan 
orogeny which is linked to the formation of Pangea. 
However, the coeval Carboniferous magmatism from 
the neighboring region, in the northwestern part of 
Iran, was suggested to occur in an extensional 
environment. Herein we present new zircon U-Pb and 
Hf isotopic analyses for seventeen magmatic rocks 
mainly from the Dzirula complex of Georgia, eight 
rocks from NE Turkey, and four others from NW Iran 
to decipher their correlation and provide a new 
tectonic interpretation. The widespread Carboniferous 
granitoids that crop out in Georgia (the Greater 
Caucasus and Transcaucasus) and NE Turkey (the 
Eastern Pontides) show similar ages of 332-309 and 
340-313 Ma, respectively, and compatible zircon Hf 
isotopic features of dominant crustal contribution and 
less depleted-mantle involvement. They contain 
numerous inherited zircons of a major age 
distribution at ca. 700-500 Ma that yielded Hf isotope 
compositions indicative of the presence of relict old 
continental crust and the injection of significant 
depleted-mantle component forming the juvenile 
Arabian-Nubian Shield (ANS) crust. It is confirmed 
the existence of Arabian-derived micro-continent had 
played an important role on the crustal evolution in 
these regions. Besides, the Carboniferous (349-311 
Ma) intrusions in NW Iran were defined their 
emplacement in association with the initial opening 
of the Neotethys during that time. Our results thus 
suggest that these concurrent magmas intruded the 
northern, and ANS-involved, part of Gondwana in the 
Carboniferous and then rifted together with the so-
called Cimmerian continent. 
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About 80% of Jeju soils derived from volcanic 

ash are classified as Andisols known to form a large 
amount of amorphous minerals. The study area is in a 
prehistoric site, Gosan-ri, Jeju, Korea and dominant 
solid phases in clay fraction of the volcanogenic soils 
are the layered silicates [1]. The objectives of the 
study were to investigate characteristics of mineral 
assemblages, morphological and chemical 
composition and to deduce mineralogical transition 
processes in this area. 

12 soil samples were collected from 19 cm to 100 
cm depth in Jeju, Korea. Sedimentation method for 
particle size separation and sequential extraction of 
the soil samples using citrate, bicarbonate and 
dithionite (CBD), and ammonium oxalate to get rid of 
free and crystalline iron oxides from soils were used. 
XRD and SEM/TEM-EDS analyses were used to 
characterize mineralogical characteristics, mineral 
assemblages, morphological characteristics and 
chemical composition. 

The results of paricle size separation in both soil 
series appeared in similar mineral assemblages of 
sand and silt fraction consisting of biotite, anorthite, 
albite, quartz and olivine. And clay fractions in most 
depths were composed of kaolinite, quartz, chlorite, 
illite, basaluminite and amorphous Fe-Si-Al 
oxyhydroxides. SEM/TEM-EDS analyses of the sand 
and silt showed morphologically similar and which of 
clay showed round in shape. After sequential 
extraction, there was no significant change in the 
components, but morphologically transformed from 
round to irregular due to removal of Fe coating. 

These results suggest that morphological 
transformation of clay minerals in this area mainly 
associated with noncrystalline minerals including Fe-
Si-Al oxyhydroxides. As the result of mineralogical 
investigation for the soil profile in the study area, 
clay minerals as the weathering end products 
remained mainly kaolinite and chlorite.  

 
[1] Ha et al. (2002) Econ. Environ. Geol. 35(6), 491-
508. 
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Introduction and methods 

The high Arctic has long been considered a 
suitable terrestrial analogue to Mars in many 
geological and astrobiological aspects [1]. We used a 
combination of pyrosequencing of bacterial 16S 
rRNA gene and statistical methods to conduct a 
survey of the composition of microbial communities 
in rocks from Svalvard. This study investigates the 
correlation between major elements of rocks and 
endolithic colonization in the harsh Arctic 
environment. 

 
Bacterial Phyla  Mantel test based on Spearman's rank correlation  

SiO
2 Al

2
O

3 Fe
2
O

3 Na
2
O MgO  P2

O
5 K2

O CaO  TiO
2 MnO  

Full community 0.36  0.39  0.41  0.29  0.57  0.47  0.39  0.42  0.41  0.10  
Acidobacteria 0.05  0.23  0.05  0.02  0.32  0.04  0.23  0.05  0.13  0.06  
Atinobacteria 0.31  0.39  0.37  0.16  0.44  0.37  0.37  0.40  0.36  0.05  
Bacteroidetes 0.36  0.39  0.41  0.29  0.57  0.47  0.39  0.42  0.41  0.10  
Chloroflexi 0.35  0.10  0.30  0.23  0.32  0.45  0.09  0.33  0.24  0.13  

Cyanobacteria 0.27  0.52  0.65  0.34  0.62  0.63  0.53  0.26  0.68  0.37  
Proterobacteria  0.36  0.47  0.55  0.49  0.76  0.62  0.48  0.35  0.59  0.30  
Table 1: Correlation between bacterial community 
structure and major elements of rocks. Significant 
correlations shown in bold(p<0.01). 
 
Results and Discussion 

The results of the Mantel test showed that the 
bacterial community structure was significantly 
linked to some of the rock element factors (Table 1). 
When data for each phylum were analyzed 
separately, the Actinobacteria, Bacteroidetes, and 
Proteobacteria exhibited a significant positive 
relationship with Al and K(except for 
Proteobacteria), Fe, Mg, P, and Ti, while, 
Chloroflexi was significant positively linked with 
only P. Therefore, the endolithic bacterial community 
at the phylum level might be affected by different 
rock element factors. All kinds of microbes play a 
remarkably diverse set of geoactive roles in the 
biosphere [2]. This study demonstrates the interaction 
of rock-microbes with metals and minerals, as well as 
their importance in geological and environmental 
processes. 

 
[1] Susana (2011) Anal Bioanal Chem 401, 2927-
2933. [2] Gadd (2010) Microbiology 156, 609-643. 
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Isoscape of nitrogen  stable isotope value (δ15N) 

provides informations relate to the source of 
inorganic nitrogen and N cycle processes in the 
ocean. Previous stuudies have been used δ15N value 
of dissolved inorganic nitrogen (DIN), particulate 
organic matter (POM) or bulk tissue of primary 
consumers to demonstrate nitrogen isoscape. 
However, δ15N DIN and POM can be rapidly changed 
in various environmets. Moreover, δ15N of primary 
consumer provides indirect information due to the 
trophic enrichment of nitrogen isotope. 

Recently, compound specific isotope anlaysis of 
amino acid (CSIA of AAs) used to identify the 
trophic postion of various ecosystem. In addition, 
δ15N of individual amino acid also can be used as 
proxy for source of nitrogen because it includes both 
trophic and nitrogen source information in a single 
organism. 

In this study, δ 15N of individual amino acid of 
bivalves (oyster and mussel) were determined to draw 
the nitrogen isoscape for west and south coasts in 
Korea, including 5 estuaries. Among the individual 
amino acids, δ15N value of phenyilalanine (δ15Nphe) 
was used for isoscape due to the least changes 
between diet and bivalve. We also analysed the bulk 
δ 15N values of POM (δ15NPOM) and bivalves (δ15Nbulk) 
to compare the δ15N values of the amino acid between 
dry and rainy season. 

Temporal variation of the δ15NPOM indicates rapid 
reflection of nitrogen stable isotope of DIN in coastal 
envirnments. On the other hand, δ15Nbulk showed 
smaller temporal variation than δ15NPOM, indicating 
δ15Nbulk of bivalves provides time integrated 
information of nitrogen source. However, much 
enriched in the 15N were found in all bivalves due to 
trohic enrichment. In case of δ15Nphe, both strong 
correlation with δ15Nbulk and larger range among the 
sites were found, resulting in useful for nitrogen 
isoscape. In addition, base on the trophic position by 
CSIA of amino acid and δ15Nbulk, we calculate the 
δ15N of diet source for bivalve (δ15Ndiet), which 
represent phytoplankton. This δ15Ndiet found very 
strong correlation with δ15Nphe and as a result, δ15Ndiet 
can be used to describe the nitrogen 
isoscape.Consequantly, we confirm the CSIA of 
amino acid can be useful tool for nitrogen isoscape. 
This approch will support to understand to identify 
nitrogen source and nitrogen cylce, and also helpful 
for basic ecological food web study.  
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CO2(g) has been considered as one of the major 
greenhouse gases bringing about the global warming. 
Carbonate mineralization has been known to be a 
potential way to reduce anthropogenic CO2(g) release 
into the atmoshpere. It would be also possible that the 
carbonate solid products of this technique can be 
recycled as industrial resources. However, the 
efficacy of the carbonate mineralization for removing 
CO2(g) has not been successful for practical 
application yet. The main objective of this study is to 
examine the feasiblity of using Ca(OH)2 suspensions 
for the removal of CO2(g) through carbonate 
mineralization. 

Batch experiments were conducted with CO2(g) 
(purity 99.999%) purged into various concentrations 
of Ca(OH)2 suspensions (0.020, 0.027, 0.135, 0.270, 
0.675 M) at the ambient conditions (23±2 ℃, 1 bar). 
CO2(g) was injected into the suspensions for 60 min 
at 0.1 L/min. The initial pHs of the Ca(OH)2 
suspensions were 12.5±0.2. After CO2(g) injection, 
the pH of the suspensions, except that of 0.675 M 
Ca(OH)2 (12.5±0.2), all decreased to 6.3±0.2. 
Concurrently, the concentration of dissolved Ca2+ 
were suddenly decreased to a minimum value (0.46 
mM) in parallel with the decrease in the suspensions’ 
pH. Subsequently, the Ca2+ concentrations increased 
and reached the solubility window of calcite (10.0 
mM) at the pH of the suspension (6.3±0.2). Analyses 
of the residual solid products indicated that 92 wt.% 
of the original Ca(OH)2 was rapidly converted to 
calcite within 2 hr. These results suggest that CO2(g) 
can be readily trapped into a solid phase via 
carbonate mineralization processes, which need to be 
further investigated for practical application of 
carbonate mineralization. 
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It has been known that physical weathering 

prevails over chemical weathering in extreme 
environments, such as Arctic and Antarctica. We 
investigated elemental and lithium isotope 
geochemistry in various types of samples collected at 
the Barton peninsula, King George Island, Antarctica, 
in order to see how and to what extent Li isotope 
fractionation may occur during chemical weathering. 
Although elemental and lithium isotope geochemistry 
indicates that dissolved lithium is mainly derived 
from four different end-members (i.e., seawater, 
manure, bedrock, and dust), of which seawater 
contributes, on average, 74%, lithium isotope 
compositions (δ7Li) of water however could not be 
explained by a mixing. Therefore, the difference of 
δ7Li values between dissolved and suspended phases 
results from Li isotope fractionation during chemical 
weathering in the study area. We estimated a Li 
isotope fractionation factor of 0.987 ± 0.007 using 
Rayleigh fractionation equations, consistent with 
reported value of 0.980 associated with Fe-
oxyhydroxides in Greenland Rivers [1]. This is 
supported by PHREEQC results that water chemistry 
is supersaturated with secondary mineral formations, 
such as goethite and hematite. This study implies that 
lithium isotopes can be a potential tracer of silicate 
weathering during glacial-interglacial period. 

 
[1] Wimpenny et al. (2010) EPSL 290, 427-437 
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Late Cenozoic intraplate basaltic rocks in 

northeast China exhibit oceanic island basalts (OIB)-
like geochemical characteristics, and the mantle 
sources have a DMM-EM1 array. In order to better 
understand the nature of the EM1 component, we 
have determined major and trace element 
compositions of olivine-hosted melt inclusions in the 
Baekdusan basalts from NE China. Rehomogenized 
melt inclusions are compositionally picrobasalt, 
basanite, trachybasalt and basalt. They have higher 
MgO contents than those of the host rocks, indicating 
that the melt inclusions represent the early-formed 
primary melts. They show LREE-enriched patterns 
[(La/Yb)N=7.8-30.4] with slightly positive anomalies 
in Eu. On a primitve mantle-normalized trace 
elements distribution diagram, the inclusions exhibit 
OIB-like LILE enrichment without HFSE depletion. 
However, they show significant positive anomalies in 
Ba, K, Pb, P and Ti. In addition, the inclusions have 
highly evaluated Zr/Hf ratios (39.1-54.1) compared 
with those of garnet lherzolite-derived melts (34.6-
37.8). Also note that there is a clear positive 
correlation between CaO and P2O5. These 
observations suggest that the Baekdusan magmatism 
might be derived from asthenosphere metasomatized 
by small fraction of melt produced by EM1 
component such as eclogite, K-hollandite and γ-
Ca3(PO4)2 from the subducted (paleo)-Pacific slab in 
the mantle transition zone. 
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We investigated metal and mineral compositions 

of beach sands collected from Hwasun beach, Jeju 
Island in South Korea. Cr and Ni were abundant in 
Hwasun beach sand and their levels were 167 ± 45.0 
and 279 ± 51.6 mg/kg, respectively, exceeding 
Probable Effective Level (PEL) of Cr (160 mg/kg) 
and Ni (42.8 mg/kg).  

To examine the environmental impact and to 
make an optimal remediation plan, we also 
investigated grain-size distribution and magnetic 
properties of those beach sands. 375-1500 μm-sized 
fraction was the most abundant in sands from 
Hwasun beach. We collected magnetically separable 
particle (MSP) fraction from Hwasun beach sands 
and measured magnetic susceptibility of that fraction. 
The major compound of MSP fraction was black 
sands which were of volcanogenic origin and it 
exhibited high magnetic susceptibility with 56.0 ± 
13.5 10-6 SI. Cr and Ni levels in MSP were 
significantly higher than in remained fraction. Cr and 
Ni levels in remained fraction did not exceed Effect 
range low (ERL) implying sands polluted by metal 
from volcanic rock could be remediated by magnetic 
separation method. The sorption test showed that 
volcanogenic black sands are efficient sorbent for 
concurrent removal of metals including Ni, Cu, Zn, 
Cr and Co from wastewaters. The removal efficiency 
of metals in wastewaters by magnetically separated 
black sands was tested in order to examine its 
potential use as a sorbent for wastewater treatment. 
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This study was purposed to determine Hg 

isotopic ratios in 10 CRMs(Lichen, Pine needle, Fish 
protein, Rice, Human hair, Human urine, Coal, 
Estuarine sediment, Coal fly ash, Urban particulate 
matter) and biological samples(Human Hair, Human 
blood) by Multi Collector-ICP/MS. The precision and 
accuracy were measured by 1μg/L of zero-delta 
isotope standard material(NIST 3133). As a result, 
0.194 % of precision and 0.075 % of accuracy(% 
Bias) with 202Hg/198Hg ratio. 

The 10 environment CRMs of δ202Hg isotope 
values were ranged from –2.26 to 4.00 ‰ and the 
highest value was showed in Fish protein(DORM-4). 
Δ199Hg isotope values were ranged from –0.02 to 
2.96 ‰ and human urine showed the highest isotopic 
values(QM-U-Q1305). 

The Hg isotopic values in human blood and hair 
samples are demonstrated that the occurrence of mass 
dependent fractionation (MDF) in hair samples which 
showed heavier δ202Hg value (+1.42 ‰) than those of 
the blood samples. The hair samples showed 
significant difference(p>0.05) in Hg isotopic values 
according to Hg concentration. Mass independent 
fractionation (MIF) was observed in high 
concentration of Hg group with +1.64 ‰(Δ199Hg) 
value which was expected with influence by 
consumption of mercury sources. Consequently, 
using the mercury isotopic signature in human hair, it 
can be useful to determine the mercury exposure 
route and source to human body.  
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Total mercury (THg) concentrations were 

determined in 209 surface sediment samples of three 
ocean dumping sites (East Sea-Byung, East Sea-Jung 
and Yellow Sea-Byung) in Korea. The accumulation 
levels and potential environmental risk of THg were 
evaluated in study areas. The concentrations of THg 
ranged from 0.02 to 2.86 mg kg-1 in East Sea-Byung, 
from 0.004 to 0.12 mg kg-1 in East Sea-Jung and from 
0.02 to 0.35 mg kg-1 in Yellow Sea-Byung. The 
enrichment factors (EF) of THg normalized to crustal 
abundance varied 0.4–61.0, 0.1–2.6, 0.2–5.5 in East 
Sea-Byung, East Sea-Jung and Yellow Sea-Byung, 
respectively. Compared to each dumping sites, the 
percentage of sediment samples EF value was higher 
than 1.5 in 75.7% of the East Sea-Byung, 23.4% of 
the East Sea-Jung and 19.6% of the Yellow Sea-
Byung samples. 

Potential ecotoxicological effects by THg 
contamination were evaluated through the 
comparison with the sediment quality guidelines 
developed by US NOAA (Long et al., 1995). Among 
the total sediment samples, the percentage of 
sediment samples exceeding the effects-range-median 
(ERM) was 5.3% and 13.4% of the sediment samples 
were between the effects-range-low (ERL) and ERM 
values, and most sediment samples (81.3%) were 
below ERL values. 

No significant correlations were found between 
THg and organic matter and particle size, suggesting 
that the distribution of THg is not fully controlled by 
these variables. 
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In order to investigate the particulate metals in 
the Amundsen polynya, 10 water column seawater 
samples were collected from offshore to ice shelf 
during ANS04B cruise of R.V. ARAON. The 
seawaters were filtered (0.4μm) and particulate 
metals were analysed using ICP/MS. 

From the sectional view of Al and Fe 
concentration, particle sources were identified as 
glacial melting and ice shelf basal melt as well as the 
resuspension of bottom sediments, while most 
particles supplied to the surface seawaters were 
originated from glacial melting [1,2]. Particles from 
basal melting released to the deep waters and were 
transported along the coastline by coastal current. 
Organic particles were abundant in sea ice areas as 
well as the polynya, thus the supply of dissolved 
metals from the glacier would be persistent to the sea 
ice area. Particulate metals in the surface seawaters 
were controlled by the mixing of detrital and organic 
particles and the importance of organic matters on 
each metal was in the order of Zn>Cu-
Ni>Co>Mn>Fe. The stoichiometry of metals in 
phytoplankton in the Amundsen Sea was estimated 
P1000Fe3.1Mn1.3Zn5.2Cu4.4Co0.07Cd0.2 using components 
mixing model. 

 
[1]  Planquette et al., 2013. Marine Chemistry, 
153:15-30   
[2] Gerringa et al., 2012. Deep-Sea Research II 71-
76: 16-31. 
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We investigated the sources impacting the water 

chemistry of the Nakdong River (NR) in South 
Korea, to reveal how its main channel is affected by 
both natural and anthropogenic contributions. Water 
samples were collected at eight sampling sites from 
the upper to lower reaches of the river, and seasonal 
and spatial variation in the concentrations of major 
ions were monitored to assess the water chemistry. In 
addition, the chemical and isotopic compositions of 
the samples were evaluated to identify the natural and 
anthropogenic sources contributing to the river’s 
water chemistry. According to plots of Mg*/Na* 
versus Ca*/Na* and 2(Ca+Mg) versus HCO3+2SO4, 
the water samples were mainly explained by chemical 
weathering occurring in the watershed, but 
anthropogenic sources were partly related to the 
water. δ34S values varied within the narrow range of 
1.8‰ to 3.1‰, irrespective of spatial and temporal 
variation. The 87Sr/86Sr ratios of the water samples, 
0.71043 to 0.71520, were within those of the 
Mesozoic volcanogenic sedimentary rocks developed 
in the watershed, supporting the results that the water 
chemistry of the NR is governed by chemical 
weathering. On plots of 1000*(B/Na) versus Cl/Na 
and SO4/Na, the water samples collected in the 
summer and winter were discriminated by 
1000*(B/Na) ratios of 5.50 to 8.79 and 3.25 to 4.09, 
respectively, with the exception of one sample 
collected near an industrial district in the winter. 
Most of the samples collected in the summer were 
within the 1000*(B/Na) ratio, indicative of 
precipitation. These results indicate that the water 
chemistry of the NR is ultimately regulated by 
rainwater, lithology, and a combination of these two 
sources and provide baseline information for 
comparing the water quality before and after 
implementation of the Four Rivers Restoration 
Project of South Korea. 
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U-Pb analysis of 700 detrital zircon grains from 

major river-mouth sediments in South Korea was 
carried out using a LA-ICP-MS to infer the crustal 
growth history of the Korean Peninsula and to 
understand tectonics of East Asia.  

The Korean Peninsula, located at the East Asian 
continental margin, mainly comprises three 
Precambrian massifs and two metamorphic belts in 
between them. These two metamorphic belts have 
been suspected as the eastern extension of the 
collision between the North and South China blocks 
which has started in the Early Triassic, although it is 
still controversial. Various scenarios have been 
suggested for decades and the tectonic affinity of the 
Gyeonggi massif, located in the middle among three 
Precamgrian massifs, is under debate. 

We obtained 518 concordant (discordance < 
15%) zircon ages ranging from ca. 3566 Ma to ca. 48 
Ma. Mesozoic (249 – 79 Ma) and Paleoproterozoic 
(2491 – 1691 Ma) aged zircons are predominant 
regardless of river-mouth location. As the zircon ages 
reflect current exposed distribution of crystalline 
rocks in their drainage areas, this suggests that the 
crustal growth of South Korea mainly occurred 
during these time periods. Comparison of these 
results with the previous study by Wu et al. [1], 
which analyzed detrital zircon ages of North Korean 
river-mouth sediments, reveals that the pre-Mesozoic 
crustal growth history of three Precambrian massifs 
in the Korean Peninsula is identical while Mesozoic 
magmatism prevailed in its southern part only. 
Therefore, the eastward extsnsion of the Chinese 
collision belt into the Korean Peninsula seems 
questionable. 

 
[1] Wu et al. (2007) Precambrian Research 159, 

155-177. 
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Clay minerals have various usages in 

pharmaceutical ground both as excipients and active 
agents. As excipient aspects, the cation intercalation 
characteristic of layer silicate minerals makes them 
have been studied for the purpose of drug carrier. 
Drugs have cationic feature whichever could be 
intercalated into the interlayer site of smectite. Drugs 
can be also released from the drug-intercalated 
smectite complex in the gastrointestinal fluid by 
cation exchange phenomenon. Amoxicillin (Amox) is 
synthetic penicillin which often adopted for 
eradication of bacteria. However it is easily 
decomposed in aqueous solution at any pH condition. 
Clarithromycin (Cla) is improved erythromycin in 
stability which is also widely administrated for 
eradication of bacteria. However, it was reported that 
Cla was decomposed at condition lower than pH 4. In 
this study, focusing on safe carrier usage, the stability 
of Amox and Cla after intercalation into smectite 
interlayer. By aging, the empirical half-life of both 
antibiotics was calculated at solid, aqueous, and 
intercalated complex condition. Detection of 
decomposition was performed with liquid 
chromatography-mass spectrometer (LC-MS). The 
antibiotics-smectite complex were tested with X-ray 
diffraction (XRD) and energy dispersive 
spectroscopy (EDS) before and after release 
experiments. In conclusion, the stability of 
intercalated Amox and Cla were similar to that of 
aqueous condition. 

 
Keywords: Smectite, Clarithromycin, Amoxicillin 
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About one quarter of the global population is at 

least partly dependent on drinking water from karst 
aquifers (Ford and Williams, 2007). However, karst 
systems are a highly vulnerable water resource 
because of rapid water flow inside the aquifer 
through a network of large conduits embedded into a 
filtering matrix. 

The present study is focused on the transport 
mechanisms of trace metals in karst systems. At 
present, in most studies only filtered samples are 
analyzed to characterize trace metal transport in karst 
aquifers, in spite of the fact that most metals are not 
soluble at the typically basic pH of karst water. 
Therefore, the aim of the present study was to assess 
the relevance of both fractions – solute and 
particulate matter – for the transport of trace metals 
into karst systems from the infiltration zone towards 
the spring. 

The study site is a small karst spring used for 
drinking water supply in the Jura Mountains in 
eastern France. The recharge area (about 2 km2) is a 
cultivated limestone plateau. The spring was sampled 
every 2 hours during a flood event, and the solute and 
particulate fractions were separated by filtration at 
0.22 µm. Major and trace elements including the rare 
earth elements (REE) were analyzed on both fractions 
and combined with high resolution physico-chemical 
measurements in water from multi-parameter probes 
(discharge, electrical conductivity, temperature, 
dissolved organic carbon, turbidity). The data 
allowed to compare the dynamics of solute and 
particulate matter transfer, to characterize transport 
processes, and to distinguish the successive arrival of 
2 types of particulate matter during the flood: 

 
- type 1: sediment particles rich in trace metals 

such as Cd, Co, Cr, U, Zn, REE from inside the 
aquifer re-mobilized at the beginning of the discharge 
increase. 

- type 2: soil particles (clay-humic aggregates, 
Fe-Mn oxyhydroxides) mobilized by infiltrating 
event rain water and arriving at the spring during 
peak flow. These particles were rich in organic matter 
and trace metals such as Al, Fe, Mn, As, Cu. 

 
The origin of the contrasting trace metal contents 

of the particles and the relation with the dynamics of 
the solute fraction will be discussed in detail at the 
conference. 
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Rixen deposit is one of the gold occurrences in 

Ulu Sokor area, which is in the northern part of 
Central Belt in Peninsular Malaysia and around 50km 
to the east of Bentong- Raub Suture Zone [1], a major 
terrane boundary that marks the collision of 
Sibumasu and East Malaya blocks at the Triassic 
Indosinian Orogeny. Peninsular Malaysia is situated 
on two tectono-stratigraphic continental terranes, 
namely Sibumasu and East Malaya blocks. Rifting of 
the north-eastern margin of ancient Gondwana during 
Late Permian to Early Jurassic is the possible origin 
of these blocks. The gold mineralization is heavily 
controlled by the regional structures and closely 
related to Bentong- Raub Suture. In this study, rare 
earth elements (REE) such as Th, Ta and Yb are more 
emphasized in classification to lower the 
metamorphism and alteration effect (i.e. silicification, 
chloritisation and sericitisation). Rixen deposit is 
consisted of a set of calc-alkali series aluminium-
oversaturated volcanic rocks, and enriched in large 
ionic lithophile elements (LILE) and lightly enriched 
in light rare earth elements (LREE). The protolith is a 
set of intermediate- acidic volcanic rocks, ranging 
from andesite to rhyolite, with rare mafic rocks. 
Tectonic setting is in active continental margins- 
volcanic island arc area, and possibly related to 
subduction. Gold occurred as electrum with variable 
Ag content (20-46%) and rare Ag-rich gold grains 
(Ag content 10-12%). Most of the gold grains are 
hosted by pyrite and associated with very rare galena 
and chalcopyrite, disseminating in quartz.  
 
[1] Hutchison C. S. (2009), Geology of Peninsular 
Malaysia, 309. 
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Vapor pressure (VP) data of geologically and 
industrially important aqueous solutions containing 
one electrolyte are incomplete and those containing 
more electrolytes are lacking. In this study, we 
developed and tested methodologies for the 
acquisition of VP data of aqueous solutions, at 
temperatures (T’s) from 300°C up to near the critical 
T of pure H2O using the high-pressure optical cells 
[1] and Linkam CAP500 heating-cooling stage. 
Typically, a section of ~18 cm-long solution of 
known composition was loaded into the fused silica 
capillary tube (0.67 mm OD, 0.30 mm ID and ~30 cm 
long) of the optical cell. The sample near the 
enclosed end of the tube was (1) placed on top of the 
heating-cooling stage and observed under a 
microscope with well controlled T’s (±0.5°C); (2) 
pressurized to a fixed P at room T using compressed 
CH4 and then heated until a vapor phase was 
generated; and (3) cooled at a rate of 0.5°C/min. until 
the vapor phase disappeared at Th; the P at Th is the 
VP of the solution. The P’s were continuously 
monitored with a Setra 204D P transducer (accurate 
to ±0.14%). Because the sample solution was in a 
long capillary tube with a small ID, the molal 
concentration of the sample remained the same 
during experiment [2]. Our measured VP’s for pure 
H2O and NaCl aqueous solutions were consistently 
lower than most of the previous values, indicating 
either there was a systematic error in our 
experimental system or the presence of contaminating 
gases in the pressure vessels employed in previous 
works, including those for pure H2O. If we used the 
VP’s of pure H2O [3] to calibrate our experimental 
system, then our data agreed very well with those 
reported for NaCl solutions [4] and our 
methodologies can be easily used for collecting VP 
data of more complicated and applicable aqueous 
solutions.  

 
[1] Chou et al. (2005) In Advances in High-Pressure 
Technology for Geophysical Applications. Chapter 
24, 475-485. Elsevier. [2] Applegarth et al. (2015) 
Appl. Spectr. 69, 972-983. [3] 
http://webbook.nist.gov/chemistry/  [4] Steele-
MacInnis et al. (2012) Comput. Geosci. 
http://dx.doi.org/10.1016/j.cageo.2012.01.0022. 
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To better understand the diversity in geochemical 

composition and volatile enrichment/ degassing 
during formation of the Deccan large igneous 
province (LIP) basalts from the Western Ghats 
section (India) a melt inclusion study has carried out 
for clinopyroxenes and plagioclase feldspars. This 
study signifies the first melt inclusion study of the 
magmas from the Western Ghats Section of Deccan 
LIP. The bulk composition of melt inclusions shows a 
wide range. The inclusions are significantly enriched 
in TiO2 (3.68 to 0.08 wt%) and FeO (18.3 to 2.63  
wt%). Volatiles are determined to have a wide range 
in composition in melt inclusions H2O (0.94 to 3.76 
wt%) and CO2 (1808 to 428 ppm).  A range of 
processes are responsible for the variation in the 
concentrations of volatiles in inclusions e.g. degasing 
and diffusion [1]. Post-entrapment crystal aggregates 
contributed to a change of the parental composition 
[2]. Compositions are affected by diffusion from the 
host minerals into the inclusion. Fe-Ti oxides that 
were trapped along with the melt show inconsistent 
high temperature of homogenization (i.e off-track 
from the basaltic melt temperature and retain un-
melted crystals in partially homogenized melt 
inclusions). The shift of the melting sequence 
(recorded in the inclusions) towards higher 
temperatures can also probably be explained by post-
entrapment changes and re-equilibration with the host 
crystal as the temperature dropped. 
 
[1] Sobolev A.V et al. (2015) Volcanism and Global 
Environmental Change: Cambridge University Press, 
147-163. [2] Danyushevsky et al. (2002) Chemical 
Geology 183, 5-24. 
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Oscillations of water column chemistry 

(especially dissolved oxygen) in coastal marine 
basins and open seas are controlled by a complex 
interplay among circulation, climate, productivity, 
and sea level variability, which can also bear 
anthropogenic impacts. The underlying marine 
sediments are capable of recording such changes but 
often in dissimilar ways as a function of the specific 
characteristics of each basin and the 
microbiologically mediated overprints that occur 
during settling and burial. In this study we tackle 
these issues by following the transformation 
pathways of various paleoproductivity and 
paleoredox indicators (e.g., Mo, Ni, V, U, detailed Fe 
speciation, and C and S concentrations and isotope 
ratios). We emphasize solid-phase and pore-water 
geochemistry from sediment cores collected in 
contrasting but neighboring suboxic and anoxic 
marine basins of the southern Gulf of California: 
silled Alfonso, OMZ-influenced La Paz, and OMZ 
upwelling-enhanced Pescadero. We focus on a high-
resolution reconstruction of the last centuries but with 
millennial-scale perspectives that extend as far as 80 
kyr BP. Our results show that during the late 
Pleistocene and throughout the Holocene several 
paleoredox shifts occurred, caused by variations in 
relative sea level and productivity, which are 
expressed differently on the Pescadero slope and 
Alfonso Basin. During the last deglaciation and 
accompanying abrupt warming around 11 kyr BP, 
Mo in Pescadero gradually increased from 3.7 to 35.1 
mg/kg, along with similar trends for U (4.4 to 12.5 
mg/kg). This change was not registered as abruptly in 
Alfonso, where Mo and U varied from 8.2-14.3 and 
10.3-15 mg/kg, respectively. In the longer record 
from Alfonso, Mn, V and U tracked global sea level, 
with the lowstands recorded as high U intervals (23 
mg/kg) representing anoxia around 25 and 75 kyr BP, 
as well as potential euxinia during the Mousterian 
Pluvial evidenced by the highest Mo reported (57.6 
mg/kg). 
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The Cedars Site in the northern Coast Ranges of 
California consists of an ultramafic body undergoing 
active serpentinization at depth (1).  Springs along 
canyon bottoms produce ultrabasic waters with high 
pH (~12) but negligible carbonate ion content.  Water 
interaction with atmospheric CO2 promotes the 
precipitation of Ca carbonate as rock encrustations, 
ephemeral thin sheets on water surfaces, and as 
enduring layered deposits. To evaluate inorganic Ca 
carbonate precipitation as natural examples of 
isotopic fractionation processes, we analyzed waters 
and Ca carbonate precipitates of various textural 
occurrences.  Our δ13C and δ18O analyses of Ca-
carbonates and measurements by others (2) show that 
water-surface precipitates are ~15‰ lighter than 
layered Ca-carbonates falling along an approximately 
1:1 line in δ13C vs. δ18O, far from the expected 
compositions at equilbrium with atmospheric CO2 
and the spring water, indicating kinetic control on the 
C and O isotopic compositions of the carbonates (2).  
Sampled high pH (11.5-12.0) spring waters have 
50ppm Ca and δ44CaBSE of 0.17±0.09‰, while Ca-
carbonate precipitates have δ44CaBSE of -0.17‰ to -
0.77‰. The lowest δ44Ca are from thin (~100 
microns) surface precipitates (-0.66±0.13‰), which 
float on water with 50ppm Ca and δ44Ca of 
0.16±0.06‰ suggesting fractionation of -
0.82±0.18‰.  For a small spring-fed pool confined 
by layered Ca-carbonate deposits, the contained water 
is depleted in Ca (12ppm) and has δ44Ca of 
1.23±0.06‰, suggesting (using a Rayleigh model, 
and initial δ44Ca of 0.16‰) a fractionation of -
0.74±0.08‰. The two carbonate occurrences have 
similar kinetic Ca isotopic fractionation factors, 
consistent with precipitation rates of about 3 x 10-7 
mol/m2/s,  but greatly different C and O isotopic 
fractionation. This indicates that the C, O 
fractionations are due to variable diffusion and/or pH 
effects (3) but not to differences in precipitation rate. 
 
[1.]Barnes et al. (1967) Science, 156, 830-832; 
Morrill et al. (2013) GCA 109, 222-240. [2]. O’Neil 
& Barnes (1971) GCA, 35, 687-697; Meister et al. 
(2011) in Advances in Stromatolite Geomicrobiology, 
Lect. Notes in Earth Sci. 131, 101-121. [3]. Watkins 
et al. (2014) EPSL 404, 332-343 
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Natural processes related to weathering of 
ultramafic rocks have been linked to the occurrence 
of elevated concentrations of hexavalent chromium 
(Cr(VI)) in soils and groundwater. Ultramafic rocks 
and their derived serpentine soils are encountered in 
populated areas around the world and present high 
concentrations in Cr, Ni and Co [1]. Greece is 
geologically located on the Sub-Pelagonian and 
Pelagonian zones and has massive deposits of 
serpentinized ophiolites and Ni-Fe laterites [2], which 
result in elevated Cr(VI) concentrations in 
groundwater [3]. While it is known that Cr(VI) 
release in ultramafic formations is a result of 
oxidation by high valence Mn-oxides, the rate of 
Cr(VI) production and expected groundwater 
concentrations is not well known, especially under 
the alkaline conditions encountered in the limestone-
rich geologic environment in Greece.  

This paper reports on microstructural and trace 
metal speciation studies conducted on sediments 
obtained from two ophiolite-rich areas in Greece: 
Vergina, an agricultural area with pure serpentinites, 
and Asopos, an industrial area with a mixed 
serpentinite-limestone geologic background. Samples 
from various depths (up to 58 m) were subjected to 
analysis by micro-X-ray Fluorescence (μXRF), 
micro-X-ray Absorption Near Edge Structure 
(μXANES) and μX-ray Diffraction (μXRD). The 
particle size, spatial associations, valence state and 
speciation of Cr and Mn were examined. 

Overall, the analyses indicated that the Greek 
geologic background in rich in Mn(IV) minerals 
including birnessite, with some contribution of 
Mn(III) and very little Mn(II), even in rock samples. 
The majority of the total Cr mass is bound chromite 
and the remaining is evenly distributed within the 
matrix, which consist of mostly serpentine minerals. 
Close spatial association between Mn(IV)-bearing 
phases and chromite was observed in several samples 
and it is hypothesized that such association is 
conducive to Cr(VI) production, favoring sorption of 
Cr(III), oxidation and release of Cr(VI) into solution. 
 
[1] Oze et al. (2004) Intern. Geol. Rev. 46, 97-126 [2] 
Eliopoulos et al. (2012) Ore Geol. Rev. 48, 413-427 
[3] Dermatas et al. (2015) J. Haz. Mater.  281, 35-46 
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The Tailuko belt is the western part of the 

Tanan’ao metamorphic complex, known as the oldest 
geological unit of the Taiwan orogenic belt resulting 
from collision between the northern Luzon arc and 
the Eurasian continental margin. The Tailuko belt 
consists mainly of Permian to Cretaceous 
metasedimentary rocks intruded by Cretaceous 
granitoids in localities. This study reports in situ 
zircon U-Pb ages and Hf isotope data of eight 
granitoids drilled from 46 to 530 m depths in Hoping 
area, the northern Tailuko belt. All samples have 
magmatic zircons dated at ~90 Ma, interpreted to 
represent emplacement ages of the granitoids. In 
addition, there are abundant inherited zircons that 
show a wide age range from ~300 to 90 Ma, mostly 
around 120 Ma, with several old grains of 1800-2400 
Ma. Integrated with zircon Hf isotopic data, our 
results allow us to conclude: (1) the granitoids in 
Hoping area were emplaced at ~90 Ma in the late 
Cretaceous, (2) the magmatic zircons show εHf(90 
Ma) values of +8 to -5, indicative of a binary mixing 
in the magma genesis involving a juvenile mantle and 
an old crust, (3) similar magmatic activities of 
significant mantle input may have occurred earlier in 
the Mesozoic, and (4) the old crustal component has 
Paleoproterozoic Hf model ages (TDM

C) of ~2500-
1800 Ma. The above data support that the granitoids 
in the northern Tailuko belt can be correlated to 
coeval magmatic rocks emplaced in the Eurasian 
continental margin, ~300 km west of the present 
Tailuko belt. This is consistent with the “yo-yo” 
tectonic model that involves rifting of a micro-
continent from the Eurasia continental margin, its 
drifting/accretion to the western Philippine Sea 
margin and backward voyage in association with the 
northern Luzon arc to build up the Taiwan orogen.  
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The Ediacaran Doushantuo period (635Ma—
551Ma) is an important phoshpogenic stage in south 
China and the widely-occurred phosphorites implies 
changes in ocean chemistry  at aftermath of the 
Marinoan glaciation.  

We investigated the phosphorus-bearing 
Doushantuo sequence in the Zhangcunping area, 
Yichang city, and found differences in the REE 
characters. The phosphorites (>30% wt P2O5) and 
carbonaceous shales have high REE contents, distinct 
Ce anomalies and REE patterns normalized by 
PAAS. The dolostones have low REE contents, 
moderate Ce negative anomalies, and left-leaning 
REE patterns signing  the ancient seawater. 
Interestingly, all the phosphorites, chert nodules and 
bands have the same MREE-rich patterns, but the 
chert REE contents are at least one order of 
magnitude lower than the phosphorites. The 
Doushantuo phosphatic REE characters, low REE 
content (relative to the Phanerozoic [1]) and  MREE-
rich pattern, are also documented by the upper- and 
the lower-bed phosphorites from the Weng'an 
deposits, Guizhou [2]. The Dushantuo MREE-rich 
patterns, consistent with the typical REE pattern of 
the Fe-Mn nodules and crusts in modern ocean floor, 
suggest that the Doushantuo cherts and phosphorites 
had the same origin, i.e. the coeval Fe-Mn 
oxyhydroxide sediments. Thus, there is a good 
inverse corelation between P and Si contents in the 
Zhangcunping phosphorites.  

During the Ediacaran Doushantuo period, the low 
REE content and MREE-rich pattern recorded in the 
phosphorites indicate that the postglacial Ediacaran 
ocean may be suboxic, where the Fe–Mn 
oxyhydroxide sediments accumulated in oxic or 
suboxic shallow ocean and the REE-rich phosphates 
formed perhaps in the same shallow ocean changed to 
the anoxic environment.  

 
[1] Emsbo et al. (2015) Gondw. Res 27, 776-785. [2] 
Chen et al. (2003) Chem. Geol 201,103-118.  
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The origin of the Cenozoic basalts in northern 

Jiangsu and eastern Anhui (hereafter defined as 
Suwan basalts) is still under debate. In this study, we 
first provide Re-Os and PGE constraints for the 
petrogenesis of the Suwan basalts. 

The alkali basalts from Suwan have Os 
concentration ranging from 38 - 470 ppt and 
187Os/188Os values ranging from 0.1268 - 0.1879; 
while the tholeiite samples have lower Os 
concentration ranging from 6 - 143 ppt and higher 
187Os/188Os values ranging from 0.1867 - 0.4820. 
There is a significant negative correlation between 
187Os/188Os and Os concentration for the tholeiite. It 
seems that the tholeiite has been significantly affected 
by lower crustal contamination, probably through an 
assimilation-fractional crystallization (AFC) process, 
during magma ascent. On the other hand, un-
radiogenic Os isotopes for the alkali basalts with Os 
concentration higher than 200 ppt, and generally 
slight P-PGE (Pt, Pd) enrichment relative to I-PGE 
(Ir, Os, Ru) for the Suwan basalts, suggest a 
contribution of the subcontinental lithosphere mantle 
(SCLM). 

Combined with major and trace elemental, and 
Sr-Nd isotopic characteristics, we concluded that the 
Suwan basalts mainly came from asthenosphere 
mantle but had a strong interaction with the SCLM. 
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Western Pacific Warm Pool (WPWP) is the 

largest source of heat and moisture on the Earth 
surface. In an attempt to establish a high resolution 
chronology of stratigraphic records in the southern 
margin of modern WPWP region for the period over 
the last 3.23 million years, we established planktonic 
foraminiferal oxygen isotope and Mg/Ca-inferred sea 
surface temperature (SST) records tied with magneto-
biostratigraphy of ODP Hole 1115B (9o 11’S, 151o 
34’E, water depth 1149 m, 0 - 217 meters below sea 
floor) in the Woodlark Rise, Solomon Sea. 
Globigerinoides sacculifer oxygen isotopes provide a 
chronostratigraphic framework based on correlation 
with the global composite oxygen isotope record of 
LR04. The age model has further calibrated with a 
refined 12 magnetostratigraphic boundaries and 
constrained by 5 planktonic foraminifera and 14 
calcareous nannofossil bioevents. High-resolution (~4 
kyr) δ18O record shows typical Milankovich cycles 
(23 kyr, 41 kyr and 100 kyr) periodicity. Significant 
δ18O increase (~0.5 ‰) and SST decrease (~0.5 oC) 
during 2.8-2.6 Ma and 1.0-0.8 Ma are consistent with 
two major global glaciation events, the initiation of 
Northern Hemisphere Glaciation (NHG) and the 
Middle Pleistocene Revolution (MPR). Solomon Sea 
SST increased by ~2.5 oC during 2.0-1.5 Ma is 
indicative of a long-term development of the WPWP 
by southern extension. The onset of modern 
hydrological conditions in the WPWP occurred 
during 2.0-1.5 Ma was also associated with the 
development of zonal SST gradient. 
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Copper sulfide deposits at oceanic crust-mantle 
transition zones are known from the Oman ophiolite. 
The corresponding sulfides are seen as late secondary 
formations. Whether or not primary Cu and S 
enrichment occurred is unclear due to the ophiolite’s 
complex history. The crust-mantle transition zone 
exposed in the southern part of the Kane 
Megamullion oceanic core complex on the MAR [1] 
provides an in-situ analogue for such enrichment. 
Highly enhanced chalcophile-element concentrations 
occur in plagioclase harzburgites, gabbro-peridotite 
contact zones and mantle derived dunites from this 
zone [2]. Bulk Cu and S are highly correlated [3], 
implying that chalcopyrite should be or was 
abundant. 

Here we report the results of ore microscopy, 
EMP and LA-ICPMS analyses of these rocks. 
Sulfides occur in all the samples, with the highest 
modal amounts in rocks richest in Cu and S. 
Unexpectedly, pentlandite and pyrrhotite, but not 
chalcopyrite, are the common sulfides. Both contain 
little Cu (on average 82 and 251 ppm, respectively). 
Hence, another Cu-rich phase is needed to explain the 
high whole-rock Cu contents. We find that 
serpentines from the melt-impregnated plagioclase 
peridotites are highly enriched in Cu, Zn, and other 
chalcophile elements. In particular, serpentines in 
contact with gabbros contain on average 436 ppm Cu 
and 317 ppm Zn, and those in other plagioclase 
harzburgites contain on average 79 ppm Cu and 50 
ppm Zn. For comparison, serpentines from Kane 
Megamullion spinel harzburgites, representing 
residual mantle peridotite, contain on average 10 ppm 
Cu and 39 ppm Zn. Therefore, we believe that 
initially chalcopyrite and pyrrhotite crystallized with 
plagioclase during late-stage melt impregnation. 
Although chalcopyrite was subsequently dissolved 
during serpentinization, S and Cu were not mobilized. 
Plagioclase-peridotites produced by late-stage melt-
rock reaction in the shallow mantle are common 
beneath the crust, and thus are a likely candidate 
source rock for hydrothermal sulfide deposits both in 
the transition zone and in any overlying hydrothermal 
deposits.  
 
[1] Dick et al. (2010) J Petrol 51, 425-467. [2] 
Ciazela et al. (2015) Geophysical Research Abstracts 
17, EGU-1044. [3] Ciazela et al. (2015) Workshop for 
scientific drilling in the Indian Ocean crust & mantle, 
31-32. 
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The surfaces and interfaces of metal oxides play 

an important role in many natural and technological 
processes such as mineral dissolution, 
adsorption/desorption reactions, pollutant transport in 
groundwater, corrosion, heterogeneous catalysis. Our 
interest is mainly in this latest domain, and in order to 
help industries improve the efficiency of some 
catalytic processes, one needs a detailed knowledge 
of the interface at the atomic level in terms of 
interfacial structure and surface termination.  

We present DFT-MD simulations of the (0001) 
and (1102) alumina oxide/liquid water interfaces, and 
unravel the structural arrangement of surface and 
liquid water at the interface. Of particular interest is 
the comprehension of the H-Bond network formed 
between the surface aluminols and interfacial water 
molecules, in terms of which surface chemical types 
are involved in the network, and in terms of strength 
of H-Bonds. This will be related to the catalytic 
activity of the interface. Also of importance is the 
relationship between interfacial structures and 
vibrational signatures. These signatures are calculated 
from the DFT-MD trajectories (IR & SFG in 
particular) and can be compared to experiments. 
Simulations including the presence of the Co2+ ion at 
these interfaces, of relevance for catalysis, will also 
be presented.  

 
The work presented here is part of the ANR 

SLIMCAT funding, “Stimuler le Renouveau 
Industriel”.  
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At the Suurikuusikko Mine, gold mineralization 
is related to a tectonic lineament and can be classified 
as orogenic/shear-zone type. Most gold is known to 
occur either as submicronic inclusions or as atoms 
trapped in the lattice of arsenopyrite and pyrite, while 
metallic gold is a minor type (ca. 4% of total Au). 
Several ore samples from the Suurikuusikko Mine 
have been investigated with the optical and electron 
microscope, while mineral composition was 
measured using energy-dispersive spectroscopy and 
wavelength-dispersive spectroscopy. The 
mineralization is dominated by pyrite and 
arsenopyrite, followed by gudmundite (FeSbS). 
Pyrite is arsenian (0.2-4% As), anhedral to euhedral, 
occurs as grains that can be larger than 200 μm across 
and include arsenopyrite, chalcopyrite or galena. 
Most arsenopyrite is euhedral, acicular (ca. 10-20 μm 
across) and inclusion-free. Coarser (>100 μm), 
subeuhedral arsenopyrite occurs in zones of fractured 
rock, where sulfides are fragmented ± recrystallized. 
Ni minerals have been found in two samples, 
occurring as tiny grains (< 20 μm in size), some with 
ullmannite composition (NiSbS) but other ones 
showing compositions that correspond to the formula 
Ni2Sb2S.  
Metallic gold has been found mostly as inclusions in 
the pyrite (± associated with galena inclusions) and 
arsenopyrite from the fractured rock, sometimes 
filling the cracks of the fragmented sulfides. Gold 
grains not associated directly with sulfides were 
found in carbonate veinlets. Metallic gold is allied 
with Ag and Hg (27-68 wt% Au; 28-53 wt% Ag and 
1.5-19 wt% Hg).  

The investigated samples provided indications of 
a relative Sb enrichment of the mineralizing 
solutions. The common occurrence of metallic Au in 
association with relatively large ± recrystallized 
arsenopyrite grains or with carbonate veinlets, 
suggests metallic Au precipitation in a distinct 
metallogenetic stage that probably postdated the main 
Au-bearing mineralization.  

This research is part of the projects SUSMIN 
(contr. 3004/2014) and Maxi (contr. 3006/2014). 
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Substantial effort is being made to better 
understand metal cycling in modern settings with 
varying O2 and H2S availability, with the aim of 
interpreting geochemical signatures in sediments 
from the geological record. Here we explore a new 
approach, based on phase-specific analyses rather 
than bulk sediment analyses, to understanding the 
location of authigenic metal enrichments in modern 
sediments, and their transition metal isotope 
signatures. We subsequently apply the method to 
organic-rich sediments from the geological record, to 
investigate feedbacks between environmental 
conditions and the geochemical behaviour of trace 
metals. 

An acid digestion procedure followed by a high 
pressure ashing step allows the separation of bulk 
sediment metal inventories into an HF-extractable 
phase and a second phase, which we identify as 
“organic material + pyrite”. We present data from 
modern sediments of the Peru Margin for Fe, Zn, Mo, 
Cu, and their isotopes. Both sediment fractions have 
isotopic signatures that, in the most reducing settings, 
with lowest bottom water O2 and highest TOC (12-16 
wt%), are closest to seawater. In the case of Cu and 
Zn this isotopic signature is close to that of deep 
seawater, whereas δ98Mo is at the typical value for 
such settings of +1.6‰. In contrast, the isotopic 
composition of the two fractions are much more 
variable at the most oxic site (bottom water O2 at 
about 80µM and TOC contents <2 wt%). At this site, 
where pyrite is absent, the organic fraction always 
contains lighter metal isotopes than both the HF-
extractable fraction and seawater. Whether this 
represents an artefact of the acid digestion or a 
genuine biogenic signature is currently being tested. 
Nonetheless, these data suggest fundamental 
differences in the processes of authigenic enrichment 
and fixation of these metals in sediments in different 
environmental settings. 

Metalloproteome analyses suggest that trace 
metals, such as Cu, Fe, Mo, Ni, Zn, were selectively 
utilised by different organisms and metabolisms at 
different times throughout the evolution of the 
biosphere. Thus the geochemical and isotopic study 
of separate phases within organic rich sediments has 
great potential as a tool to probe the co-evolution of 
the Earth’s dynamic geosphere and biosphere through 
time. 
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Mineral (scale) precipitation can significantly 

hinder production in petroleum reservoirs. This 
includes steam assisted gravity drainage (SAGD) 
operations used for bitumen recovery in the 
Athabasca oil sands region of north-eastern Alberta, 
Canada. Variations in scale compositions and their 
formation conditions have been observed throughout 
SAGD facilities and often require costly and 
laborious mechanical and/or chemical treatment 
efforts. Hence, we investigate methods to prevent or 
at least minimize scale formation by applying select 
geochemical and isotopic tracers to identify source 
contributors to mineral precipitation. Pore water, 
bottom formation water, and steam condensate and 
returned emulsions (produced bitumen and water) 
were sampled from a SAGD reservoir in Alberta and 
analysed for geochemical and isotope parameters. 
Results indicate distinct concentrations of dissolved 
Na and Cl and δ18O and δ2H values for the three fluid 
sources. Significant differences in δ13CDIC, δ11B, δ34S 
values and 87Sr/86Sr ratios were also observed 
between bottom formation water and steam 
condensate and returned water samples, and hence 
constitute excellent tracers for bottom water influx. 
Scale sampled from multiple steam injector and 
production wells has been analysed for δ18O, 13CDIC, 
δ34S, δ11B, 87Sr/86Sr and trace elements and results are 
assessed to determine the fluid sources and reservoir 
dynamics that contributed to its formation. 
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Both in palaeontology and archaeology, the study 

of bone and teeth is key to the understanding of the 
past as they represent direct evidence of life on Earth. 
The mineral present in bone and teeth (bioapatite – a 
highly substituted hexagonal calcium phosphate 
apatite) contains several elements that can be used to 
reconstruct palaeoenvironments, palaeodiets, mobility 
patterns, etc. 

Every day, important advances are made in the 
study of bioapatites using a wide range of analytical 
methods such as stable isotopes (δ13Cap, δ18Op, δ18Oc, 
87Sr/86Sr), ICP-MS, FTIR and µXRF. The 
combination of the results provides important 
information on the state of preservation of the 
samples as well as information on the 
palaeoenvironment, palaeoclimate and/or palaeodiet 
of the analysed specimens.  

Here, results from a wide range of bioapatites are 
presented highlighting the importance of multi-proxy 
analyses for the comprehensive overview of the state 
of preservation of the samples. As such, it is possible 
to select the best possible sample from which the 
most pristine information can be extracted for 
palaeoenvironmental reconstructions. 
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Zircon crystals, with reliable Kds, can elucidate 

the compositions of melts from which they have 
grown even when no other record of their host 
magmas exists. However, robust Kds have proven 
elusive: experiments are conducted with materials 
that do not reflect natural compositions and/or with 
durations that are too short for growth and 
equilibration of analytically tractable crystals, and 
most Kds from natural materials are hampered by the 
fact that melt compositions from which zircons grew 
are unknown. Natural mineral/host glass analyses 
provide the best means to determine robust Kds 
applicable to natural conditions.  

We have analyzed zircon rims (SHRIMP-RG) 
and glasses (LA-ICPMS) in 14 tholeiitic, calc 
alkaline, and alkaline samples from diverse settings 
(continental extension, AZ-NV, USA [1] ; hot 
spot/spreading center, Iceland; continental arc, Mount 
St. Helens, WA, USA).  Samples are dacites and 
rhyolites; glasses (72-79 wt% SiO2, A/CNK 0.96-
1.12) have Zr concentrations of 60-800 ppm and 
zircon saturation Ts (TZr [2])  of 660-940°C.  

Kds span more than an order of magnitude (Nd 
0.01-0.12; Yb 25-640; Th 1.5-50; U 7-150; Nb 0.1-
1.4), but are highly coherent. REE Kds fit lattice 
strain model parabolas very well, and all Kds show 
very strong negative correlations with T indicators 
(Zrglass, TZr, Tizircon). Useful Kds for zircon can be 
estimated from Tizirc-Kdelement correlations. 

Most of our elemental concentrations were 
determined on polished grain interiors, where the rim 
analysis incorporates the final ≥ 20 microns of crystal 
growth. For the four Mount St. Helens samples, we 
also measured concentrations and high-precision U-
Th ages of zircon surfaces (outer 1-2 microns), in 
some cases with adhering glass (melt-crystal contact).  
Kds based on those analyses that yielded eruption U-
Th ages were broadly consistent with those using 
conventional rim analyses from the same samples, 
generally differing by a factor of ~50% or less. 
 
[1] Colombini et al. 2011; [2] Boehnke et al. 2013 
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The evolution of Earth’s atmospheric 
composition encompasses some of the great questions 
in Earth systems science, including: the causes (and 
consequences) of the most dramatic biogeochemical 
event in Earth’s history, the Great Oxidation Event 
(GOE) ; why it took more than a billion years after 
the GOE for the second great rise in oxygen, 
coincident with (and allowing for) the radiation of 
macroscopic life and motile animals; and finally, 
what was the composition of Earth’s reducing 
atmosphere prior to the GOE?  Despite recent 
advances in understanding the general pattern of 
atmospheric evolution, detailed compositional 
constraints remain elusive.  

I will discuss recent advances in constraining the 
chemistry of the Archean atmopshere using multiple 
sulfur isotopes (Δ33S and Δ36S), as well as preliminary 
work on constraints obtainable from multiple oxygen 
isotopes (Δ17O) in the Proterozoic and Phanerozoic. A 
careful merging of experiments, field work, analytical 
methods, and numerical modelling is needed to  
provide a step-change in our ability to quantitatively 
constrain the evolution of the atmosphere.  I will 
highlight plans from a recently funded European 
Research Council project which aims to establish 
better quantitative constraints on the evolution of 
atmospheric composition from the mass-independent 

isotope fractionation seen in the sedimentary rock 
record (Figure 1). 
Figure 1. S- and O-MIF records (inspired by Bao et 
al., 2014). These data constrain the broad evolution of 
atmospheric oxygen, but  a wealth of untapped 
information remains to be intperpreted from these 
data sets. 
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The multiple geochemical systems contained 

within zircon allow the complex geological histories 
in high-grade terranes to be unravelled. In the Napier 
Complex zircon U-Pb geochronology, REE and Ti 
geochemistry provides evidence of two metamorphic 
events. The first, at 2.8 Ga, is a low-pressure, UHT 
event with peak pressures below the stability of 
garnet. The second event also occurs under UHT 
conditions but is at higher pressure with garnet being 
stable.  

TDM Hf ages obtained from zircons from a 
number of metasedimentary rocks range up to 4.2 Ga, 
prividing evidence of some of the oldest crust. The 
bulk of the detritus in the samples have TDM of 
between 3.4 and 3.8 Ga. The large vertical arrays in 
eHf space at 2.8 and 2.5 Ga are consistent with two 
potential scenarios. The vertical arrays are both 
related to juvenile/mantle inputs coincident with 
metamorphism, something that is not obvious in the 
field relationships and is often absent in UHT terrains 
in general.  Thus the eHf is pointing us to the heat 
source – mantle magmatism. A second and possibly 
more intriguing interpretation of the dataset is that the 
vertical array in eHf in the 2.5 Ga zircon is 
representative of a mix between total resetting of 
juvenile 2.8 Ga zircons and the Hf compositions from 
the older crustal components. This has the potential to 
answer a couple of the outstanding questions in the 
Napier Complex and may well be consistent with the 
thermal evolution.  The existence of juvenile 2.8 Ga 
grains in metasediments means that they have been 
deposited after the 2.8 Ga event. Therefore a cover 
sequence exists in the Napier Complex. This cover 
sequence has been incorporated into the orogen 
during the higher pressure 2.5 Ga event. The 
existence of a  < 2.8 Ga sedimentary sequence would 
explain the “patchiness” in the previous recognition 
of the lower pressure 2.8 Ga UHT event in the 
terrain. The magma driven low pressure event is the 
2.8 Ga event, whereas the second higher pressure 2.5 
Ga event in a result of thickening and as the bulk of 
the orogen has been pre-conditioned by a previous 
UHT event it didn’t take as much thermal energy to 
get back up to 1000 °C.   
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Bromine is a major component of seawater. 

Variable concentrations of this element within 
biomineral carbonates (e.g. corals, foraminifera and 
mollusc shells) could potentially be used as a 
seawater salinity proxy. 

Seawater bromine occurs as inorganic bromide 
(Br-), with other forms of this element being 
inorganic bromate (BrO3

-) and organobromine 
compounds, the latter having been identified in 
marine sediments [1, 2]. 

Synchrotron radiation micro-XRF and X-ray 
Absorption Near Edge Structure (XANES) 
techniques have been used to map the distribution 
and speciation of bromine within thin sections of the 
aragonite shell of the long-lived marine mollusc 
Arctica islandica. Data were collected on GSECARS 
(GeoSoilEnviroCARS) X-Ray Microprobe beamline 
13-ID-E at the Advanced Photon Source (APS), 
Argonne National Laboratory, Illinois, USA. 
Reference XANES spectra were generated for 
bromide and bromate compounds so that the shift in 
bromine K-edge energy can be used to identify the 
speciation of bromine within the natural carbonate 
samples. 

Micro-XRF elemental mapping identifies a 
heterogeneous bromine distribution within the 
aragonite Arctica islandica shell, with implications 
for future sampling strategies if bromine 
concentrations can be used for palaeosalinity 
reconstruction. Bromine K-edge XANES spectra are 
used to identify bromine speciation in the aragonite 
shell and also in the organic periostraceum that 
covers the shell surface. 
 
[1] Leri et al. (2010) Global Biogeochemical Cycles 
24, GB4017. [2] Leri et al. (2014) Geochimica et 
Cosmochimica Acta 142, 53−63. 
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The Mesozoic ‘Oceanic Anoxic Events’ (OAEs) 

are some of the largest carbon-cycle perturbations of 
the Phanerozoic. These events are typified by the 
widespread accumulation of organic carbon (OC) as 
marine black shales. It is not clear, however, to what 
extent OAEs represent an increase in preservation 
potential through restricted circulation, or an increase 
in organic productivity, where the oxidative 
degradation of primary producers drives oxygen 
depletion.  

The development of 238U/235U (δ238U) as a proxy 
for seawater oxygenation has the potential to address 
these questions because it gives an independent 
indicator of global redox changes that can be isolated 
from other processes. The isotope fractionation of U 
is strongly redox-dependent, whereby the heavier 
238U isotope is sequestered into organic-rich 
sediments under anoxic conditions. Although the 
application of δ238U in deep-time is being 
increasingly utilized, published δ238U data for OAE-2 
(Cenomanian-Turonian) [1] and the Permo-Triassic 
Mass Extinction [2] demonstrate high stratigraphic 
variability that makes it difficult to clearly resolve 
global-scale redox changes.  

We present new δ238U data for OAE-2 carbonate 
sediments from the European shelf sea and Tethyan 
Ocean (Eastbourne Chalks and Raia del Pedale 
platform carbonates) at high temporal resolution (~5–
10,000yr). We demonstrate that the high variability 
previously seen in δ238U resolves into clear 
systematic trends that show striking coherency 
between locations and correlation with other OAE-2 
chemo-stratigraphic records.  

These data show clear changes in global 
oxygenation on 50-100 kyr timescales, before and, 
repeatedly, during the OAE-2 positive carbon-isotope 
excursion (CIE). Comparison to other published 
records identifies distinct intervals where coupling 
occurs between silicate weathering and anoxia, 
demonstrating the link between nutrient flux and 
productivity as drivers of global anoxia. In other 
instances, however, no coupling is seen and 
alternative explanations are required. These datasets 
highlight an intra-OAE complexity that has not 
previously been recognized.  
 
[1] Montoya-Pino et al., 2010. Geology, 38, p315-
318. [2] Brennecka et al., 2011. PNAS, 108, v43, 
p17631-17634 
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The South Atlantic hotspots provide a unique 

window to the lowermost mantle. Synchronous, sub-
parallel and long-lived volcanism up to 130 Myrs 
along the Tristan-Gough, Discovery and Shona 
hotspot tracks as well as their alignment at the 
projected edge of the African Large Low Shear wave 
Velocity Province (LLSVP) supports their origin 
from plumes rising from the lower mantle [1]. 
Sampled in detail by multiple dredge cruises in a 
multi-national effort, the Tristan-Gough-Walvis 
Ridge seamount province provides unique insights 
into the longterm dynamic sampling of a plume 
generation zone related to a LLSVP forming the 
longest-lived, bi-laterally zoned mantle plume trail 
(~70 Myr) yet observed [2]. 

Our detailed dredge sampling of cruise MV1203 
using the R/V Melville complements previous 
sampling, achieving a dense coverage of seamounts 
<70 Ma. Here an integrated major-trace element and 
Sr-Nd-Hf-Pb isotope data set on 33 seamounts <70 
Ma is presented and evaluated in the context of the 
bi-laterally-zoned [2] versus the triple-zoned [3] 
plume models. The bi-laterally-zoned model remains 
valid, however, additional dynamic and source 
compositional information is hidden. The new data 
presented here further support the triple-zoned plume 
model [3]. The statistically significant mixing 
systematics allows us to deconvolve the range of 
source components, dynamic mixing effects and 
shallow plume-ridge interaction. The well-defined 
mixing endmembers in high-precision Pb isotope 
compositional space place important constraints on 
the origin of DUPAL in the context of global 
variations of oceanic basalts. 
 
[1] O’Connor et al., 2013, Nature Geoscience 5, 735-
738; [2] Rohde et al., 2013, Geology 41 335-338. [3] 
Class et al., 2015 Goldschmidt Conf. 
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The depletion of volatiles in the lunar interior, 
lost upon collision during a large-impact scenario 
between Earth and a Mars-sized body [1,2] has been 
called into question by recent SIMS studies of melt 
inclusions from lunar glass beads [3,4] and apatite in 
lunar rocks [5-7]. These studies suggest that the lunar 
mantle may contain water in similar abundances as 
the terrestrial upper mantle. Alternatively other 
studies [8], suggest that the lunar mantle should be 
anhydrous.  

In this study we have measured halogen (Cl, Br 
and I) element concentrations in a wide range of 
major lunar lithologies to investigate the volatile 
budget of their source regions. Nine samples were 
selected to represent various sample types, landing 
sites, and chemistry; including two ferroan 
anorthosites, dunite sample 72415, four mare basalts 
(low-Ti and high-Ti types), and picritic pyroclastic 
glass from soil samples 74220 (orange glass) and 
15427 (green glass).  

Halogen abundances were determined from bulk 
chips and olivine mineral separates by neutron 
irradiation noble gas mass spectrometry (NI-NGMS) 
[9]. All samples are variably affected by the presence 
of trapped solar wind and cosmogenic-derived noble 
gases. A methodology for discerning and correcting 
for these different components is being developed. 
Results will be presented and discussed in the context 
of understanding the volatile budget and evolution of 
the lunar interior and effects of surface exposure [3-
8].  
 
[1] Hartmann & Davis (1975) Icarus 24, 504-15 [2] 
Halliday (2008) Phil. Trans. Royal Soc. A, 366, 4163-
4181 [3] Saal et al. (2008) Nature 254, 192-195 
[4] Hauri et al. (2001) Science 333, 213-215 [5] 
Tartèse et al. (2013) GCA 122, 58-74 [6] Barnes et al. 
(2013) Chem. Geol. 337-38, 48-55 [7] McCubbin et 
al. (2010) Am. Min. 95, 1141-1150 [8] Sharp et al. 
(2010) Science 329, 1050-53 [9] Ruziè-Hamilton et 
al. (In review). 
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The fluxes of various elements between planetary 

reservoirs on the prebiotic Earth may have changed 
considerably during the course of the planet’s 
evolution. While much attention has been paid to the 
prebiotic C-cycle, especially due to its potential role 
in greenhouse warming, relatively little has been paid 
to the prebiotic N-cycle. The amount of N in various 
reservoirs could have been markedly different in the 
past, and may have changed over time. 

Assuming chondritic values, the Earth’s total N 
inventory should be ~2e22 kg [1]. Presently, ~4e21 
kg are in the atmosphere, so either 90% of Earth’s N 
is in deep reservoirs, large amounts of N have been 
lost over time, or the Earth is largely non-chondritic 
[2]. Dissolving all atmospheric N or the entire 
chondritic inventory in oceans of the modern volume 
gives maximal oceanic (N) of 0.1 and 1 M, 
respectively, which would be quite conducive to 
prebiotic synthesis. 

The Earth system prior to ~3.5 Ga is poorly 
constrained but biology has undoubtedly significantly 
perturbed the Earth’s N-cycle. Presently, the flux of 
N from the atmosphere is dominated by biology, 
followed distantly by abiotic fixation by lightning. 
Biological N-cycling is tight, both fixing N from the 
atmosphere more rapidly than abiotic mechanisms, 
and also returning it to the atmosphere efficiently [3]. 
In the absence of efficient remineralization, all of the 
N in the present atmosphere, given current rates of 
abiotic fixation, could be depleted in ~175 Ma. 

Here we present preliminary results of a 
prebiological Earth-system model which takes into 
account atmospheric, atmosphere-ocean, ocean-
sediment, and subduction processes and reservoirs to 
estimate the nature of Earth’s N-cycle before life 
began. Our model may help place constraints on the 
early and evolution of the abiological N-cycle.  
 
[1] Anders & Grevesse (1989) Geochim. Cosmochim. 
Acta 53:197-214. [2] Campbell & O’Neill (2012) 
Nature 483:553-8. [3] Galloway et al. (2004) 
Biogeochem. 70:153-226. 
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Low-calcium pyroxene (LCP) and Fe-Ni metal 

are major components of a number of meteorite 
classes. There is also spectroscopic evidence for 
orthopyroxene ± metal being the major spectrally 
active components on a number of asteroids. To 
improve our ability to determine the composition of 
such assemblages (pyroxene composition, 
pyroxene:metal abundance, presence of accessory 
phases), we undertook a systematic spectral 
reflectance study (0.35-2.5 µm) of powdered 
mixtures of LCP+meteoritic metal produced at 10 
wt.% intervals of the end members. 

LCP reflectance spectra are characterized by two 
Fe2+ absorption bands near 1 and 2 µm, while 
meteoritic metal is characterized by a featureless, 
overall red spectral slope. 

For the mixtures, increasing amounts of metal 
cause a number of systematic spectral changes, 
including: (1) general decrease in reflectance; (2) 
decrease in the depths of the 1 and 2 µm region 
pyroxene absorption bands; (3) movement of both 
LCP absorption band minima to longer wavelengths; 
and (4) progressive reddening of overall spectral 
slopes.  

The 2 µm band is weaker than the 1 µm band and 
also shows a more rapid decrease in band depth, 
becming largely indistinguishable <3% deep) at >80 
wt.% metal content, while the 1 µm band has a band 
depth >5% at 90 wt.% metal (Figure 1).  

It was found that removal of straight line continua 
over the 1 and 2 µm absorption bands was sufficient 
to recover band centers, required for determining 
LCP composition. 
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Fluid flow and mass transport, dissolution and 

precipitation of minerals and the propagation of 
micro-fractures are all phenomena that take place on 
the pore scale in geomaterials. To fully comprehend 
the impact of these processes on large geological 
entities, a good understanding of the underlying pore 
scale dynamics is vital. In this context, 4D (3D + 
time) pore-scale imaging not only offers new and 
exciting insights, but such datasets are also useful to 
complement modeling studies at this scale, both to 
identify the phenomena to be included in the model 
as for validation purposes. The availability of high 
quality laboratory-based X-ray micro-CT scanners 
has enabled many researchers to image and analyze a 
geo-material’s pore space in 3D [1]. However, a 
number of important challenges in both the 
acquisition and the analysis of 3D pore space 
information persists. Since the understanding of the 
dynamics of pore-scale processes requires fast in-situ, 
time-resolved imaging, a dedicated dynamic lab-
based Environmental micro-CT scanner (EMCT) was 
developed at Ghent University’s Centre for X-Ray 
Tomography (UGCT) [2]. The EMCT is designed for 
continuous scanning of objects which are difficult to 
mount on a rotation stage, for example because they 
are physically connected to external experimental 
hardware. Therefore, the source-detector assembly 
rotates around the sample, similar to gantry-based 
medical or small-animal scanners, but with the added 
advantage of a variable magnification. We will 
demonstrate the possibilities this set-up offers and 
illustrate some dynamic processes in geomaterials 
acquired in-situ in a lab environment.  

 
[1] Cnudde & Boone (2013). Earth-Science Reviews 
133 [2] Dierick et al. (2014). NIMB 324: 35-40.  



Goldschmidt Conference Abstracts 524 

A double-spike tracer method 
for isotopic analysis of three-

isotope systems by MC-ICPMS 
C. D. COATH1*, R.C. HIN1, T.R. ELLIOTT1 

1BIG, School of Earth Sciences, University of Bristol, 
Bristol BS8 1RJ, UK (*correspondence: 
chris.coath@bris.ac.uk) 
 
In MC-ICPMS, mass-dependent isotopic 

fractionation in systems with three isotopes is usually 
measured by bracketing sample analyses with those 
of standards. However, residual sample ‘matrix’ can 
affect instrumental mass bias differentially compared 
to solution standards thereby compromising accuracy. 
The use of a double-spike tracer for determining 
isotopic fractionation is an established method for 
analysing elements with four or more isotopes, which 
explicitly corrects for the instrumental mass bias of 
the measured sample-tracer mixture. Here we 
describe a method of using such a tracer for three-
isotope systems to achieve improved accuracy 
compared to traditional bracketing methods. 

Sample and tracer are mixed in proportions such 
that the tangent to the mass-bias trajectory of the 
mixture in 3-isotope space is coincident with the 
mixing line. Such a mixture is termed ‘critical’ (see 
figure). Hence, to first order, changes in mass bias 
follow the mixing line resulting in mass bias and 
mixing proprotion losing their individual identities 
and merging into a single unknown. Together with 
the sample fractionation, this makes a total of two 
unknowns, which can be solved via the two ratio 
mixing equations and measurements of the two 
independent ratios.  The precision with which the 
sample fractionation may be determined depends on 
the measurement conditions and the tracer 
composition, whereas the accuracy scales with the 
product of the accuracies of the mixture, relative to a 
critical mixture, and the mass-bias estimate: 10 ppm 
for mixture and mass-bias accuracies of 0.5% and 0.5 
permil respectively. 
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Microbial mats are thought to have originated 
around 3.7 billion years ago, and have been an 
important force in the maintenance of Earth’s 
ecosystems. While most microbially mediated 
biogeochemical transformations have been shown to 
occur within microbial mats, the nitrogen cycle in the 
microbial mats has received very little study.  This is 
despite the fact that nitrogen usually limits growth in 
marine environments. 

To fill this gap, we developed a series of 
experiments to determine a complete nitrogen budget 
for photosynthetic microbial mats in Elkhorn Slough, 
CA, USA, and Guerrero Negro, Mexico. Both in situ 
sources (N fixation, mineralization of organic 
nitrogen) and sinks (ammonium and nitrate 
assimilation, nitrification, denitrification, 
dissimilatory nitrate reduction, and anaerobic 
ammonium oxidation) of nitrogen in photosynthetic 
microbial mats including temporal (diel and seasonal) 
variations are being measured using stable isotope 
techniques. These results are being combined with 
molecular biological methods (qPCR, metagenomic 
sequencing) targeting most functional genes of the 
nitrogen cycle. 

The first results of this research demonstrate 
incomplete denitrification to nitrous oxide in 
microbial mats in Elkhorn Slough. It is possible that 
these characteristically thin (5-10 mm) mats are not 
attaining sufficiently reducing conditions. Anammox 
was under detection limit, i.e. of no importance in 
those mats. The next step is to quantify other nitrogen 
transformations in order to complete a nitrogen 
balance in microbial mat ecosystems. This research 
will help us to improve our understanding of the 
cycle of the element most responsible for limiting the 
production of biomass on Earth. 
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Laboratory experiments have shown that the 

major minerals of the mantle transition zone – 
although nominally anhydrous  – have  the capacity 
to incorporate small weight percentages of water into 
their crystal structures. Integrated over large regions, 
these small incorporations can sum to volumetrically 
significant quantities of water which alter the seismic 
properties of the rock considerably. We investigated 
the extent to which it may be possible to use 
seismology to detect water within the mantle 
transition zone, given the limitations of experimental 
data and seismic observations, and the fact that the 
seismic properties are also influenced by other 
thermochemical parameters.  

We performed an extensive literature search of 
mineral experimental data, to generate a compilation 
of the water storage capacities, elastic parameters and 
phase boundary data for potentially hydrous minerals 
in the transition zone, and used thermodynamic 
modelling to compute synthetic seismic profiles of 
density and velocity at transition zone conditions. 
Large uncertainties on the mineral phase equilibria 
(ca. 2 GPa) and elastic properties produce a wide 
range of seismic profiles. In particular, there is a lack 
of phase boundary data at temperatures 
corresponding to those along a 1300°C adiabat or 
hotter, which may be expected at transition zone 
pressures. As such, the depths of the 410 and 660 
discontinuities cannot reliably be used to map the 
water content of the transition zone. Further, while 
average velocities and densities inside the transition 
zone clearly decrease with increasing water content, 
increasing temperature has the same effect. It is 
therefore difficult to distinguish changes in 
temperature from changes in water content, and the 
conventional view of a slow and thick transition zone 
for water and slow and thin transition zone for high 
temperature should be regarded with caution. A better 
diagnostic may be the average velocity gradients of 
the transition zone, which increase with water content 
(but decrease with temperature). The significance of 
this effect depends on the degree of water saturation 
and partitioning between the NAMs.   

Seismology is better able to constrain the 
thickness of the transition zone than velocity 
gradients, so we suggest the most useful input from 
future experiments would be tighter constraints on 1) 
the phase relations between hydrous olivine and its 
high-pressure polymorphs, especially at high 
temperatures, and 2) experimentally-observable 
correlations between bulk and shear moduli and their 
corresponding pressure derivatives. 
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With increasing concerns of global warming, the 

influence of permafrost degradation on groundwater 
quality is of growing interest. In this context, a 
detailed field study on groundwater dynamics in a 
discontinuous permafrost environment is being 
conducted in a small 2-km2 watershed in northern 
Québec, Canada. Groundwater origin and evolution, 
as well as flow dynamics and residence times within 
the watershed are being investigated using 
hydrogeochemical tracers such as major ions, water 
stable isotopes (δ18OH2O and δ2HH2O), carbon phases 
(DIC, DOC, POC) and their stable carbon isotopes 
(δ13C), and dating tools (radiocarbon and tritium-
helium methods). 

Groundwater types mainly fall into the Ca-HCO3 
field. Sample mineralisation is close to the 
composition of rain and snow, and is likely linked to 
limited bedrock weathering caused by short residence 
times, slow reaction rates as well as low levels of 
dissolved CO2 in groundwater due to suppressed 
biological activity in the catchment. Stream-water 
samples at the watershed outlet had similar 
hydrochemical composition when compared to 
groundwaters. Preliminary δ18OH2O and δ2HH2O results 
suggest that ice lenses within the top four meters of 
permafrost are under the influence of modern water. 
Moreover, stream water sampled in July appears to be 
influenced by a snowmelt signature whereas water 
isotope ratios from thermokarst lakes show an 
influence of evaporation. Combined with further 
hydrogeochemical data analyses and numerical 
modelling, these results will help to provide insight 
into the groundwater flow dynamics and thermal 
regime in this watershed of degrading discontinuous 
permafrost. This will enable assessment of 
groundwater availability, including for use as a 
drinking water resource in northern communities. 
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Transported regolith cover presents significant 

challenges to conventional geochemical exploration 
methods. Studies have documented the development 
of secondary geochemical dispersion haloes and 
mineralogical changes within transported regolith, 
including alluvium, gravels, volcanic ash and glacial 
sediments, overlying various deposit types [1]. A 
number of dispersion mechanisms for metals through 
transported cover have been proposed, including 
development of natural electrochemical cells, the 
action of biota and various mass transport processes 
such as dilatancy pumping and gas transport [2, 3]. 

Based on such dispersion models, new 
exploration methods are being developed and tested 
with a focus on two major aspects – (i) refinement in 
sampling media and alternate approaches to analysis, 
including use of selective extractions designed to 
physically isolate geochemical patterns that can be 
related to the effects of underlying mineralisation and 
(ii) new approaches in numerical methods designed to 
isolate such patterns which move beyond the 
historical definition of “anomalous” as being samples 
containing one or more variables whose values are 
simply higher or lower than the assumed 
“background” population.  

The effectiveness of such methods will be 
considered through a number of case studies 
representing different regolith and mineral deposits 
types. This will include (i) the Cu-Au-Mo Mandamah 
deposit in central NSW is covered by ~50m of 
alluvium and the top 2 m of cover displays variable 
geochemical and shallow EM responses to underlying 
mineralisation [4] and (ii) the Osborne Cu-Au deposit 
in western Queensland which is covered by 30 m of 
Mesozoic sedimentary basin cover and where trace 
element dispersion from mineralisation is partly 
controlled by zones of ferruginisation in the cover 
sequence that reflect changing water table levels, 
along with evidence of gaseous transport of a range 
of materials [5]. Other example will be drawn from 
areas with transported cover in Chile and Canada. 
 
[1] Cohen & Bowell (2014) Elsevier Treatise 
Geochem V.13. [2] Cameron et al. (2002) Geology 
30, 1007–1010. [3] Hamilton et al. (2004) GEEA 4, 
45–58. [4] Mokhtari et al. (2009) GEEA 9, 227-236. 
[5] Rutherford et al. (2006). Regolith Expressions of 
Australian Ore Deposits.  
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The trace metal fraction of shale is comprised of 

detrital and authigenic components. Untangling the 
influence of these constituents for redox-sensitive 
trace metal proxies (Cr, V, U) is vital for 
interpretations of redox-driven enrichments, 
depletions, and isotopic signals in the rock record 
(e.g. 1, 2). Traditionally, a single crustal average is 
used as a cutoff for detrital input, and enrichments or 
depletions above or below this value are interpreted 
as authigenic. Authigenic isotopic signals are then 
often based off an assumed detrital contribution. 
However, we find that due to large variation in 
detrital flux, use of a single crustal average may not 
provide the resolvability necessary to quantify the 
authigenic fraction. This is especially true with 
smaller levels of authigenic enrichment frequently 
observed through the Proterozoic, where the marine 
reservoir of metals such as Cr, U, and V is already 
depleted due to widespread anoxic waters [3]. Using 
soil data from across the continental United States 
[4], we find large variation from accepted crustal 
averages in redox-sensitive metals (Cr, U, V) 
compared to typical detrital tracers (Al, Ti, Sc, Th). 
This variability is present over large catchment-size 
areas comparable to major rivers like the 
Brahmaputra, the Columbia, and the Danube. This 
disparity in detrital flux highlights the utility of 
isotopic systems such as Cr to distinguish authigenic 
enrichments and provide higher resolution constrains 
on local marine redox.  For example, samples from 
the Burgess shale are enriched in Cr but lack Mo and 
U enrichments. The preservation of a fractionated Cr 
isotope signal in this environment suggests an 
authigenic enrichment that has captured the effects of 
terrestrial oxidative weathering, rather than an 
enhanced detrital flux.  
 
[1] Reinhard, C.T., et al., EPSL, 2014. 407:p.9-18. [2] 
Partin, C.A., et al., EPSL, 2013. 369-370:p.284-293. 
[3] Reinhard, C.T., et al., PNAS, 2013. 
110(14):p.5357-5362. [4] Smith, D.B., et al., USGS 
data series 801, 2013. 
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Zircon megacrysts found in basalts may provide a 

window into metasomatic processes and element 
transport in the upper mantle. However, little is 
known about the formation conditions of such zircons 
and the genesis of zircon megacrysts is still 
controversial. Moreover, the composition of the 
megacryst-forming agents, and their relationship to 
the host rocks, is still under debate. Here we report 
U-Pb ages, Hf-O isotope compositions, trace element 
data and mineral inclusion analyses for six large 
fragments of zircon megacrysts from the Gem village 
in NE Cambodia. 

The zircons have low contents in U, Th, Y, P, and 
rare earth elements (REE; 130 to 288 ppm). The 
normalized REE pattern is characterized by a steeply-
rising slope from LREE to HREE and positive Ce-
anomalies. SIMS isotopic analyses on the zircon 
megacrysts yield a mean U-Pb age of 0.98 ±0.04 Ma 
(2σ) and homogeneous oxygen isotopic composition 
with a mean δ18O value of 5.0 ±0.02‰ (2σ), identical 
to the δ18O mantle value. The 176Hf/177Hf values range 
from 0.282970 ±0.000024 (2σ) to 0.283040 
±0.000016 (2σ), with εHf (0.98 Ma) values of 6.6 to 9, 
obtained by the LA-MC-ICPMS technique, further 
points to the origin of the grains in the depleted 
mantle. The zircon megacrysts contain apatite 
inclusions, and reaction rim composed of baddeleyite 
and Al-Fe-Zr-silicate glass. 

SIMS U-Pb ages of the zircon megacrysts from 
northeastern Cambodia are consistent with the 
eruption time of late Cenozoic basaltic volcanic rocks 
in Southeast Asia. Typical geochemical 
characteristics like low U, Th, Y, REE and absence of 
negative Eu-anomalies together with the depleted 
hafnium and mantle-like oxygen isotopic 
compositions, suggest that the zircon megacrysts 
formed in the mantle. Petrographic observations and 
zircon inclusions analyses provide direct evidence for 
the presence of phosphate rich fluids and Zr enriched 
silicate melts in the mantle, which may have been 
responsible for an environment favoring zircon 
crystallization. 
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The average Pb isotopic composition of Earth’s 
mantle lies to the right of the Geochron implying that 
the U-Pb system evolved in at least two stages with 
an intervening U/Pb fractionation event [1]. We 
attribute this U/Pb fractionation to the loss of volatile 
Pb relative to refactory U in the aftermath of the giant 
Moon-forming impact. This model is supported by 
new Pb data demonstrating efficient planetesimal-
scale volatile loss of Pb from the angrite parent body. 
The timing of this event (Tf) can be constrained if we 
adequetely define the starting and end points of the 
Pb isotopic evolution of Earth’s mantle and the first 
stage 238U/204Pb ratio (µ1-value). Of these three 
parameters, only the µ1-value is not well constrained.  
We use our new estimate for the µ-value of Earth’s 
precusor material, recent numerical models of 
planetary embryo accretion [2] and veneering [3], and 
the µ-value of Mars [4] to refine a model for the 
effective µ1-value of Earth to be 0.9-1.8 at Tf. This 
range of µ1-values infers an age for the Moon-
forming impact between 4.426-4.417 Ga. It is 
important to note that a maximum age of 4.436 Ga is 
inferred for an extreme Solar µ1-value of 0.2. Our 
preferred age range is ~100 Myr younger than current 
estimates for the age of the Moon but fully consistent 
with a recent age for lunar ferroan anorthosites [5] 
and the timing of Earth’s first crust inferred from the 
terrestrial zircon record [6]. It requires that lunar 
samples >4.41 Ga [e.g. 7] are not primary 
crystallization ages as suggested by [8,9] and that 
CHUR models for bulk Earth Sm/Nd and Lu/Hf 
ratios are not accurate. Lastly, the estimated loss of 
~98% of terrestrial Pb relative to the Solar System 
bulk composition by the end of the Moon-forming 
process implies that the current inventory of Earth’s 
most volatile elements, including water, arrived 
during post-impact veneering by volatile-rich bodies. 
 
[1] Allègre, C.J. (1969) Earth Planet. Sci. Lett. 5, 
261-269. [2] Johansen A. et al. (2015) Science Adv. 1 
e1500109. [3] Jacobsen S.A. et al. (2014) Nature 508, 
84-87. [4] Gaffney, A.M. et al. (2007) GCA 71, 
5016-5031. [5] Borg, L.E. et al. (2011) Nature 477, 
70–72. [6] Valley J.W. et al. (2014) Nature Geosci. 7, 
219-223. [7] Nemchin A.A., et al. (2009) Nature 
Geosci. 2, 133-136. [8]  Gaffney, A.M. & Borg, L.E. 
(2014) GCA 140, 227-240. [9] Carlson, R.W. et al. 
(2015) Phil. Trans. R. Soc. A 372. 
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Detailed studies of chondrites have provided clear 
evidence that some of these rocks have experienced 
geological processing (e.g., thermal metamorphism, 
hydration, etc.) within their parent asteroids. In 
addition, certain chondrites are regolith breccias 
recording geological processes at or near the surface 
of their parent asteroid. However, from the study of 
chondrites, with one exception, science does not have 
a clear understanding of which asteroids have 
experienced any given geological processes. 
Constraining the dynamical evolution of asteroids, 
especially Near Earth Asteroids (NEAs), from 
research on chondrites has also proven a significant 
challenge. A more comprehensive view of the 
dynamical evolution of one NEA is provided by the 
results from the study of samples returned by the 
Hayabusa mission from asteroid 25132 Itokawa.  

We argue that two findings from analysis of the 
returned samples provide a key constraint on the 
dynamical history of Itokawa. Cosmic-ray exposure 
dating for samples returned by Hayabusa show a 
lower age of ~1 Mya, with an upper limit of ~8 Mya 
[1,2]. Furthermore, there are two grain morphologies, 
angular and rounded [3]. Rounded grains require 
high-energy geological environments in which to 
weather and erode. We hypothesize that the young 
age of Itokawa regolith (and possibly the young ages 
of some chondrites) combined with the rounded 
nature of grains indicate that Itokawa experienced 
grain mobilization on its surface. Leading 
mechanisms for such transport is the Yarkovsky-
O’Keefe-Radziebskii-Paddack (YORP) effect or tidal 
disruption [4,5]. We argue that the young ages and 
the rounding of grains may be caused by YORP 
thermal torques, and/or tidal disruptions which cause 
small asteroids to spin up or down and can drive 
particle mobilization to geopotential lows. 
 
[1] Meier et al. (2013) HAYABUSA 2013: 
Symposium of Solar System Materials [2] Nagao et 
al. (2011) Science 333, 1128. [3] Tsuchiyama et al., 
(2011) Science 333, 1125. [4] Walsh et al. (2008) 
Nature 454, 188. [5] Richardson et al. (1998) Icarus, 
134, 47. 
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The Rifle floodplain is located adjacent to the 

Colorado River in western Colorado.  The floodplain 
consists of Quaternary fluvial sediments overlying an 
impermeable layer of the Eocene Wasatch Formation.  
Within the Quaternary sediments are small deposits 
of plant organic matter that create hotspots of 
subsurface microbial activity.  A vadose depth-
discrete unsaturated zone monitoring well at the site 
intersects one of these hotspots situated just above the 
baseflow water level.  This hotspot contains 
framboidal pyrites with high concentrations of 
associated uranium [1].  During spring/early summer 
snowmelt, the groundwater level rises above 
baseflow flooding the bottom section of this well.  
Over the past 3 years, samples of soil gas and pore 
water for analyses of the chemical and isotopic 
compositions have been taken every 2-4 weeks from 
the intervals in this monitoring well.  During normal 
baseflow, oxidizing conditions exist and nitrification 
of residual organic matter builds up high 
concentrations of nitrate in the porewater (up to 5-10 
mM).  When the water table rises, the deeper levels 
within the well become inundated with groundwater 
and conditions quickly become anaerobic.  This leads 
to denitrification of the porewater nitrate creating a 
pulse of N2O (to ~40 ppmv) in the pore gas above the 
groundwater.   Accompanying this period of elevated 
groundwater and denitrification, the sulfur isotope 
compositions of pore water sulfate shift to 
significantly lower δ34S values (from > -10‰ to < -
30‰), indicating oxidation of the pyrite in the 
organic hotspot.  In addition, there is an increase in 
concentration of Fe+2 and U in the porewater, 
indicating that the framboidal pyrites in the hotspot 
sediments are being oxidized concurrent with 
denitrification of the porewater nitrate.  This pattern 
is repeated annually and provides strong evidence 
that nitrate-dependent sulfide oxidation is occuring in 
these naturally-occuring bioreduced zones. 
 
 [1] Qafoku et al. (2009) Environmental Science & 
Technology 43, 8528-8534. 
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We have reported on the in situ measurement of 
the stable isotopes of both krypton and xenon in the 
atmosphere of Mars with the Sample Analysis at 
Mars investigation on the Curiosity rover1. Now we 
propose mechanisms to explain departures of some of 
the Xe isotopic ratios from the fractionation curve 
predicted for loss of an initially solar-like atmosphere 
by hydrodynamic escape (HE)2.  

The Kr data generally agree with the solar wind 
(SW) composition, except for enrichments of 80Kr 
and 82Kr consistent with addition of 
79,81Br(n,β−)80,82Kr neutron capture products outgassed 
from the regolith, as has been observed to a lesser 
extent in the EETA79001 shergottite meteorite.3, 4  

Xe isotope ratios 130Xe/132Xe and 134-136Xe/132Xe 
are in excellent agreement with meteorite 
measurements and support the conclusion that the 
atmospheric Xe composition on Mars (except for 
radiogenic 129Xe) is consistent with SW fractionated 
by HE. However 124-128Xe/132Xe and 131Xe/132Xe  
exhibit significant enrichment above their expected 
values based upon the meteorite literature, which can 
be a signature of the presence of spallation and (n,β−) 
products.5 We will present a scenario for potential 
contributions from both spallation and neutron 
capture in the martian regolith with degassing into the  
atmosphere. 

The measurement of these heavy noble gases 
directly from the atmosphere of Mars provides a 
reference point for teasing apart the various non-
atmospheric contributions to the Kr and Xe 
inventories in the martian meteorites, and further 
helps in understanding the larger issue of surface-
atmosphere interactions on Mars. 

 
 
[1]  Mahaffy, P.R., et al., (2012) Space Sci Rev. 170 
(1-4): p. 401-478. [2] Pepin, R.O., (2000) From Dust 
to Terrestrial Planets., Springer. p. 371-395. [3] 
Becker, R. and R. Pepin, (1984) EPSL,. 69(2): p. 
225-242. [4] Swindle, T., et al., (1986) Geochim. et 
Cosmochim. A., 50(6): p. 1001-1015. [5] Rao, M., et 
al., Icarus, 2002. 156(2): p. 352-372. 
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Recent findings show that Fe plays a significant 
role in stabilizing organic matter in costal sediments. 
Studies of terrestrial Fe-OC aggregates can shed light 
not only on mechanisms of carbon and Fe cycling, 
but also how these aggregates influences trace metal 
and P cycling in coastal sediments. We have studied 
Fe-isotope signatures in suspended particles (> 0.22 
µm) in the Råne Estuary in the northern Baltic Sea 
(Sweden). Suspended particles in the estuary show a 
heavy isotope signature during winter (0.064 ‰), 
whereas spring flood values are lighter (-0.048 ‰). In 
summer the particles are enriched in the heavy 
istopes (0.350 ‰). In the northern Baltic Sea the 
suspended particles have a heavier ∂56Fe signature 
than in the Råne Estuary (up to 0.671 ‰).  
Two groups of Fe aggregates, with different Fe-
isotope signatures, are formed in the boreal 
landscape. Hence, temporal variations in the 
suspended Fe-isotope signature in organic rich rivers 
and estuaries can be explained by a mixture of two 
end-members, pure Fe(III)-oxyhydroixides and co-
precipitated Fe(II,III)-OC aggregates. Co-precipitated 
Fe(II,III)-OC aggregates show a light Fe-isotope 
signature and Fe-oxyhydroxides show heavy Fe-
isotope signatures. The light signal disappears 
rapidly due to salt-induced flocculation towards the 
open Baltic Sea. 
This study suggests that ∂56Fe can be used as a tool to 
trace and characterize Fe-OC aggregates during 
transport from soil, via headwater streams and rivers, 
along the estuary, to coastal sediments.  
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Transition metals play key roles in marine 
systems, acting to limit growth of phytoplankton in 
the oceans, and thus influence patterns of marine 
primary productivity and the global carbon cycle over 
a range of timescales. In recent years, high-resolution 
sections of trace metals in the oceans have been 
produced as part of the GEOTRACES program, 
revolutionising understanding of marine trace metal 
cycling1. However, these concentration sections alone 
are often unable to provide enough information to 
discriminate between a range of competing 
biogeochemical processes. It is here that stable 
isotope ratios of the transition metals offer promise. 

Such ideas have motivated a number of research 
groups to develop techniques to measure the 
seawater-dissolved stable isotope ratios of the 
transition metals (e.g. δ56Fe, δ65Cu, δ60Ni, δ66Zn, 
δ114Cd). Making these measurements is not simple 
however, due to the vanishingly-low concentrations 
of these metals in seawater (~0.00001 - 10 nmol kg-1) 
compared to both the seasalt matrix and a need for 
high precision analysis. As  a result, groups often 
require large volumes of seawater (up to 20L) for 
single isotope system measurements, prohibiting the 
widespread application of these tracers. 

To address this paucity of field data, we have 
developed two rapid-throughput methods for the 
determination of 1) δ56Fe, δ66Zn and δ114Cd in a 
single litre of seawater and 2) δ65Cu, δ60Ni and δ66Zn 
in 1-2 L samples utilising Nobias PA-1 and AGMP-1 
resins and high-precision double-spike Neptune MC-
ICPMS2. Subsequently, we have generated a number 
of high-resolution GEOTRACES sections in both the 
Atlantic and Pacific Oeans, generating large datasets 
of dissolved δ56Fe, δ66Zn and δ114Cd (>1000 data per 
element). In this talk, we present these methods, 
together with several examples where high-resolution 
isotope sections or multiple-element isotope profiles 
have led to new insights into the contrasting 
behaviour of metals in the oceans. 
 
[1] Mawji et al. 2015. Marine Chemistry. 177(1). 1-8. 
[2] Conway et al. 2013. Analytica Chimica Acta. 793. 
44-52. 
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Galactic cosmic rays (GCR) can induce nuclear 

reactions within meteoroids that may alter their 
isotopic composition. Effects from GCR include high 
energy spallation reactions and lower energy neutron 
capture reactions [1]. Iron meteorites tend to have 
cosmic ray exposure ages > 100 Ma [2], increasing 
their susceptibility to GCR effects. For example, such 
effects in iron meteorites were reported for Os, Pt, 
and W isotopes [e.g., 3]. The identification of 
nucleosynthetic isotope anomalies and the application 
of radiometric dating techniques may be 
compromised by GCR effects. We have combined 
isotopic measurements and theoretical calculations to 
determine the effect of GCR on Ni isotopes in iron 
meteorites.  

Nickel isotopes were measured on aliquots of 
metal samples from six non-magmatic (IAB) iron 
meteorites for which we previously reported Fe, Pt, 
and W isotopic data [4,5]. In addition, we analyzed 
four terrestrial Fe-Ni alloys including two naturally-
occurring alloys and two NIST steels (SRM 361, 
SRM 126c). The latter was chosen as an external 
standard and measured repeatedly to determine the 
external precision. Nickel was separated by ion 
exchange chromatography modified from [6]. 
Isotopic measurements were performed on the 
ThermoScientific Neptune Plus MC-ICPMS at ETH 
Zürich.  

No anomalies were observed in any Ni isotopic 
ratios beyond the analytical uncertainties (i.e., 
precision at the sub-epsilon level). However, 
measurements of Pt and W isotopes on aliquots from 
the same digestions of these IAB irons [5] show clear 
evidence for neutron capture effects in some samples. 
The lack of resolvable collateral variations in Ni 
isotope ratios is consistent with our theoretical 
calculations of GCR effects in iron meteorites. 
Hence, GCR do not appear to significantly modify 
the initial Ni isotopic composition of iron meteorites, 
and they likely do not affect 60Fe-60Ni systematics 
used in early solar system chronology.  
 
[1] Leya & Masarik (2013), Meteor. Planet. Sci. 48, 
665-685. [2] Herzog (2007), Treatise on 
Geochemistry, 1-36. [3] Wittig et al. (2013), Earth 
Planet. Sci. Lett. 361, 152-161. [4] Cook et al. 
(2015), Meteor. Planet. Sci. 50, #5326. [5] Hunt et al. 
(2016), Lunar Planet. Sci. Conf. #1867. [6] Cook et 
al. (2006), Anal. Chem. 78, 8477-8484.  
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There is scant published information on the 

mineralogical deportment of 210Po and 210Pb in 
geological samples. This knowledge is a critical first 
step for identifying the hosts for 210Po and 210Pb in U-
bearing copper ores, copper concentrates and other 
products of mineral processing. We have undertaken 
an extensive review of published information on the 
distributions of 210Po and 210Pb in geological and 
related anthropogenic materials. Insights from the 
concentrations and distributions reported from 
volcanic, hydrothermal, sedimentary (marine, 
lacustrine, deltaic and fluvial) environments, soils, 
peats and coals, provide valuable insights into the 
transport mechanisms and reasons for decoupling of 
210Po and 210Pb from parent uranium. Data on 210Po 
and 210Pb distributions in a range of anthropogenic 
materials, including products of uranium mining, 
phosphate production, oilfield scales, smelter slimes, 
fly ash, mineral sands etc., equally provide a range of 
valuable indirect data that can help define a likely list 
of potential hosts. 

Data from a wide range of sources points to 210Po 
and 210Pb being potentially hosted within: galena 
(PbS), sulphates such as barite and anglesite, 
phosphates, and carbonates. A potentially significant 
role for Bi-, Se- and Te-bearing compounds, e.g. 
clausthalite (PbSe), altaite (PbTe), Pb-Bi-sulphosalts 
and Bi-chalcogenides) cannot be ruled out. Evidence 
for the retention of radiogenic Pb within parent U-
minerals leads us to also consider whether 210Po and 
210Pb may potentially occur locked within the 
structure of U-phase. Last but not least, indirect 
evidence from environmental studies raises the 
possibility that 210Po and 210Pb may complex with 
some macromolecular organic compounds, and may 
also occur as nanoparticles absorbed onto the surface 
of clays, Fe-oxides, and possibly also carbonates. 

Despite the likely complexity and diversity of 
210Po and 210Pb distribution in most samples, such 
information can guide our multi-disciplinary 
approach to identifying the most significant 
mineralogical hosts. 
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On October 31, 2013, a catastrophic release of 

approximately 670,000 m3 of coal process water 
occurred as the result of the failure of the wall of a 
post-processing settling pond at the Obed Mountain 
Mine near Hinton, Alberta.	   A highly-turbid plume 
entered the headwaters of the Athabasca River 
approximately 20 km from the mine, markedly 
altering the chemical composition of the Athabasca 
River as it flowed downstream. Over the next four 
weeks, the released plume traveled  approximately 
1100 km downstream eventually reaching Peace-
Athabasca Delta (a Ramsar Wetland of International 
Significance located within Wood Buffalo National 
Park) and Lake Athabasca. The plume itself was 
tracked both visually and using real-time measures of 
river water turbidity within the Athabasca River. The 
plume initially contained high concentrations of 
nutrients (nitrogen and phosphorus), metals, and 
polycyclic aromatic hydrocarbons (PAHs); some 
Canadian Council of Ministers of the Environmental 
(CCME) Guidelines were exceeded in the initial days 
after the spill. Aerial imagery assessment was used to 
identify 487 potential sediment depositional areas 
along the mainstem of the Athabasca River. A subset 
of these areas were surveyed in May 2014, and 
material from the release material was easily 
identified visually. Samples were collected for 
geochemical analysis and compared to source 
material from the mine. The released material 
contained elevated concentrations of both metals 
(arsenic, lead, mercury, selenium, and zinc) and 
PAHs (acenaphthene, fluorene, naphthalene, 
phenanthrene, and pyrene). The spill has the potential 
to exert negative long-term impacts espeically in 
impacted areas closest to the mine. 
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In 2011 the FDNPP accident caused a 
contamination with different radionuclides of various 
Japanese continental ecosystems from which forests 
represent 75% of the area and might become a 
secondary source of contamination for adjacent 
ecosystems. Five years after, the contamination of the 
environment results mainly from 134Cs and 137Cs (rCs) 
due to their radioactive periods. A French project 
(AMORAD) is in progress since 2013 with the 
objective to improve our understanding and 
modelling of radionuclides dispersion in the 
environment. For forests, the modelling takes into 
account the biogeochemical recycling of rCs and 
relies on sites monitoring located in the Kawamata 
area. To date, soils and trees were sampled in 
November 2013 and November 2014 in three forest 
stands: two different ages Japanese cedar stands  and 
a mixed deciduous stand. 

We present here the synthesis of the results 
obtained on the distribution of rCs in the different 
layers (litter, fragmented organic layer and 20 cm 
deep soil cores). At the forest stand scale, almost 3 
years after the accident, more than 90 % of the initial 
deposit was present in the topsoil whereas 10 % 
remained in the trees biomass. Close to 70% of the 
rCs inventory is located in the organic layer and the 
surface mineral layer (0-3 cm). A modelling 
approach, based on kinetic degradation of organic 
layers and the fractionation of rCs associated to solid 
material in soluble and non-soluble pools, 
successfully described the evolution of the 
distribution between 2013 and 2014. 
For the next few years, the model predicts that the 0-3 
cm soil layer will remain the most contaminated 
compartment in the forest. 
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One of the very helpful characteristics of the 

mineral zircon in its function as a provider of 
petrological and geochemical information, especially 
as a geochronometer, is its generally high degree of 
predictability and coherence. Coherent zircon 
populations can be found in most magmatic and 
metamorphic rocks. In the simplest cases they consist 
of rapidly grown populations without xenocrysts and 
with controlled Pb loss behaviours. In more complex 
cases zircon may have grown stepwise over 
resolvable periods of time, it may have older 
inherited cores, and perhaps metamorphic 
overgrowths, and also be affected by subsequent Pb 
loss. Yet, even such zircon populations generally 
display recognizable and predicable morphological 
and compositional features which permit to address 
the various stages of development of the crystal. 
Geochemical analyses can then be performed on 
specific domains of crystals, evaluating their 
composition and using repeated analyses to test the 
consistency of the information. The exception to this 
rule is the ‘special’ zircon, the morphology and 
texture of which do not correspond to the common 
schemes and cannot reliably be used to extract and 
interpret information. Classical examples can be 
found in high grade rocks where prolonged and 
multiple events of crystallization and recrystallization 
can create rather chaotic zircon. In such crystals the 
relationships between morphology, textures and 
chemical and isotopic compositions are difficult to 
interpret and unravel. Similar incoherence can also be 
introduced in zircon by low grade geological 
processes, which often take advantage of advanced 
stages of metamictization using fluids and moderate 
heat to affect the structure of the crystals and 
redistribute, purge, or introduce in not always 
predictable ways various trace elements. Such 
secondary processes can also lead to wrong or 
problematic interpretations, for example by sealing in 
secondary mineral inclusions, or radically 
overprinting isotopic signatures. Other occurrences of 
‘special zircon’ can be produced by uncommon 
processes such as shock metamorphism.   
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Uraninite (UO2) ores are considered as natural 

analogue systems for the disposal of spent nuclear 
fuel, which contain ~95 % UO2. It is well established 
that UO2 remains stable if the oxidation state of the 
matrix does not exceed UO2.25. In this presentation, 
we describe the mineralogical, geochemical and 
radiological transformations that occur to UO2 ore 
when it is exposed to oxidising, and sometimes 
dynamic, sub-surface environments. 

Using a complementary suite of synchrotron x-
ray microanalyses,  high resolution gamma 
spectrometry and geochemical analysis, we have 
characterised a series of uranium ores exposed to 
weathering processes in the sub-surface. The 
distribution of uranium-bearing phases was mapped 
using x-ray fluorescence (µ-XRF) and the oxidation 
states were identified through a combination of x-ray 
absorption near edge spectroscopy (µ-XANES) and 
oxidation state mapping by µ-XRF. Uranium phase 
identfication was performed using x-ray diffraction 
(µ-XRD). Quantitative determination of the 
radionuclide elements present was achieved using 
gamma spectrometry. Additionally, the likely 
environmental mobility of uranium was assessed 
using sequential extraction techniques.  

This study indicates that the stability of uranium 
ore in the subsurface, and upon exposure to 
environmental conditions, is variable and highly 
sensitive to the local environment. Additionally, the 
utility of spatially-resolved, high resolution 
synchrotron microprobe techniques to resolve 
heterogeneity in uranium mineralogy and chemistry, 
at the micron scale, is demonstrated. 
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The Mediterranean Sea circulation is sensitive to 

climate forcing as exemplified by the occurrence of 
organic-rich layers “sapropels”. For the most recent 
sapropel S1 deposited during the Holocene, a leading 
role of slower eastern Mediterranean thermohaline 
circulation has been proposed in relation to enhanced 
water column stratification due to excess fresh water 
inputs. However, the timing of ventilation changes 
and circulation patterns since the last glacial 
maximum (LGM) are still elusive.  

Based on well dated marine sediment cores, we 
reconstructed the past 23-kyr deep and intermediate 
water Nd isotopic ratios (εNd) using ferromanganese 
coatings of foraminiferal tests and nondecarbonated 
sediment leachates from the Levantine Sea (1780 
mbsl) and the Siculo-Tunisian Strait (771 mbsl). For 
the whole studied period, the εNd values from the 
Levantine Sea varied from -5 to -3 whereas the 
Siculo-Tunisian Strait record presented a larger 
amplitude (-7 to -3). The LGM εNd were higher than 
the core-top values at both sites, suggesting less 
contribution of Atlantic water. A marked positive 
shift at 15-13 ka in the Siculo-Tunisian Strait can be 
interpreted as enhanced contribution of high εNd Nile 
River waters to the intermediate water mass. Over the 
African Humid Period (AHP), elevated εNd values 
were maintained for the two records except for sharp 
negative peaks centred at 8 ka. Around 7 ka, the Nd 
isotopic compositions started to decrease towards the 
modern water values. We suggest that the past 
Eastern Mediterranean Sea circulation was 
significantly different from the present state with 
reduced water mass exchange between the eastern 
and the western basins during the LGM and the AHP. 
The formation of intermediate water continued for the 
whole period although the contribution to the western 
basin was estimated to be small since Alboran Sea 
showed little εNd variability. The events around 8ka 
can be explained either by a stronger convection 
and/or a shift in the convection zone. 
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The Capsize porphyry Cu prospect is located in 

the northern Bowen Basin, 150 km south of 
Townsville, Queensland, Australia. It is hosted in the 
early Permian Lizzie Creek Volcanics (LCV) lying 
on a granite basement ( ~294-297 Ma). LCV shows 
calc-alkaline character with typical volcanic arc 
signature. 

So far the Capsize porphyry has been drilled with 
8 diamond holes. There are 3 rhyodacitic porphyries, 
named P1 (red), P2 (red) and P3 (pink), with P1 
being pre-/syn-mineralisation and P2-P3 late-
mineralisation. P1 is ~10-40m wide and was only 
intercepted in a few holes. In P1 and surrounding 
granite, andesite porphyry and andesitic-dacitic 
volcaniclastic rocks there are ahundant (>50%) quartz 
veins with the hightest grades. P2 and P3 are much 
wider and contain only minor sulfide veins. Post-
mineralisation basaltic dykes cut alteraion and 
mineralisaiton. The earliest grey quartz and/or 
magnetite veins (Stage 1) are cut by Stage 2 lavender 
to grey quartz ± hematite vein that in turn is cut by 
Stage 3 sulfide-rich (pyrite-chalcopyrite with minor 
molybdenite and trace galena) veins and breccia with 
some anhydrite and quartz. In P1 Stage 1 and 2 veins 
have narrow red halo. In wall rocks alteration is 
dominated by green hematite-chlorite-sericite 
alteration associated with State 2 veins; halo of 
Stages 1 veins are totally overprinted. Stage 3 veins 
have white sericite halo. P2 was dated at 283±4 Ma 
and 285±5 Ma (zircon U-Pb) and molybdenite (Stage 
3) in P2 285.7 ± 1.2 Ma (Re-Os). 

Scarce outcrops are andesite and rhyodacite with 
advanced argillic alteration, composed of vuggy 
quartz with anhydrite casts, quartz-alunite-dickite-
pyrite, or quartz-dickite –kaolinite assemblages, and 
propylitic alteration (epidote-chlorite-
montmorrilonite). Several alunite 1480nm peak 
position measurements have a trend towards the south 
of the drilled area. 

The known major causative intrusion (P1) is very 
small, no bornite is present, and the chalcopyrite: 
pyrite ratio is low, which indicates that the current 
drilled area may be the distal part of the porphyry 
system. This is consistent with the alunite spectral 
trend. 
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The Total Grain-Size Distribution (TGSD) of 

tephra deposits is crucial for hazard assessment and 
provides fundamental insights into eruption 
dynamics. TGSD is controlled by magma and wall-
rock fragmentation processes, and has a primary 
control on the plume sedimentation processes and 
mass and particle size distribution in the eruptive 
plumes. Typically it is calculated by integrating 
deposit grain- size at different locations and the result 
of such integration is strongly affected not only by 
the number, but mostly by the spatial distribution and 
distance from the vent of the sampling sites. The 
minimum sampling distance required to accurately 
sample particles of different sizes was here assessed 
through dedicated numerical simulations of tephra 
dispersal. Results reveal that, depending on wind 
conditions, a representative grain-size distribution of 
tephra deposits down to ~100 μm can be obtained by 
integrating samples collected at distances from less 
than one tenth up to a few tens of the column height. 
The statistical properties of representative TGSDs 
were calculated by fitting the data with a few general 
distributions given by the sum of two log-normal 
distributions (bi-Gaussian in Φ-units) and the sum of 
two Weibull distributions, and a generalized log-
logistic distribution for the cumulative number 
distributions. All these distributions adequately fit the 
datasets, which are often bimodal. Fitting results of 
the cumulative number distribution show two 
different power law trends for coarse and fine 
fractions of tephra particles, respectively. The main 
parameters of the bi-Gaussian fitting correlate with 
height of the eruptive columns and magma viscosity, 
allowing general relationships to be used for 
estimating TGSD generated in a variety of eruptive 
styles and for different magma compositions. 
Moreover finer particles are characterized by a fractal 
exponent correlated with eruption intensity, whereas 
coarser particles have a different exponent with an 
opposite trend. The results shed light on the complex 
processes characterizing magma fragmentation and 
represent the first attempt to assess TGSD on the 
basis of pivotal physical quantities such as magma 
viscosity and eruption intensity. 
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Portugal is very rich in thermal spas and is 

developing pelotherapy and dermocosmetic products 
based on healing minerals, with particular emphasis 
on clay minerals and other clayey geomaterials. 

Several bentonic and other smectitic clays from 
mainland Portugal and Porto Santo (Madeira) island 
as well as volcanic muds from Azores islands were 
studied to assess their technological properties as well 
as for risk assessment, concerning namely heavy 
metals and other PHE. 

Mineralogical and geochemical compositions 
were assessed by XRD and XRF; structural formulas 
were computed from SEM-EDAX data. 

Several technological properties, such as grain 
size distribution, specific surface area, pH, cation 
exchange capacity, exchangeable cations, adsorption, 
plasticity, viscosity, abrasivity, specific heat and 
cooling rate were also assessed. 

Studied sedimentary samples show in general 
good results, adequated to be used as healing 
minerals for mud treatments (pelotherapy) but just 
those more smectite rich and also more rich in clay 
fraction are adequate for dermocosmetic production. 

Volcanic muds need to be submitted to artigicial 
ageing (maturation) procedures aiming to bypass 
some problematic properties namely very low pH and 
high abrasivity. 

Heavy metals contents are, in general, low, but 
some of the volcanic muds show also some 
problematic values.  

First maturation cycles, with diatoms inoculation, 
show  clear beneficiation regarding both 
technological properties (including pH and 
abrasivity) and heavy metals. 
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High-precision Fe isotopic analysis of whole 

blood via multi-collector ICP-mass spectrometry 
(MC-ICP-MS) provides valuable clinical information. 
A clear link between an individual’s whole blood Fe 
isotopic composition and Fe status has been 
established and therefore, it is an interesting approach 
for assessing Fe depletion/overload diseases and for 
detecting impairments in the regulation of intestinal 
Fe absorption [1-3]. However, the sample 
preparation, typically based on anion exchange 
chromatography, is labor-intensive and time-
consuming that, it is a limiting issue in the 
biomedical research. Thus, simple, fast and reliable 
methodologies, providing high sample throughput, 
are highly demanded. The possibility to simplify this 
methodology by means the direct analysis of the acid-
digested whole blood, i.e. without Fe isolation from 
the sample matrix, was evaluated for Fe isotopic 
analysis by MC-ICP-MS. The presence of mineral 
matrix elements and organic matter were evaluated. 
The Fe isotopic composition was biased low in the 
presence of matrix elements such as Na and K, while 
it was biased high for concentrations ≥ 1% (w/v) of 
glucose. Nevertheless, after dilution of the digested 
whole blood to 0.75-1.5 mg L-1 of Fe followed by the 
adequate correction for instrumental mass 
discrimination using a combination of internal (with 
admixed Ni) and external correction, accurate and 
precise results were obtained. For actual whole blood 
samples, Fe isotope data obtained following this 
appporach was in agreement with those using the 
reference procedure, based on chromatographic 
isolation of Fe out of acid-digested blood. The 
external precision, expressed as standard deviation of 
10 measurements of the whole blood sample 
measured in one measurement session (one day), was 
0.02 ‰ for δ56Fe and 0.03 ‰ for δ57Fe. 

 
[1] L. Van Heghe, J. Delanghe, H. Van Vlierberghe 
& F. Vanhaecke (2013), Metallomics 5, 1503-1509; 
[2] K. Hotz & T. Walczyk (2013), Journal of 
Biological Inorganic Chemistry 18, 1-7; [3] K. Hotz, 
P.A. Krayenbuehl & T. Walczyk (2012), Journal of 
Biological Inorganic Chemistry 17, 301-309. 
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Site characterisation activities associated with a 

proposed Deep Geologic Repository (DGR) for Low 
and Intermediate Level Radioactive Waste within 
extremely low permeability Ordovician age 
sediments has provided a unique opportunity to 
examine solute migration on time and space scales 
not previously achievable.  Within the 840 m thick 
Paleozoic sequence, the DGR would be positioned in 
a massive argillaceous limestone at a depth of 
approximately 680 m.  The sediments at this depth 
contain post-dolomitic brines (<5M ionic strength) 
that are believed to represent evaporated Silurian 
seawater altered by rock water interaction with 
residence times exceeding 260 Ma1.  Extensive 
investigation of the vertical distribution of elemental 
and isotopic porewater compositions through the 
entire 34 formation Devonian to Cambrian age 
sequence in the context of formation transport 
properties and solute migration processes has 
previously been reported1, 2.  

Magnesium isotopes are an emerging tool in the 
study of dolomite formation, magnesium cycling, and 
past continental weathering fluxes. This study has 
generated detailed vertical profiles of the magnesium 
isotopic compositions of pore and groundwaters 
recovered from the Michigan Basin strata to further 
constrain solute migration at the Bruce nuclear site. 
These δ25Mg and δ26Mg profiles are consistent with a 
porewater system that has remained diffusion-
dominated1,2, and provide further evidence into the 
initial state and subsequent water-rock interactions 
occuring at this site.  

 
[1] Clark, Al, Jensen, Kennell, Mazurek, Mohapatra 
& Raven (2013), Geology 41, 951-954.   [2] Al, 
Clark, Kennell, Jensen & Raven (2015), Chemical 
Geology 404, 1-17. 
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Experimental studies and natural observations 

suggest a direct link between water delivery to the 
mantle via subduction and the generation of the calc-
alkaline magmas characteristic of Earth’s continental 
crust. Experiments show that elevated water activity 
alone supresses the crystallization of silicates, 
allowing oxides to dominate the assemblage and 
deplete Fe in the melt [e.g. 1-2]. Experimental 
observations therefore create a sensible framework in 
which to interpret the correlation between calc-
alkaline affinity and water activity [e.g. 3] as cause 
and effect. Here we explore how oxygen fugacity 
(fO2) may exercise far greater direct control than 
water in driving magmas to differentiate along calc-
alkaline trends. We will examine experimental 
evidence as well as observations of natural systems, 
highlighting new measurements on tephras recently 
collected in the Western Aleutians, an intra-oceanic 
convergent margin where calc-alkaline volcanism is 
prevalent. 

The direct effect of fO2 may exceed the effect of 
water in driving calc-alkaline differentiation; 
however, water enables the high fO2 environment 
found at arcs. Water itself does not oxidize magmas, 
but water likely plays an important indirect role in 
generating oxidized magmas through (1) delivery of 
compounds with high reduction potential to the 
mantle wedge and (2) serpentinization accompanied 
by oxidation of the oceanic lithosphere.  

 
[1] Yoder, Andesite Conf. (1968) [2] Sisson and 
Grove,  CMP (1993) [3] Zimmer et al., JPET (2010) 



Goldschmidt Conference Abstracts 550 

Radiation-induced oxidation of 
Fe in hydrous basalt glasses 

E. COTTRELL1,*, A. LANZIROTTI2, K. A. KELLEY3, 
M. NEWVILLE2,  S. BIRNER1,4,  F.A. DAVIS1,5, B. 

MYSEN6,  AND R. BOTCHARNIKOV7 

1NMNH, Smithsonian Inst., Washington, DC 20560 
USA (*correspondence: cottrelle@si.edu)  

2University of Chicago, Chicago, IL 60637 USA 
3GSO, Univ. of Rhode Island, Narragansett, RI 20882 

USA 
4Dept. Geol. Sci., Stanford Univ., Stanford, CA 

94305 USA 
5DEES, Univ. of Minnesota Duluth, Duluth, MN 

55812 USA 
6Geophys. Lab., Carnegie Inst. Washington, DC 

20015 USA 
7Inst. Mineralogie, Leibniz Univ. Hannover, D-30167 

GE 
 

Mantle oxygen fugacity (fO2) has a first-order 
effect on the geochemical evolution of Earth’s crust 
and mantle. Many studies have used iron K-edge X-
ray absorption near-edge structure (XANES) to 
determine the Fe3+/ΣFe ratios of silicate glasses as a 
proxy for fO2. With data obtained at Advanced 
Photon Source 13-ID-E, we show that synchrotron 
radiation causes oxidative beam damage to the Fe 
absorption spectrum in hydrous glasses [1]. Such 
damage increases as a function of radiation dose and 
the molar ratio of molecular water to ferric iron 
(XH2O/XFe3+). Damage can be extreme. For 
example, a hydrous 4.9 wt.% H2O glass with 
Fe3+/ΣFe = 0.19 from its Mössbauer spectrum may 
appear to have a Fe3+/ΣFe ≥ 0.35 if analysed at a 
synchrotron with an insertion device and a focused 
beam (~2•109 photons/s/µm2). This would 
overestimate fO2 by ~ 2 orders of magnitude. 
 For glasses with XH2O/XFe3+ > 1.0, we detect 
oxidative beam damage down to the lowest photon 
densities for which high quality spectra could be 
obtained (3•106 photons/s/µm2). At these low flux 
densities, however, the calibration between centroid 
and Mossbauer-derived Fe3+/ΣFe ratios for hydrous 
glasses is not distinguishable from the anhydrous 
calibration curve [1] given the accuracy of Mössbauer 
and potential for inter-laboratory bias. We verified 
this with additional data collected at NSLS X26A, a 
bending magnet beamline with photon flux ~9•107 
photons/s/µm2. Thus Fe3+/ΣFe ratios from reduced, 
hydrous glasses obtained at typical bending magnet 
sources may be accurate within measurement error. 
 The oxidation mechanism is unknown but is 
consistent with radiation-induced hydrolysis of water 
and associated H migration and oxidation of Fe2+ to 
Fe3+. This is consistent with the observation that 
anhydrous glasses show no damage under any beam 
conditions and that the damage is at least partially 
reversible on rapid timescales of <24 hours at 
ambient conditions. 
 
[1] Botcharnikov et al., GCA. (2005) [2] Cottrell et 
al., Chem. Geol. (2009) 
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High U-bearing hematite (Hm; up to few wt.% U) 
from the Olympic Dam IOCG deposit (OD; South 
Australia) was used as a Pb-Pb geochronometer [1] to 
give ages of 1590±8 & 1577±5 Ma via LA-ICP-MS 
using GJ-1 zircon as a primary standard. An Fe-oxide 
matrix matched standard is required if the method is 
to be routinely applied to estimate the timing and 
duration of mineralising events. Here, we employ 
SHRIMP analysis to check isotopic homogeneity of 
dated Hm [1] as well as for low-U, high-W Hm 
(hundred ppm U; 1-2 wt.% W) with comparable 
oscillatory zonation patterns as those reported for the 
high-U type [1]. 

The first SHRIMP analysis here shows certain 
grains of both Hm types as isotopically homogeneous 
(e.g., Fig. 1), providing confidence that a natural 
standard can be identified from OD material. The 
next step is to measure absolute U/Pb isotopic values 
using ID-TIMS on homogeneous areas in grains 
assessed by SHRIMP and extracted using a micro-
drill. 

 

 
Fig. 1: SHRIMP U/Pb concordia plot for low-U 
hematite 

[1] Ciobanu et al. (2013), Precambr. Res. 238,129-
147. 
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We measured the vertical distribution of sulfur 
(S) and other geochemical variables in the pore-water 
(sulphate and sulfides, elemental sulfur) and in the 
solid-phase (iron monosulfide, pyrite, ester-sulfate 
and thiols) of sediment cores taken from a perennially 
oxygenated and a seasonally anoxic basin of an 
oligotrophic lake in Québec, Canada. The cores were 
dated and analyzed for ancilliary parameters using a 
combination of techniques, including  sequential 
extractions of the solid-phase and X-ray absorption 
near edge structure (XANES). A non-steady state 
early diagenetic model was developed and calibrated 
against this extensive dataset to help unravel the 
pathways and quantify the rates of S transformations 
coupled to those of O, C and Fe.  

Results showhat the main source of S to the 
sediments is the settling of organic ester-sulfate (R-
O-SO3-H) originating from the catchment. Hydrolysis 
of deposited R-O-SO3-H and supply of aqueous 
sulfate from the water column fuel microbial sulfate 
reduction, releasing elemental sulfur and sulfide to 
the pore-water. Reduced solid-bound S species 
accumulate as thiols (R-SH) and iron sulfides (i.e., 
FeS and FeS2) in the perennially oxygenated and 
seasonally anoxic basin, respectively. The solid 
sediment S profiles, however, carry the imprint of the 
time-dependent sulfate input to the catchment. Iron 
sulfide enrichments formed during past decades of 
elevated atmospheric SO4 deposition are presently 
dissolving. In the sediments of the perennially 
oxygenated basin this will likely cause the continued 
build-up of Fe(III) (oxy)hydroxide near the sediment-
water interface  and promote further S sequestration 
through organic matter sulfidization. The model-
estimated rate constant for R-SH formation  similar to 
that proposed for marine shelf sediments 
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The characterisation of regolith geochemical and 

geophysical properties is a key theme of the 
UNCOVER initiative, an industry-government-
academia collaboration aiming to assist future 
mineral discovery within and beneath Australia’s 
regolith. This characterisation is crucial to 
understanding the relationships between regolith and 
bedrock as an aid to mineral exploration under cover. 
This study applies the Self-Organising Maps (SOM) 
technique to cluster catchment-scale geochemical 
data from the National Geochemical Survey of 
Australia (NGSA) and first and second order 
statistical summaries by catchment area of airborne 
geophysical data. SOM is a machine learning 
technique that has the potential to reveal new and 
hidden patterns in multilayer (high-dimensional) 
datasets that are not evident in conventional analysis. 
We show that clusters associated with significantly 
high gold concentrations are found to represent 
catchments immediately downstream of regions 
known to host gold mineralisation. This finding is a 
significant result as it suggests gold is being liberated 
from regions of gold mineralisation and transported 
by colluvial and alluvial processes. The approach 
documented here suggests that high dimensional 
catchment-scale geochemical data and summaries of 
geophysical data can be combined to highlight 
regions not previously recognised to host gold 
mineralisation. 
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A recent development in multi-collector ICP-MS 

and TIMS at Thermo Fisher Scientific has been the 
introduction of Faraday cup amplifiers incorporating 
high gain 1013 ohm resistor technology. The new 
amplifier technology has been demonstrated on the 
Thermo Scientific TRITON Plus to effect significant 
improvements in precision for small ion beams on Sr 
[1], Nd [1], Pb [2] and U [2] isotope systems.  

One of the major challenges is the control of the 
different time constants of the different amplifiers, 
especially when mixed with 1012 and 1011 ohm 
amplifiers. When dealing with unstable ion beam 
intensities (laser ablation, GC), the  different time 
constants lead to bias. Kimura et al [3] describe a 
correction strategy for the application of 1013 ohm 
amplifiers  to measure Pb isotope ratios by laser 
ablation on the Thermo Scientific Neptune Plus.  

Figure 1: Dynamic correction of 176Hf, 1013 ohm 
amplifier. 
 

We report on the application of dynamic, 
response time-based, correction to high precision 
isotope ratio measurements on the Neptune Plus. 
Transient isotope signals, collected with mixed pairs 
of 1011-1013 ohm amplifiers, were generated by 
ablation of known reference materials. Dynamic 
corrections were performed based on reported signal 
intensity and the tau responses of the associated 
amplifiers (Figure 1), resulting in up to fourfold 
improvement in precision.  
 
[1] Koornneef (2014) Anal. Chim. Acta, 819, 49–55. 
[2] von Quadt (2016) J. Anal. At. Spectrom., DOI: 
10.1039/C5JA00457H. [3] Kimura (2016) J. Anal. At. 
Spectrom., DOI: 10.1039/C5JA00374A. 
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The mobility, fate and reactivity of zero valent 

iron NPs in groundwater are controlled by the 
intrinsic properties of the NPs (e.g. composition, size 
and size distribution, density, shape, nature of the 
suspension, surface chemistry) as well as by the 
environmental conditions (e.g groundwater and 
aquifer solids composition). Though biofilms have 
been reported to interact with NPs in saturated porous 
media (Lerner et al., 2012), the effects of biofilms on 
the mobility of reactive NPs remain poorly studied. 
As a part of the NANOREM project, our work 
presented here focuses on interactions between 
complex biofilms developed from contaminated 
groundwater under anaerobic conditions and zero 
valent iron (ZVI) NPs (NanoFer 25S; NANOIRON, 
1g/L). Initial toxicity of NPs towards microbial 
communities was studied through batch experiments 
monitoring bacterial nitrate reducing activity and 
biomass (live & dead cell counts). Results showed a 
significant impact of NPs (loss of denitrification 
activity) at concentrations higher than 30 mg/L. Then 
the influence of the presence of microbial 
communities on the mobility of a NP suspension was 
investigated using glass columns. Biofilms were 
grown for 2 months from natural groundwater in 
20cm-long column (2.5 cm in diameter) containing 
sand under anaerobic conditions. NPs suspension 
mobility was determined for high velocity conditions 
(i.e. 10m/d) in the absence and the presence of 
biofilm in the column. Before the NPs injection, SEM 
and Fluorescence images show a high density of 
bacteria and EPS in the column. The Fe concentration 
breakthrough curves indicate that the mobility of NPs 
through the sand in the absence and the presence of 
biofilm were similar, with approximately 40 to 50 % 
of the total injected Fe NPs found in the effluent. 
Consequently, the influence of the biofilm on the 
retention of NPs within the sandy material of the 
column is not obvious. However, at the end of the 
experiment, the analysis of the sand from the column 
containing the biofilm shows that the variation of Fe 
content is concomitant with that of total organic 
carbon (TOC), strongly suggesting NPs-biofilm 
interactions. 
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The ability of organisms to grow while respiring 

S0 are widespread throughout the  prokaryotes, 
especially in geomicrobiologically relevant 
organisms commonly found in sediment, 
hydrothermal and deep subsurface environments. 
Data from the mass-independent fraction of sulfur 
isotopes suggests that sulfur reduction was actually 
the predominant form of respiration on the early 
earth, making it one of the oldest energy-conserving 
strategies for life, while recent data suggests that on 
the modern earth rates of microbial sulfide production 
from elemental sulfur are a major factor in the overall 
chemical cycling of sulfur, which is largely 
unexplored.  

At first glance elemental sulfur may seem to be a 
simple compound, as it is usually found in the form 
of a relatively insoluble S8 ring, which can be reduced 
to soluble polysulfide (Sn

2-) or sulfide (S2-). In reality, 
however, sulfur can form a range of different 
allotropes and can come in the form of particles with 
very different sizes and characteristics, the speciation 
of which will have a significant effect on the  
availability of this sulfur to microbes, enzymes, and 
abiotic reactants. In the studies described here we use 
cyclic voltammetry with solid-state mercury/gold 
amalgam electrodes to detect the sulfur compounds 
that form during the enzymatic and/or microbial 
reduction of sulfur. During these reactions, and in 
artificial sediment systems with large amounts of 
cycling sulfur, we observe high concentrations of 
“soluble” elemental sulfur that is electrochemically 
distinct from insoluble S8. The sulfur compounds 
observed are analogous to various nanoparticulate 
forms of sulfur that we have  generated abiotically 
and characterized in the laboratory.  These results 
suggest that chemically and structurally distinct 
forms of nanoparticulate sulfur are important in the 
cycling of zero-valent sulfur compounds, and control 
access of these compounds to enzymes and microbes. 
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Boron isotope composition (δ11B) of carbonates is 
a function of the pH and δ11B of the fluid from which 
they precipitate. We have analyzed a suite of 
methane-derived authigenic carbonate (MDAC) 
crusts to assess the potential of boron isotopes in 
tracking fluid sources and geochemical evolution in 
diagenetic environments. Studied MDAC crusts were 
collected from the North Sea, where methane is 
mainly of shallow microbial origin, and from the 
Barents Sea, where methane is derived from deep 
seated petroleum reservoirs.  

The boron isotope data on MDAC crusts show 
distinct grouping with respect to carbonate 
microtextures. Early generation microcrystalline 
carbonate cementing muddy-sandy sediments has low 
δ11B, between 2 to 12‰, whereas late generation 
botryoidal aragonite filling cavities has δ11B of 11.5-
14.5‰. If these late generation aragonites formed in 
equilibrium with the seawater, the δ11B values would 
indicate  pH between 6.9 and 7.8. The low δ11B 
values in the early generation cements suggest 
precipitation in fluids with δ11B significantly lower 
than seawater. Within individual crust samples, there 
is a consistent difference in δ11B values between early 
cements and late cavity fills with North Sea crusts 
showing smaller differences (Δδ11B of 2-3 ‰) than 
the Barents Sea crusts (Δδ11B of 3-5‰). Relatively 
low δ11B values of early cements of the Barents Sea 
crusts may reflect the imprint of deep sourced fluids 
rising to the seafloor, and as such the B isotope 
composition of MDAC crusts has the potential to link 
the crusts with reservoirs. The boron isotope 
indicators of fluid sources will be discussed in 
context with other proxies such as Sr isotopes and 
rare earth elements.   
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Peridotite xenoliths from the lithospheric mantle 
below the Bakony-Balaton Highland Volcanic Field 
(BBHVF) in the Carpathian-Pannonian Region (CPR, 
Central Europe) brought up to the surface by 
Miocene-Pliocene alkaline volcanism were studied in 
order to characterize the source of the intense CO2 
fluxing in this region. Petrographic observations 
together with EPMA and LA-ICPMS analyses show 
that adakite-like melts percolated and metasomatized 
the lithospheric mantle before entrapment in the host 
lavas. These magmas are proposed to originate from 
slab melting below the CPR at 2-3 GPa. The CO2 
budget of the samples was constrained using the 
following multi-disciplinary approach : (1) 
synchrotron X-ray microtomography for measuring 
phase proportions and densities, (2) NanoSIMS for 
measuring C and H concentrations, (3) 
microthermometry and Raman spectroscopy for 
measuring densities of CO2 fluid inclusions and (4) 
thermodynamic modeling using rhyolite-MELTS. 
Present day dissolved CO2 concentrations in the 
trapped melts range between 2700 and 9600 ppm and 
are consistent with trapping pressures at/or below 
present Moho depth. Integrated vesicle and melt 
volumes quantified by 3D X-ray microtomography 
imply high CO2 contents in melts between 9.0 and 
25.4 wt.%. According to our extensive xenoliths 
sample collection of this area, the bulk CO2 
concentration in the BBHVF lithospheric mantle can 
be estimated at ~2000 ppm. This trapped CO2 was 
partly released to the atmosphere and crust during 
alkaline volcanism, and has likely been continuously 
outgassed during the extensive tectonics that shaped 
the Pannonian basin during the last 20 My. This 
transient trapping of carbon in the lithosphere may be 
more widespread than usually suspected and should 
be considered for understanding global carbon 
transfer from the mantle to surface reservoirs.   
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The Ti content of zircon coexisting with rutile 

and quartz is strongly dependent on temperature and 
can be used as a geothermometer [1]. Knowledge of 
crystallisation temperatures is important for 
interpreting geological histories, yet previous 
calibrations have not identified a pressure 
dependence on the Ti content of zircon, despite the 
importance of pressure, in addition to temperature, 
for Zr in rutile [2] and Ti in quartz [3]. A pressure 
effect is expected for the substitution of Ti4+ for either 
[4]Si4+ or [8]Zr4+ in zircon, due to the different sizes of 
the cations. Ti occupies the [4]Si4+ site in zircon at 
atmospheric pressure [4] but is expected to change to 
[8]Zr4+ with increasing pressure [5]. 

Synthetic zircons, coexisting with rutile and a 
silica melt were crystallised at 1200 - 1400 ˚C and 5 – 
60 kbar. These experiments also allow the Zr content 
of rutile to be determined. In addition, zircon crystals 
were grown using a Na2WO4 flux over the same P-T 
range to produce crystals of sufficient size to allow 
the coordination of Ti to be determined by XANES 
spectroscopy.  

The Ti contents of the flux-grown zircons 
decreases from 1200 ppm at 5 kbar to 225 ppm at 60 
kbar at 1400 oC. The results suggest a change in Ti 
coordination at 10 kbar, which is much lower than 
previously estimated (3.5 GPa) [5]. This has 
implications for the application of the existing Ti-in-
zircon geothermometer, which may overestimate the 
temperature of some crustal zircons. NanoSIMS 
analysis of the Ti content of zircon coexisting with 
rutile will shed further light on the effect of pressure. 

The Zr content of rutile at > 30 kbar was found to 
be less than predicted [2], suggesting that a 
recalibration of this thermometer for high pressures 
may be required. Therefore the accuracy of both the 
Ti-in-zircon and Zr-in-rutile thermometers may be 
compromised when applied to pressures outside the 
range used for the calibration. 

 
[1] Ferry & Watson (2007), Contrib. Mineral. Petrol. 
154, 429-437. [2] Tomkins et al. (2007), J. 
Metamorph. Geol. 25, 703-713. [3] Thomas et al. 
(2010), Contrib. Mineral. Petrol. 160, 743-759. [4] 
Tailby et al. (2011), Geochim. Cosmochim. Acta 75, 
905-921. [5] Ferriss et al. (2008), Eur. J. Mineral 20, 
745-755. 
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Seawater rare earth element (REE) data are 
increasingly applied to reconstruct water mass 
histories by exploiting relative changes in the 
distinctive normalised pattern of dissolved seawater 
REE concentrations. However, the mechanisms by 
which water masses gain their seawater REE patterns 
have yet to be fully explained. To address this, we 
collected water samples during the Extended Ellett 
Line (EEL) cruise, an oceanographic transect 
between Iceland and Scotland, and measured REE in 
the dissolved fraction. The proximity of the two 
geologically distinct landmasses and the importance 
of deep water mass circulation in this climatically 
sensitive gateway region make it an ideal location to 
investigate sources of REE to seawater and the 
effects of vertical cycling and lateral advection on 
their distribution. 

An obvious concentration gradient from seafloor 
sediments to the overlying water column highlights 
release of light REE and mid REE to the overlying 
water column, with the most likely sources being 
anoxic pore waters, FeMn oxides and oxyhydroxides. 
Mid-depths of the water column (~20-60% above 
seafloor) have REE compositions closest to typical 
open ocean seawater and are dominated by lateral 
advection. The intense spring bloom in the NE 
Atlantic coincides with the timing of the EEL 
(May/June), and thus affords the opportunity to 
consider how the intensity of biogeochemical cycling 
influences water column concentrations of REE. 
Heavy (H)REE (especially Lu) show the strongest 
correlation with water column nutrient 
concentrations. The EEL dissolved oxygen minimum 
corresponds to positive HREE deviations, indicating 
maximum rates of organic matter remineralisation 
and associated HREE release. The Iceland Basin has 
higher REE and silica concentrations than the Rockall 
Trough, although more intense primary productivity 
(as represented by satellite derived chlorophyll-a 
concentrations) in the surface waters of the Rockall 
Trough could account for the difference. Without 
fully constrained inputs, identifying the reason for the 
difference between the basins is not possible. 



Goldschmidt Conference Abstracts 561 

Ca, Mg, and Li isotope records 
leading into the Sturtian 

Glaciation 
PETER W. CROCKFORD1 MARCUS KUNZMANN1, 
CLARA L. BLATTLER2, NOAH J. PLANAVSKY3, 

JOHN A. HIGGINS2, GALEN P. HALVERSON1  
AND BOSWELL A. WING1 

1McGill University Dept of Earth and Planetary 
Sciences, 3450 University Street Montreal QC. 
H3A 0E8 peter.crockford@mail.mcgill.ca 

2Department of Geosciences, Princeton University, 
Princeton NJ, 08544 

3Department of Geology and Geophysics, Yale 
University New Haven CT, 06511 
 
Non-traditional isotopes have proven to be useful 

tools to uncover information about ancient seawater 
and atmospheric chemistry, carbon cycling, and 
global weathering rates. This information is 
particularly sought after leading into the Sturtian pan-
glacial event (717 Ma) where for the first time in over 
1.5 billion years the silicate weathering feedback 
potentially failed, plunging the world into its deepest 
glaciation.  

New data will be presented from a ~125 m thick 
record of marine carbonate rocks from the Copper 
Cap Formation of the Little Dal Group in Northwest 
Canada that records the recovery from the Islay 
negative carbon isotope anomaly (~732 Ma) through 
to the initiation of glaciation. Isotope measurements 
(n = 61) of Ca (δ44Ca), Mg (δ26Mg), and Li (δ7Li) 
display coeval patterns with large excursions (δ44Ca > 
1‰, δ26Mg > 1‰, δ7Li > 10‰) beyond typical 
Phanerozoic variability. Fractionations of this 
magnitude require large swings in the relative rates of 
global weathering and hydrothermal processes, or 
significant shifts between calcite and aragonite seas. 
We will take a sequential approach in an attempt to 
discriminate between these models, and will use each 
isotopic system individually to make consistent 
predictions for the behaviour of the other two.  
Through the use of these combined datasets, our 
ultimate goal will be to link our results to shifts in the 
global carbon cycle and the onset of the Sturtian 
glaciation. 
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Hydrothermal plume particles were collected 

from the Von Damm hydrothermal vent, Mid-
Cayman Rise [1].  Particles and fluids from a high-
temperature vent (226oC) and lower-temperature vent 
(107oC) were collected by in situ filtration using the 
SUspended Particle Rosette (SUPR) sampler [2]. 

Sources of organic carbon (C) to the plume 
include chemoautotrophic microbial communities and 
vent macrofauna [3]. Scanning Transmission X-ray 
Microscopy (STXM) based C 1s and iron (Fe) 2p 
images and X-ray absorption near edge structure 
(XANES) verify the presence biomolecules such as 
proteins, lipids, polysaccharides, and chitin. 16S 
rRNA gene sequencing indicates a rapidly evolving 
buoyant plume microbial community dominated by 
chemosynthetic sulfur-oxidizing bacteria.  Particles 
close to the vent are associated with shrimp (chitin-
rich tissues), and microbial protein-rich cells become 
more numerous farther from the vent. These findings 
indicate that Fe minerals are nano-particulate and 
associated with particulate organic C (POC) at all 
elevations investigated within the plume. 
 
 [1] Kinsey & German (2013) EPSL 380, 162-168. 
[2] Breier et al. (2014) Deep-Sea Res. I 94, 195-206. 
[3] Bennett et al.   (2013) G-cubed14, 317-327. 
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Noble gas radionuclide profiles were measured in 
West Lake Bonney to constrain the formation time of 
its perennial ice cover.  Large-volume water samples 
were pumped from four depths in the center of the 
lake, and bulk gas extraction from lake water was 
done using a semipermeable hydrophobic membrane.  
Argon and krypton were then separated for 
measurements of 39Ar, 81Kr, and 85Kr by low-level 
counting (39Ar) and atom-trap trace analysis (81Kr and 
85Kr).  A simple diffusion model incorporating 
elevated dissolved Ar concentration at the ice cover-
lake water interface (caused by Ar exclusion during 
freezing of air-saturated water) and initially air-
saturated water throughout the lake, with a small flux 
of basement rock-derived Ar, yields lower-limit ice 
formation times of about 100 to 300 years.  In 
contrast, previous ice-cover dating efforts using 
dissolved radiogenic 4He profile [Poreda et al., 2004] 
and 36Cl [Lyons et al., 2008] have generally indicated 
much longer duration of perennial ice cover.  These 
new data are consistent with historical field 
observations and provide a strong new temporal 
constraint on the formation of the perennial ice cover 
of West Lake Bonney. 
 
REFERENCES 
 Lyons, W.B., Welch, K.A., and Sharma, P., 
1998. Geochimica et Cosmochimica Acta 62, 185–
191. 
 Poreda, R.J., Hunt, A.G., Lyons, W.B., and 
Welch, K.A., 2004. Aquatic Geochemistry 10, 353–
371. 
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40Ar/39Ar geochronology of a sequence of volcanic 
rocks collected along two vertical transects (T1 and 
T2) at the continental Buckland shield volcano, Qld, 
Australia, reveals two distinct periods of eruption 
[29.9 ± 0.3 and 27.5 ± 0.2 Ma] separated by a ~2 Ma 
hiatus. The early eruptive sequence (29.9 ± 0.3 Ma), 
only identified in the lowermost units at T2, is 
comprised of reasonably primitive (MgO = 8.3 ± 0.45 
wt%) transitional to sub-alkaline basalts. The low 
207Pb/204Pb, 87Sr/86Sr, Ba/Th and Ba/Nb and the high 
143Nd/144Nd ratios for these lavas are consistent with 
three component mixing involving primitive mantle, 
depleted mantle, and HIMU-like sub-continental 
lithospheric mantle (SCLM) components. The second 
eruptive episode at 27.5 ± 0.2 Ma started with an 
alkaline sequence at T2 and progressed to sub-
alkaline to transitional compositions towards the top 
of both transect locations. These younger alkaline and 
sub-alkaline to transitional sequences display a wider 
range in MgO (7.97 – 4.35 wt%) and extend toward 
higher 207Pb/204Pb, 87Sr/86Sr, Ba/Th and Ba/Nb and 
lower 143Nd/144Nd than the more primitive lavas from 
the first eruptive event. The younger lavas are thus 
more similar to the plume component of Sun et al. 
(1989). However, some of the younger sub-alkaline 
to transitional lavas also show trace-element evidence  
for crustal contamination (low N/U and Ce/Pb, high 
Th/Ta). Our results are consistent with the following 
temporal sequence for the Buckland volcano: at 29.9 
± 0.3 Ma, plume-derived melts interact with the 
SCLM and erupt quickly, with minimal crustal 
interaction; after a ~2 Ma hiatus, volcanism 
recommenses at 27.5 ± 0.2 Ma with eruption of an 
alkaline sequence, chemically distinct from the earlier 
lavas and showing a plume component largely free of 
lithospheric contributions; this brief period of 
alkaline volcamism is followed by eruption of 
subalkaline to transitional lavas, still showing a 
strong plume signature, but also displaying evidence 
of crustal contamination. This petrogenetic sequence, 
with the incorporation of a SCLM component early, 
an eruptive hiatus and a crustal component late in the 
history of magmatism, may be a feature common to 
Eastern Australia central volcanoes.  
[1]. Sun et al. (1989) Cambridge University Press, 
333-347. 
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δ34S values of sulfides provide information on 

sulfur sources and processes subsequent to sulfide 
crystallisation, such as fluid infiltration or loss, and 
are sensitive to the redox state of sulphur in the host 
mineral [1]. Therefore it may be possible to use δ34S 
to constrain the redox state and fluxes of sulfur. 
Further, the proximity of serpentinites to ocean crust 
and metasediments may influence their isotopic 
signatures during subduction. For example, seafloor 
serpentinites associated with mafic intrusions have 
heavier δ34S values [2].  

In this study the redox state, the likelihood of 
sulfur addition to the sub-arc mantle from serpentinite 
dehydration, and the distribution of sulfur within 
subducted serpentinites from Alpine Corsica is 
investigated by a combination of petrographic 
analysis, in situ sulfur isotopic analysis and trace 
element analyses of sulfides hosted in these rocks.  

Sulfur-derived from the mantle (δ34S values ~ 
0.1‰ [3]) was not the sole sulfur source in these 
samples with δ34S values of 2.95–15.5‰ for all 
sulfides, with the heaviest values recorded in pyrites 
of the most metasomatised sample. Heavy δ34S 
recorded in sulphides associated with the onset of 
exhumation could imply the mobilisation of oxidised 
sulfur (sulfate or SO2) via slab derived fluids. Greater 
heterogeneity in δ34S values in samples proximal to 
metagabbro, metabasalt and metasediments could 
reflect interaction of the serpentinite samples with 
these lithologies in the subduction channel and/or the 
sampling of different fluid sources.  

EPMA mapping of pyrite and NanoSIMS 
mapping of pentlandite grains revealed fine scaled 
zonation of Co, Ni (pyrite) and additionally As and 
Cu (pentlandite). Lighter δ34S values correlate with a 
higher concentration of Co in pyrite. The zonation 
might reflect infiltration of fluids from different 
sources, and therefore δ34S values in the sulphides 
could be sensitive to the nature of fluids from which 
they grew. However, other factors e.g. element 
availability during mineral growth, pressure, 
temperature and local factors e.g. rates of diffusion 
could also be of importance. 
 
[1] Evans et al., (2014). Chem Geol 365 1–19   
[2] Alt et al., (2012). Chem Geol 322-323 268–277  
[3] Alt et al., (1998). J. Geophys. Res 103 9917–9929 
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Shock deformation in zircons from terrestrial 

impact structures and Apollo returned samples has 
been associated with distrubances to the U-Pb 
system, opening the prospect of a more accurate lunar 
impact chronology. While the highest degrees of 
impact metamorphism, such as recrystallization, are 
known to cause total Pb-loss and date impact, the 
local effects of intermediate shock deformation on 
207Pb-206Pb ages are not well constrained. Moreover, 
many shock features are too small to investigate in 
this regard with conventional dating techniques (e.g. 
SIMS, SHRIMP), and discriminating shock 
disturbance of zircon Pb composition from 
disturbance due to regional thermal events is an ever-
present challenge.  
 We have developed a new NanoSIMS 
protocol for U-Pb age dating in zircon, with a spatial 
resolution of ~2 µm, which is a factor ten better 
resolution than by conventional (~20 µm)  SIMS 
analyses. This improvement is achieved due to the 
higher beam intensity of the Hyperion II primary 
source on the LLNL NanoSIMS 50 compared with 
the duoplasmatron. Using our new protocol, we 
measured the U-Pb sytematics in two impact shocked 
zircons; lunar zircon 14305 Z34 and a terrestrial 
zircon from the Vredefort impact structure in South 
Africa. Electron backscatter diffraction (EBSD) 
analyses of lunar zircon 14305 Z34, revealed two 
crosscutting sets of shock microtwins. NanoSIMS 
data within the larger set of twins, which were up to ~ 
6 µm in width, show no resolvable variation in 
206Pb/238U and 207Pb/206Pb across the twin boundaries 
and U-Pb ages were within error of ims-1270 
analyses suggesting that the formation process of 
these microstructures is too rapid to cause appreciable 
Pb mobility. However, in the shocked zircon from the 
Vredefort impact, Pb-loss due to the 2.02 Ga shock 
event was resolved in few crystal domains whereas a 
1 Ga well-known regional thermal event was seen 
elsewhere. This is in contrast with the previous 
analyses of the same zircon using the ims-1270 at 
UCLA that only detected the 1 Ga Pb-loss. This 
ability to resolve smaller age domains by NanoSIMS 
may lead to new insights into the diverse Pb-loss 
mechanisms and histories in single shocked zircons. 
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Photoferrotrophs use light energy to oxidize 
ferrous iron to ferric iron and convert carbon dioxide 
into cellular biomass. Models for the deposition of 
Precambrian Banded Iron Formations (BIF) implicate 
photoferrotrophy as the primary source of ferric iron 
[1,2], but the fate of biomass remains enigmatic—
BIFs are conspicuously poor in organic carbon 
despite the common association of ferric iron with 
cell biomass.  We show that in silica-rich seawater, 
pelagic photoferrotrophs shed ferric iron, physically 
separating it from biomass. Modeling of ocean 
upwelling systems demonstrates how this separation 
leads to depositon of carbon poor BIF, with biomass 
export to the open ocean. In the open ocean, and in 
the absence of sulfate, this biomass would fuel 
fermentation and methanogenesis supporting strong 
methane fluxes to the atmosphere which, through 
atmospheric photochemical methane oxidation, 
ultimately causes hydrogen loss to space [3]. 
Photoferrotrophs could thus have supported a 
methane-rich greenhouse atmosphere and the Earth’s 
oxidation before large-scale cyanobacterial oxygen 
production. 

 
[1] Konhauser et al. (2002) Geology, 30, 1079–1082. 
[2] Kappler et al. (2005) Geology, 33, 865-868. [3] 
Catling et al. (2001) Sceince, 293, 839-843 
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Although proxy records for the Holocene climate 

are becoming abundant, the interval between 5 ka BP 
and the Middle Age has been only scarcely 
investigated. In this work we present a 
paleohydrological series for that period in N Spain, 
based in Mg/Ca ratios of stalagmites from Kaite Cave 
(Ojo Guareña Karst Complex). Because long-term 
monitoring in that cave shows inverse relationship 
between rainfall and drip-water Mg/Ca, the 
speleothem record is thought to provide a high-
resolution proxy of regional changes in precipitation. 
Speleothems were dated by 230Th, and the  Mg/Ca 
ratios were obtained by laser induced breakdown 
spectroscopy (LIBS), a usefull technique only timidly 
used in speleothem research.  

The paleohydrological record shows significant 
variations which outline five main intervals defined 
by consistent trends of precipitation. Significantly, 
the intervals of maximum precipitation of the whole 
record (around 4.9-4.65, 2.6-2.45, and 1.3-1.1 ka BP) 
can be related with Grand Solar Minima (GSM), and 
correlated with cold climatic events elsewhere. At 
shorter scales, the record shows noticeable 
variability, which should be understood in the 
framework of the North Atlantic climate and global 
teleconnections. The record is compared with other 
regional records and correlated with state-of-the-art 
time series of natural forcings. The short-term, quite 
noisy variability is interpreted in terms of ENSO-
NAO teleconections, whereas the decadal changes in 
precipitation are discussed in the framework of the 
Atlantic Multidecadal Oscilation (AMO).  
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Nowadays, deep oil and gas exploration has 
become an important domain in petroleum industry. 
The deep system  is special because of the great 
burial depth, high temperature and high pressure, 
resuting in complex evolution of reservoir rocks. 
There are several key factors that affect the reservoir 
quality, among which the litho-static pressure is an 
important one. Previous works proved that litho-static 
pressure caused great decrease of primary porosity in 
the shallower strata, while few works mensioned the 
the influence of litho-static pressure on the diagenesis 
of deep/ultra-deep strata. 

This study simulated the effect of litho-static 
pressure on the evoltion of deep sandstones. Two 
kinds of man-made silica sands, 70-100 mesh and 30-
40 mesh were used. The litho-static pressurea are 
55MPa, 82.5MPa, 110MPa, 137.5MPa, and 165MPa 
respectively. The shaped samples were extracted and 
made into thin sections. The prelimanary results 
includes that:  

(1) At the shallower burial depth, the compaction 
effect on fine-grained sediments was more obvious 
than that of the medium-grained sediments; At great 
burial depth, the grains went through compressional 
deformation when the closest packing of the grains 
was destroyed. The coarser the grains, the easier to 
generate cracks.  

(2) The inferred interpretation model was 
established: with the increase of litho-static pressure, 
the packing of the grains becomes closer.  When the 
grains were deep buried, the closest packing mode 
was destroyed. The fine-grained sediments showed 
stronger compaction resistance and they were 
laterally compressed firstly. Medium-/coarse-grained 
sediments showed relatively poor compaction 
resistance and the grains deformed and cracked, 
which improved the physical property of the 
reservoirs. In the sandstones with more brittle & 
coarser grains, it is much easier to generate new 
fractures. In the Kuche Foreland Basin in China, 
abundant fractures are observed in the tight deep 
sandstones that are mediun-grained, quartz & feldspar 
dominated.  

This study is helpful to understand the effect of 
litho-static pressure on evolution of deep reservoirs, 
which can provide reference to the prediction of the 
favorable deep reservoirs, especially the ultra-deep 
reservoirs. 
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Tight oil in place (geologic reserves) in China has 
been estimated over 10 billion tons and availably 
producible reserves have been challenged defined. 
Several efficient ways, including perfecting QCM-D 
to evaluate adsorption ratio per unit in subsurface 
cores, applying Mercury injection capillary pressure 
(MICP) and nitrogen adsorption to define the lower 
oily limit and the effective specific surface area, and 
combining oil testing results in confining cores, are 
utilized to evaluate the movable oil at Chang7 
Triassic Yanchang Formation in Ordos Basin. 
Conclusions from these results indicate that the 
thickness of oil adsorbed on tight sandstone surface 
has been estimated 15.6nm and the intensity around 
13mg/m2, and the lower oily limit has been assessed 
for around 20nm and the effective specific surface 
area around 1m2/g, and the porosity has been 
reckoned for 6～10% and the ratio of free oil around 
14.3～48.6%. All these results are comparable with 
the NMR experiments. Several factors controlling the 
amounts of the movable oil in tight sandstone include 
the crude oil density and viscosity, effective specific 
surface area(S), effective porosity volume (φ) and 
mineral constitutes. Targeting for specific region and 
layer, we are proposing the amounts of the movable 
oil are parametrically controlled by pore surface 
area/effective porosity volume (S/φ). 
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We present a new dataset of three basin-wide 

erosion rates from Laoshan mountain derived using 
in-situ produced 10Be concentrations in river 
sediments. The study region is located at the shore of 
Yellow Sea in the south of Shandong peninsula, 
between 36˚05’∼36˚19’ degrees north latitude and 
120˚24’∼120˚42’degrees east longitude. 

Three small granitic basins with different areas 
were selected to be sampled. After quartz cleaning, 
ion exchanging, oxidation and pressing, the samples 
were measured to obtain 10Be/9Be ratios in Scottish 
Universities Environmental Research Centre. 

 The results show that the 10Be/9Be ratios are 
1.53±0.046 ×10−13,1.97±0.045×10−13, 1.73 ±0.053 
×10−13, and the 10Be concentrations are 
12.0±0.37×104 atoms/g, 14.7±0.34×104 atoms/g, 
12.6±0.39×104 atoms/g, respectively. According to 
the CRONUS-Earth online calculators, the 
denudation rates of three small granitic basins are 
47±3 m/Ma, 40±3 m/Ma, 50±4 m/Ma which is close 
to the median value (52 m/Ma) statistics from global 
igneous basins by Portenga and Bierman. It may be a 
consequence of the fact that the research area is in 
warm temperate climate zone and about 40 percent 
area is bedrock exposure. 

 



Goldschmidt Conference Abstracts 572 

Laboratory Results of Nano 
Fracturing Fluid Enhanced Oil 

Recovery and Displacement 
Efficiency 

WEIXIANG CUI*, CHUNPENG WANG, XIAOHUI 
QIU, BAOSHAN GUAN 

Research Institute of Petroleum 
Exploration&Development-LangFang,Petro-
China 
 
In order to produce oil and gas from reservoir, oil 

and gas have to pass through a sufficiently permeable 
flow path to the wellbore. For formation with low 
permeability, stimulation such as fracturing is needed 
to increase the permeability and increases the oil and 
gas production. Fracturing fluids are pumped at high 
pressure and rate into the reservoir interval to be 
treated, causing a vertical fracture to open. The 
development of a new type of nano fracturing fluid 
can further improve the performance of fracturing 
fluid carrying sand, resulting in a more ideal crack 
shape, retaining the diversion capacity of the cracks. 
After fracturing, the nano particles in the liquid have 
a high surface energy, which can play a good effect in 
the crack. By flooding and NMR experiments results, 
compared to the conventional fracturing fluid and 
water , oil displacement efficiency can be increased 
by 12% to 20%, more micro-pores in the oil and gas 
drive for higher pressure stimulation effect for tight 
oil reservoir. 
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Thermal waters were collected from six thermal 

areas in Yellowstone National Park, USA and 
analyzed for their major and trace element 
concentrations and boron and chlorine isotope 
compositions to better constrain the controls on the 
distribution of B, Li, and Cl in the Yellowstone 
hydrothermal system. 

Neutral chloride-type waters, predominatly in 
Yellowstone’s geyser basins, are characterized by a 
narrow range of Cl/B (20.0 to 27.3 by mass), whereas 
acid sulfate-type waters, mainly in the eastern part of 
the park and in Norris Geyser Basins, have lower 
ratios and span a larger range of Cl/B (0.1 to 19.6). 
The Cl/Li and B/Li of neutral chloride and acid 
sulfate type waters are indistinguisahable (5.7 to 50.9 
and 0.44 to 12.2, respectively) and do not correlate 
with other chemical parameters. Lithium 
concentrations in neutral chloride-type waters 
correlate well with estimated reservoir equilibration 
temperatures based on SiO2 geothermometry, 
documenting enhanced Li mobility with increasing 
temperature as has been reported in thermal well 
waters elsewhere [1]. Variations of Cl and B 
concentrations correlate poorly with estimated 
reservoir temperature, demonstrating their 
conservative behavior.   
 Waters from the travertine depositing Mammoth 
Hot Springs north of the Yellowstone caldera have 
δ11B values of -8.5 and -8.7‰, suggesting interaction 
with underlying carbonates. δ11B values of waters 
from the Yellowstone caldera and Norris Geyser 
Basin range between +4.2 and -5.7‰  (n = 20), 
mainly clustered around -4‰, indicating interaction 
with host rhyolites, consistent with previous work [2]. 
δ37Cl values of thermal waters from within, and 
outside the Yellowstone caldera  (Cl <798 ppm) 
range between -0.2 to +0.8‰ (n = 21), extending the 
range of previously reported δ37Cl values in 
Yellowstone thermal waters (-0.13 to +0.42‰) [3]. A 
preliminary δ37Cl value of a representative host 
rhyolite is -0.2‰, which is at the lower end of 
thermal waters and identical to the value of the upper 
mantle [4]. Thermal waters from Mammoth Springs 
have δ37Cl values of -0.2 to +0.1‰ (n = 5), 
indistinguishable from the rhyolite-hosted springs. 
Overall, the Cl isotope data suggest that Cl behaves 
as a conservative tracer. 

 
[1] Millot et al., 2007, Appl. Geochem., 22,  2307-
2325. [2] Palmer and Sturchio, 1990, GCA, 54, 2811-
2815. [3] Zhang et al., 2004, Water-Rock Interact., 1, 
233-236. [4] Sharp et al., 2013, GCA, 107, 189-204. 
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In acid mine drainage systems, dissolved iron and 
sulfate groups in circumneutral to low-pH fluids can 
precipitate a variety of mineral phases, including 
ferrihydrite, schwertmanite, goethite, and – in lower 
pH systems - jarosite, copiapite, melanterite, 
coquimbite, halotrichite, and rhomboclase. Under 
specific fluid conditions, these phases can co-
precipitate, forming complex intergrowths. 
Understanding the mechanisms by which these 
precipitates form is an important step in efforts to 
prevent and remediate such deposits in acid mine 
drainage-affected streams. Additionally, efforts to 
recover and reuse iron from acid mine drainage 
deposits benefit from an understanding of the 
microscale structures of these iron-bearing minerals.  

Here, we report controlled co-precipitation of Fe-
sulfate intergrowths in laboratory-simulated acid 
mine drainage conditions.  Mixtures of 2- and 6-line 
ferrihydrite [(Fe3+)2O3•0.5H2O], goethite [α-
FeO(OH)], schwertmannite [Fe3+

16O16(OH,SO4)12-

13·10-12H2O], szomolnokite [Fe2+SO4·(H2O)], 
potassium jarosite [KFe3+

3(SO4)2(OH)6], melanterite 
[FeSO4·7H2O], copiapite 
[Fe2+Fe3+

4(SO4)6(OH)2·20(H2O)], ferricopiapite 
[Fe3+

0.67Fe3+
4(SO4)6(OH)2·20H2O], rhomboclase 

[H5Fe3+O2(SO4)2·2(H2O)], coquimbite 
[Fe3+

2(SO4)3·9H2O], and halotrichite 
[FeAl2(SO4)4·22H2O] are synthesized, extracted, and 
subsequently analyzed with X-ray diffractrometry 
and visible- to near-infrared spectroscopy.  

Laboratory intergrowths are then compared to 
naturally-precipitated samples from two regions: 1) 
circum-neutral acid mine drainage systems issuing 
from abandoned coal mines in the southern anthracite 
fields of southeastern Pennsvylania; and 2) low-pH 
acid mine drainage systems in the Rio Tinto / Rio 
Odiel drainage basin of the Iberian Pyrite Belt of 
southern Spain, a site of more than 5000 years of 
mining-induced acid mine drainage and its related 
precipitates. Significant intergrowth behavior is 
reported for both circumneutral and low-pH 
environments.  
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Synkinematic authigenic illite recovered from 

exposed fault rocks and drillcore including fault 
gouge, slickensides and quartz–ironstone breccias 
that dissect the Proterozoic Edmund and Collier 
Basins in the Capricorn Orogen of Western Australia, 
have successfully been dated using the K–Ar method. 
The dates obtained range from c. 1506 to 586 Ma and 
are coincident with known tectonic events in the 
orogen. 

The 1679–1067 Ma Edmund and Collier Basins 
are the youngest depositional elements of the 
Capricorn Orogen, which is a tectonic zone 1000 km 
long by 500 km wide, that consists of deformed meta-
igneous and metasedimentary rocks between the 
Archean Pilbara and Yilgarn Cratons. The orogen 
shows a long geological history, including the 
assembly of the two cratons to form the larger West 
Australian Craton, as well as over one billion years of 
intracratonic reactivation. The Edmund and Collier 
Groups comprise ~4–10 km of siliciclastic, carbonate 
and minor volcaniclastic low-grade metasedimentary 
rocks which were deposited in a variety of fluvial to 
deep-marine environments. U–Pb SHRIMP dating of 
detrital zircons from the sedimentary rocks, and of 
magmatic zircon and baddeleyite from numerous 
dolerite sills that intrude them, provide a robust 
temporal framework for their deposition. However, 
because of the low metamorphic grade of the 
sedimentary rocks, the timing and nature of basin 
inversion is less well constrained.  

Illite K–Ar dating confirms that fault movement 
coincided with the timing of basin formation as well 
as dated tectonic events in the basement, including 
two major transpression events at 1321–1171 Ma and 
1030–955 Ma. The data has also identified an 
additional significant period of fault movement at 
900–800 Ma which has hitherto been unrecognized. 
This study demonstrates that K–Ar dating of 
synkinematic illite from fault zones can provide 
critical, and precise information on the timing of 
basin inversion, and demonstrates that this technique 
is as valid for Proterozoic fault movements as it is for 
much younger events. 
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The “Sask Craton” is a terrane with Archean 
crustal ages enclosed in the Paleoproterozoic (~1.8 
Ga) Trans Hudson Orogen. In the absence of Archean 
lithospheric mantle beneath the Sask Craton, the 
diamondiferous kimberlites at Fort à la Corne 
(FALC) represent unconventional diamond deposits. 
Here we study diamondiferous microxenoliths from 
FALC (eclogitic n=23; lherzolitic n=1), including the 
first known occurrence of a diamond vein. SIMS 
δ13C, δ15N and N concentration data from the FALC 
diamonds are used to evaluate the nature of post-
Archean CHO fluids ascending through the 
lithospheric mantle beneath the Sask Craton. 

Nitrogen-based time-averaged (2 Ga) mantle 
residence temperatures range from 1050 to 1370°C, 
with modes at ~1100 and ~1300°C. Carbon isotopic 
compositions range from –29.2 to –3.0‰, with three 
discrete clusters about –21.5‰, –16.4‰ (dominated 
by the diamond vein), and –4.6‰. Within each of 
these clusters, the typical range of δ13C values of 
~3‰ is accompanied by large variations in δ15N and 
N-abundances, i.e., –5.6‰ to +9.4‰ and 0.1 to 1435 
at. ppm, respectively.  

The observed δ13C-δ15N-N variations cannot be 
explained by Rayleigh fractionation during 
precipitation of diamond in a fluid limited 
environment. Rather, the large compositional 
variations in N-chemistry, as well as the bimodal 
temperature distribution suggest a complex diamond 
formation history involving multiple generations of 
fluids with distinctly different δ13C-N compositions. 
Positive δ15N and extremely negative δ13C values are 
commonly attributed to fluids derived from recycled 
crustal material, consistent with the eclogitic 
paragenesis of the host xenoliths. The population 
with high TNitrogen (mode ~1300 °C) resided at 
temperatures that exceed the hydrous solidus of 
metabasalt and, consequently, their diamond forming 
medium had to be either reducing (methane 
dominated CHO fluid) or a melt.  
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During the Holocene several short term climate 

anomalies have been recognised, among which the 
8.2 ky event was the most pronounced. Here we 
present new isotopic data of calcite and inclusion 
hosted water of stalagmite from Béke Cave (NE 
Hungary, Carpathian Basin) that covers the time 
interval from 10500 to 4500 yr BP. The oxygen 
isotopic composition of the stalagmite calcite 
recorded the 8.2 ky event by elevated δ18O values 
between 8000 and 8400 yr BP, while the carbon 
isotopic compositions do not show significant 
changes during this period. 

Beside the C and O isotope compositions of the 
speleothem calcite, hydrogen and oxygen isotopic 
compositions of the inclusion hosted water of the 
studied stalagmite have been determined by using 
vacuum crushing and cavity ring-down spectroscopy. 
The relatively high water content allowed us to 
achieve ~5 mm sampling (and hence ~ 50 year age) 
resolution. Both hydrogen and oxygen isotopic 
compositions of inclusion hosted water show positive 
excursions around 8.2 kyr where the host calcite 
yielded elevated oxygen isotope compositions.  

The observed positive anomalies in O isotopic 
compositions in both the host calcite and its fluid 
inclusion content is in contrast to other western 
European speleothems which recorded this cooling 
event by marked decreasing of δ18O values of the 
calcite. The different response to this event in the 
Carpathian Basin might be caused by 1) increased 
aridity during the cold event leading to strong 
evaporation; 2) seasonality change resulting in higher 
summer/winter precipitation ratio; 3) changes in the 
moisture transport trajectory with more 
Mediterranean moisture arriving to the Carpathian 
Basin. 

The study was financially supported by the 
Hungarian Research Fund (project No. OTKA NK 
101664 and OTKA CK 80661).  
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Much of our understanding of Earth’s climate and 
its variability throughout the Cenozoic is based on 
detailed marine proxy records. Crucial in this 
approach is the assumption that observations 
faithfully reflect the climate state and its dynamics. 
For the recent past, marine records provide highly 
resolved datasets, yet the temporal resolution is 
drastically reduced further back in time. In addition, 
secondary processes such as dissolution and 
bioturbation attenuate climate records and filter out 
orbital frequencies and thus impose many 
uncertainties on the greenhouse world of the early 
Paleogene. Cores recovered from North Atlantic drift 
sediments during Expedition 342 provide a first 
opportunity into highly resolved Eocene datasets, 
effectively eliminating aforementioned problems. We 
generated a high-resolution (~2 kyr) benthic and bulk 
stable isotope (δ13C/δ18O) record of a ~2 Myr middle 
Eocene interval (C20n). We find that despite the 
highly variable and orbital nature of the deep-sea 
sediments and excellent carbonate preservation, 
isotopic variability is extremely low in surface and 
benthic records (both at ~0.1‰), contrasting with 
existing isotope records for the Neogene and 
Paleogene (>0.25‰). These findings imply that our 
current understanding of greenhouse world climate 
variability may not necessarily be impeded by low-
resolution studies. 
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Trace element compositions of tropical corals 

(particularly Sr/Ca) has been extensively used to 
provide sea surface temperature records at high-
resolution (e.g. monthly-annual) on decadal to 
centennial timescales. However these proxy records 
often exhibit local variability and specimen/colony 
dependent “vital effects”. These effects translate into 
uncertainties in Sr/Ca-temperature calibrations 
limiting the application of these paleo SST proxies 
especially in fossil corals that cannot be individually 
calibrated. Recently the potential of Li/Mg as a 
paleothermometer has been highlighted in the 
literature [1], but the application of this proxy to 
tropical corals has not been fully exploited. Here we 
evaluate the performance of a range of trace element 
ratios (Sr/Ca, Mg/Ca, U/Ca, Li/Ca, B/Ca and Li/Mg) 
as temperature proxies based on bimonthly records 
from 12 tropical corals. The temperature proxies 
Sr/Ca and Li/Mg are found to be the most robust 
paleo-thermometers especially in massive Porites 
corals. Furthermore we show that linear relationships 
exist between the SST calibration coefficients 
between the Sr/Ca and Li/Mg data arrays, across a 
range of sites and different colonies. These 
relationships could provide an independent means to 
assess ‘vital effects’ reducing the uncertainty of SST 
reconstructions and potentially avoiding the necessity 
for modern-calibrations.   
 
[1] Montagna et al. (2014) Geochimica et 
Cosmochimica Acta 132, 288-310. 
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The pedogenic carbonate pCO2 paleobarometer 

has been widely used to reconstructed 
paleoatmospheric CO2 concentrations [1]. Recent 
works (e.g., [2]) have improved this method by 
confining the most uncertain parameter – soil respired 
CO2 concentration to a limited range, thus yielding 
more accurate pCO2 estimates. In northern China, 
Quaternary loess-paleosol sequences, and the 
underlying Red clay sequences are well known for 
their great thickness, high resolution and richness of 
paleoenvironmental information. Paleosol layers 
containing carbonate nodules are commonly seen at 
most of the sections, which is ideal for us to study 
past CO2 concentrations recorded in these pedogenic 
carbonates. We have reconstructed two early-
Pleistocene pCO2 curves with samples from two 
southern sections [3]. The successive decrease of our 
pCO2 records are comparable to pCO2 records 
derived from other proxies,  which is broadly 
consistent with the increase in deep-sea δ18O and the 
overall decline of sea surface temperature at this time, 
but in contrast with the increasing peak interglacial 
pCO2 recorded in ice cores for the last 0.8 million 
years. In order to increase the accuracy of our results, 
further research will focus on developing a proxy for 
soil respired CO2 concentration. Field monitoring of 
seasonal climatic dynamics combined with laboratory 
methods, should be applied to determine the most 
appropiate time of the year during which pedogenic 
carbonate forms. 
 
 [1]Cerling, T.E., 1992: Global Biogeochemical 
Cycles 6(3), 307–314. [2]Montañez, I.P., 2013: 
Geochim. Cosmochim. Acta 101, 57–75. [3] Da J.W. 
et al., 2015: Earth & Planetary Science Letters 
426:69-75. 
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The present research was conducted in order to 

assess the soil and water contamination with by 
heavy metals and potentially toxic elements caused 
due to Aghdarband’s coal mine. This mine is located 
in about 140 km South East of Mashhad. To achieve 
the research goals, 21 soil samples and 8 water 
samples was picked randomly.  

Soil geochemical results indicate that, in terms of 
enriched factor’s (EF) mean, the region’s soils has the 
strong enriched factor comparing to As, Cd, Mn, S, 
Sb, and little enriched factor compared to Cu, Mn, 
Pb, Zn indicates that most of the elements are in the 
contaminated area in terms of contamination 
intensity. This is confirmed by calculating the degree 
of contamination in the region. Also, the 
contamination factor (CF) indicates that Cd, Pb 
elements, S has a moderate pollution in the 
region.correlational analysis of soil’s chemical 
parameters based on the Pearson correlation 
coefficients, cluster analysis and principal component 
analysis shows that sulfur, arsenic, molybdenum and 
copper have been distributed under the influence of 
anthropogenic origin (coal washing plant), and 
magnesium, nickel, cadmium and chromium because 
of the Lithogenic origin (ultramafic rocks) 
Environmental impact assessment shows the 
contamination of soil and sediments in the area with 
sulfur and cadmium and partly arsenic, lead, and 
manganese. Geochemical distribution maps show that 
the elements have maximum concentration in coal 
washing and coking plant and concentration is 
gradually reduced by distancing from these sites. 
Also, sequential extraction method donated that 
metals Fe, Pb and Cd were bounded to liable 
fractions (exchangeable and carbonate bound) while 
Ni, Zn and Cr were associated with residual fraction. 
Evaluation of contamination indexes (MI and HPI) 
shows the area contamination of surface water and 
non-potable water in that region.  According to 
Schuler's diagram, the water resources in the region 
were in the good to acceptable level . The main factor 
controlling the regional water chemistry according to 
Gibbs graph is weathering of rocks and vaporization. 
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Immobilisation of metals via sorption or co-
precipitation onto calcium-based minerals such as 
calcite and hydroxyapatite are promising remediation 
approaches for clean-up of contaminated waters. This 
study aims to investigate the remediation potential of 
a composite material which has properties of both 
calcite and hydroxyapatite minerals and is suitable for 
fluidised delivery to the subsurface environment. 

Hydroxyapatite-urease (HAP-urease) was 
successfully produced using urease-active jack bean 
meal, a readily available and cost-effective source of 
urease and a nano-sized hydroxyapatite. The 
concentration of jack bean meal solution required to 
produce an optimum concentration of enzyme protein 
in the filtered solution was established and added to 
hydroxyapatite to produce an optimised HAP-Urease 
material. Additionally, the rate of urea ureolysis 
(kurea), which drives calcite precipitation was 
determined for the composite material by measuring 
the NH4+ produced. This allowed for a direct 
comparison to ureolysis rates reported in the 
literature.  

Batch experiments to test the efficacy of HAP-
urease for stabilising uranium and strontium are 
currently underway and these results will be 
presented. St Bees sandstone, sampled from the 
vicinity of Sellafield, UK, will be saturated with 
artificial groundwater and environmentally relevant 
radionuclide concentrations. The HAP-urease 
composite material and solutions containing Ca2+ ions 
and urea will be added to these contaminated 
sandstone systems. Samples of the solution and the 
sandstone will be removed at a number of time points 
over a period of 14 days and analysed for solution 
phase Ca2+, NH4

+ and radionuclides using ICP-OES 
and continuous flow analysis; and calcite and 
sandstone using XRF, XRD and SEM-EDX. 

 
[1] Fujita, Y. et al. (2004) Geochimica et 
Cosmochimica Acta, 68(15) 3261-3270. 
[2] Handley-Sidhu,S. et al. (2011) Biotechnol. Lett. 
33. 79-87.  
[3] Marzadori, C. et al (1998). Soil Biol. Biochem. 
30(12) 1485-1490. 
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The sudden radiation of bilaterian animals at the 

beginning of the Phanerozoic is frequently linked to 
oxygenation of Earth's oceans. Animals require 
molecular O2 for respiration and other life functions, 
and the actions of animals (feeding strategies, larger 
body size and locomotion), in various ways, can 
influence O2 availability in the environment. In 
theory, these feedbacks could have driven the co-
evolution of early animals and marine oxygenation 
via self-propelling and self-stabilizing processes [1-
3]. However, data specifically linking the evolution 
of early animal ecosystems to Earth's biogeochemical 
cycles is lacking.  

We report parallel positive isotope excursions of 
δ238U, δ13C and δ34S from carbonate successions in 
Siberia across the Cambrian Stage 2-3 boundary 
documenting a global marine oxygenation event 521-
520 Myrs ago and increased organic carbon and 
pyrite sulfur burial in ocean sediments. These 
geochemical trends are collectively explained by a 
sudden increase in the delivery of organic matter to 
sediments driven by a greater proportion of primary 
productivity escaping remineralization in the water 
column.  

The oxygenation event coincides with the onset 
of the first major diversification of arthropods in the 
fossil record. We propose that as larger animals 
invaded the pelagic zone (e.g. meso-zooplankton), 
ballast was added to sinking organic matter by 
excreting moults and faecal pellets, which led to an 
increase in the average sinking velocity of organic 
matter [2].  

Our geochemical data and model suggest that 
more reducing conditions returned 1.3±0.8 Myr after 
the onset of this oxygenation event, necessitating a 
strong counterbalancing force such as the O2-limiting 
effect caused by the activity of bioturbating animals 
[3] at low atmospheric pO2 <4.8±2.9 atm%. 
Therefore, the appearance of larger swimming 
animals with guts fortuitously delivered both food 
and O2 to the benthos, while still decreasing 
atmospheric pO2. These results suggest an intimate 
coevolution of early animal ecosystems and 
oxygenation of Earth's surface environment. 

 
[1] Lenton et al., Nature Geo. 2014 [2]  Logan et 

al. (1995) Nature [3] Boyle et al. Nature Geo. (2014). 
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There is a consensus that Earth’s continental crust 

is andesitic and andesites are common at continental 
margins, so that the petrogenesis of andesitic rocks is 
fundamental to understanding of the formation of 
continental crust and the crust-mantle differentiation 
in the history of Earth. This study presents a 
combined study of whole-rock major-trace elements 
and Sr-Nd-Pb-Hf isotopes as well as zircon U-Pb 
ages and Hf-O isotopes in the postcollisional 
volcanics of intermediate composition from the Dabie 
orogen, China. The results provide constraints on the 
origin of andesitic volcanics and thus insights into the 
slab-mantle interaction in continental subduction 
channels. The Dabie volcanics exhibit variable 
contents of SiO2 (50.28-63.86 wt.%), MgO (1.18-4.65 
wt.%), Na2O (2.08-6.30 wt.%) and K2O (0.73-5.25 
wt.%). They are characterized by arc-like trace 
element distribution patterns, exhibit enriched whole-
rock Sr-Nd-Pb-Hf isotope compositions, with high 
initial 87Sr/86Sr ratios, highly negative εNd(t) values 
and εHf(t) values as well as elevated 207Pb/204Pb and 
208Pb/204Pb ratios at given 206Pb/204Pb ratios. Zircon 
Hf-O isotope analyses yield negative εHf(t) values of -
31.0 to -17.8 and δ18O values of 4.4 to 6.8‰ for syn-
magmatic domains. Zircon U-Pb dating yields 
consistent Early Cretaceous ages of 124 ± 3 to 130 ± 
2 Ma for magma emplacement. Residual zircon cores 
show Triassic, Neoproterozoic and Paleoproterozoic 
U-Pb ages, respectively, in agreement with the ages 
of tectonothermal events for ultrahigh-pressure 
metamorphism and protolith formation in the Dabie 
orogen. An integrated interpretation of these 
geochemical characteristics is that the andesitic 
volcanics were derived from partial melting of less 
ultramafic metasomatites in the orogenic lithospheric 
mantle. The metasomatites were generated by 
reaction of the subcontinental lithospheric mantle 
wedge peridotite with felsic melts originated from the 
deeply subducted continental crust during the 
continental collision in the Triassic. Therefore, the 
melt-peridotite reaction in the subduction channel is a 
key to the origin of mantle sources for the andesitic 
rocks in collisional orogens. 
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The exploration of shale gas started in 2005 in 

China. Until 2015, the recovered geological gas 
reverses have been 5441.29×108m3 and three shale 
gas fields (Fuling, Changning and Weiyuan) have 
been found. All of them are located in the marine 
sapropelic Wufeng-Longmaxi formations (O3w-S1l) 
in the southern Sichuan Basin. The production of 
shale gas has been 60.55×108m3 to date. The shale 
gas exploration are mainly concentrated in the 
Wufeng-Longmaxi formations in the southern 
Sichuan Basin and the sourroundings in the northeast 
direction, as well as the terrestrial facies sapropelic 
shale of Triassic Chang 7 Member (T3y7) in the 
Yanchang Xiasiwan area of Ordos Basin. 410 wells 
have been drilled. This study will  investigate the 
molecular components, stable carbon and hydrogen 
isotopes of gases from 89 drilling wells.  

Both the marine and terrestrial facies shale gases 
are mainly composed of alkane gases. The marine 
facies shale gas has relatively higher content of 
alkane gas and its methane is averaged at 98.58%. It 
has the drilling well with highest content of methane 
in the world (99.59%) and it has no butane. The 
ethane and propane are averaged at 0.54% and 
0.04%, respectively. The wetness is low ranging from 
0.09% to 0.78%. The terrestrial shale gas has 
methane averaged at 84.41%, belonging to wet gas 
with high wetness. The average values of ethane, 
propane and butane are 7.35%, 3.62% and 1.44%, 
respectively. The wetness varies from 6.45% to 
20.69%. The two types of shale gases have different 
carbon isotopic features. The marine shale gases all 
have completed carbon isotopic reversal 
(δ13C1>δ13C2>δ13C3) which is a production of the 
secondary maturation of mature and high-mature 
gases with normal carbon isotopic distribution pattern 
(δ13C1<δ13C2<δ13C3<δ13C4). It has the well with 
highest δ13C1 (-26.7‰) in the world. The terrestrial 
shale gas has normal carbon series. The hydrogen 
isotopes of the two types of shale gases are similar to 
that of carbon isotopes.  

This study compiled the shale gases from China, 
USA and Canada and drew many plots (δ13C1-δ13C2, 
δ13C1-δ2H1, δ13C1-wetness, δ2H1-wetness, δ13C1-
δ13C2-wetness), demonstrated the thermal evolution 
rules of main shales in the world, and pointed out the 
shale gas of Wufeng-Longmaxi formations is a 
production of over-mature stage. Finally the origin of 
secondary completed carbon isotopic reversal has 
been discussed in detail.  
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This study presents a compilation and synthesis 

of geochemical data available for Mesozoic-Cenozoic 
mafic igneous rocks in east-central China. The results 
reveal a series of geochemical changes at ~121 Ma, 
marking the transition of mantle property at that time 
during the decratonization in North China. We 
distinguish two types of mafic igneous rocks with 
contrasting geochemical compositions from North 
China. The first type of mafic igneous rock shows 
arc-like trace element distribution patterns and 
enriched radiogenic Sr-Nd isotope compositions, with 
emplacement ages spanning from the Triassic to 
Early Cretaceous. In contrast, the second type of 
mafic igneous rocks exhibits OIB-like trace element 
distribution patterns and relatively depleted 
radiogenic Sr-Nd isotope compositions, with 
emplacement ages spanning from the Early 
Cretaceous to Cenozoic. The contrasting geochemical 
features for the two type mafic rocks indicate a series 
of the differences in the compositions of crustal and 
mantle materials in their mantle sources. 

 Zircon U-Pb dating yields an age of ~121 Ma for 
the geochemical transformation between the two 
types of mafic igneous rocks. This age marks a 
dramatic demarcation in FeOt and TiO2 contents, 
TiO2/Al2O3, K2O/Na2O, Nb/U, Ce/Pb, Rb/Nb and 
Ba/Th ratios, as well as radiogenic Sr-Nd isotope 
compositions of these mafic rocks. The ancient arc-
like mantle source was generated by reaction of the 
cratonic mantle wedge with feslic melts from 
subducted Yangtze continental crust, whereas the 
juvenile OIB-like mantle source was generated by 
reaction of the depleted MORB mantle with felsic 
melts from subducted Pacific oceanic crust. As such, 
the nature of mantle lithosphere in North China was 
changed from the ancient arc type to the juvenile OIB 
type at ~121 Ma. Thus, this age not only signifies the 
tectonic transition from the enriched mantle to the 
depleted mantle in the Early Cretaceous, but also 
dates the termination of peak decratonization in North 
China. Therefore, the craton destruction in the Early 
Cretaceous is temporally and spatially associated 
with the slab-mantle interaction in the subduction 
channel. 
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 A method was developed for the in situ analysis 
of major-trace elements and Pb isotopes by laser 
ablation Quadrupole/multi-collector inductively 
coupled plasma mass spectrometry (LA-Q/MC-ICP-
MS) for silicate glass samples. By the nanosecond 
laser ablation conditions, including laser spot size 
160μm, ablation frequency 15Hz and energy density 
18J/cm2, and in accordance with the 1:9 ratio of the 
laser ablation aerosol that mixed with the 
corresponding makeup gas, we can get accurate 
major-trace elements content and Pb isotopic ratios. 
Using Ca as internal standard element, most element 
contents generally matched the preferred values 
within 15%, relatively high relative deviations for 
some elements (e.g. Cr, Ga) may have been caused 
by lower recommend values of some standards. The 
measured Pb isotopic ratios were in good agreement 
with the reference or published values within 2s 
measurement uncertainties, the analytical precision of 
207Pb/206Pb was better than 74 ppm.  

Fig.1. Schematic diagram of LA-Q/MC-ICP-MS 
setup. 

The method has advantages of simple, rapid 
and efficiency, provides a precise approach for 
determining the major, trace element and Pb 
isotopic compositions of silicate glass and 
mineral within a single ablation event. 
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Estimation of relative contributions of various 

sources of freshwaters in estuaries is essential to 
quantitatively assess their role in regulating the 
chemical and isotopic composition of estuaries. This 
study is aimed at determination of freshwater sources 
in the Ganga (Hooghly) River estuary based on 
comprehensive measurments of salinity and δ18O in 
water samples collected in six periods of contrasting 
water discharges during 2012 and 2013. Salinity and 
δ18O depict strong positive correlations (r2 ranging 
from 0.96-0.99) suggestive of efficient mixing in the 
estuary. The values of the intercepts of regression 
lines, in the δ18O vs. salinity plots, suggest that 
average δ18O values of freshwater during the post-
monsoon periods were the lowest (−8.1 to −8.4‰) 
whereas those during the pre-monsoon periods were 
the highest (−6.2 to −6.6‰). Observed seasonal 
variation of δ18O of freshwater is consistent with the 
seasonal variation of measured δ18O values of rainfall 
at Kolkata, indicating that freshwater is sourced 
mainly from rainwater. Higher δ18O values of 
freshwater during the pre-monsoon periods suggest 
that contributions from snow/ice melt is insignificant 
in the overall freshwater budget of the Hooghly 
River. 

 
In the plots of δ18O vs. salinity, δ18O values are 

generally above the line defined by theoretical mixing 
of freshwater and seawater. This is suggestive of 
internal source(s) of water in the estuary, most likely 
the groundwater. Proportions of riverwater, seawater 
and groundwater all along the estuary were estimated 
by inversion modelling of data on salinity and δ18O. 
The results indicate that the freshwater budget of the 
etsuary is dominated by riverwater contributions. The 
estimated fractions of groundwater are insignificant 
in the upper estuary but increase towards the lower 
estuary. The largest groundwater contributions in the 
lower estuary (ca. 30–40%) were observed in the 
monsoon period. Additionally, the groundwater 
proportions were in general higher in the year 2012 
than in the year 2013. 

 
This study provides for the first time temporal 

and spatial variation of contributions of water from 
various sources to the Hooghly estuary. 
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Carbon cycling was examined in Peruvian margin 

sediments along a depth transect from 74 m water 
depth on the shelf down to 1024 m. This area lies 
within the Peruvian oxygen minimum zone, where 
bottom water oxygen was below detection limit down 
to ca. 400 m. Oxygen-deficient margins like Peru 
have been proposed to be sites of enhanced carbon 
preservation and petroleum-source rock formation. 
Using a combination of in situ flux measurements, 
sedimentary geochemistry and modelling, we could 
show that the organic carbon burial efficiency (CBE) 
was unusually low on the shelf (< 20 %) and 
unusually high (> 60 %) at the deep oxygenated sites 
when compared to an existing global database. 
Furthermore, organic carbon rain rates alluded to 
efficient mineralization of organic matter in the water 
column compared to other oxygen-deficient 
environments. In general, the observations at the 
Peruvian margin suggest that a lack of oxygen does 
not greatly affect the degradation of organic matter in 
the water column but promotes the preservation of 
organic matter in marine sediments. Are these 
somewhat unexpected observations real or are they 
biased by methodological and sampling artifacts? Our 
results are compared to data from the oxygen 
minimum zone on the Mauritanian margin (NW 
Africa) where minimum oxygen concentrations are 
relatively high (30-40 μM). Do the data together 
discern a role of oxygen on carbon preservation?  
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The origin of the particularly high and non-

chondritic C/N ratio of the bulk silicate Earth (BSE) 
is the topic of a vigorous debate. It may reflect large-
scale differentiation events such as sequestration in 
Earth’s core or massive blow off of Earth’s early 
atmosphere, or alternatively the characteristics of a 
late-added volatile-rich veneer. As the behavior of N 
during early planetary differentiation processes is 
poorly constrained, we determined together the 
partitioning of N and C between Fe-N-C metal alloy 
and a terrestrial and a martian basalt in piston-
cylinder experiments run at 1, 2 and 3 GPa, 1400ºC 
and 1600ºC, and fO2 ranging from IW-0.7 to IW-3.6. 
Major element and N concentrations in silicate 
glasses and metals, and C in metals were measured 
by EPMA. Carbon and N in silicate glasses were 
analysed on the Cameca IMS 6f SIMS at Arizona 
State U.  

N partitioning between Fe-N-C alloy and silicate 
melts depends chiefly on fO2,  with lower values of 
DN

metal/silicate under more reducing conditions. 
Partition coefficients also decrease with increasing 
temperature and pressure at similar fO2, though the 
effect is subordinate. In contrast, C partition 
coefficients display no pressure effect but are 
influenced by temperature. At 1400ºC, C partition 
coefficients increase linearly with decreasing fO2. 
However at 1600ºC,  they increase from IW-0.7 to 
IW-1.8 and decrease from IW-1.8 to IW-3.6. 
Enhanced C in melts at high temperatures under 
reduced conditions may result from stabilization of 
C-H species.  No compositional dependence for 
either N or C partitoning is evident, perhaps owing to 
the comparatively similar basalts investigated.  

At modestly reduced conditions (IW-0.7 to -2), N 
is more compatible in core-forming metal than in 
molten silicate (1 ≤ DN

metal/silicate ≤ 20), while at more 
reduced (IW -2 to IW -3.6) conditions, N becomes 
more compatible in the magma ocean than in the 
core-forming metal phase. In contrast, C is highly 
siderophile at all conditions investigated (100 ≤ 
DC

metal/silicate≤ 2000). Therefore, sequestration of 
volatiles in the core affects C more than N, and 
lowers the C/N ratio of the bulk silicate Earth (BSE). 
Consequently, the high C/N ratio of the BSE is more 
likely a result of loss of a massive atmosphere and/or 
the accretion of a high C/N late veneer, perhaps 
similar in volatile inventory to the ureilite parent 
body. 



Goldschmidt Conference Abstracts 

 

591 

Geochemical types of intrusion-
related gold deposits in the 
south-eastern part of East 

Sayan (Russia) 
B. B. DAMDINOV 

Geological Institute SB RAS, Ulan-Ude, Russia, 
damdinov@mail.ru 

 
There are many gold deposits in the south-

eastern part of East Sayan which earlier were 
classified as gold-quartz, gold-sulphide and gold-
quartz-sulphide ore formations. In this region 
orogenic gold deposit are most wide-spread but some 
deposits attributed to intrusion-related gold deposits 
are known. They classified as gold-telluric, gold-
bismuth-telluric, gold-bismuth and gold-antimony 
geochemical types based on mineral and chemical 
compositions of most efficient ore paragenesises.  

Gold-telluric type deposits are related to island-
arc granites which have two different stages of 
formation – 850 Ma and 500 Ma. These deposits 
characterized by prevalence of pyrite, native gold and 
gold, silver, lead, bismuth and nickel tellurides in the 
ores. Gold-bismuth-telluric deposits are associated 
with active continental margin granites. Formation of 
this geochemical ore specialization is related with 
two stages of ore-forming process. At first stage Au-
Cu-Mo-(Bi)-porphyry system are formed (about 500 
Ma) and later (about 325 Ma) intrusion of volcanic-
plutonic association dykes and low-temperature Au-
Hg-Te mineralization formation are occurred. With 
the same active continental margin granites gold-
antimony type deposits are related. These deposits 
have such widespread minerals as stibnite in 
association with native gold and Sb-sulphosalts – 
andorite, zinkenite, chalcostibite. Gold-bismuth 
mineralization is associated with collision-type 
leucogranites with age about 500 Ma. This type 
deposits are characterized by association of native 
gold with arsenopyrite and Bi-minerals – 
bismuthinite, galenobismutite lillianite.  

Common characteristic features of the south-
eastern part of East Sayan intrusion-related gold 
deposits are spatial and genetic relationships with 
island-arc, active continental margin and collision-
type granitoids, the primary role of Te, Bi, Sb in ore 
compositions, the wide range of temperature 
conditions of ore formation. 
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Ermakovka F-Be deposit which located in the 
Transbaikalia is characterized by the highest average 
grade of BeO (1.3%) in the world. Berillium ores in 
this deposit have different mineral types which differ 
from each other in abundance, grade, mineral 
assemblages and morphology. Fluorite-leucophanite-
melinophane-eudidymite ores form relatively small 
ore body and have a specific very rare composition 
(fluorite, phenakite, eudidymite, melinophane, 
leucophanite, albite, calcite, in small amounts apatite, 
bavenite, helvite, phlogopite are present). Formation 
of eudidymite and melinophane/leucophanite is the 
result of phenakite replacement, which related to 
increasing of sodium and reducing of beryllium 
activities in the solutions. Primary fluid inclusions 
(FI) in fluorite were studied. They have a three-phase 
composition: gas + water solution + calcite crystal. 
Inclusion sizes varies from 15 to 35 µm. Based on the 
complex of thermobarogeochemical methods are 
observed that these ores are formed by high-F and 
low-salinity (4-11% equiv. NaCl) alkaline 
hydrothermal solutions without CO2. Ore deposition 
occurs in the temperature range from ≥320 to 136°C 
and pressures about 5-77 MPa by means of the 
solution cooling. Using LA-ICP-MS in the analyzed 
fluid inclusions increased contents of such elements: 
Li, Be, Na, Mg, Al, Fe, Cu, Zn, Nb, Mo, Ag, Sn, W, 
Pb are determined. Be content (0.0002-1.04 g/kg) in 
the ore-forming solutions is similar to Be content in 
solutions forming main phenakite-bertrandite-fluorite 
ores (0.06-3.82 g/kg).  

This work was supported by RFBR grant: № 14-
05-00339-a.  
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Rare Earth Element (REE) concentrations and 

Neodymium isotopic composition (εNd) serve as 
tracers for ocean water masses, their present, 
paleooceanographic circulations and biogeochemical 
processes. The sources and internal cycling of REEs 
and εNd to the modern oceans, however, are still 
debated. 

For this study we sampled waters and particulate 
matters during Monsoon-2013 with salinity gradiant 
from four East Indian Estuaries namely the Ganga 
(Hooghly), Mahanadi, Godavari and Krishna which 
are connected to the Bay of Bengal (BoB) to 
determine REEs and εNd in dissolved (<0.2µM) and 
particulate phases in oder to understand their 
geochemical behaviour. The dissolved εNd values of 
the Ganga, Mahanadi, Godavari and Krishna River 
end-members are -13.9, -22.7, -18.3 and -15.4 
respectively and the particulate εNd of the Hooghly 
and the Godavari are -17.7 and -17.4 respectively. 
For both (dissolved and particulate) the εNd of river 
end-members shows significant differences reflecting 
the lithologies they drain. Except Godavari, 
remaining three estuaries show a significant removal 
of dissolved REE in the low salinity zone which 
could be due to coagulation of colloidal matter. At 
mid-salinity regions, in all these estuaries all the 
dissolved REEs enhances to very high levels. This 
increase of REEs at mid sailinities is possibly 
governed by their desorption from particulate matters, 
mainly from Fe-Mn hydroxide. High dossolved Mn 
associated with decrease in dissolved oxygen and 
particulate εNd in these salinity ranges of the Ganga 
estuary supports this proposition. Isotope mass 
balance calculation suggests ~ 1% release of 
particulate Nd at mid salinities. Such particle 
desorption process in the four eastern Indian estuaries 
could supply ~900 × 106 g of dissolved Nd to the Bay 
of Bengal, considerable in terms of missing  Nd 
(11000-5500 × 106 g) in its global budget. 
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The North China Craton (NCC) is one of the 

oldest cratons in the world. The nature of the NCC 
western boundary, however, remains strongly 
disputed. New zircon U–Pb age and Hf–O isotopes 
and whole-rock geochemical data were obtained from 
the Paleozoic granites in the eastern Alxa Block. 
SIMS zircon U–Pb dating indicates that there are two 
episodes of granites, i.e., 423 Ma and 345-337 Ma, 
distinct from the granites in the internal Alxa Block 
with age of 320-260 Ma. The differences in whole 
rock Nd model ages and Pb isotope compositions of 
the Paleoproterozoic–Permian rocks in either side of 
the west fault of the Bayanwulashan–Diebusige 
complexes suggest that the Alxa Block is not a part of 
the NCC, and that the western boundary of the NCC 
is probably located on this fault. Furthermore, the 
NNE linear distribution of the Early Paleozoic–Early 
Carboniferous granites, the high zircon δ18O values 
of the Late Silurian quartz diorites, the Early 
Devonian metamorphism and the foreland basin 
system formed during the collision between the Alxa 
Block and the NCC indicate that a Paleozoic cryptic 
suture zone likely existed in this area and records the 
amalgamation of the Alxa Block and North China 
Craton. Together with detrital zircon data, the initial 
collision were considered to have possibly occurred 
in Late Ordovician. 
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Gas seeps containing up to 10.6% helium have 

been discovered in Tanzania. Since 1903, economic-
grade helium has been discovered in 12 countries, 
raising the world’s helium reserves to 35.2 billion m3 
in 2015 [1]. Despite this, discoveries of economic 
helium (0.3% ≤) are still only serendipitously found 
while searching for petroleum. 

Radiogenically produced 4He accumulates in 
ancient crust during quiescent periods and is 
subsequently released during periods of active 
tectonism [2]. Studies in North America have also 
shown a clear link between radiogenic 4He released 
during orogenic events and ASW-derived 20Ne 
indicating an important role for groundwater in 
helium transport into pre-existing gas traps [3, 4]. 

Here we present new data from 5 helium-rich gas 
seeps in Tanzania. Helium concentrations vary 
between 0.027 cm3STP (2.7%) and 0.106 cm3STP 
(10.6%). The 3He/4He ratio ranges from 0.039 RA to 
0.053 RA (1 RA = 3He/4Heair) showing a dominant 
crustal signature. 40Ar/36Ar ratios range from 409.9-
548.7 and are distinct from air (40Ar/36Arair = 295.5). 
4He/20Ne values across the seeps vary from 2.4 × 103 
to 8.9 × 103, showing up to two orders of magnitude 
greater water involvement than North American wells 
which may indicate the importance of local 
hydrothermal systems to volatile transport in the 
region. 

The high concentrations of helium in the region 
are likely related to the heating and fracturing of the 
Archean Tanzanian Craton and Proterozoic 
Mozambique Belt by the younger arms of the East 
African Rift System (< 5 Ma). The distribution of 
high helium seeps along active faults shows increased 
communication between the shallow and deep crust. 
This combined with the presence of gas traps in the 
area suggests that there may be a significant helium 
resource.	  
 
[1] Hamak (2016), USGS Mineral Commodities, 
Helium 
[2] Ballentine and Burnard (2002), RiMG, 47(1), 481-
538  
[3] Ballentine and Sherwood-Lollar (2002), GCA, 
66(14), 2483-2497 
[4] Danabalan et al. (2015), Goldschmidt 
Abstract, 2015 653 
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Granite is chosen as a candidate back rock for 
disposal of highly radioactive waste in China, and 
physicochemical behaviour of radioactive nuclides in 
granite underwater is a key factor for the safety 
assessment of the depository. 239Pu is one of the most 
important long-lived radioactive nuclides in the waste 
with high chemical and radiological toxicity. 

The chemistry of Pu in aqueous solution is very 
complicated because it may occur in different 
speciation, including colloids and polymers besides 
soluble Pu ions in different valence. Many works 
have reported the enhanced migration of Pu colloid in 
field survey as well as in laboratory experiments, but 
the speciation change of Pu after entering the granite 
underwater is not yet clear. This work tries to 
understand the speciation distribution evolution when 
Pu(IV) is introduced into a granite underwater with 
high salinity collected from a granite area in 
northwest China. It is shown that about 90% of added 
Pu transformed into colloids (either as Pu polymer or 
as pseudo-colloids by adsorbed on particles in water) 
after one year and most of them precipitated or 
adsorbed by container walls. For soluble Pu, the 
valence distribution is investigated by sequential 
solvent extraction to be Pu(IV) (71%) > Pu(V) (24%) 
> Pu(VI) (5%). For colloidal Pu, the a modified 
Tessier Sequential Extraction procedure was 
employed to give a Pu speciation in particle as 
carbonate (57.3%) > Organic (21.7%) > Reducible 
(11.2%) > Residual (5.1%) > exchangeable (4.7%). 
Also the study demonstrates that shaking and air 
introduction have great impact on Pu speciation and 
thus on Pu migration in underwater. Other 
observations about Pu colloid in our laboratory will 
be reviewed. 
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The concentration of prebiotic organic building 

blocks may have promoted the formation of 
biopolymers in the environment of the early Earth. 
We therefore studied the adsorption of RNA and 
DNA monomers on minerals that were abundant in 
the early Earth environment as the result of aqueous 
or hydrothermal alteration of the primitive seafloor. 
We focused our study on swelling clays (nontronite, 
montmorillonite) and non-swelling phyllosilicates 
(pyrophyllite, chlorite, lizardite, chrysotile). In a first 
reference study [1], adsorption experiments were 
carried out under standard (P,T) conditions and 
controlled pH. Therefore, the latter study is also 
relevant to the preservation of nucleic acids in Fe-
Mg-rich terrestrial and Martian soils. In a second 
step, the role of hydrothermal conditions has been 
tested. 

We found that DNA monomers adsorb much 
more strongly than RNA monomers, and that any 
monomer containing the G nucleobase adsorbed more 
strongly than one containing the C nucleobase. We 
could also infer that all nucleotides behave as 
homologous molecules in regard to their adsorption 
onto the studied mineral surfaces. Their adsorption is 
best explained by a single mechanism that will be 
presented. 

We could therefore propose that Fe-Mg rich 
phyllo-silicates tightly bind nucleotides and 
concentrate them up to 1000 times the solution 
concentration upon saturation. The concentration 
effect may be enhanced by hydrothermal conditions 
over a range of (P,T) conditions that is currently 
under refinement. Nontronites have the most 
favorable behavior and could have helped to the 
concentration and polymerization of nucleotides 
under primitive Earth-like conditions.  

[1] Pedreira-Segade et al. (2016) Geochim. 
Cosmochim. Acta, 176, 81-95. 
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The study of light induced isotopic effects 
occurring in planetary atmospheres needs consider 
not only the isotopic effects on the light absorption 
properties of the molecule in question but also all 
possible light absorbing bodies that compete for the 
absorption of the same photons. The study of this sort 
of complex systems requires molecular data such as 
diffusion coefficients and reaction rate constants to 
calculate how physical and chemical change affects 
the modelled system. For the case of photochemical 
reactions, light absorption properties are required to 
estimate photo-dissociation rate constants and light 
conditions at different altitudes of a given 
atmosphere. We present the latest development of the 
Dianarm code which uses an R-Matrix expansion 
coupled to non-adiabatic transitions [1] in which the 
discreet absorption bands are calculated with their 
natural broadening in a Lorentz profile then Doppler 
and pressure broadening effects are computed 
separately and convoluted to the final absorption 
spectrum. This set of techniques allows us to produce 
absorption spectra suitable for different atmospheric 
conditions ranging low temperature-low pressure 
stratospheres to high temperature andhigh pressure 
systems such meddle atmospheres of hot Jupiters.  

We also present our latest version of the KROME 
[2] model which implements a photochemical code 
with variable spectral resolution that allows to 
account for isotopic effects at different atmospheric 
conditions while optimizing the computational 
resources required for the calculation of 
photodissociation rate constants and light opacities. 

 
[1] Danielache et al. (2014) J. Chem. Phys. 140, 
044319. 
[2] Grassi et al. (2014) Mon. Not. R. Astron. Soc.. 
439 (3), 2181-2187. 
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Conventional (U-Th)/He dating of zircon is 

traditionally established by measuring bulk He, U and 
Th abundances in single zircon crystals, and by 
applying an alpha ejection correction [1]. The 
homogeneity of U-Th in dated crystals is commonly 
assumed but is clearly not always valid. The 
consequences of ignoring parent element heterogenity 
on He distribution has not been directly addressed 
before.  

In this paper we use the RESOchronTM 
instrument, which integrates laser ablation micro-
sampling and noble-gas mass-spectrometry, to 
reconstruct high-resolution (~10 µm scale) two-
dimensional (2D) images of He distribution in zircon 
crystals. We construct He maps for a set of zircon 
crystals in order to investigate the impact of U-Th 
zoning, radiation damage and inclusions on He 
distribution. He maps, in combination with 
characterisation information from imaging techniques 
(cathodoluminescence, confocal Raman microscopy 
and LA-ICPMS elemental maps) allow us to visualize 
the impact of these commonly undetected grain 
features to the fundamental principles and 
assumptions of (U-Th)/He geochronology. They also 
allow us to suggest refinements to  analytical 
protocols currently used for conventional as well as 
in-situ (U-Th)/He dating. Finally, we will illustrate 
how He mapping may potentially provide a new 
means for thermal history reconstructions by 
allowing direct measurement of He diffusional 
profiles. 
 
[1] Farley et al. (1996) GCA 60, 4223-4229. 
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Analysis of sulphide mineral by LA-ICPMS 
presents challenges in two main aspects: 1) sulphur 
fractionation relative to the major metals varies 
between different sulphide minerals [1], affecting 
quantification of complex solid solutions and fine 
mineral intergrowths, where the use of electron-beam 
based techniques for independent analysis of sulphur 
is not practical due to significantly different volumes 
of the analysed material (larger in LA-ICPMS) 
leading to incomparable results; and 2) rapid signal 
drop-off during spot ablation as recorded on ICPMS, 
particularly for Cu-rich sulphides, when using small 
beam sizes (< 25 um). This behaviour is common for 
a number of laser ablation microprobes. 

Our results demonstrate that the amount of signal 
drop-off during ablation is related to the melting 
point of the mineral, rather than to the composition of 
the mineral. Minerals with the lowest melting points, 
such as chalcopyrite, pentlandite and bornite are 
subject to the strongest signal drop-off compared to 
sphaleritee and Fe-sulphides. Signal drop-off  is also 
dependent on the optical configuration and the 
wavelength and pulse width of the laser beam. We 
present here the performance of RESOlution S-155 
microprobes equipped with 3 different lasers 
(Coherent 193 nm excimer laser, ~ 20ns pulse width; 
ATL 193 excimer laser, ~ 4ns pulse width; ATL 248 
nm excimer laser, ~ 4 ns pulse width). We also 
investigate the effect of  the geometry and rate of He 
flow around the ablation cell on fractionation of  
sulphur from base metals. 

[1] Gilbert et al. J. Anal. At. Spectrom. 29, 1024–
1033 (2014) 
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Separating the ages and effects of shock 

metamorphism from those of endogenic geological 
processes is a major challenge for the study of 
planetary materials. Our recent work on Martian 
meteorites and terrestrial impact structures has 
identified new links between shock-induced 
microstructures and U-Pb isotopic resetting in 
baddeleyite [1,2]. This robust accessory mineral is 
common in Lunar rocks, and undergoes a series of 
phase transitions during shock-metamorphism [3,4] 
some of which may promote Pb-loss and hence 
provide a powerful approach to resolve the timing of 
impact and igneous endogenic events.  

Here we illustrate how different processes acting 
during the complex history of Lunar rocks can be 
deciphered by combining electron nanobeam (CL, 
EBSD, TEM) and in-situ U-Pb isotope (SIMS) 
analyses of micro-baddelyite and zircon. We present 
new data for NWA 2200, a Lunar anorthositic breccia 
[5]. Baddeleyite grains from a thin-section show a 
wide-array of deformation microstructures. These 
include fracturing, amorphization, plastic 
deformation and recrystallization, which reflect 
differences in the shock pressures and temperature 
paths experienced by each grain. SIMS U-Pb isotope 
analyses reveal a narrow range of baddeleyite 
207Pb/206Pb ages (4.05-3.85 Ga), significantly younger 
than zircons with shock-microstructures from the 
same sample (4.42-3.95 Ga). We are investigating the 
degree to which these young ages reflect differing 
shock-response of the U-Pb system in the two phases. 
By integrating new microstructural criteria to resolve 
the shock-state of each grain, the isotopic data 
provides bracketing ages for major shock 
metamorphic events and igneous events recorded in 
NWA 2200, and offers the potential of a more refined 
micro-accessory mineral record of Lunar geological 
history. 

 
[1] Moser et al. (2013) Nature 499, 454-457. [2] 
Darling et al. (2015) LPI Contributions 1861, 1081. 
[3] Garvie et al. (1975) Nature, 258, 703-704. [4] 
Ohtaka et al. (2005) J. Appl. Cryst. 38, 727-725. [5] 
Nagaoka et al. (2013) Polar Science 7, 241-259 
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Several studies have suggested that 

unconventional energy development can lead to 
fugitive gas contamination in some drinking-water 
wells near drill sites, while others suggest that 
methane is naturally occurring and unrelated to shale 
gas development. Thus, a direct link between 
elevated hydrocarbon gas levels in drinking-water 
wells and shale gas exploration remains controversial. 
Our previous studies in shallow aquifers examined 
molecular hydrocarbon ratios (e.g., C2+/C1), carbon 
isotopes of methane (i.e., δ13C-C1), noble gases (He, 
Ne, Ar), and chloride in shallow aquifers to 
distinguish wells with stray gas contamination from 
the majority of wells that contained naturally-
occurring hydrocarbon gases. Here, we broaden our 
analysis in the Appalachian and Dallas Fort-Worth 
Basins by conducting a comprehensive geochemical 
evaluation of drinking-water wells including major 
ions (e.g., Na, Ca, DIC, Cl, Br, SO4), the isotopic 
composition of DIC (δ13C-DIC), water, boron (δ11B), 
and strontium (87Sr/86Sr), the molecular composition 
of major gases (C1-C6+, N2, H2S, CO2), the isotopic 
composition of hydrocarbon gases and N2 (δ13C-C1, 
δ2H-C1, δ13C-C2, and δ15N-N2), and noble gases (e.g., 
3He/4He, 4He/20Ne, 20Ne/36Ar). We use this data to 
address 3 critical questions: 1) Do comprehensive 
geochemical analyses support previous conclusions 
of fugitive gas contamination in these study areas?; 2) 
Is there evidence for upward brine (or hydraulic 
fracturing fluid) migration associated with fugitive 
gas contamination?; and 3) Does fugitive gas 
contamination lead to secondary changes in water 
quality, such as the generation of H2S or the 
redox/base exchange controlled release of salts or 
oxyanions (e.g., As, Fe, Mn) from the aquifer rocks 
via secondary reactions? 
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The most important aspect of diatoms is their 

unexplained peculiar silicon frustules ornamented 
with various designs of silicon biomineralization. 
During detailed study of the patterns of silicon 
biomineralization in diatoms some very peculiar 
patterns were observed which are given below. 

The Vogel’s floret model is found on many 
diatoms in their patterns of silicon biomineralisation 
e.g. on Coscinodiscus oculus-iridis. The ratios of 
outer and inner rings of many centric diatoms and the 
ratios between numbers of areolae before and after 
bifurcation of the axis are very close to the golden 
ratio. Hyperbolic space is present in Trinacria centric 
diatoms. Many triangular species of Gricezatium and 
Triceratium are flat and spherically curved 
respectively. The arrangements of the porelli in some 
species represent a lattice of squares in a hyperbolic 
space in a conformal representation. Common infinite 
ratios  1.11111.., 1.333333.., 2.66666.., between the 
ring diameters and costae numbers  are very peculiar 
in centric diatoms.  Again the complex structure of 
some diatoms e.g. Campylodiscus peculiarly mimic 
Schrödinger’s standing waves or stationary states or 
orbital. Silicon biomineralization in one diatom 
Campylodiscus moricus looks absolutely similar to 
Rudy Rucker’s Kappa Tau space curve.  
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The Nidar ophiolite is a well preserved Neo 
Tethyan ophiolite section along the Indus Suture 
Zone (ISZ) in NW Himalaya, India. The origin of the 
Nidar ophiolite has long been controversial. Early 
workers suggested that the ophiolite represents a 
typical oceanic lithosphere, formed in a mid oceanic 
ridge [1]. Later geochemical studies favored an intra 
oceanic arc origin, above a subducting slab [2, 3]. To 
resolve this conundrum, geochemical studies were 
carried out on the crustal part of the ophiolite 
sequence. The crustal part is ~ 3 km thick and 
comprises of pillow lava, sheeted dykes and lower 
crustal mafic cumulates. The trace element patterns 
are similar to that of a typical N–MORB, with Rare 
Earth Element (REE) patterns suggesting derivation 
from a mantle source that is more depleted in LREE 
than an N-MORB source. No anomalous Nb-Ta 
depletions or Th enrichment, as found in subduction 
zone magmas, were observed – confirming their 
MORB affinity.  

An attempt was made to determine the depth of 
melting at a palaeo mid oceanic ridge using a 
polybaric, non – modal, incremental melting model 
[REEBOX ; 4]. The results show that melting at 
spreading center initiated at > 4 GPa (~ 120 km). The 
degree of melting exceeds 15%, which is in stark 
contrast to that generally accepted for the formation 
of ophiolites in a supra subduction zone setting. 
Based on this study we propose that the studied 
crustal portion of the Nidar ophiolite represents a 
small part of the Neo Tethyan mid oceanic ridge. 

 
[1] Thakur and Virdi (1979) Him Geol 9, 11 – 25. 
[2] Mahéo et al. (2004) Chem Geol 203, 273 – 

303. 
[3] Ahmad et al. (2008) Tectonophysics 451, 206 

– 224. 
[4] Fram and Lesher (1993) Nature 363, 712 – 

715. 



Goldschmidt Conference Abstracts 

 

605 

The fate of sulfur during mantle 
melting – Implications for the 
mantle sulfur budget and the 
mode of deep carbon storage  

R. DASGUPTA1,S. DING1, K. TSUNO1 
1Department of Earth Science, Rice University, 

Houston, TX 77005, USA 
 

Sulfur is one of the key volatile elements, whose 
distribution between exogenic and endogenic 
reservoirs are critical for evolution of biosphere, 
long-term climate and its fluctuations, concentration 
and mobility of ore forming metals, and for the deep 
storage of other key volatile elements such as carbon. 
Yet, systematic studies on deep sulfur cycle, i.e., the 
abundance in deep reservoirs, its fluxes from the 
interior to the surface and back are still limited. 

In order to constrain the outflux of sulfur from 
the mantle by volcanism and constrain the budget of 
sulfur in the mantle, here we combine 
thermodynamic model and experimental constraints 
on melting in the Earth’s upper mantle and models 
and experiments for sulfur solubility in silicate melts 
to explain the sulfur budget of primitive MORBs and 
OIBs. MORB and OIB (e.g., Loihi, Samoa, Iceland 
and Galapagos) major element, chalcophile element, 
and sulfur content were compiled from literature, 
which show that although differentiated basalts may 
be sulfide saturated, basalts with MgO>8 wt.% fall in 
the range of 800-1200 ppm, and do not show any 
systematic trends with major element compositions. 
Sulfur concentrations of partial melts for variable 
mantle potential temperatures, TP were calculated for 
a given mantle source (initial bulk S content and the 
lithology of interest, i.e., peridotite or eclogite) by 
coupling the available SCSS (sulfur content at sulfide 
saturation) models, which vary as a function of P, T, 
and melt composition, and also taking into account 
that the sulfide melt composition may have non-
negligible Ni and Cu contents. Our modeling 
suggests that the S and Cu budgets of primtive ocean 
floor basalts are best explained by exhaustion of 
sulfide from the residue after 10-20% melting. This 
analysis also brackets the sulfur content of the 
MORB source at 100-200 ppm for TP of 1350 °C, of 
high F (>5%) OIB peridotite source (Galapogos and 
Iceland) at 50-200 ppm for TP of 1450-1550 °C. The 
presence of eclogite is critical to reconcile the 
measured S contents in low F(<5%) OIBs (Samoa 
and Loihi) for TP of 1550-1600 °C. 

Finally, we will show that for our bracketed range 
of sulfur in the peridotitic mantle, sulfide-
carbon±alloy interactions in the deep upper mantle 
lead to stabilization of diamond along with some 
carbon being stored in the sulfide-rich melt.   
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The cycle of carbon between the Earth’s interior 

and the ocean-atmosphere system is a critical process 
in planetary differentiation, redox evolution of the 
planet, and planetary habitability. The balance of a 
planet scale carbon cycle, i.e., the net flux of carbon 
between the Earth’s interior and exterior relies 
heavily on the fate of carbon during subduction. 
While the fate of carbonates during subduction has 
been constrained in numerous studies, little is known 
how organic carbon is quantitatively transferred from 
the Earth’s surface to the interior. Here, we 
conducted high pressure-temperature experiments to 
determine the carbon carrying capacity of slab 
derived, rhyolitic melts under graphite-saturated 
conditions to constrain the subduction efficiency of 
organic carbon, the remnants of life, through time.  

Experiments were performed at 1.5-3.0 GPa and 
1100-1400 °C on a model hydrous rhyolitic melt in 
graphite capsules. Experimental glasses were 
measured for carbon and water by FTIR and SIMS 
and for major elements by EPMA. Based on our 
experimental data, we developed a thermodynamic 
model of CO2 dissolution in slab melts, with which 
we quantify the extent of organic carbon mobility as a 
function of slab parameters (pressure, temperature, 
and oxygen fugacity) during subduction. 

Our data and model suggest that the subduction 
of graphitized organic carbon, and the formation of 
graphite/diamond by the reduction of carbonates at 
depth, remained efficient even in ancient, hotter 
subduction zones – conditions at which subduction of 
oxidized carbon likely remained limited. We suggest 
that the lack of remobilization in subduction zones 
and deep sequestration of organic (reduced) carbon in 
the mantle likely facilitated the rise and maintenance 
of higher atmospheric oxygen in the Paleoproterozoic 
and is causally linked to the Great Oxidation Event. 
Efficient subduction of reduced carbon also explains 
the presence of ancient mantle diamonds with light 
carbon isotope signatures, and could have suppressed 
the oxidation or even caused reduction of the mantle 
until subduction of oxidized species started to 
dominate. 
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Environmental investigations revealed that nitrate 

as nitrogen (NO3-N) in groundwaters and soils at the 
Farmer’s Elevator Company Site in Sylvan Grove, 
Kansas exceeded the MCL established by the 
U.S.EPA of 10 mg/L. In 2011, four monitoring wells 
were installed on the property and a continuos study 
is undergoing to monitor the groundwater conditions. 
Remedial actions  including phytoremediation and 
soil excavations to reduce both aqueous and soil 
nitrates have been completed at this site. The purpose 
of the study has been to examine the changes in 
concentrations or extent of high NO3-N levels, to 
propose potential source(s) if any persist, and to 
evaluate the effectiveness of the remedial actions 
implemented. Results from spring 2014 indicate that 
NO3-N in the groundwater and soil still remained 
higher than MCL values. NO3-N concentrations in the 
groundwater ranged from 2 to 46 mg/L and soil 
concentrations averaged 2,329 mg/kg at the site. 
There was an improvement at well MW-4 which is 
located down gradient from the remediation site. The 
range of δ15N- NO3

- values (+10–20‰) for all wells 
is recognized as probable animal wastes, suggest 
organic sources for the N2; however possible overlap 
of inorganic fractions (fertilizer induced) were 
indicated down-gradient from the fertilizer storage 
facility at MW-4 well. There is an improvement in 
NO3-N concentrations during the study period (2011-
2015) at MW-4 (91.2%). However, at MW-2 and 
MW-3 NO3-N concentrations have slowly increased 
over the previous four years (36.3%, 37.1% 
respectively). At well MW-1 NO3-N concentrations 
remained well above the MCL at 47mg/L. Isotope 
data indicates that the high NO3-N concentrations at 
MW-1 are not due to the original fertilizer spill, 
rather, it is exhibiting δ15N values more consistent 
with a higher fraction of organic nitrates. Since MW-
1 is located up-gradient from the fertilizer spill site, 
and closer to and down gradient from a livestock 
operation, it is likely that a second source unrelated to 
the Farmers Elevator Company site may be 
responsible for the high NO3-N concentrations at 
MW-1. Results indicate that the remediation of the 
Farmers Elevator Company site has been modestly 
successful. The persistence of high NO3-N 
concentrations up gradient from the site at MW-1 is 
likely resulting from a source outside the study area 
that needs further intense investigation. 



Goldschmidt Conference Abstracts 

 

608 

Isotope Fingerprints of Earth’s 
Accretion and the Moon 

Forming Impact 
NICOLAS DAUPHAS1  

1Origins Lab, Department of the Geophysical 
Sciences and Enrico Fermi Institute, The 
University of Chicago, USA 
(dauphas@uchicago.edu) 

 
Most isotope variations follow the laws of mass-

dependent fractionation. Departures from those laws 
are called isotope anomalies and often correspond to 
incomplete homogenization of the products of stellar 
nucleosynthesis in the solar system. Mass-dependent 
isotope signatures cannot easily and directly trace the 
nature of Earth’s accreting material because planetary 
differentiation processes like core formation, partial 
melting and magmatic differentiation can fractionate 
stable isotope ratios. A virtue of isotopic anomalies is 
that they can see through nebular and planetary 
processes as they remain undisturbed even when 
stable isotope ratios are fractionated mass-
dependently.  

Isotopic anomalies have been found in bulk 
planetary materials for a variety of elements with 
various geochemical affinities, including O, Ca, Ti, 
Cr, Ni, Mo, and Ru [1]. Those anomalies are very 
useful to test scenarios of planetary formation. A 
striking feature of Earth’s isotopic composition is its 
similarity to E-chondrites [2-4]. To reproduce the 
isotopic compositions of the elements listed above, 
one needs at least ~70% of an E-chondrite isotope 
component in the Earth [4]. One difficulty, however, 
with E-chondrites being the major constituent of the 
Earth is that they have low δ30Si values and Mg/Si 
ratios, which would take unreasonable amount of 
isotopically heavy Si to be hidden in the deep Earth 
to be reconciled with Earth’s mantle δ30Si value and 
Mg/Si ratio. One solution to this problem is that the 
Earth and E-chondrites were sourced from the same 
nebular reservoir [4] but that the Earth incorporated a 
larger contribution of a refractory forsteritic 
component and E-chondrites represent the volatile-
rich complement to that [7]. Further aspects where 
isotopic anomalies provide insights into the nature of 
Earth’s accreting material will be discussed. 
References: [1] Dauphas N. & Schauble E. (2016) 
AREPS 44, in press. [2] Javoy M. et al. (2010) EPSL 
293, 259-268. [3] Warren P.H. (2011) EPSL 311, 93-
100. [4] Dauphas N. et al. (2014) 407, 96-108. [5] 
Javoy M. et al. (2010) EPSL 293, 259-268. [6] 
Fitoussi C. & Bourdon B. (2012) Science 335, 1477-
1480. [7] Dauphas N. et al. (2015) EPSL 427, 236-
248. 
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Iron isotope variations have been found in a 
variety of samples and settings, ranging from 
hemeproteins to extraterrestrial igneous rocks. The 
strongest impediment to interpreting iron isotope 
variations in natural samples is the lack of a robust 
set of iron equilibrium fractionation factors between 
phases. Three approaches can be used to estimate 
equilibrium fractionation factors: ab initio 
calculations [1], NRIXS measurements [1,2], and 
laboratory experiments [3,4]. Each method has its 
weaknesses and strengths but evaluating their 
accuracies can be difficult. Consistency between 
equilibrium fractionation factors estimated by several 
independent approaches is a necessary condition to 
gain confidence in these methods; keeping in mind 
that natural and synthetic minerals can depart from 
ideal stoichiometry. Few phases have been studied by 
the three approaches. Blanchard et al. [1] recently 
estimated the β-factor of goethite using ab initio and 
NRIXS. The β-factor estimated by NRIXS is slightly 
higher than that predicted by the ab initio approach, 
which itself predicts a higher equilibrium 
fractionation between goethite and Fe(II)aq than is 
measured [4]. In order to assess the reliability of the 
equilibrium fractionation factors estimated using the 
various techniques, we have measured by NRIXS at 
the APS synchrotron the β-factors for synthetic 
ferrihydrite, natural goethite, hematite, pyrite, and 
siderite. Ab initio calculations are available for all 
these phases. We will provide a side-by-side 
comparison of the NRIXS and ab initio approaches 
with a perspective on what it tells us about laboratory 
experiments. 

Acknowledgements: This work was supports by 
grants from NSF, NASA, FACCTS and a LDRD 
grant from ANL. 
 References: [1] Blanchard M. et al. (2015) 
GCA 151, 19-33. [2] Dauphas N. et al. (2012) GCA 
94, 254-275. [3] Wu L. et al. (2011) EST 45, 1847-
1852. [4] Frierdich A.J. et al. (2014) GCA 139, 383-
398. 
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The aim of this study was to investigate organic 

additives (polyols and polycarboxylates) sorption, for 
cobalt precursors adsorption, on γ-alumina. In situ 
Attenuated Total Reflectance (ATR) infrared 
spectroscopy was used for real time analysis of 
surface adsorption [1-3]. The effect of experimental 
conditions, as pH, ionic strengh and concentration of 
organics and cobalt, on adsorption was followed for 
various additives. 

The understanding of the phenomena occurring at 
the preparation of the catalysts, i.e. the chemical 
reactions involved at the solid-liquid interface, is the 
first steps for optimization and development of new 
catalysts for eco-friendly industrial processes. 
Moreover, these systems are relevant in a 
geochemical perspective, since the migration of 
cations in geosphere is impacted by the presence of 
small organic ligands. 

Our results highlight the different sorption 
behaviors according to the nature of the solvated 
species involved, as complexing and non-complexing 
additives, for the cobalt and organics adsorption on γ-
alumina surfaces. Complexing additives, as citrate 
and NTA, leads to an improve of Co adsorption with 
the formation of ternary inner-sphere complex, while 
acetate (non-complexing additive) has no impact on 
cobalt sorption during the impregnation.    

 

 
Figure 1:  In situ ATR-FTIR spectroscopy 

[1]  Lefèvre (2004) Adv. Colloid Interface Sci. 107, 
109-123.  
[2] Davantès et al (2015) J. Phys. Chem. C 119, 
12356-12364.  
[3] Davantès & Lefèvre (2015) Eur. Phys. J. Special 
Topics 224, 1977-1983. 
 
 
This work was supported by the French National 
Research Agency within the framework of the ANR-
14-CE08-0019 SLIMCAT project (www.slimcat.fr) 
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The majority of current atmosphere/ocean models 

assume that windborne mineral dust is the source of 
>90% of the iron deposited to the surface of the 
world’s oceans[1]. While anthropogenic combustion 
aerosols account for a small percentage of deposited 
iron by mass, the greater solubility of iron 
compounds in these particles[2] compared to mineral 
dust[3] suggests that they may be more significant 
than their total concentration would indicate. These 
aerosols may be major sources of bioavailable iron to 
High Nutrient Low Chlorophyll oceanic regions[4], 
and atmospheric processing by acidic gases may 
further increase the soluble iron content of the 
particles[5]. 

The speciation of iron compounds in fly ash 
particles from ship emissions, coal and biomass 
burning were determined using X-ray Absorbance 
Near Edge Spectroscopy and XRF mapping at the 
ANKA synchrotron in Karlsruhe and the Diamond 
facility in Harwell. Coal fly ash samples from four 
sources were subjected to simulated atmospheric 
processing with SO2, NOx, ozone and artificial 
sunlight followed by extraction to monitor any 
changes in iron solubility. 

XANES analysis shows that iron is mostly 
present in coal fly ash as Fe(III) in hematite, with 
some magnetite and ferrihydrite while ship emissions 
mostly resemble ferric sulfate. Most iron present in 
ash from biomass burning was found to result from 
iron-rich “hotspots” likely to be particulate 
contamination from dust or soil rather than the 
biomass itself. The influence of atmospheric 
processing varies across coal fly ash samples, ranging 
from no discernible impact to a ~50% increase in iron 
solubility depending on the source of the ash and UV 
irradiation. 

 
[1]Hajima et al. Prog. in Earth & Planetary Sci. 
(2014) pp 1-29 [2] Chen et al. Environ. Sci. & Tech. 
(2012) 46, pp 2112-2120 [3] Shi et al. (2012) Aeolian 
Research 5, pp 21-42 [4] Ito (2013) Global Geochem. 
Cyc. 27, 1-10 [5] Ito, Environ. Sci & Tech (2013) pp 
70-75 
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The stable oxygen isotope composition of marine 
carbonate is widely used to reconstruct 
paleoenvironmental conditions. While the stable 
oxygen isotope composition of some taxa faithfully 
reflects both the temperature and the δ18O seawater, 
many show specific discrepancies known as “vital 
effects”. The carbonate clumped isotope thermometer 
is a paleotemperature proxy based on the 
thermodynamically dependent “clumping” of 13C-18O 
bonds within the carbonate crystal lattice. It enables 
reconstruction of carbonate formation temperature 
independent of the δ18O of the parent fluid. The first 
biogenic calibrations of the clumped isotope 
thermometer appear free of vital effects. Recent work 
however highlights subtle yet unexplained differences 
in the clumped isotope composition of some groups. 

 
Echinoderms exhibit strong vital effects in δ18O and 
δ13C. The echinoidea are therefore an ideal target to 
examine vital effects in the clumped isotope 
composition of biogenic calcite. Here, we present the 
first measurement of echinoderm calcite, and the first 
assessment of variability in the clumped isotope 
composition of echinoids. 
 

We measured the clumped isotope composition 
(∆47), δ18O and δ13C of two echinoids, three marine 
gastropods and a bivalve mollusk from modern beach 
deposits of Bali, Indonesia. The only regular echinoid 
measured shows a significant offset from expected 
∆47 values, interpreted as evidence of a “vital effect” 
such as that observed in surface corals. This is in 
contrast to a sand dollar measured, which exhibited a 
∆47 within error of local sea surface temperature.   

 
Further focusing on the Echinoidea, we present 

data on the inter-skeletal variability in the clumped 
isotopic composition of three echinoid species.  By 
understanding of the correlation between vital effects 
in δ18O and δ13C and the clumped isotopic 
composition of echinoid calcite we look to constrain 
the causes of vital effects observed in oxygen and 
carbon isotopes as a result of invertebrate 
biomineralization 
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U-Pb ages from detrital zircons can provide 
valuable information regarding sedimentary 
processes that, in turn, influence tectonic 
reconstructions, basin analysis and mineral 
exploration studies.  However, most detrital zircon 
datasets contain a component of analyses that are 
discordant in their U-Pb systematics and are typically 
discarded.  Discordance can be caused by a number 
of factors but the predominant causes are Pb loss due 
to the alteration of zircon, or analysis of mixed age 
components.  Interpreting such data can be difficult, 
however, discordant analyses may record geological 
events that are poorly represented in concordant data 
and therefore their significance missed or reduced.  
  

 In this study we use our recently published 
model [1] to determine the most likely discordia lines 
present within complex age populations.  The model 
applies a discrete grid of discordia lines (which are 
definable by the user) to a detrital zircon population 
and then computes the probability densities along 
each of the lines based on their proximity to the data 
points.  The more data that lies along a discordia line 
the higher the probability density for that line will be 
and the more likely that line is to have real age 
significance.  The model then calculates the upper 
and lower intercepts of these possible discordia lines 
and displays the data in a 2D contour plot.  We use 
examples from published data as well as our own U-
Pb datasets to show how the model extracts 
geologically useful information that would otherwise 
be missed if discordant data is filtered out.   
 
[1] Reimink et al. (2016) J. Geol. Soc. Lon. (in press).   
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Hotspots are anomalous regions of volcanism at 
Earth’s surface that show no obvious association with 
tectonic plate boundaries. Classic examples include 
the Hawaiian-Emperor chain and the Yellowstone-
Snake River Plain province. The majority are 
believed to form as Earth’s tectonic plates move over 
long-lived mantle plumes: buoyant upwellings that 
bring hot material from Earth's deep-mantle to its 
surface. It has long been recognised that lithospheric 
thickness limits the rise height of plumes and, 
thereby, their minimum melting pressure. It should, 
therefore, have a controlling influence on the 
geochemistry of plume-related magmas, although 
unambiguous evidence of this on continents has, thus 
far, been lacking.  
 
Here we integrate observational constraints from 
surface geology, geochronology, plate-motion 
reconstructions, geochemistry and seismology to 
ascertain plume melting depths beneath Earth’s 
longest continental hotspot-track, a ~2000 km long 
track in eastern Australia that displays a record of 
volcanic activity between ~33 and ~9 Ma, which we 
call the Cosgrove track. Our analyses highlight a 
strong correlation between lithospheric thickness and 
magma composition along this track, with: (i) 
standard basaltic compositions in regions where 
lithospheric thickness is less than ~110 km; (ii) 
volcanic gaps in regions where lithospheric thickness 
exceeds ~150 km; and (iii) low-volume, leucite-
bearing volcanism in regions of intermediate 
lithospheric thickness. Trace-element concentrations 
from samples along this track support the notion that 
these compositional variations result from different 
degrees of partial-melting, which is controlled by the 
thickness of overlying lithosphere. Our results place 
the first observational constraints on the sub-
continental melting depth of mantle plumes and 
provide direct evidence that lithospheric thickness 
has a dominant influence on the volume and chemical 
composition of plume-derived magmas. 

 



Goldschmidt Conference Abstracts 

 

615 

Extraterrestrial (per)chlorate 
ALFONSO F. DAVILA1; W. ANDREW JACKSON2; 

DEREK W.G. SEARS1; JOHN D. COATES3; 
CHRISTOPHER P. MCKAY1; MAEGHAN 

BRUNDRETT2; NUBIA ESTRADA2; J.K. BÖHLKE4 
1Space Science and Astrobiology Division, NASA 

Ames Research Center, Moffett Field, CA 94035, 
USA ��� (adavila@seti.org, derek.sears@nasa.gov, 
chris.mckay@nasa.gov)  

2Texas Tech University, Lubbock, TX 79409-1023, 
USA ��� (andrew.jackson@ttu.edu, 
mbrundrett@ttu.edu, nubia.estrada@ttu.edu) 

3Department of Plant and Microbial Biology, 
University of California, Berkeley, Berkeley, CA 
94720, USA (jdcoates@berkeley.edu) 

4U.S. Geological Survey, 431 National Center, 
Reston, VA 20192, USA ��� (jkbohlke@usgs.gov) 

 
Perchlorate (ClO4

-) and chlorate (ClO3
-) are 

ubiquitous on Earth and ClO4
- has also been found on 

Mars. They can play important roles in geochemical 
processes such as oxidation of organic matter and as 
biological electron acceptors, and are also indicators 
of photochemical reactions involving oxyanions; on 
Mars they could be relevant for human habitability 
both in terms of in situ resource utilization and 
potential human health effects.  

We detected and quantified ClO4
- and ClO3

- in 
regolith and rock samples from the Moon, and two 
chondrite meteorites (Murchison and Fayetteville) 
[1]. ClO3

- was detected in lunar samples at 
concentrations between 0.06 and 0.5 μg/kg. ClO4

- 
was detected at a concetration of 0.03 μg/kg in one 
lunar sample, but was below the limit of detection 
(<0.01 μg/kg) in a second regolith sample. ClO4

- and 
ClO3

- were also detected in all subsamples analyzed 
of the Murchison meteorite and the Fayetteville 
meteorite at concentrations of up to two orders of 
magnitude higher than in lunar samples. Lunar 
samples were collected by astronauts during the 
Apollo program, and meteorite samples were 
recovered immediately after their fall. This fact, 
together with the heterogeneous distribution of ClO4

- 
and ClO3

- within some of the samples, and their 
relative abundance with respect to other soluble 
species (e.g., NO3

-) are consistent with an 
extraterrestrial origin of the oxychlorine species.  

Our results, combined with the previously 
reported widespread occurrence on Earth and Mars, 
indicate that ClO4

-and ClO3
- could be present 

throughout the Solar System and possibly beyond. 
 
[1] Jackson et al (2015) EPSL, 430, 470–476 
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The Hontomín (Spain) caprock is mainly composed 
of marl (70 wt.% of calcite). The aim of the present 
work is to study the alteration of this rock in contact 
with CO2-rich solutions under supercritical CO2 
conditions (PTotal = 150 bar, pCO2 = 61 bar and T = 60 
°C) to assess its sealing capacity. Given the low 
permeability of the marl (k < 10−18 m2), water-
caprock interaction may take place along preferential 
pathways (e.g. fractures or microcracks). 

Flow-through percolation experiments were 
performed using artificially fractured cores to 
elucidate (i) the role of the composition of the 
injected solutions (S-free and S-rich solutions) and 
(ii) the effect of the flow rate on fracture 
permeability. In addition, 2D reactive transport 
models have been used to interpret the results.  

 
Results and discussion 
 Major dissolution of calcite (S-free and S-
rich solutions) and precipitation of gypsum (S-rich 
solution), together with minor dissolution of the 
silicate minerals, contributed to the formation of an 
altered skeleton-like zone (mainly made up of 
unreacted clays) next to the fracture wall. Fracture 
permeability did not significantly change in the S-free 
experiments. Permeability decreased due to gypsum 
precipitation in the experiments performed under 
slow flow rates (0.2 and 1 mL h-1) when using the S-
rich solution. 
 A good match between the experimental 
and model variation in the outflow composition with 
time (except at high flow rate, 60 mL h-1) needed a 
slight change in the initial Deff values in the rock 
matrix (≈1-3×10-13 m2 s-1 under slow flow rate) and in 
the calcite reactive surface area. Model results 
successfully reproduced major calcite dissolution and 
gypsum precipitation together with minor clinochlore 
dissolution. Minor precipitation of dolomite, 
kaolinite, boehmite and zeolites was also predicted by 
the model. 
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In most geological materials, rare earth element 

(REE) concentrations normalized to those in CI 
chondrites are smooth functions of ionic radius or 
atomic number, with a few very interesting 
“anomalies” of the redox-sensitive REE Ce and Eu. 
Calcium-. aluminum-rich inclusions (CAIs) in 
carbonaceous chondrites are a clear exception to this 
rule, with complex patterns owing to the fact that the 
volatilities of the REE are not a smooth function of 
ionic radius or atomic number. A surprisingly 
complex REE pattern was found by Tanaka and 
Masuda [1] in a fine-grained CAI, and they suggested 
that the pattern was volatility-controlled. Now known 
as group II REE patterns, they are best explained by 
high temperature gas-solid fractionation, in which the 
most refractory REE are removed from a gas of solar 
composition, and the remainder condenses to form 
objects with the group II patterns [2,3]. Despite this 
early progress, some puzzles remain. The refractory 
carrier that removed the most refractory REE from 
the gas prior to condensation of group II CAIs was 
probably hibonite, as mineral-melt partitioning 
suggests a strong preference for light vs. heavy REE, 
but activity coefficients for solid solution of REE into 
hibonite have not been measured. It is not even clear 
whether the volatility fractionation responsible for 
removal of the most refractory REE from group II 
CAIs was due to evaporation or condensation. 
Evaporation experiments have not succeeded in 
producing significant light/heavy REE fractionation 
[4]. Evaporation can produce mass fractionation 
effects, and a search for such effects in several REE 
in group II CAIs could reveal much about the events 
leading to their formation. The volatility of some 
REE is also redox sensitive: under oxidizing 
conditions, Ce becomes much more volatile and Eu, 
Tm, and Yb become more refractory compared to the 
rest of the REE [5]. With the advent of high precision 
isotope dilution MC-ICPMS measurement of REE 
patterns [6,7], there is much to be learned from 
volatility effects in the REE. 

[1] Tanaka T. and Masuda A. (1973) Icarus 19, 
523–530. [2] Boynton W. V. (1975) GCA 39, 569–
584. [3] Davis A. M. and Grossman L. (1979) GCA 
43, 1611–1632. [4] Davis A. M. and Hashimoto A. 
(1995) MAPS 30, 500–501. [5] Davis A. M. et al. 
(1982) GCA 46, 1627–1651. [6] Pourmand A. et al. 
(2012) Chem. Geol. 291, 38–54. [7] Dauphas N. and 
Pourmand A. (2015) GCA 163, 234–261. 
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In recent years, the concern for climate change has 
increased, resulting in greater emphasis on 
developing cleaner, renewable energy sources to 
replace conventional sources.  From 2000 to 2012, 
coal supplied 46% of the global primary energy 
supply.  When used for electricity generation, coal 
produces twice the CO2, 4 times the nitrogen oxides, 
and more than 100 times the SO2 and mercury 
compounds per kWh than burning natural gas.  The 
Powder River Basin (PRB) in southeast Montana and 
northeast Wyoming (USA) is one of the largest coal 
reserves and the site of both coal mining and coalbed 
methane (CBM) extraction.  CBM is natural gas 
produced in coal seams by thermogenic or biogenic 
processes.  Most of the coal in the PRB is too deep to 
be mined by conventional means, but microorganisms 
in these coal seams produce biogenic CBM.  The rate 
of natural biogenic CBM production is slower than 
that of commercial gas collection, resulting in an 
average CBM well lifespan of only 7-10 years. Many 
PRB CBM wells have been abandoned for this 
reason, creating an economic and environmental 
liability.  Developing economically feasible in situ 
strategies for increasing the rate of coal to CBM 
conversion will provide a cleaner and renewable 
energy alternative to conventional coal and extend the 
life of already existing CBM production wells. 

Previous studies have shown biogenic CBM 
production can be stimulated in the laboratory 
through nutrient addition.  To improve the 
understanding of the mechanism of CBM stimulation, 
four biostimulants were tested to quantify the CBM 
enhancement of each of these additions.  While 
similar increases in methane production were 
observed with all biostimulants, this data alone does 
not indicate whether the additional methane is due to 
increased coal to CBM conversion or the digestion of 
the biostimulant itself.  This presentation will 
summarize our efforts to delineate the exact pathways 
of CBM enhancement by combining mass balance, 
isotopically labelling, and microbial community 
analyses approaches.  
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Carbonate cemented sandstone and vein 

mineralisation was taken from state core library 
material sourced from fifty wellbores, sampling 
twenty two geological formations across the 
Mesozoic Eromanga and Surat (Great Artesian) 
basins of central and eastern Australia. Analytical 
tests included XRD, partial leaching for carbonate 
elemental composition, carbonate stable isotopes, 
strontium isotopes, fluid inclusion stage micro-
thermometry and salinity analyses. 

Most of the carbonate samples collected are 
calcite, with Fe more abundant than Mg, and Mn 
either greater or of similar abundance to Fe in several 
samples. A quarter of the tested samples have Sr, Na 
and/or Al concentrations of the same order of 
magnitude as Mg. All of the carbonates with more 
than four relatively concentrated ICP-MS/OES 
measured elements relative to Ca contain elevated 
Na, and no sample with elevated Na has less than 
three elements of relatively high abundance relative 
to Ca. Similarly, all samples with elevated K have 
four or more measured elements of relatively high 
abundance relative to Ca. 

Similar REEY patterns were found for veins 
and/or cements in different formations of given wells, 
up to 500m apart (vertically), irrespective of whether 
samples contained “pure” calcite or mixed carbonate 
species. The majority of the cement and vein 
carbonates plot within the field of hydrothermal veins 
on a variation diagram of Yb/Ca versus Yb/La [1], 
regardless of the paleoenvironment of deposition of 
the host formation. The carbonate 87Sr/86Sr of most 
samples ranges from 0.7032 to ~0.707. 

The main population of carbonates probably 
precipitated at close to 80°C from high latitude 
meteoric groundwater when Australia was positioned 
much closer to the South Pole. A subset of samples 
formed at ≥120oC, with calculated oxygen isotopes of 
the mineralising fluids consistent with mixing 
between groundwater of meteoric origin and evolved 
waters possibly sourced from the underlying basins, 
which is supported by the variable salinities of up to 
14.7 wt.% NaCl-equivalent in some fluid inclusions. 

[1] Möller (1983), NATO ASI Series C, 109, 561-
616. 
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Shale gas is natural gas produced from 
carbonaceous shale formations that typically function 
as both the reservoir and source rocks for the natural 
gas. Shales are deposited as muds in low-‐energy 
environments such as tidal flats and deep water 
basins.  During the deposition of these very 
fine-‐grained sediments, there can also be 
accumulation of organic matter in the form of algae, 
plant, and animal derived organic debris. Natural gas 
is stored in shale in three forms: free gas in rock 
pores, free gas in natural fractures, and adsorbed gas 
on organic matter and mineral surfaces.  

With the development of horizontal drilling and 
hydraulic fracturing commercial production started in 
2008 and by 2014 the prices of gas came down from 
10$/mm btu to 2.54$/mm btu.  It is estimated that 
around the world we have 16,000 Tcf gas as shale gas 
which is good enough as future source of energy.  My 
initial study in Vindhyan, Damodar, Kashmir, 
Cambay basins suggest large resource potential of 
shale gas in India. Over its large advantage the 
drawback is induced seismicity, water contamination 
and environment pollution. But with proper planning 
we can overcome with such problem. To improve the 
economy of the country we have to self-dependence 
for energy basket.  
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Before the evolution of oxygenic photosynthesis, 

anoxygenic photosynthetic organisms using different 
electron donors likely colonized the photic zone. 
Manganese-oxidizing phototrophs may have been 
present among these, but are not known today. 
Herein, we explore the cycling of Mn and mineral 
formation in anaerobic enrichment cultures of 
anoxygenic photosynthetic organisms growing in the 
presence of 1 mM Mn(II) in media that mimic 
Archean seawater. Manganese oxides containing 
Mn(II), Mn(III) and Mn(IV) precipitate after one 
month in the presence of microbes and light. The 
presence of these minerals was confirmed by X-ray 
diffraction, X-ray Photoelectron Spectroscopy, 
Fourier Transform Infrared Spectroscopy, 
synchrotron-µXRD and X-ray Adsorption Near Edge 
Structure. Abundant calcite and dolomite also 
precipitate immediately around microbial cells and 
biofilms, indicating a high preservation potential of 
the fine microbial textures and structures. Microbial 
community composition of enrichment cultures was 
assessed by 16S rRNA gene amplicon paired-end 
sequencing on the MiSeq Illumina platform. Strictly 
anaerobic phototrophs from the phylum Chlorobi 
were dominant in all cultures, and all cultures also 
lacked cyanobacteria. These findings demonstrate 
light-driven, anaerobic, biologically-mediated 
formation of manganese oxides in the presence of 
micromolar levels of sulfide. This process should be 
considered when interpreting the cycling of 
manganese, sulfur, trace metals and oxygen on the 
early Earth and in modern anoxic environments. 
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The dynamics of water and ions in smectites 

interlayer nanopores have been deeply studied for the 
last decades because of their impact on mass fluxes in 
sedimentary environments. From an experimental 
point of view, extracting ions dynamics in clay 
interlayers is not trivial, because the timescales 
involved are intermediate between those probed by 
fast techniques such as quasi-elastic neutron 
scattering (QENS) and those probed by slow 
techniques such as tracer diffusion experiments. 
Broadband dielectric spectroscopy (BDS) probes 
water and ion dynamics on intermediate timescales, 
from those associated with “static” conductivity (at 
frequencies below 10 kHz), to ion adsorption and 
desorption (at intermediate frequencies), to water 
reorientation (at frequencies above 10 GHz). The 
interpretation of BDS results is challenging, however, 
because of the difficulty of unambiguously assigning 
measured frequency modes to specific processes. 

Here, we present new BDS and molecular 
dynamics (MD) simulation results on the dynamics of 
water and ions in smectite interlayers. Results were 
obtained in controlled humidity and temperature 
experiments with synthetic or purified clays samples 
pellets with a range of mineralogies. The 
interpretation of BDS data is significantly facilitated 
by the use of complementary MD simulations. 
Collation of simulations and experiments provides 
important insight into the dynamics of interlayer 
species.  
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Because of their low volatility, if is often 

considered that non-traditional stable isotopes such as 
Zn can be fractionated during planetary impact 
because of the related heating and vaporization of the 
target [1]. However, because the meteoritic sampling 
is quite limited, it is difficult to have a full insight on 
the elemental loss and isotopic fractionation, since 
either the initial or the impacted rock is 
systematically missing. Testing this hypothesis on 
Earth may also be difficult because of the few impact 
craters existing that often show a complex history of 
mixing between the impactor and the impacted 
terrestrial rocks. Here, we have realized Zn, Cu and 
Fe isotope measurements on basaltic fulgurites, i.e. 
basalt that has been impacted by lightning. In this 
case, we can have access to both the protolith and the 
heated rock composition. Even if fulgurites differ 
from impact melt by the lower pressure reached, the 
temperature they experienced of > 2000 K [2] can be 
quite similar to the ones modelled during large 
impact [3].  

When comparing the composition before and 
after lightning, a dramatic loss in volatile element 
budget is observed, for example the H2O loss is 85-97 
%. Concerning Zn and Cu, the respective loss after 
lightning is 85-91% and 21-38%, in agreement with 
their respective volatility [4], while Fe, a major 
element, does not record elemental loss. On the other 
hand, δ68Zn, δ65Cu and δ57Fe do not show any isotope 
fractionation despite an obvious elemental 
vaporization of Zn and Cu. This is at odd with what 
has been proposed for the Moon after the giant 
impact [1]. Such an absence of fractionation can be 
explained by the high temperature reached during 
lightning. As major impacts also reach very high 
temperature, they are actually unlikely to fractionate 
stable isotopes. Other processes at lower temperature, 
such as re-condensation after impact or evaporation 
from a magma ocean, as proposed for the Moon [5], 
should be considered. 

 
 [1] Paniello et al. (2012) Nature 490 376-379. [2] 
Essene and Fisher (1986) Science 234 189-193. [3] 
Pahlevan and Stevenson (2007) Earth Planet. Sci. 
Lett. 262 438-449. [4] Lodders (2003) Astrophys. J. 
591 1220-1247. [5] Day and Moynier (2014) Phil. 
Trans. R. Soc. A 372.  
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Recently, two new proxies have been proposed 

based on the occurrence of long-chain diols in marine 
sediments: the Long chain Diol Index (LDI; based on 
1,13 and 1,15-diols) [1] as a proxy for sea surface 
temperature and the Diol Index (based on 1,14- vs. 
1,15- or 1,13-diols) [2, 3] as a proxy for upwelling 
conditions. In this study we validated the 
applicability of these proxies in surface sediments of 
the Iberian Atlantic margin. 

Figure 1: C32 1,15-diol (relative to summed 1,13- and 
1,15-diols; left) and difference between the LDI 
temperatures and actual satellite SSTs (right) along 
the Iberian margin.  
 

Relatively high fractional abundances of the C32 
1,15-diol close to the river mouth are observed, 
suggesting in-situ production of this compound in 
rivers and subsequent transport into the marine realm. 
This terrestrial input of diols apparently leads to a 
bias of up to 8 ⁰C in LDI-based temperatures, 
limiting the application of the LDI. Application of  
both Diol Indexes reveals that Diol Index 2 (1,14- vs. 
1,13-diols) is a good indicator of the local upwelling 
conditions, whereas Diol Index 1 (1,14- vs. C30 1,15-
diol) seems less suitable as the upwelling signal is 
overruled by the temperature signal recorded by the 
C30 1,15-diol. 

 
[1] Rampen et al. (2012) Geochim. Cosmochim. Acta 
84, 204-216. [2] Rampen et al. (2008) Earth Planet. 
Sci. Lett. 276, 207-213. [3] Willmott et al. (2010) 
Antarct. Sci. 22, 3-10. 
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Carbonate precipitates at continental springs are 

regarded as interesting archives of terrestrial, 
environmental changes. These settings received an 
increased global scientific interest as industrial 
consortia discovered important reservoirs in deposits 
with similar fabrics, provoking questions on their 
formation conditions. As travertine precipitation 
results from the interplay of physico-chemical 
processes (CO2 degassing, heat dispersion, flow 
turbulence) and the presence and activity of 
(micro)biota, they may contain “biomarkers” of 
interest for reconstructing early life. 

This study focuses on changes in CaCO3 fabrics 
and mineralogy that result in typical travertine 
layering in recent and ancient deposits. The layered 
nature has been linked to changes in precipitation rate 
or the abundance, nature and activity of organisms 
inhabiting the springs. These parameters, on their 
turn, reflect environmental changes, though, the exact 
conditions, their magnitude and how they impact 
fabrics, is less clear. In addition, detailed isotopic and 
trace elemental transects have been used to address 
this, but the impact of early diagenesis on crystal 
texture and preservation of geochemical signals 
remains poorly addressed. 

At first, field, microscopic and micro-CT 
observations of modern to Pleistocene travertine 
deposits from different locations (Turkey, Greece, 
Hungary and Yellowstone NP, USA) reveal the 
nature of lamination and 3D fabrics at micron- to 
centimeter-scale along the spring outflow paths. 
These observations will be confronted with field 
carbonate precipitation experiments over the course 
of days, in  active streams to understand and quantify 
the impact of biotic-abiotic parameters on layering 
and precipitation rates along downstream facies and 
within different climatic contexts. 

Secondly, unique recent to Holocene travertine 
core transect at Mammoth Hot Springs (Yellowstone 
NP, USA) permits to observe in detail changes in 
CaCO3 fabrics and aragonite to calcite mineralogy 
during early diagenesis. They are compared with 
alteration experiments of pristine CaCO3 precipitates 
in the lab, under controlled temperature and water 
chemistry conditions. Bulk and high-resolution 
isotope analyses help to capture the impact of 
recrystallisation on the primary δ13C and δ18O trends. 
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Geochemical databases such as MINTEQ, LNLL, 

PHREEQC and many others form the basis of the 
geochemical modelling softwares that are used for 
defining and modeling our geochemical reality, from 
laboratory experiments to the environmental impact 
of industrial activities. The definition of 
thermodynamic databases is one of the great advance 
of the past century.  

Most of the databases in use to date evolved from 
earlier precurors such as SUPCRT92 [1], which 
emerged from the primordial soup of thermodynamic 
data reported in the last century (e.g. [2] ). However 
the original data is sparse, incomplete and filled with 
correlations [4] while the original datapoints are often  
difficult or impossible to find. 

An update to the main databases is required as a 
large number of speciation constants has been 
ignored or revisited in the last decade [3]. Moreover 
the increasing use of organic molecules in 
geochemistry makes their presence in geochemical 
codes essential. Similarly a number of complexes 
with REE and dissociation constants of mineral 
phases need to be both reviewed and implemented. 
The aim of this work is to compile and update the US 
EPA geochemical database MINTEQ.V4 into a more 
comprehensive database. To that end, the species and 
phases present in other databases (e.g. LLNL) are 
recalculated and corrected to fit within the Minteq 
database. Additionally a systematic review of 
published (for example [5])  and pre-existing 
thermodynamic properties is used to improve the 
predictive capability of the database. 

 
[1] Johnson, Oelkers, & Helgeson, 1992. 
C. Computers & Geosciences, 18 
[2] Helgeson, 1969. American Journal of 
Science, 267 
[3] Schott, Mavromatis, Fujii, Pearce & Oelkers, 
2016. Chemical Geology, accepted 
[4] Oelkers, Bénézeth, & Pokrovski, 2009. Reviews in 
Mineralogy and Geochemistry, 70 
[5] Nordstrom, Majzlan, & Königsberger, 
2014. Reviews in Mineralogy and Geochemistry, 79 
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Trace elements (TE) in magnetite provide a 

geochemical signature which informs about the 
origin, formation, and alteration processes of Fe-ore 
deposits. This work reports nanoscale details of TE in 
the samples of zoned hydrothermal magnetite from 
diorite of the Kiruna-type, Los Colorados, iron-oxide 
apatite (IOA) deposit, Chilean Iron Belt. 

Two generations of hydrothermal magnetite were 
deposited: (i) primary, forming 1 mm thick aggragate 
of isometric crystals (50-200 µm in size) with TE 
accumulated in growth and sector zones; and (ii) 
secondary 3-5 mm thick layer of alternate TE-rich 
and TE-poor growth zones, deposited on magnetite-
(i). EMPA elemental maps of magnetite revealed 
presence of nanoparticles (NPs) in TE-rich sector and 
growth zones of magnetite-(i) and –(i). The 
maximum concentrations of TE are (in ppm): Si 
(15000), Al (12000), Mg (6700), Ca (5300), K 
(2400), Ti (3000), Na (2200), Mn (2700). The V 
content decreases from magnetite-(i) to –(ii), from 
2500-2700 to 2200-2300 ppm.  

TEM-EDX-SAED studies revealed three types of 
crystalline NPs: (a) crystallographically oriented, 
euhedral, needle-like NPs of diopside, 50x500 nm in 
size, foming core-rim textures. The chemical 
composition is (in wt. %): (i) core,  Mg-8.4, Si-28, 
Ca-18.5, O-44.1, Al-0.7; rim: Mg–12.6, Al–9.4, Si–
19.7, K-2.8, O–54.5. (b) isometric NPs of rutile, 
~100x200 nm in size; and (c) anhedral 
(Al,Mg,Si,Ca)-rich NPs. All NPs and hosting 
magnetite are single crystals, which is indicative of 
significant recrystallization. The zoning in TE in 
magnetite indicates abrupt fluctuations in the content 
of TE in the fluid and suggest changes from 
equilibrium conditions to kinetically-induced 
precipitation, respectively. 
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Several studies have recently highlighted the 
‘reddened’ spectrum observed in paleoclimate 
observations, suggesting the presence of scaling 
behavior in the climate system [1, 5, 6]. This scaling 
behavior may imply longer memory of extreme 
events with longer return periods in climate. GCMs 
generally fail to simulate this variability on long 
timescales, and thus the observed mismatch has been 
invoked as a means for casting doubt on the models’ 
prediction power. However, these efforts to ground 
climate model simulations directly in paleoclimate 
observations are often impeded by assumptions 
surrounding errors in both the models and the proxy 
data. To address some of these assumptions, both 
tools may be evaluated in the frequency domain: 
comparing spectral characteristics of models and data 
removes model biases in the mean and variance, and 
also removes time-evolution issues related to internal 
variability in GCMs [1]. Another assumption, 
however, concerns the convoluted complexity of 
proxy systems; these archives may incorporate a 
multivariate or nonlinear response to climate. A new 
data-model comparison strategy: to address this we 
turn to proxy system modeling [4]. This forward 
approach uses water isotope-enabled GCMs and 
proxy system models (PSMs) as tools for simulating 
each process that alters the original climate signal (be 
it biological, physical, or geochemical). To illustrate 
the usefulness PSMs in data-model comparison, we 
disentangle the multivariate influences on proxy data 
spanning the last millennium using state-of-the-art 
PSMs for ice cores, tree-ring cellulose, speleothem 
calcite [2] and tree-ring width [7] forced with a last 
millennium water isotope-enabled simulation of 
SPEEDY-IER [3]. We address the following 
questions: (1) do the GCM+PSM-driven 
pseudoproxies exhibit variability comparable to 
proxy data? (2) if not, are there proxy system 
processes that alter the spectrum of simulated 
hydroclimatic variability, and are the impacts of these 
processes distinguishable from climate? We apply 
our method to four representative case studies and the 
PAGES2k database. We find that variables other than 
climate itself can significantly alter the spectrum of 
variability measured in proxy data. Caution is needed 
comparing models and data when such confounding 
proxy system effects, as well as measurement biases, 
are poorly constrained. We assert that much insight 
stands to be gained from translating GCM output to 
proxy units in the realm of model validation. 
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The combination of Δ17O (= δ17O–0.52× δ18O)  

and ε54Cr from bulk isotopic analyses of meteorites 
has been used to distinguish different isotope 
reservoirs among the various groups of meteorites 
[1]. To better understand environments of formation 
of meteorites and their chondrules, we obtained both 
Δ17O and ε54Cr from 19 individual chondrules from 
Allende (CV3) and Karoonda (CK4). 

Each chondrule was split in two halves; one for 
ultra-high precision Cr isotope analyses at UC Davis 
and the other for electron microscopy at AMNH and 
SIMS O isotope analyses at WiscSIMS. Cr was 
purified by chromatography and isotope ratios 
measured by a Triton Plus thermal ionization mass 
spectrometer as in [2]. Oxygen three isotope analyses 
were performed on multi-collection Faraday cups 
with external reproducibilities of 0.3-0.4‰. Average 
Δ17O values were obtained from 8 analyses of olivine 
and pyroxene grains in each chondrule.  

Most Karoonda chondrules cluster in a small 
region of the ε54Cr- Δ17O diagram at Δ17O ~ –5‰ 
(similar to majority of Allende chondrules by [3]) and 
ε54Cr of 0 to 0.5, which appears to be an extension of 
the carbonaceous chondrite (CC) trend. By contrast, 
Allende chondrule data distribute into four distinct 
regions: (1) FeO-poor POP and PP chondrules with 
Δ17O ~ –3‰ and ε54Cr ~ +0.8, in the vicinity of bulk 
CV3 [1]. (2) FeO-rich BOs with Δ17O ~ 0‰ and 
ε54Cr  ~ –0.5 that fall on the non-carbonaceous bulk 
achondrite area [1]. (3) FeO-poor PO chondrules are 
intermediary between the carbonaceous and non-
carbonaceous clusters [1], which might represent a 
mixing line between two reservoirs. (4) Finally, one 
Al-rich chondrule is internally heterogeneous in O-
isotopes with an average Δ17O of –17 ±8‰, but with 
an intermediate ε54Cr~ 0. These data indicate that 
chondrules in CV chondrites formed in two distinct 
Cr-O isotope reservoirs and some chondrules 
recorded mixing of the two reservoirs, whereas some 
other chondrules have a strong CAI affinity. 
[1]Sanborn et al. (2015) LPSC XLVI #2241. [2] 
Sanborn & Yin (2014) LPS XLV #2018. [3] 
Rudraswami et al. (2011) GCA 75, 7596-7611. 
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Determination of lattice thermal conductivity (k) 

of lower mantle minerals is a key to understanding 
the dynamics of the Earth’s interior. Although 
determination of k was impractical in the deep Earth 
P, T condition for a long time, recent experimental 
and computational developments have been 
extending the accessible P and T ranges [e.g. 1]. Ab 
initio prediction of k requires understanding of the 
phonon-phonon interaction associated with the lattice 
anharmonicity. We recently succeeded in developing 
an efficient method to calculate it based on the 
density-functional perturbation theory combined with 
anharmonic lattice dynamics theory, and applying to 
MgSiO3 perovskite in the whole lower mantle P, T 
range for the first time. Next we extend our 
techniques to other lower mantle minerals such as 
MgSiO3 post-perovskite, and now calculations of 
more realistic Fe-bearing systems are also started. In 
this presentation, we introduce the current situation of 
our research on k. 
 
[1] H. Dekura, T. Tsuchiya and J. Tsuchiya (2013), 
Phys. Rev. Lett. 110, 025904. 



Goldschmidt Conference Abstracts 

 

631 

Probing reactivity at the calcite-
water interface using computer 

simulation 
MARCO DE LA PIERRE1, PAOLO RAITERI1, 

ALICIA SCHUITEMAKER1, RAFFAELLA 
DEMICHELIS1, JULIAN D. GALE1 

11Nanochemistry Research Institute, Curtin Institute 
for Computation, and Department of Chemistry, 
Curtin University, Perth, Western Australia 

 
Carbonate minerals are of significant interest due 

to their relevance to both biomineralisation and 
potentially long-term carbon sequestration. Calcite, as 
the stable form of calcium carbonate at ambient 
conditions, represents arguably the most studied 
mineral of this group. Its morphology is typically 
dominated by the (104) basal plane and there have 
been extensive experimental studies of growth and 
dissolution at this surface, especially via atomic force 
microscopy [1,2], as well as the structure of the 
water-mineral interface [3,4].  

In this study we examine the atomistic detail 
underlying the observations at longer length and time 
scales. Using molecular dynamics, based on a 
thermodynamically accurate force field [5], we 
examine the extent to which it is possible to probe the 
thermodynamics of individual growth events at the 
acute and obtuse steps on the calcite basal surface. 
Since the growth of calcite often occurs from 
solutions where the dominant species is bicarbonate 
rather than carbonate, the question of whether proton 
transfer occurs before or after addition of the anion to 
calcite will be discussed.  

Given the considerable computational challenge 
of determing rates for reactions at the calcite-water 
interface, the possibility of predicting growth and 
dissolution via more approximate atomistic 
approaches will also be examined. Preliminary results 
suggest that the use of static calculations with a more 
approximate treatment of the water may be able to 
predict realistic rate constants. This will be shown to 
be a promising future direction that offers the 
possibility to connect atomistic detail with 
macroscopic experimental observations and existing 
growth models [6].  

 
[1] Ruiz-Agudo & Putnis (2012) Miner. Mag., 76, 
227-253. [2] Stack & Grantham (2010) Cryst. Growth 
Des., 10, 1409-1413. [3] Geissbühler et al. (2004) 
Surf. Sci., 573, 191-203. [4] Fenter et al. (2013) J. 
Phys. Chem. C, 117, 5028-5042. [5] Raiteri et al. 
(2015) J. Phys. Chem. C, 119, 24447-24458. [6] 
Nielsen et al. (2013) Geochim. Cosmochim. Acta, 
115, 110-114. 
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Calcium carbonate is a key material in the context 

of biomineralisation, occurring with abundance at the 
Earth’s surface in the form of exoskeletons of marine 
organisms (seashells, coral reefs, …) [1] as well as in 
limestone deposits. It is also relevant to several 
technological challenges, including the control of 
scale formation in industrial plants and CO2 
sequestration [2,3]. 

In the above context, state-of-the-art computer 
simulation is of particular value, with its unique 
capability to provide insights at the atomic scale for 
processes such as crystal nucleation and growth that 
have aspects that are not yet fully understood. In 
recent years, classical molecular dynamics techniques 
have been successfully applied to investigate possible 
pathways toward nucleation for calcium carbonate, 
thereby clarifying the role played by the water of 
hydration for the various species [4,5]. 

In the present contribution we will discuss the 
structural and dynamical properties of water around 
surface features of calcite, such as steps and kinks, 
the most relevant sites for crystal growth in aqueous 
solution. The properties of the surface water layers 
will also be discussed in relation with the 
mechanisms for ion adsorption at these surface 
features. 

 
[1] Belcher et al. (1996) Nature 381, 56–58. [2] Chen 
et al. (2005) J. Petrol. Sci. Eng. 46, 185–194. [3] 
Matter and Kelemen (2009) Nat. Geosci. 2, 837–841. 
[4] Raiteri and Gale (2010) J. Am. Chem. Soc. 132, 
17623–17634. [5] Demichelis et al. (2011) Nature 
Commun. 2, 590. 
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Oceanic island basalts (OIB) are isotopically 
diverse. While a consensus has emerged on the origin 
of HIMU- and EM2-type basalts from sources 
containing, respectively, recycled oceanic crust and 
recycled terrigeneous sediment, the origin of EM1-
type basalts, best represented by Pitcairn volcanism, 
remains debated. 

The geochemical signature of EM1 lavas is 
extreme, with high 208Pb/204Pb at low 206Pb/204Pb and 
is usually attributed to recycled material, although the 
nature of this material is unclear: both Proterozoic 
pelagic sediment (1, 2) and delaminated 
subcontinental lithospheric mantle or lower 
continental crust (3, 4) have been proposed. 

 Here we report in-situ sulphur isotope 
signatures measured on both sulphide inclusions and 
within the matrix of Pitcairn Seamount basalts. We 
find unambiguous mass-independent fractionation (S-
MIF), with Δ33S ranging from +0.1 to -0.8 with most 
data below 0. As S-MIF was generated exclusively 
prior to 2.45 Ga, it sets a time constrain for the origin 
of the EM1 source. A Monte Carlo refinement based 
on simulation of Pb isotopic evolution constrains the 
recycling age to 2.5-2.6 Ga and provides tight 
estimates of the U/Pb and Th/Pb ratios (6.3-6.4 and 
6.3-6.7).  Curvature of isotopic mixing arrays in Sr-
Nd-Hf-Pb space suggests the Archean material was 
poor in trace elements similar to Archean sediment.  

This demonstrates that material from Archean 
Earth´s surface cycled into the mantle and remained 
stored for billions of years before returning to the 
surface eons later. 
(1)Woodhead & McCulloch EPSL (1989); (2)Eisele et al., 
EPSL (2002); (3)McKenzie & O'Nions Nature (1983); 
(4)Willbold & Stracke Chemical Geology (2010). 
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About 80% of the present day crust is generated 
in subduction settings, with the rest being mostly 
generated in intraplate settings. A major uncertainty 
in the rock archive is the balance between subduction 
and intraplate magmas in the generation of 
continental crust. 

Intraplate-related and subduction-related magmas 
have different U/Pb ratios with median values of 0.33 
and 0.09 respectively. The U/Pb ratio can therefore 
be used as a proxy for the tectonic settings in which 
the continental crust is generated. However since 
most crustal rocks have been derived from pre-
existing crust, the initial composition of juvenile 
continental crust has remained difficult to determine.  

This study presents a new way to see back to the 
composition of that new crust, based on ion probe 
analysis of Pb isotopes in K-feldspar and plagioclase 
inclusions within well-dated zircons. The Pb isotope 
data are used to calculate the time-integrated U/Pb 
ratios (i.e. 238U/204Pb = µ) for the period between the 
Hf model age and the U-Pb crystallization age of the 
zircons. Since the model age indicates when new 
crust was generated, the time-integrated U/Pb ratios 
reflect the geodynamical setting of the formation of 
new continental crust. 

 Two test samples with Proterozoic Hf model 
ages and Paleozoic crystallization ages have feldspar 
inclusions with Pb isotope ratios that overlap within 
analytical error for each sample. Sample Z7.3.1 from 
Antarctica has initial Pb isotope ratios 
(206Pb/204Pbaverage = 16.88 (±0.08σ)) that indicate it 
was derived from source rocks with low U/Pb ratios 
(~0.1), similar to those found in subduction-related 
settings. Sample TEMORA 2 from Australia has 
more radiogenic Pb isotope ratios (206Pb/204Pbaverage = 
19.11 (±0.23σ)) indicative of a source with higher 
U/Pb ratios (~0.4) similar to magmas generated in 
intraplate settings. 

The use of this method on magmatic and detrital 
zircons with a range of Hf model ages (e.g., 4.5–0 
Ga) opens new avenues to our understanding of the 
formation and the evolution of the continental crust 
through time. 



Goldschmidt Conference Abstracts 

 

635 

Automation of boron 
purification for δ11B analysis in 
CaCO3: Removing an analytical 

bottleneck 
E. DE LA VEGA1*, G.L. FOSTER1, P. FIELD2, H. 

KIM2, M.A. MARTINEZ-BOTI 1, E. ANAGNOSTOU1 
1Ocean and Earth Science, National Oceanography 

Centre, Southampton, University of 
Southampton, Southampton SO14 3ZH, UK 
(*correspondence: e.de-la-vega@soton.ac.uk) 

2Elemental Scientific, Inc., Omaha, NE, USA 
 

The boron isotope ratio (δ11B) measured in 
carbonates such as planktic foraminifera and coral 
skeletons has been shown to be a reliable proxy of 
past ocean pH and by extension atmospheric CO2 
[1,2]. However, the accurate measurement of δ11B by 
MC-ICPMS requires the extraction of boron from the 
carbonate matrix prior to measurement, this step is 
time intensive and currently rate limiting. The 
purification is traditionally performed manually by 
ion exchange chromatography with homemade 
Teflon columns and Amberlite resin [2]. 
Considerable training is also required for the 
production and use of the columns and the entire 
purification methodology carries a risk of isotopic 
fractionation and contamination. Here we present a 
new automated technique developed in collaboration 
with Elemental Scientific Inc. using the prepFAST 
system that enables the automatic extraction and 
purification of boron from a calcium carbonate matrix 
in approximately 60 minutes per sample. We present 
a set of tests conducted on a variety of standards and 
carbonate samples and discuss the accuracy of the 
prepFAST system, its reproducibility and level of 
blank contamination. 

Results conducted on seawater, boric acid and 
carbonates (foraminifera and tropical corals) over a 
range of δ11B from –20 to +40 ‰ show comparable 
accuracy and reproducibility to standard column-
based methods (typically ±0.2 ‰). These results 
show the capacity of the prepFAST to generate 
accurate and reproducible δ11B measurements 
without the challenging manual purification step. 
This is the first step towards rapid throughput boron 
isotope analysis of carbonates and other suitable 
sample matrices. 
 
[1] Sanyal et al. (2001) Paleoceanography 16, 515-
519. [2] Foster (2008) EPSL 271, 254-266  
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In recent years, carbon dioxide capture and 

utilisation is gaining increasing attention, driven not 
only by environmental concerns but also by the 
potential to use it as carbon feedstock for fuels and 
chemicals. One plausible utilisation route is its 
conversion to form small organic molecules, yet CO2 
is thermodynamically very stable and its reduction is 
energy intensive.  

One of the most exciting scientific debates 
involving iron sulfides focusses on their proposed 
pivotal role in a leading theory on the Origin of Life 
[1]. The widespread occurrence of iron sulfides at 
hydrothermal vents as a series of highly reactive 
metastable compounds have led to their implication 
as catalysts in the conversion of CO2 to small organic 
molecules, backed up by their presence as vital redox 
centres in contemporary enzymes. In 
chemoautotrophic bacteria CO2 conversion takes 
place under mild conditions in catalysed by enzymes. 
These enzymes often contain Fe4S4 clusters, which 
have been shown to act as electron-transfer sites, but 
they can also be catalytically active centres for 
molecule transformations. The iron sulfide mineral 
greigite is structurally similar to this cluster (Fig. 1) 
and may therefore be a promising catalyst in CO2 
reduction reactions. 

Here, we present the results of a combined 
computational and experimental investigation into the 
applicability of the greigite mineral (Fe3S4) as a 
catalyst to transform CO2 into small organic 
molecules, such as formic acid and methanol.  

Figure 1. Schematic representation of (A) the 
ferredoxin center of the CO dehydrogenase enzyme, 
(B) greigite surface, Fe3S4 (001), with an enhanced 
cubane structure. 
 
[1] M.J. Russell, W. Martin, Trends Biochem. Sci. 
(2004) 29, 358. 
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Over long timescales (>105 yrs), the abundance of 
carbon dioxide (CO2) in the atmosphere is 
determined by the balance of the major carbon 
sources and sinks. Among the major carbon sources, 
the oxidation of organic carbon contained within 
sedimentary rocks (“petrogenic” carbon, or OCpetro) 
is thought to result in CO2 emission of similar 
magnitude to that released by volcanism. Despite this 
recognition, there are few data on the rates of OCpetro 
oxidation at Earth’s surface. CO2 release is difficult 
to track directly due to degassing and carbon cycling 
in the live biosphere. Rhenium (Re) has been 
proposed as a proxy for tracing OCpetro oxidation. 
Here we investigate the source, behavior and flux of 
dissolved and particulate rhenium (Re) in the Madre 
de Dios watershed (a major Andean tributary of the 
Amazon River), aiming to quantify the flux of CO2 
released by OCpetro oxidation. 

The Madre de Dios watershed has a dominantly 
sedimentary lithology. Erosion rates, acid-hydrolysis 
weathering reactions, and sulphide oxidation rates 
have been well-characterized and shown to vary 
across the mountain to floodplain transition We seek 
to understand how mountain erosion controls Re 
release and whether dissolved Re and other redox 
sensitive element concentrations are modified during 
fluvial transit. In addition to quantifying OCpetro 
oxidation, this study will improve our understanding 
of the source and processes controlling Re in rivers, 
allowing us to apply trace metal proxies more widely, 
and potentially in the geological record. 
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The sediments of the Landsort Deep and Gotland 

Basin (Baltic Proper) are well known for remarkable 
enrichments in Ca-rich Mn carbonate (MnCO3). 
However, the environmental prerequisites favouring 
enhanced formation of MnCO3 are still under debate. 
Previous models include North Sea inflow-related 
oxygenation of euxinic bottom waters enriched in 
dissolved Mn but also on-going MnCO3 precipitation 
under euxinic conditions [1,2]. Here we compare 
water column time series of O2 and H2S covering the 
last 60 years with dated sediments from both basins 
suggesting long-lasting hypoxic but non-euxinic 
bottom waters as an important prerequisite for 
exceptional MnCO3 formation. Because the hypoxic 
but still O2-containing bottom waters prevent the 
escape of reduced Mn into the open water column, 
enhanced deposition of Mn-oxides (MnOx) at the 
sediment-water interface likely fosters the 
transformation of MnOx into MnCO3. Intense Mn 
cycling close to the sediment surface also impacts 
sedimentary trace metals (TM) inventories via 
scavenging by MnOx [3]. In accordance with TM 
enrichments seen in redoxcline-derived MnOx 
particles, TM signatures in MnCO3 layers differ from 
those observed in sapropelic sediments deposited 
during euxinic stagnation periods. While Mo is 
strongly enriched in both Fe sulphide- and Mn-rich 
layers, Se and U sequestration is favoured during 
euxinic water column conditions. In contrast, Co, Sb, 
and especially W strongly relate to Mn cycling. These 
TM patterns are also seen in pre-industrial Mn layers 
formed during the Medieval Climate Anomaly and 
Holocene Thermal Maximun and differ substantially 
from typical sapropels, e.g., Black Sea Unit II. 

 
[1] Huckriede and Meischner (1996) Geochim. 
Cosmochim. Acta 60, 1399-1413; [2] Lenz et al. 
(2015) Biogeosciences 12, 4875-4894; [3] Dellwig et 
al. (2010) Geochim. Cosmochim. Acta 74, 7100-7115. 
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Although noble gases are powerful tools to 

provide invaluable informations on mantle 
heterogeneities, only their physical parameters in the 
mineral lattice are considered. However, it has been 
shown that most incompatible elements are 
preferentially stored at grain boundaries in 
polycrystalline rocks and not in mineral lattice [1]. 
Because noble gases are incompatible elements as 
well, grain boundaries should also be a preferential 
site of storage at depth. If correct, it implies that: (i) 
the diffusion parameters used to determine the size of 
the mantle heterogeneities are underconstraints and 
(ii) actual models underestimate the diffusivity of 
noble gases and thus the size of the mantle 
heterogeneities. 

To better constrain the amount of noble gases 
which can be stored at grain boundaries and to obtain 
reliable diffusion parameters, we performed new 
experiments following the protocol designed by [2]. 
Experiments with different grain sizes have been 
performed in order to determine the influence of the 
volume of grain boundaries on the noble gas 
incorporation and diffusion. Results show two 
diffusion domains characterized by different 
activation energy. At low temperature, diffusion is 
dominated by grain boundary whereas high 
temperature corresponds to the lattice diffusion [2]. 
Our results highlight the importance of grain 
boundaries as preferantial diffusion pathways for 
noble gases.  

It should be noted that samples show different 
transition temperatures. Such a variability could 
depend on grain size (the volume of grain 
boundaries) and/or on the temperature when grain 
boundaries were entirely depleted. If the last 
hypothesis is correct, bulk diffusion can also be 
affected by grain boundaries at high temperature.  
[1] Hiraga T. et al. (2004) Nature, 427, 699-703. 
[2] Burnard P. G. et al. (2015) Earth and Planet. Sci. 
Let., 430, 260-270. 
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The mechanisms that control the response of the 

Asian monsoon to abrupt climate changes are poorly 
constrained. Paleo-monsoon reconstructions based on 
the δ18O of speleothem calcite suggest that suborbital 
variations in the intensity of the monsoon during the 
last glacial period occurred synchronously with 
abrupt climate change events in Greenland [1], 
lending support to the hypothesis that northern 
hemisphere climate exerted a dominant control over 
monsoon intensity on suborbital timescales. 
However, an alternative hypothesis based on a re-
analysis of speleothem δ18O suggests that southern 
hemisphere climate exerted a dominant control 
during the last glacial period [2]. Here we present 
new constraints on the timing of changes in monsoon 
intensity relative to changes in southern hemisphere 
climate over the period from 55 to 24 kyrs before 
present (BP), which we determined using isotopic 
and trace/minor element signatures of planktic and 
benthic foraminifera from an intermediate depth 
sediment core from the Bay of Bengal. Our results 
suggest that Glacial Antarctic Intermediate Water 
(GAAIW) extended into the northern Bay of Bengal 
during the last glacial period, and that its influence 
waxed and waned in concert with changes in the 
intensity of the Indian monsoon. This link between 
monsoon intensity and changes in climate conditions 
in the region of GAAIW formation lends support to 
the hypothesis [2] that southern hemisphere climate 
exerted a dominant control on the Asian monsoon 
during the last glacial period. 

 
[1] Wang et al. (2001) Science 294, 2345-2348. 

[2] Rohling et al. (2009) Quat. Sci. Rev. 28, 3291-
3302. 
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The minerals constituting the Earth’s upper 

mantle contain hydrogen as a trace element, 
decorating point defects in their crystalline structure. 
They are the so-call nominally anhydrous minerals 
(NAMs). Experimental petrology and mineralogy 
have quantified the maximum concentration under 
several compositional and thermodynamic conditions, 
but systematic studies on the hydrogen concentration 
in minerals from mantle-derived rocks have only 
recently been carried out. Here, a compilation of the 
distribution of hydrogen in upper mantle peridotite 
xenoliths is presented. NAMs from peridotite 
xenoliths contain a few ppm wt H2O in their 
structure. From the current database, the maximum 
hydrogen concentrations in olivine regularly increase 
with increasing depth. The amount of hydrogen in 
NAMs from peridotite xenoliths from subduction 
contexts does not seems higher than in other 
geological contexts for similar temperature and 
pressure conditions. The highest hydrogen 
concentrations are found in peridotitic olivines from 
cratonic mantle (Siberia), and are likely due to the 
deeper depth of origin. The increasing hydrogen 
concentration in olivine with increasing depth is 
likely controlled by the increase of H partitioning into 
olivine at the expense of orthopyroxene as imposed 
by a decrease in Al content in opx with depth. 
However, the sparse data could also indicate that the 
bulk hydrogen concentration slightly increases with 
depth higher than 150 km. In this case, it would 
suggest, locally (Udachnaya, Siberia for example), a 
possible increase in water fugacity due to fluid 
saturation.  

 Even if the most abundant mineral in 
mantle rocks is olivine, the bulk hydrogen 
concentration in peridotites is controlled by the 
amount of hydrogen stored in pyroxenes. However, 
hydrogen concentration in olivine remains crucial for 
consequences on physical properties such as rheology 
and electrical conductivity.  

 At last, the questions of the preservation of 
hydrogen concentration in NAMs due to rapid ionic 
diffusion will be discuss in the light of recent results 
from peridotite xenoliths and diffusion models. 
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Interaction of cations with clay particles governs 

the organisation of particles at short and long scale. 
During the lime stabilisation of soil for engineering 
applications, the combination of calcium ions and pH 
modify the particle interactions and finally the 
mechanical properties of the soil. Soil stabilisation 
with lime is commonly used in earthworks since it 
allows using most of the natural soil located within 
the project area. However, certain soils rich in 
kaolinite or mica show a delay in the development of 
the pozzolanic reaction and so, in the modification of 
the soil resistance. In this study, we focused on the 
short term effect of the lime addition of different 
kaolinites by probing the interface modification from 
gas adsorption and atomic force microscopy. 

The study of Ar adsorption at the kaolinite 
surfaces showed first that both lateral and basal faces 
of the particles of kaolinite are concerned by the 
calcium uptake. The decrease of gas adsorbed and the 
associated decrease in basal surface area argued in 
favor of a aggregation of the particles and the 
adsorption of CaOH+ at high pH. So the calcium 
adsoprtion led to a coating of the kaolinite surface 
preventing the dissolution of the kaolinite and 
delayed the pozzolanic reaction. 

Surface force measurement technique (AFM) was 
used to examine the surface charge properties of the 
two faces of kaolinite. The surface charge on both 
faces showed dependence on the concentration of 
Ca(OH)2 with similar trend to that of zeta potential. 
However, the silica face of kaolinite was probed to be 
much more negative and relatively less dependent on 
the concentration of Ca(OH)2 than alumina face of 
kaolinite, revealing different charging mechanism on 
the two faces of kaolinite. The charge on alumina 
face appears to be highly pH dependent than silica 
face.  

The dependence of electrical double-layer 
interaction force and surface potential on the 
concentration of NaOH and Ca(OH)2 followed the 
same trend as the rheological behavior [1]. 
 
[1] Chemeda et al., (2015) App Clay Sci 107, 1-13. 
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In the systems of CO2 geological storage, 
fractures are extremely important features because 
they dominate fluid migration and solute transport, 
particularly in the caprocks. Moreover, because the 
introduction of CO2 reduces the pH of the native 
brine and forces the initial system out of equilibrium, 
CO2-water-rock interactions can result in substantial 
mineral dissolution/precipitation that may alter 
fracture geometries. Changes in fracture apertures 
and near fracture regions will affect fluid flow, 
fracture surface wettability, solute transport and 
geochemical reactions, as well as the geomechanical 
properties of the fractures.  

In this study, we use reactive transport models to 
simulate fracture alteration in the context of CO2 
geological storage, with the goal of providing 
fundamental understandings of the alteration of near 
fracture regions and the conditions required for 
fracture enhancement and fracture closure. The 
alteration of the near fracture region can arise from 
the presence of minerals with substantially different 
reaction rates, or under conditions where diffusion 
between the fracture and the rock matrix dominates, 
such as for the residual brine in the fractures after 
invasion of scCO2. The novel 2D continuum model 
we developed captures the evolution of the altered 
layer, and demonstrates that the altered layer can 
serve as a diffusion barrier that limits further 
reactions. In addition, the output of the model 
provides critical information, such as the thickness 
and spatial distribution of the altered layer, for 
geomechanical models to account for the impact of 
the altered layer on the geomechanical properties of 
the fractures. While geomechanical forces can cause 
deformation or decohesion at contact points and 
fracture closure, mineral precipitation, controlled by 
mineralogical compositions, flow conditions and 
surface roughness, may also result in sealing of 
fractures. For instance, our simulation results show 
precipitation in the low flow regions in a carbonate 
rich shale fracture, which leads to reduction of the 
overall fracture permeability.    
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Detrital zircon geochronology is widely used to 

investigate sediment provenance and reconstruct 
tectono-sedimentary evolution. Because zircons are 
almost evenly collected from terranes in the drainage 
basin, detrital zircon geochronology of river sands 
can provide valuable constraints on the continental 
crust evolution on a large scale. 

Major changes of tectonics and climate have 
happened in Asia during the Cenozoic, including the 
uplift of Tibert Plateau and onset of Asian Monsoon. 
These events have led to a high diversity of 
weathering and ersoion regimes and sediment source-
to-sink tranpsort processes in Asia. Hence, Asia 
continent is an excellent natrual lab for applying 
detrital zircon geochronology. Previous studies have 
forcused on lots of Asian rivers, such as the Yangtze 
River, Yellow River, Indus River, Ganges River, etc.  

However, some bias in detrital zircon 
geochronology may exist in these studies, like zircon 
fertility of source terranes, hydraulic sorting, 
statistical significance of age data, and subjective 
judgment based on visual (qualitative) comparison 
techniques. In this study, we compile literature 
detrital zircon ages of Asian rivers (Fig. 1), and 
revisit all the data by some quantitative methods like 
K-S test, PCA, MDS, etc. The major aim is to reveal 
the influences of bedrock geology, topography and 
hydrology features on detrital zircon age spectrums.  

Fig. 1 PDP for zircon U-Pb ages in Asian rivers 
 
Acknowledgement: This work was supported by 
National Natural Science Foundation of China (Grant 
Nos. 41225020 and 41376049). 
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The North Dabie Complex Zone (NDZ) in the 

Dabie orogen, China is a high-T ultrahigh-pressure 
(UHP) metamorphic terrane. The UHP rocks in the 
NDZ underwent a multistage evolution involved in 
prograde, UHP and HP eclogite-facies, and 
subsequent granulite-facies overprinting and 
amphibolite-facies retrogression during the Mesozoic 
continental subduction and exhumation [1, 2]. 

Groppo et al. [3] obtained a P-T range from ~650 
°C/1.2 GPa up to > 750 °C/> 2.0 GPa for the 
prograde stage, using phase equilibrium modeling. 
Peak P-T conditions were estimated to be 881−1080 
°C and 5–7 GPa [1, 4]. Quartz eclogite-facies 
metamorphism occurred under 901−1028 °C, 
according to Ti-in-zircon and Zr-in-rutile 
thermometers, assuming the pressure to be 2.0 GPa 
[4]. This study define another four P-T ranges by 
phase equilibrium modeling. The results are 1.6–1.98 
GPa/899−987 °C, 1.1–1.3 GPa/850−890 °C, 0.8–1.0 
GPa/850−930 °C and 0.7–0.8 GPa/720–770 °C. 
These P-T ranges correspond to three stages of 
granulite-facies overprinting plus one stage of high 
amphibolites-facies retrogression, which are indicated 
by mineral paragenesis. 

Therefore, combing the above P-T results with 
published zircon U-Pb ages [1, 2] and related mineral 
Sr-Nd isotope dating, a complete prograde, peak and 
retrograde P-T-t path involved in eight metamorphic 
stages was for the first time precisely constrained for 
the NDZ. 
 This study was financially supported by the 
National Natural Science Foundation of China 
(41273036) and the National Basic Research Program 
of China (2015CB856104). 
 
[1] Liu et al. (2007) JMG 25, 975-989. [2] Liu et al. 
(2011) Lithos 122, 107-121. [3] Groppo et al. (2015) 
Lithos 226, 183-200. [4] Liu et al. (2015) Gondwana 
Res 27, 410-423. 
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One of the major challenges of in situ applied 

ground improvement techniques like Microbial and 
Chemical Induced Calcite Precipitation (MICP and 
CICP) is the homogeneous, or at least spatially 
controlled, distribution of the desired reaction 
products in order to obtain controlled improvement of 
geotechnical bulk soil properties (Redding, 2007; 
Van Paassen, 2009). 

Numerical modelling simulations at continuum 
(Darcy)-scale are  performed to study the spatial 
distribution of reaction product(s) as a function of the 
injection strategy. An example of the simulations is 
shown in the figure below. The models are validated 
with laboratory experiments using a quasi two 
dimensional flow box with a large number of ports 
which could be either used as injection/extraction 
well or as a sensor port.  This article presents the 
results obtained when multiple injection wells are 
operated simultaneously in which two reactive 
solutions (calcium chloride and sodium (bi-) 
carbonate) are injected separately in alternating wells, 
located perpendicular to the background flow. Water 
is used as a non-reactive spacer. Hydraulic pressures 
and electrical resistivity tomography (ERT) are used 
in the laboratory set-up to monitor the spatial 
distribution of reactants and products. The shape and 
location of the mixing zone during treatment, and the 
spatial distribution of calcium carbonate after 
treatement are evaluated for different injection 
strategies.  

Van  Paassen,  L.A.,  &  Van  Loosdrecht, 
M.C.M.  (2009). Scale  up  of BioGrout:  a  biological  
ground  reinforcement method. 17th Conference on 
Soil Mechanics & GeotechnicalEngineering,  
Alexandria, Egypt.  

Redden, G. D., & Smith, R. W. (2007). Fluid 
Flow, Solute Mixing and Precipitation In Porous 
Media. Water Resources Research, 44, 1–19. 
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From experimental studies, it is known that a 

significant part of the water of our planet may be 
stored in the form of hydrogen dissolved as point 
defects in nominally anhydrous minerals of Earth’s 
mantle. Such hydrogen defects embedded in the 
mineral atomic structures are easily detectable using 
Fourier transform infrared spectrometry (FTIR) even 
at low concentration levels (ppm). Here, we report 
hydrogen concentration in upper mantle minerals 
from a composite spinel-bearing peridotite (dunite 
cross-cut by a pyroxenite vein) from San Carlos 
(Arizona, USA) equilibrated at 1122°C (Ca-in-opx). 
The hydrogen concentration is quantified using 
Fourier transform infrared spectroscopy (FTIR). Core 
analyses yield 0.5, 23-35 and 18-42 ppm wt. H2O for 
olivine, enstatite and diopside, respectively. Core to 
rim analyses indicate that the hydrogen concentration 
is homogeneous in both olivines and clinopyroxenes 
(cpx), but is heterogeneous in orthopyroxenes (opx). 
Profiles analyses (more than 1 mm long) using both 
unpolarized and polarized infrared radiation across 
opx grains reveal hydrogen-depleted rims. These 
observations corroborate the relative hydrogen 
diffusivities inferred from experiments at high 
pressure and high temperature. Indeed, the latter 
indicate that hydrogen diffusion in olivine is 
significantly faster than in opx and cpx. Also, from 
the present results, hydrogen diffusivity in cpx seems 
slower than in opx. We will also try to combine these 
new results with concentration profiles in major (Fe, 
Mg, Al) and traces elements (REE) at both the scale 
of the grains and the scale of the thin section. This 
study suggests that the bulk hydrogen concentration 
for the upper mantle based solely on measurements of 
mantle-derived peridotites might underestimate the 
true water content of the equilibrated uppermost 
mantle if distribution concentrations are not studied 
with care. 
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The Ivrea-Verbano Zone of northwest Italy preserves 
an exhumed complete continental lithospheric 
section. The lower-crustal rocks represent a history of 
crustal underplating by mantle melting, followed by 
the intrusion of sills and pipe-like bodies that contain 
Ni-Cu-PGE sulfide mineralisation. The largest and 
least studied mineralised intrusion is the La Balma – 
Monte Capio sill, which is a compositionally layered 
body with a peridotitic base grading upwards to an 
amphibole-gabbro.  
 This entire lower-crustal magmatic system 
has previously been thought to have been emplaced 
rapidly, with a shared mantle source. In addition, Ni-
Cu-PGE sulfide mineralisation associated with the 
various intrusions in the Ivrea-Verbano Zone has 
been previously assumed to be coeval with the early 
Permian crustal underplating. However, geochemical 
and high-precision geochronological studies indicate 
that the initial magmatic underplating occurred in the 
early Permian, followed by pipe emplacement in the 
early Triassic (Locmelis et al., 2016). New 
geochronological data indicate that La Balma – 
Monte Capio sill is significantly younger, with an ID-
TIMS U-Pb age on low-U zircon of 200.7 ± 0.8 Ma, 
coeval with the Central Atlantic Magmatic Province 
(CAMP). 
 As the Ivrea-Verbano Zone is a unique 
window into pre-Alpine geology that enables the 
study of a major mafic magmatic event, the greater 
extent of which was likely obscured or destroyed in 
later tectonic activity, this study argues the possibility 
that La Balma–Monte Capio sill represents a 
significant eastward extension of the CAMP. This 
hypothesis invites the exciting possibility that a 
significant and previously undocumented 
metallogenic event may be associated with CAMP. 
 
Locmelis, M., Fiorentini, M.L., Rushmer, T., Arevalo, R., 
Adam, J., Denyszyn, S.W., 2016. Sulfur and metal 
fertilization of the lower continental crust. Lithos 244, 74-
93. 
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The continued use of coal-fired electricity 
generation and the risk of the mobilization of coal ash 
into the environment have highlighted the need for 
understanding the behavior of coal ash in the 
environment. In this study, we examined arsenic (As) 
speciation in two fly ash samples derived from 
bituminous coal, as well as transformations in As 
speciation in response to aquatic redox conditions. X-
ray absorption spectroscopy indicated that major As-
bearing hosts in un-amended fly ash samples were 
glass, iron oxyhyroxides, and calcium arsenate. Fly 
ash leaching under oxic conditions resulted in 
immediate As mobilization to the dissolved phase, re-
precipitation of As-iron ferrihydrite, and As 
adsorption to surfaces. Under anoxic conditions, the 
(reductive) dissolution of As-bearing phases such as 
iron ferrihydrite resulted in increased dissolved As 
compared to oxic conditions, and re-precipitation of 
amorphous iron arsenate. Overall, As in coal fly ash 
is immediately mobilized into solution, and becomes 
largely associated with iron mineral phases. Arsenic 
in coal ash is not environmentally stable and results 
in increased dissolved and solid phase As loading to 
aquatic systems exposed to the ash.  
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Carbonate minerals rarely grow at equilibrium.  
Their isotopic compositions, a major source of 
information on paleo-environments and mineral 
genetic conditions, are subject to kinetic isotope 
fractionation effects that can be the same size as 
equilibrium effects.  Understanding these non-
equilibrium fractionation effects is critical to the 
interpretation of carbonate isotopic compositions. 
They also constitute unique probes of mineral growth 
mechanisms and chemical exchange fluxes at the 
mineral-solution interface. 

Kinetic isotope effects (KIE) have not typically 
been used or accounted for largely because of the 
absence of useful models that can relate them to 
mineral growth conditions.  In the past five years 
there has been considerable progress in this regard [1-
4], and it is now possible to think about using KIE as 
paleo-environmental indicators, although the scope 
and reliability of such indicators is not fully defined.  
There are indications that Ca, O, and C KIE are 
dependent not only on growth rate and solution 
saturation state, but also on pH, solution Ca:CO3, and 
equilibration rates of carbonate species in solution.  
There are additional interesting possibilities with Mg 
isotopes, Sr/Ca, and other trace element ratios.   

There is still a paucity of experimental data 
available for testing models, but there is ample 
evidence that KIE and kinetic chemical effects can be 
valuable contributors to understanding precipitation 
reactions and for sensing crystal growth conditions 
for natural samples.  KIE are so predominant at room 
temperature that it is difficult to establish equilibrium 
fractionation factors, which are needed to test models.  
Studies of natural systems are therefore a critical 
component of building better models for KIE.  

[1] Nielsen et al. (2013) GCA 115, 100-114 [2] 
Hofmann et al. (2012) PNAS 109, 18689–18694 [3] 
Watkins et al. (2014) EPSL 404, 332-343 [4] 
Mavromatis et al. (2013) GCA 114, 188–203 
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To investigate the influence of climate on shale 

weathering, a climosequence of six mixed deciduous 
forested sites was initially established in the northern 
hemisphere as part of the Susquehanna Shale Hills 
CZO in Pennsylvania, USA. Quantifying elemental 
losses and mineralogy across these sites documented 
a climate dependence of feldspar weathering. 
Additional data from a variety of climates and 
vegetation types would substantially improve our 
ability to quantify the role climate plays in 
weathering processes. To that end an additional 
Eucalyptus vegetated site was established at the Main 
Range CZO near Brisbane, Australia. The site has a 
mean annual temperature of 14.5 °C and mean annual 
precipitation of 135 cm, intermediate between the 
previously studied Alabama and Puerto Rico sites. 
The site is underlain by shale that is similar to the 
existing climosequence. As in previous work, a soil 
core and shale from rock outcrops were collected and 
analyzed for bulk geochemistry, C/N content, and 
mineralogy. Initial observations at the site include a 
relatively shallow depth (155 cm) and minimal 
elemental depletion with depth indicative of 
kinetically limited weathering despite a similar 
climate to the Alabama site where weathering is more 
transport limited. Thus, we hypothesize the different 
weathering rates may be due to strong precipitation 
seasonality or a strong control of vegetation. Results 
from this new site will help us better understand the 
role of climate and vegetation in controlling shale-
weathering rates.  
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The origin of the insoluble organic matter (IOM) 

of the carbonaceous meteorites remains an unsolved 
issue despite major achievements in the knowledge of 
its chemical structure. The latter led us to propose a 
model for its molecular structure. Based on the 
relationship between the aromatic moieties of the 
macromolecular structure and their aliphatic linkages, 
it was recently suggested that, its synthesis has taken 
place in the gas phase of the disk surrounding the Sun 
in its early T-Tauri phase and that organic radicals 
have played a central role in this organo-synthesis.  

To test experimentally this pathway, we 
submitted short hydrocarbons (methane, pentane, 
octane) to a microwave plasma discharge so as to 
produce in situ CHx radicals. The black organic 
residue deposited contained both soluble and 
insoluble OM. The comparison at the molecular level 
between the thus synthesized IOM and that of 
meteorite led to strong similarities thus supporting the 
proposed pathway for its organo-synthesis. 

Moreover, in the meteorite IOM, systematic 
deuterium enrichment relative to the protosolar value 
is observed at the bulk sample scale and micrometer-
sized grains exhibit dramatic enrichments in 
deuterium interpreted as a heritage of the interstellar 
medium or resulting from ion-molecule reactions 
taking place in the diffuse part of the solar disk. In 
the aforementioned synthesized IOM, NanoSIMS 
analyses revealed large variations at a sub-
micrometric spatial resolution. They likely reflect the 
differences in the D/H ratios of the CHx radicals 
whose polymerization is at the origin of the IOM. 
These isotopic heterogeneities are commensurable 
with those observed in meteorite IOM. As a 
consequence, the appearance of organic radicals in 
the ionized regions of the T-Tauri solar disk may 
have triggered the formation of organic compounds. 
This laboratory synthesis thus shed a new light on the 
formation conditions and pathways of the IOM of 
carbonaceous chondrites. 
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The redox evolution of the Earth surface depends 

on both exogenic processes and coupling with Earth’s 
interior.  The continuous production of oceanic crust 
(OC) generates a reactive reservoir of reducing 
potential, controlled by the high ferrous iron content.  
Reactions in the ocean-crust interface zone act as an 
important global redox sink [1, 2].  Exogenic redox 
processes (largely the burial of organic carbon) must 
generate oxidative potential equal to the reduction 
rate by SW-crust interaction simply for the Earth 
surface oxidation state to remain constant. Net 
oxidation of the ocean-atmosphere sytem requires 
that oxidants be produced faster than they are 
consumed by SW-crust interaction, as well as by 
other sinks. The rate of SW reaction with the reduced 
OC reservoir depends on the extent of fluid-rock 
interaction, which is partly a function of the thermal 
state of the crust. The thickness, thermal gradient and 
Fe content of the OC are a function of mantle 
potential T that has declined over time [3].   

The rate of redox reactions between the OC and 
SW depend on the composition of the OC and content 
of oxidized species in the oceans, as well as the 
reaction pathways. Oxidation currently largely takes 
place in the OC, as O2, NO3

- and SO4
= are present in 

deep SW that inflitrates the upper OC. Under 
conditions with low or absent deep ocean oxidants, 
the locus of reaction is moved out of the OC and into 
the water column. Dissolved Fe is generated by 
reactions between oxidant-depleted fluid and the OC, 
and introduced into deep water.  In the absence of an 
analog environment, reaction path modeling can be 
used to constrain the flux of Fe from the OC to SW.  
The magnitude of the OC redox sink in a low oxidant 
ocean is dependent on this flux. A critical threshold 
occurs when the deep ocean becomes oxidizing and 
redox reactions move into the OC from the water 
column  A better understanding of this critical term in 
global redox evolution requires improved 
representations of the thermal, hydrologic and 
geochemical processes under conditions different 
from the present.   
[1] Lecuyer and Ricard (1999) EPSL 165 197-211.  
[2] Hayes and Waldbauer (2006), Phil. Trans Roy. 
Soc. B 361 931-950. [3] Herzberg et al. (2010) EPSL 
292 79-98. 
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The mineral Pentlandite (Pn) is one of the most 

economically important minerals in magmatic Ni-Cu-
platinum group element (PGE) deposits, and typically 
occurs on Earth with a composition around 
Fe/(Fe+Ni) ~ 0.5 [1,2]. Pn is also an important 
component in extraterrestrial rocks, which however 
occurs with a composition Fe/(Fe+Ni) ~ 0.7 [3,4]. 
The existence of this compositional variability has 
remained enigmatic. We have performed ab-initio 
calculations on the (Fe,Ni)-Pn series. The structures 
obtained using the special quasirandom method are 
discussed with applications to mineral formation in 
terrestrial vs extraterrestrial environments. Our 
results shed light on the effectiveness of 
computational approaches for disordered-highly 
correlated systems. 

 The results have broader implications on 
the prediction of the mineralogy of planetary 
interiors. Volume, density and elemental partitioning 
changes in minerals have been observed 
experimentaly to coincide with pressure-induced 
mineral spin-transitions, suggesting that exchange 
interactions may be important for driving the 
variability of mineral compositions (5,6). However, it 
is not possible to experimentaly confirm the existance 
of this mechanism, as the composition and spin 
transitions may also be independantly induced by 
compression or may have a correlated, but not causal 
relation. Our calculations on Pn confirm the existance 
of this mechanism, by showing that the optimal 
ambient-pressure mineral composition minimizes a 
quantity which is proportional to magnetization. We 
discuss a rationalization for the existance of this 
mechanism. The result stresses the importance of 
characterizing mineral spin-transitions for the 
purposes of mapping the mineralogy of planetary 
interiors. 
[1]    Barnes et al., (2006) Contributions to 
Mineralogy and Petrology 152, 187-200. [2] Chauke 
et al, (2002) Physical Review B 66, 155105. [3] 
Hoffman et al, (2001) Lunar and Planetary Science 
32, 2116. [4] Nakazawa et al, (1973) Nature Physical 
Sciences 242, 13-14. [5] Lin et al, (2008) Nature 
Geoscience 1, 688-691. [6] Murakami et al, (2005) 
Geophysical Research Letters 32(3). 
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High-latitude diatom-dominated ecosystems are 
major loci of open-ocean silicon (Si) cycling, with 
profound large-scale consequences. The well-
documented near-global influence of diatom Si 
uptake in the Southern Ocean results from the 
importance of this region for ventilation of the 
thermocline. One exception to this widespread 
influence is the North Pacific, whose thermocline is 
ventilated from the north and is consequently 
influenced by Si cycling in the subarctic Pacific. 
Differences in these two high-latitude oceans must lie 
at the heart of the strong hemispheric asymmetry of 
the Pacific thermocline Si distribution. 

Recent research has shown that the stable isotope 
composition of silicic acid in seawater, δ30Si, is an 
excellent tracer for the study of the long-range effects 
of Si cycling at high southern latitudes. Here, we 
compare and contrast two datasets of upper-ocean 
seawater δ30Si from the high northern and southern 
latitudes of the Pacific Ocean. Data from 
GEOTRACES section GP02 in the subarctic Pacific 
(47°N) is complemented by data across the fronts of 
the Antarctic Circumpolar Current (55°S) from GO-
SHIP transect P16S. This comparison allows us to 
draw parallels and discern differences in the cycling 
and isotopic evolution of Si as a result of the 
interaction between biological utilization and 
physical transport in these two critical high-latitude 
regions, and assess their role in determining the δ30Si 
and Si distributions of the Pacific thermocline. 



Goldschmidt Conference Abstracts 

 

656 

Hydrogeochemical evolution of 
ground water along the 

Butajira-Ziway transect, 
Central Main Ethiopian Rift.   

BIRUK TESHOME DESTA1 
1 Earth Science Department, Bahir Dar University, 

Ethiopia. (brookktes@gmail.com) 
 

The hydrogeochemical evolution of ground water 
is analyzed in central Main Ethiopian rift on the basis 
of major elements and trace elements analysis. The 
analysis was carried out on the water samples 
collected from cold spring, well water, hot spring and 
Lake waters. The result shows that there is different 
hydrogeochemical phase in the escarpment and rift 
water. The analysis indicate that the rift floor well 
water, hot spring and Lake water is characterized by 
high total dissolved solids (TDS), fluoride and 
sodium. The major elements such as Ca and Mg are 
the dominant feature for ground water from 
escarpment areas.   
 

Characterization of the geochemistry of rare earth 
elements (REE) has been used to understand water-
rock interactions. Lanthanum (La) concentration of 
ground water ranges from 0.0088145 μg/l to 
13.95805 μg/l along Butajira-Ziway transect. Cerium 
(Ce) concentration of the ground water also ranges 
from 0.002196532 μg/l to 9.89699422 μg/l along the 
transect. Ordinary normalized REEs patterns of some 
water samples such as Bui spring (cold spring), 
Tulugudo springs (hot springs), well water from Bui 
town and Ziway Lake water shows Light Rare Earth 
Elements (LREE) enrichments and Heavy Rare Earth 
Elements (HREE) depletion occurs with Europium 
(Eu) negative anomaly. 

 
This is due to ground water and Lake waters 

inherit the property of felsic rocks through water rock 
interaction. The Eu negative anomaly probably arises 
because many crustal rocks were produced by 
intracrustal partial melting. The residues of those 
melts were rich in plagioclase, hence retaining 
somewhat more of the Eu in the lower crust, and 
creating a complimentary Eu depleted upper crust. 
Ordinary Chondrite normalized REEs patterns of well 
water from Inseno town shows that slight LREEs 
depletion and HREEs enrichment with Ce4+ negative 
anomaly. In this sample REEs pattern of the well 
water shows close to the property of basaltic rocks 
which is LREEs depleted and HREEs enriched.  

 
This shows that this deep well (Inseno well) 

water highly interacts with basaltic rocks. A negative 
Ce anomaly is consequence of Ce being in the +4 
oxidation state.    
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Terrestrial stable isotope records, such as those 
derived from speleothems, often serve as a guide to 
past changes in the isotopic compositon of local 
meteoric waters. The interpretation of these records is 
frequently directly or indirectly based on the amount 
effect in rainfall, where more negative δ18O values 
are associated with greater amounts of rainfall at low 
latitudes. Although the original observation of the 
amount effect was based on monthly data, the idea is 
often applied to much longer records, annual to 
millenial. Oxygen isotope variability in these records 
has also been attributed to variation in monsoon 
intensity across a broad region through an amount 
effect mechanism. 

In order to test this concept in the modern rainfall 
record and at time scales that are appropriate to 
meteoric water in the vadose zone, we analyzed three 
monsoon-region long records of stable isotopes in 
modern rainfall. Weighted mean δ18O values show no 
or low correlation to rainfall at the total seasonal, 
annual, or decadal scales for New Delhi, Hong Kong, 
and Tucson, Arizona, USA. Even when a correlation 
exists, the noise present in the relationship prevents 
the identification of wetter or drier years or decades.  

We also compared mean δ18O values to broad 
regional indicies of monsoon intensity. For intervals 
of stronger than average monsoon rainfall the δ18O 
value of rain tended to be close to the long term mean 
at that location. It is only in weaker than average 
monsoons where the most negative and most positive 
δ18O values are observed. This unexpected result is 
supported by Rayleigh fractionation modeling, where 
weaker monsoon systems carry less atmospheric 
moisture and are driven to more negative δ18O values 
with modest rainfall amounts. 

To test the Rayleigh fractionation model as 
applied to monsoon systems we extracted rainfall 
oxygen isotope ratios and amounts from an isotope 
enabled global climate model, GISS ModelE, and an 
isotope reanalysis simulation, IsoGSM. Model results 
generally conform to the observations above, annual 
weighted mean δ18O values of precipitation have high 
or low values in weaker than average monsoon years; 
δ18O values in strongest monsoon years approach 
long term means.  
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The J-PEAT project couples environmental 

geochemistry, pollution impacts and radioecology, to 
investigate the spatial and temporal variability of the 
atmospheric deposition of artificial radionuclides 
from the Fukushima accident in Japanese low-impact 
areas using a multiproxy approach based on the 
analyses of peat cores. It will provide, for the first 
time, estimations of emission rates and total 
inventories of artificial radionuclide before and after 
the Fukushima  accident. In this poster, we will 
present the first results of pre- and post-Fukushima 
radionuclide and chemical element deposition in two 
peat sections from Hokkaido Island. We will also 
detail the future objectives of J-PEAT. For instance, 
the influence of long-range atmospheric transport on 
the distribution of the radionuclides will be evaluated 
and new environmental chronometers using artificial 
radionuclides will be discussed. 
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Rudist bivalves (Order Hippuritida) were major 

shallow water carbonate producers during much of 
the Cretaceous, leaving an extensive fossil record 
though this time period. The outer shell layer of 
rudists consists of diagenetically stable fibrous 
prismatic low-Mg calcite and its composition has 
been used to reconstruct paleo-climate parameters on 
a sub-annual resolution. In this study, a novel method 
of trace element analysis by laboratory micro X-Ray 
Fluorescence (µXRF) is applied to quickly obtain 
high-resolution (25 µm spot-size) trace element (e.g. 
Mg, Al, Ca, K, Fe, Zn, and Sr) profiles through a 
series of rudist shells spanning a period from the 
Barremian to the Late Campanian. The use of a range 
of specimens throughout the Cretaceous allows 
comparison of shell geochemistry and paleoclimate 
through important climate events, such as the Ocean 
Anoxic Events and the Albian-Cenomanian 
transition, providing the link between short and long 
timescale Cretaceous paleoclimate reconstruction. 
The evolution of paleo-seasonality through these 
events as well as through the Cretaceous is discussed. 
This extensive comparison of the chemical signature 
shells from different rudist species will further allow 
constraining of their ecological conditions and will 
shed light on vital effects that influence the chemical 
composition of the shell during growth.  

The µXRF data are combined with Laser 
Ablation Inductively Coupled Plasma Mass 
Spectrometry (LA-ICP-MS) and stable carbon and 
oxygen isotope analysis in order to discuss the 
significance of the µXRF trace element profiles for 
the study of paleo-seasonality through the 
Cretaceous. Comparison of µXRF and LA-ICP-MS 
data shows the reproducibility of both methods for 
the measurement of trace element profiles in 
carbonates, while a combination of µXRF mapping 
and cathodoluminescence illustrates how the µXRF 
method can be used to detect diagenesis in fossil 
bivalve samples.  
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The continental crust has evolved for billions of 
years to produce the environment we live in and the 
resources we depend on, and yet how and when it 
formed remain a matter of great debate. Less than 5% 
of the geological record consists of rocks older than 3 
Ga, there are no known rocks older than 4 Ga, and in 
contrast recent models of continental growth suggest 
that at least ~60-70% of the present volume of the 
continental crust had been generated by 3 Ga. Such 
models imply that large volumes of pre-3 Ga crust 
were destroyed and replaced by younger crust since 
the late Archaean.  

 
In this contribution we evaluate the influence of 

changing rates of continental crust generation and 
destruction over the rocks record through time. We 
considered two types of continental crust [1], i) pre-3 
Ga relatively thin (~20 km) and predominantly mafic 
crust, and ii) post-3 Ga thicker (~35 km) and more 
differentiated crust. We adopted a Monte Carlo 
approach to generate a large ensemble of crust 
formation and destruction rates in 300 Myr 
increments, in a model constrained by the estimated 
volumes of the continental crust at 3 Ga and the 
present day, and the distribution of crust formation 
ages in the present day crust. New continental crust 
was generated continuously, but with a marked 
decrease in the growth rate of continental crust at ~3 
Ga. Destruction rates dramatically increased from the 
onset of plate tectonics around 3 billion years ago, 
and the volume of continental crust may have exceed 
its present value by the mid/late Proterozoic. 

 
 
[1] Dhuime et al. 2015, Nature Geoscience 8, 

552-555 
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A volatile-free magma ascending through the 

lithosphere follows an adiabatic gradient of dT/dp ≈ 
3.3 °C/kbar [1]. While if the magma is volatile-
oversaturated, the gradient would be significantly 
larger than this value. Here we reconstructed a 
magma ascending p-T array (Fig 1) by using a 
clinopyroxene-liquid thermobarometer [2] and a Si 
activity thermobarometer [3]. The dT/dp of the 
ascending WEK magma is 10.8 °C/kbar, suggesting 
that the magma experienced fluid-oversaturation and 
vesiculation when it ascended through the 
lithospheric mantle.  

The high potassium content of the basalts 
suggests that phlogopite exists in the source of the 
magma. However, phlogopite contains ~5 wt% H2O, 
which is insufficient for the magma to be fluid-
oversaturated at ~50 km. Thus, another volatile 
phase, possibly CO2, is present in the fluid. A 
carbonate-bearing phlogopite garnet pyroxenite, 
possibly related to the stagnated Pacific slab, was a 
suitable source for the WEK basalts. 
 

 
 
Figure 1: P-T estimates of the WEK basalts, NE 
China. 
 
[1] McKenzie & Bickle (1988) J. Petrol. 29, 625-
679. [2] Putirka et al. (2003) Am. Miner. 88, 1542-
1554. [3] Lee et al. (2009) EPSL 279, 20-33. 
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Large amounts of the finest quality onyx are 
extracted from the Ain Smara quarry, in north east 
Algeria. It is used for decorating buildings around the 
world.  In 1814, during the restoration of the White 
House, in Washington, experts used large blocks of 
onyx from this quarry.                                                                                                                                           
This onyx, in contrast to many other types, is 
characterized by bright colours and structures. Onyx 
was very popular in ancient Greece and Rome where 
it was carved with highly valued images and scenes. 
There, onyx was considered to be linked with instinct 
and intuition and has been associated with business 
and management capabilities in some areas since 
ancient times.                                                                                                                                          
Different societies had different legends about this 
material and many used it to decorate their most 
precious buildings. Information from geochemical, 
petrographical, and other studies will help us to 
characterize this natural stone, compare it with onyx 
from many other places and to make a case for 
proposing it as a candidate Global Heritage Stone 
Resource. This will improve present knowledge of 
this material and help the stone extraction industry in 
Algeria  
 

 
The picture : onyx, striped, semiprecious variety 

of the silica mineral agate with white and black 
alternating bands. 
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Magnesium is a major cation in the carbon cycle, 

and thus in global climate variations throughout the 
Cenozoic, due to its prominence in silicate 
weathering. The Mg concentration and isotopic 
composition (δ26MgSW = -0.82‰) of seawater is 
conservative, reflecting a balance between 
continental weathering driven input via rivers 
(δ26MgRiver ~ -1.09‰) and removal by high-
temperature hydrothermal reactions (Δδ26MgSW–HT ~ 
0.0‰), dolomite formation, and low-temperature 
alteration of the oceanic crust. Since the oceanic 
residence time of Mg is significantly longer than the 
mixing time, temporal variations in δ26MgSW recorded 
by marine calcites, such as foraminifera, can reflect a 
global imbalance of the sources and sink throughout 
the Cenozoic1.  

Previous work by Pogge von Strandmann et al. 
(2014)1 examined δ26Mg of Cenozoic seawater by 
analyzing planktonic foraminifera and found a ~1‰ 
decrease in δ26Mg from 40 Ma to today. In contrast, 
Higgins & Schrag (2015)2 analyzed pelagic carbonate 
sediments and determined that there was very little 
δ26Mg variability over the past 80 Myr. We present a 
new and preliminary record of planktonic 
foraminifera spanning the Cenozoic (Fig. 1). The 
significance of the observed ~1‰ decrease in δ26Mg 
toward present day values is challenged by the high 
variability in our core-top foraminifera calibration 
(δ26Mg = -4.63±0.57‰ (n=48, 2σ))3. However, 
preliminary box model scenarios demonstrate that 
such a decrease in δ26Mg could be driven by a 
decrease in the dolomite formation flux from ~3.0 
Tmol/yr to present-day values of ~0.8 Tmol/yr. The 
present study also contributes toward understanding 
the Mg isotopic biominieralization and seawater 
signature in Cenozoic planktonic foraminifera.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: δ26Mg (‰) of 22 Cenozoic planktonic 
foraminifera from six core sites. Preliminary model 
results suggest that a decrease in the dolomite 
precipitation flux (FDOL, Tmol/yr) could cause a 
decrease in δ26Mg throughout the Cenozoic.  
 
[1] Pogge von Strandmann et al. (2014) 
Biogeosciences. 11, 5155-5168. [2] Higgins & Schrag 
(2015) Earth and Planet. Sci. Letters 416, 73-81. [3] 
Dial et al. (2015) Goldschmidt Abstracts 727.  
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The Mesoproterozoic remains an enigmatic time 
period in the minds of many, including the 
remarkable stability of the carbon isotope record, the 
near billion-year gap in glaciations, the seemingly 
early appearance but delayed diversification of 
eukaryotes, and the sometimes contradictory 
interpretations of a variety of ocean redox proxies—
just to name a few reasons. This lack of 
understanding is, in part, due to the scarcity of 
continuous Mesoproterozoic sedimentary successions 
and their patchy temporal distribution.  

In an effort to fill key data gaps, we have 
examined a portion of the Xiamaling Formation, 
specifically the black shale-rich facies of Units 2 and 
3, captured in a drill core taken approximately 200 
km west of Beijing. The ages of Units 2 and 3 of the 
Xiamaling have been well constrained by U/Pb zircon 
dates to ~1390 Ma.  

We present a high resolution, multi-proxy 
approach to assess the redox structure of this 
Mesoproterozoic basin and, by extension, the 
Mesoproterozoic oceanic system as a whole. New 
data presented in this study include iron speciation, 
major and trace elemental compositions, pyrite sulfur 
isotopes, and molybdenum isotopes. By robustly 
establishing the redox conditions of the immediately 
overlying waters through the use of traditional 
sequential iron extractions, we then have a 
framework in which to interpret trends in both redox-
sensitive trace metal concentrations and molybdenum 
isotopes—well established tracers of global redox.  

Our results demonstrate a fundamental shift in 
basin hydrography near the top of Unit 3. 
Specifically, we suggest that the most parsimonious 
interpretation for the elemental relationships in Unit 3 
is deposition under nonmarine conditions. If we are 
correct, the Unit 2/3 contact represents a marine 
incursion, which gives way to a richly sulfidic 
interval. As such, Unit 2 captures records that likely 
reflect global marine conditions.  In this light, 
maximum trace metal enrichments and molybdenum 
isotope ratios are consistent with a low O2 
ocean/atmosphere system and a largely ferruginous 
deep ocean.  These results corroborate our past views 
of the mid-Proterozoic and the environmental 
conditions in which the earliest complex life evolved.  
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During Mesozoic, the Cathaysia block, where 
Macao is located, was affected by granitic plutonism 
generated during the Indosinian and Yanshanian 
orogenies. Granitic rocks from Macao seem to have 
been emplaced at least during two distinct periods: 
middle-upper Jurassic (estimated for most samples: ~ 
164 Ma) and Cretaceous (for the southern island – 
Coloane: ~ 94 Ma). The latest are distinctly younger 
than granites from neighbouring regions. The 
majority of rocks outcropping in the Macao are 
medium to coarse-grained granites, although outcrops 
of fine-grained granites also occur. Granitic rocks are 
frequently cut by quartz veins, and by acid dykes 
(microgranites, aplites and pegmatites). Contrarily, 
with the neighbouring areas, volcanic rocks are not 
present but some andesitic dykes were identified. 
Granitic rocks from Coloane also contain frequent 
meso to melanocratic microgranular enclaves. 
Petrographic and geochemical analyses from the 
dominant granitic rocks suggest that they are mostly 
I-type (sometimes highly fractionated: SiO2 up to 76 
wt.%) with A/CNK and A/NK ratios consistent with 
peraluminous composition. Trace element patterns 
evidence high HFSE/LILE ratios and low 
LREE/HREE, as well as Sr and Eu negative 
anomalies, interpreted as the result of plagioclase 
fractionation. Andesitic dyke samples show a less 
pronounced HFSE and LREE enrichment and no Eu 
anomalies. Our results suggest that Macao granitic 
rocks are mostly derived from infracrustal melting 
related to a period of high heat transfer from mantle 
to crust as consequence of geotectonic regimes 
related with the subduction of the paleo-Pacific plate 
beneath the Eurasia.  
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It has been proposed that the global extent of 
low-oxygen environments in the oceans expanded 
during the Toarcian Oceanic Anoxic Event (T-OAE, 
~183 Ma), and fluctuated over astronomically paced 
periods within the event itself. Given the lack of 
Jurassic oceanic crust available for direct sampling, 
these arguments have been supported by a 
molybdeum-isotope-based reconstruction of global 
redox from Yorkshire, England, which contains 
oscillations in δ98/95Mo between 0.5–1.2‰ (relative to 
NIST 3134).  

Newly measured δ98/95Mo compositions of 
mudrocks from the T-OAE at Dotternhausen, 
Germany, are indistinguishable from an average 
composition of ~0.5‰, the lower bound of the 
Yorkshire δ98/95Mo fluctuations. δ98/95Mo does not 
increase to the ~1.2‰ maxima observed at Yorkshire, 
despite evidence for locally euxinic conditions. The 
offset can be explained by a difference in the 
palaeohydrography of the two locations. A restricted 
setting at Yorkshire likely sensitized the basin to 
periodic drawdowns in the dissolved molybdenum 
inventory, forcing sedimentary δ98/95Mo to increase. 
In contrast, drawdown of the basinal Mo did not 
occur at Dotternhausen, perhaps due to less severe 
basin restriction and/or lower dissolved sulphide 
concentrations. New δ98/95Mo data of marine 
mudrocks from Argentina and Italy are consistently 
lower than the compositions from the European 
epicontinental shelf, and suggest deposition in 
settings characterzied by the mixing of porewater 
Mo-sulphides and/or Mo adsorbed to sedimentary 
oxide phases.  

The new data suggests: (i) The seawater δ98/95Mo 
composition for the T-OAE is likely to have been 
close to ~1.2‰, but is unlikely to have fluctuated 
within the event itself; (ii) evidence of palaeoeuxinia 
alone is not a sufficient criterion to distinguish a 
‘seawater’ Mo-isotope composition in the palaeo-
record, because δ98/95Mo is also sensitive to basin 
hydrography; (iii) the seawater δ98/95Mo for the T-
OAE is identical to recently published estimates of 
the seawater δ98/95Mo for OAE-2 (~94 Ma). 
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Multiple magmatic Ni-Cu sulphide deposits 

associated with the 1.1 BYA mid-continental rifting 
event that occurred in the modern-day Lake Superior 
region, USA, are subjects of mineral exploration, 
mine development, environmental review, and/or 
production. Robust conceptual models for metal 
mobility from potential future mine waste rock 
support sustainable development of this emerging 
mining district by providing a framework for the 
predictive geochemical models used to ensure that 
mines will meet environmental criteria.   

Here we report on a study to characterize copper-
bearing weathering products in rocks from naturally 
exposed outcrops of troctolite associated with a Lake 
Superior-region magmatic Ni-Cu sulphide deposit. 
These weathering products are indicative of 
attenuation mechanisms that may limit the mobility 
of copper from potential future waste rock from this, 
or a similar, deposit. Weathered samples from the site 
were characterized via synchrotron-based X-ray 
fluorescence (XRF) and X-ray absorption 
spectroscopy (XAS) at Stanford Synchrotron 
Radiation Lightsource, as well as, by multiple offline 
X-ray and electron beam methods.  

Weathering products included a compositionally 
banded iron oxide-rich material that is ubiquitous as 
surface coating and fracture infill and contains 
variable amounts of silicon, aluminium, sulphur, and 
copper (typically present at or greater than multiple 
wt%). Chemical maps suggest that copper 
concentration in fluid evolves at micron-scale as it 
migrates through fractures away from primary copper 
sulphide mineral source. The extended X-ray 
absorption fine structure (EXAFS) data collected 
from various sample locations supports the presence 
of multiple distinct copper species within the sample, 
including observations of copper sulphide near the 
primary copper source, and oxidized copper species 
associated with the iron oxide bands. 
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Oxygen isotopes have the potential to trace the 
origin and way of transformations of uranium ore 
concentrates in the framework of nuclear forensics 
[1,2], but this is controversial [3]. To move forward, 
we explored the oxygen isotope evolutions of 
uranium oxides along their various synthesis paths. 
After purification, uranium in solution is precipitated 
into diuranates or peroxides (T~50°C) and calcinated 
into U3O8 (T~600-800°C). The crystal structure of 
these uranium oxides can be complex and usually 
contains multiple oxygen reservoirs. Also, 
atmospheric moisture is readily adsorbed on uranium 
oxide powders. These issues not only hamper a good 
reproducibility of δ18O measurements and 
satisfactory oxygen yields after extractions but also 
make oxygen-isotope ratios difficult to interpret. 
Therefore there is a need for an improved protocol for 
oxygen extraction and isotope analysis as well as for 
a better understanding of where oxygen comes from 
in uranium oxides. 

We developed a methodology for an accurate and 
reproducible determination of oxygen isotopes in 
uranium oxides adapted from the conventional BrF5 
method [4] and the laser one [5]. Our methodology 
ensure extraction yield near 100% and a good 
reproducibility in δ18O measurement, better than 
0.3‰, for a wide variety of uranium oxides: U3O8, 
UO2, peroxides and diuranates. For a large set of 
samples of various geographical provenance, δ18O 
values cover a large range between -10‰ and +10‰ 
with systematic features. 

In order to mimic the various synthesis paths used 
in the front end of the nuclear fuel cycle, uranium 
oxides were synthetized in the laboratory using 
controlled T-fO2-pH conditions. Both precipitated 
uranium oxides and associated aqueous solutions 
(initial and residual) have been sampled leading to 
the determination of empirical fractionation factors in 
the system U-H2O-O2. 

 
[1] Fayek et al.(2011) Ore Geology Reviews 41, 1-21. 
[2] Pajo et al.(2001b) Fresenius J. Anal. Chem. 371, 
348-352. [3] Plaue (2013) Ph.D Dissertation [4] 
Clayton & Mayeda (1963) GCA 27, 43-52. [5] Sharp 
(1990) GCA 54, 1353-1357. 



Goldschmidt Conference Abstracts 

 

669 

Origin of pedogenic carbonate 
nodules in silicate settings by 

using 87Sr/86Sr and ε(Nd) 
F. DIETRICH1*,  N. DIAZ1, P. DESCHAMPS2, B. 
NGOUNOU NGATCHA3, D. SEBAG4, AND E.P. 

VERRECCHIA1  
1 Earth Surface Dynamics Institute, Lausanne 

University, Switzerland (* 
fabienne.dietrich@unil.ch) 

2 CEREGE, Aix-Marseille University-CNRS-IRD, 
France  

3 Earth Science Dep., Ngaoundere University, 
Cameroon  

4 Laboratoire M2C, Université de Rouen, France / 
IRD, LMI PICASS’EAU, Ngaoundéré, 
Cameroun  

 
Pedogenic carbonates result from interactions 

between the Ca and C terrestrial cycles. 
Understanding their forming processes is paramount, 
especially in silicate settings, where they can 
constitute a significant sink of carbon. In northern 
Cameroon, large accumulations of pedogenic 
carbonate nodules are observed in different 
geological settings (from granitic and basaltic 
bedrocks) and seem to be systematically associated 
with the occurrence of Vertisols [1]. These Vertisols, 
which are nowadays largely degraded, are likely 
inherited from a wetter period than present-day, and 
developed in a clay-rich parent material (CRP), 
which origin remains unclear [1]. This study aims to 
determine the Ca sources of the carbonate nodules as 
well as the origin of the CRP using Sr and Nd 
isotopes [2][3]. 

87Sr/86Sr signatures of carbonate nodules are close 
to 87Sr/86Sr signatures of plagioclases from each 
bedrock source, pointing to a local origin for Ca. 
87Sr/86Sr and ε(Nd) signatures of the non-carbonate 
fraction of CRP are consistent with a mix of bedrock 
components and an allochthonous material, which 
isotopic signature is similar to those of aeolian 
Saharan dusts [4]. Thus, the CRP is probably a mix 
between the local bedrock and an aeolian fraction 
from the Sahara.  
 In the specific context of northern Cameroon, Ca 
source of pedogenic carbonates is mainly provided by 
local plagioclases, in contrast to other well-
documented environments where atmospheric inputs 
are predominant. The CRP contains high amounts of 
smectites, which have a high cation exchange 
capacity [5], and may have contributed to Ca storage. 
Nevertheless, the ways Ca is concentrating and 
carbonate nodules are forming are still pending 
questions, in which life influence is likely to be 
inevitable. 

[1] Diaz et al (2016) Geomorphology xx. [2] 
Capo et al (1998) Geoderma 82. [3] McLennan et al 
(1993) GSA 284. [4] Abouchami et al (2013) EPSL 
380. [5] Bohn et al (1985) Soil Chemistry. 
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Carbonate binders are used for mortar and plaster 

processing, which are typical man-made materials. 
The composition of these materials comprises 
information about their (trans)formation. In the 
present study an overview about the progress in the 
application of stable carbon and oxygen isotopes of 
carbonate binders as environmental proxies is given.  

This multi isotope proxy approach is based on 
coupled isotope fractionation mechanisms at the 
boundaries between gaseous-liquid-solid phases as 
well as within the solution. 13C/12C- and 18O/16O-
signatures of the carbonate binder reflect the setting 
behaviour of the primary carbonate cement. Initially 
CO2 from the Earth`s atmosphere is fixed within the 
precipitated carbonate, which is accompanied with 
kinetic isotope fractionations mostly due to the 
hydroxylation of CO2. Thus carbonate binder or in 
general carbonate sinter in alkaline surroundings can 
be used to trace trapped gaseous CO2. As calcite 
formation continued in a closed system the remaining 
gaseous CO2 is subsequently enriched in 13C and 18O, 
which causes isotopic heavier carbonate, e.g.  along a 
cement setting part. Deviations from such ideal 
isotope behaviour can be caused by evaporation 
events, variability in CO2, e.g. from biogenic origin, 
relicts of primary limestone, recrystallization etc.. 
Implications of the use of stable C and O isotopes for 
material and environmental research as well as 14C 
dating are discussed.   
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Recent work suggests that reduced iron (Fe) 
phosphates are present in the deep basin sediments of 
the Black Sea. This could be due to the formation of 
mixed Fe, manganese (Mn) and phosphorus (P) 
particles in the redoxcline that survive transport 
through the sulfidic water column. An alternative 
hypothesis is that only Fe(III)-rich particles reach the 
surface sediments, where they are then transformed to 
Fe(II)-P phases.  
In this study, we combine various techniques 
(including SEM-EDS and X-ray absorption 
spectroscopy) to investigate the water column 
transformations of Mn, Fe and P in the sulfidic deep 
basin of the Black Sea. In addition, we performed 33P 
radiotracer experiments with surface sediments from 
the deep basin to assess the potential for in-situ 
Fe(II)-P formation. Our results show that most mixed 
Fe(III), Mn(III/IV) and P phases present in the 
redoxcline do not survive transport through the 
sulfidic water column. However, the deep sulfidic 
water column does contain particles that are rich in 
Fe(III), likely in the form of Fe(III)-rich clays. We 
also observe a fast uptake of 33P in the surface 
sediments of the deep basin in a form that is extracted 
with citrate-dithionite-bicarbonate (CDB), a strongly 
reducing solution (pH 7.6). The nature of this P pool 
is still under debate. We discuss whether the CDB-
extractable P fraction may represent Fe(II)-P phases 
in the deep basin sediments and might be linked to 
the presence of Fe(III) particles in the deeper water 
column.    
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In this work, two kaolin samples from the 

Mihalıccik kaolin deposits (Eskisehir, Turkey) are 
investigated, comparing their mineralogical and 
electrokinetic properties in water. In order to 
determine mineralogical and physicochemical 
features of the Mihaliccik kaolin samples, X-ray 
diffractometer (XRD), scanning electron microscope 
(SEM), Fourier transform infrared spectroscopy (FT-
IR), thermal analyses (DTA/TGA), BET-specific 
surface area were performed on the samples collected 
from clay deposits in the villages Ahirozu and 
Ucbasli of Mihaliccik. The mineralogical 
composition of the kaolin samples is similar: 
kaolinite appeared in two samples studied in different 
proportions, and small amounts of illite and dickite 
have been identified. Zeta potential measurements 
have been performed to determine the effect of pH, 
mono-, di- and trivalent electrolyte type and 
concentrations of these electrolytes on the zeta 
potential of the two kaolin samples. Isoelectric point 
of Ahirozu kaolin was determined as ~pH 4.2, while 
that of Ucbasli kaolin was determined as ~pH 3.2. 
Ucbasli kaolin has a more negatively charged surface 
than Ahirözü kaolin in the pH range of 2-11. This 
difference probably results from the differences in 
their mineralogical and chemical contents. However, 
both of the two kaolin samples showed the similar 
surface charge behaviour against mono-, di- and 
trivalent electrolytes. Monovalent electrolytes such as 
NaCl and KCl make the ZP of the kaolins more 
negative, whereas divalent (CaCl2 and MgCl2) and 
trivalent (Al(NO3)3) electrolytes decreases the ZP as 
its absolute value. Change in the surface sign of the 
kaolins from negative to the positive is only possible 
in the presence of trivalent electrolytes (Al-nitrate) 
due to specific adsorption of Al3+ cations on the edge 
surface of the kaolin layers. 
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This study is concerned with recycling waste 

materials, focusing on the development of building 
materials from coal fly ash and red mud. The purpose 
of this research was to determine the usability of 
producing building materials with the mixture two 
different fly ash and red mud. Fly ash and red mud 
were mixed by different weight ratio, and the mixture 
was wet milled in a planetary ball mill. After milling, 
the mixture was pressed into a cylindrical form 
having a diameter of 15 mm and length of 30 mm 
without using any binder. The cylindrical samples 
were sintered at different temperatures between 850-
1150 oC with rate of firing 6 oC/min. The 
crystallization behavior and morphological properties 
were carried out with the help of X-ray diffraction 
(XRD), field emission-scanning electron microscopy 
(FE-SEM), and energy dispersive X-ray spectrometer 
(EDX). In addition, various physical properties, such 
as bulk density, compressive strength and water 
absorption were determined at each sintering 
temperature.  

As a result samples with red mud made by 
mixing two different fly ash samples were compared 
with each other. 
. 
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The Xigaze ophiolite has been one of the most 
studied ophiolites along the Yarlung-Zangbo suture 
zone (southern Tibet). The discontinuous exposures 
of ophiolites along the >2000 km-long YZSZ 
represent the remnants of the Tethyan oceanic 
lithosphere, whose magmatic evolution appears to 
have encompassed different tectonic settings during 
the Mesozoic [1, 2]. A Triassic-Jurassic flysch 
sequence in the south is thrust northwards over the 
YZSZ ophiolites, and the Cretaceous-Paleogene 
Xigaze sedimentary basin sequence is faulted against 
the YZSZ in the north. The Xigaze ophiolite consists 
predominantly of upper mantle peridotites, intruded 
by gabbroic, doleritic and plagiogranite dikes and 
overlain by mafic lava sequences. We present new 
geochemical and Sr-Nd isotopic data from suites of 
volcanic rocks, gabbros and harzburgites in the Deji 
massif of the Xigaze ophiolite. 

Most of the major and trace element 
compositions of the analyzed samples correlate with 
Zr concentrations, suggesting that our samples largely 
preserve their original compositions. MORB-
normalized trace element patterns show significant 
Nb negative anomalies compared with the 
neighboring rare earth element (REE). We recognize 
two types of volcanic rocks: (1) One type displays 
slight light REE depletion with negative Zr and Hf 
anomalies, and lower initial Sr isotopic ratios 
(<0.7040). (2) The other type exhibits convex REE 
patterns with positive Zr and Hf anomalies, and 
higher initial Sr ratios (>0.7040). Trace element 
patterns of Type 1 are similar to those of forearc 
basalts and oceanic arc low-K tholeiites [3, 4]. 
Positive Zr and Hf anomalies of Type 2 volcanic 
rocks are reminiscent of boninites [5]. These 
observations suggest that the Deji massif likely 
formed in an intraoceanic suprasubduction setting 
with a rapidly extended and exhumed forearc setting, 
where the upper mantle peridotites of the Tethyan 
lithosphere were exhumed on the seafloor and 
overlain by submarine lavas and pelagic-hemipelagic 
sediments.  
 [1] Xu et al., GR, 2015. [2] Yang & Dilek, Episodes, 
2015.  
[3] Reagan et al., G3, 2010. [4] Pearce et al., JP, 
1995.  
[5] Hickey-Vargas, in Boninite, 1989.  
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At Vulcano (Aeolian Islands, Italy), different 

measurement methods have been developed for more 
than 30 years and models were formulated to account 
for the real time evolution of the actual solphataric 
activity. The results of a long term monitoring of 
surface temperature and of CO2 flux from soil, 
reviewed in a multidisciplinary framework, are 
presented here. These two parameters, monitored at 
the ground surface, highlighted local variations of the 
hydrothermal release and the time series of data 
showed in several instances, different range of values. 
The background  and anomalous ranges defined by 
this long term monitoring are robust by a statistical 
point of view. The long term data-series 
offered a useful tool to verify conceptual framework 
and to better define the natural hazard evaluation 
integrating “classical” and “new” investigation 
techniques. Moreover, La Fossa area lays in a 
geodynamic context with active seismo-tectonic 
processes, frequently perturbing the pressure field of 
the hydrothermal system under investigation. Any 
perturbation in the pressure state variable (P) of the 
system, results in an excited state of its components 
and a relevant transfer of energy and mass towards 
the surface starts to counterbalance the 
perturbation. The continuous monitoring of surface 
temperature reveals the effects of the forces guiding 
the heat flows whereas the space variation of 
temperature indicates the rising paths of 
hydrothermal and magmatic fluids. The occurrence of 
new fumaroles and mofetes, or even changing 
emission rates of fluids by these vents, rises questions 
about the evolution of the equilibrium state of buried 
hydrothermal system, or about changing physical 
condition of overburden rocks. The conceptual 
framework suggesting the potential of our time series 
of  field data is that a rock body, can be seen as a 
multiphase geochemical system where the fluid 
phases play a crucial role in defining the physical 
changes of the body and its response to the different 
forces acting on it. The changes of pore pressure 
depend on the balance between gas phases production 
and gas leaked out from a geochemical system. 
Analyses of fluxes at the system boundaries can give 
information on the equilibrium of the interacting geo-
spheres. Even if playing variables are too many, some 
specific compounds and parameters can be selected 
as indicators of the state of the system.# 
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We present soil temperature data from a peripheral 
fumarole emission of Mt Etna at the top end of a 
radial fracture called Bottoniera. This area lies in the 
northern flank of the volcano (2,500m a.s.l.), and was 
interested by fissure eruption during  2002/2003. In 
the steam heated soil lying around the fumarole 
release, a shallow vertical profile has been monitored 
from October 2009 to September 2012. We estimated 
the local surface heat flux and compared its time 
variations to the eruptive activity occurred during the 
monitoring period. The eruptive vents were located 
on the opposite flank, (>3200m a.s.l.), far about 4km. 
The heat flux from this peripheral emission has been 
highly influenced by the eruptive activity. Its time 
variations are correlated to the variable rates of 
products emitted  from January 2011 to April 2012. 
Different ranges of heat flux values have been 
associated to the pre-eruptive phase, to the productive 
eruption period and to the end of this eruptive cycle. 
The decrease of heat flux was registered before the 
end of the eruptive cycle. The continuous thermal 
monitoring revealed in real time that ascending 
magma through the active conduits is the heating 
bottom source of the heat flux dispersed by a 
complex network of active fractures present in this 
area. The recorded data suggest the steam heated soil 
around fumaroles vents as a possible new 
investigation field for a low cost monitoring of the 
local variation in the structural weakness of the 
apparatus. Extending this thermal monitoring to the 
other steaming grounds of this complex volcanic 
system we could also follow variations of the fluid 
circulation paths and obtain direct information about 
local pore pressure changes. A multivariate analysis 
of recorded data could suggest, which part of this 
complex apparatus is being involved, time by time, 
with the ongoing evolution. It would contribute to the 
evaluation of flank instability caused by physical 
changes occurring on the network of active fractures, 
and  inferred by multidisciplinary investigations 
(such as deformation patterns, tectonic lineaments 
and geochemical features of underground waters and 
diffuse gas emissions). 
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Huangshaping deposit is a grand pollymetallic 

deposit comprised of skarn-type W–Mo and distal 
Pb–Zn orebodies occuring in South Hunan Province, 
China [1]. We found that scheelite from the deposit 
includes a dark core and a bright mantle by 
cathodoluminescence (CL) observation, and can be 
further subdivided into four groups based on the CL 
feature and REE signatures analyzed by in situ LA–
ICP–MS, as shown in the figure below. The core of 
the scheelite shows the characteristic of LREE rich 
and HREE depleted with significant high Mo 
contents, whereas the mantle is rich in MREE with 
strongly negative Eu anomaly and low Mo 
concentrations, compositionally similar to the 
scheelite from typical skarn-type W (Mo) deposits [2] 
and low-middle tempreture quartz vein-type Au–W 
deposits [3, 4], respectively. This result, combining 
with other evidence, indicates the transitions of ore-
forming fluids from magmaitc fluids to lager scale 
hydrothermal circulation systems during W 
mineralization within Huangshaping deposit and 
could be used to decipher the formation of this grand 
pollymetallic deposit. 

Figure 1: Triangular LREE-MREE-HREE diagram 
of the scheelite from Huangshaping deposit. 
 
[1] Ding et al. (2016) Ore Geol. Rev. (accepted). [2] 
Song et al. (2014) Am. Mineral. 99, 303-317. [3] 
Ghaderi et al. (1999) Econ. Geol. 94, 423-438. [4] 
Dostal et al. (2009) Miner. Petrol. 97, 95-109. 
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The silicon isotope composition of chert has been 

used to study the historic evolution of Global Ocean 
recently1-4. It was suggested that Precambrian cherts 
have much higher δ30Si values than those of 
Phanerozoic chert and show a general trend of 
increase from 3.5 to 0.85 Gyr, reflecting decrease of 
sea water temperature2. However, these statements 
have been challenged because cherts can have various 
origins and their isotopic compositions might have 
been reset by metamorphic fluid circulation3. Thus 
different genetic types of cherts should be 
distinguished in this kind of study3,4. The silicon 
isotope compositions of chert formed in shallow 
marine environment are considered to better reflect 
the conditions of the marine water3. Here we present 
a new set of δ30Si data of cherts from early and 
middle Proterozoic carbonate rocks (2.35~12.00 Gyr) 
in China. These δ30Si data vary in a range of 
0.1‰~3.9‰. Among them, the cherts of 1.355~1.325 
Gyr show a peak range of 2.2‰~3.9‰, averaging 
3.12‰. Based on these results we propose that from 
Archean to Proterozoic, there was a drastic depletion 
of silicon contents and increase of δ30Si value in 
oceanic water due to temperature decrease and 
development of biologic activity. This process came 
to the peak in period of 1.355~1.325 Gyr. After that 
period the silicon cycle in ocean is controlled by the 
input of continental weathering and output of oceanic 
biological absorption, which limits the silicon 
contents in a low level and the δ30Si value in a small 
range around a significantly lower value. 
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It is generally accepted that solubility of rutile, a 

major host mineral for titanium, governs the activity 
and cycling of high-field-strength element (HFSE) in 
subduction zone [1-4]. Because of extremely high 
solubility of rutile in fluoride-bearing fluids [5], 
HFSE mobility in fluorine-rich fluids is generally 
thought to be high [6-7]. However, geochemical 
behaviors of fluorine-rich HFSE complexes are not 
clear yet, as metal elements are thought to move in 
hydrothermal fluids in the form of complex. 

A series of hydrolysis experiments under the 
conditions of 200-800℃ and 0.1-2.5 GPa were 
conduct using synthetic potassium fluotitanate, 
K2TiF6. In the experimental conditions the Ti 
complex hydrolyze gradually to form different 
complex species through ion exchange between F- in 
the fluorides and OH- in the H2O, and to produce 
TiO2 deposit in the acid fluids. Our experimental 
results show that, i) the cumulative hydrolysis ratio of 
Ti fluoride complex, which represents the amount of 
deposit, is enhanced with the pressure and especially 
the temperature increasing and the initial 
concentration decreasing. Ti complex hydrolysis is 
not good to HFSE mobility in fluids; and ii) the 
deposit changes  from anatase phase in the low 
temperature and pressure to rutile phase in the high 
temperature and pressure. Ti fluoride complex 
hydrolysis in fluids can also form rutile due to the 
change of enviromental conditions (eg. increasing P, 
T or pH). 

 
[1] Ding et al. (2013) J. Geol. 121, 255-274. 
[2] Xiao et al. (2006) Geochim. Cosmochim. Acta 70, 
4770-4782.  
[3] Liang et al. (2009) Chemi. Geol. 268, 27-40. 
[4] Ding et al. (2009) Int. Geol. Rev. 51, 473-501. 
[5] Rapp et al. (2010) Geology, 38, 323-326. 
[6] He et al. (2015a) Acta. Petrol. Sinica, 31, 1870-
1878. 
[7] He et al. (2015b) Acta. Petrol. Sinica, 31, 802-
810. 
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Since 1980’s, increasing amounts of tourmaline 
bearing granites and hydrothermal veins have been 
intersected by deep geothermal wells (2500-4800 m) 
in the Palaeozoic metasedimentary basement of 
Larderello (Italy). They represent a partially exhumed 
system (3.8-1.3 Ma) that has been considered as a 
fossil analogue of the high temperature system 
imaged by geophysycs at depth and never reached by 
direct exploration/exploitation [1]. The existence of a 
high-temperature, potentially supercritical, reservoir 
at the top of a recently emplaced batch of granite 
magma represents a valuable target and a scientific-
technological challenge. Any investigation of the 
usefulness of the natural heat in rock layers below the 
meteoric steam reservoirs currently exploited at 
Larderello requires a thorough understanding of 
petrophysical and geochemical conditions of solids 
and fluids coexisting at these depths. For this reason 
we are performing a detailed structural and 
petrological study of Tuscan fossil magmatic-
hydrothermal systems exhumed and well-exposed at 
surface. In particular, eastern Elba Island provides 
extensive outcrops of Palaeozoic metasediments 
pervasively invaded by tabular intrusions of 
tourmaline leucogranites, cordierite-biotite 
monzogranites (ca. 6 Ma) and by a network of 
tourmaline hydrothermal veins/breccias showing 
notable analogies with high-temperature fossil 
systems drilled at Larderello [2]. Magmatic and 
hydrothermal bodies are confined into the inner 
portion of a widespread contact aureole defining a 
sub-horizontal paleo-horizon at the top of a major 
intrusion (not exposed at surface). Tourmaline 
chemistry and isotopic composition (B, O, H, Sr, Nd) 
coupled with fluid inclusions and structural data 
indicate that the building of a multipulse magmatic 
complex was responsible for the formation of a 
discrete contact aureole that was sequentially invaded 
by high temperature, near supercritical fluids of 
dominantly magmatic origin. Similarly to Larderello, 
the magmatic hydrothermal system seems to be 
largely disconnected from the meteoric systems 
dominating the shallow crust. 

 [1] Dini, Gianelli, Puxeddu & Ruggieri (2005), 
Lithos 81, 1-31. [2] Dini, Mazzarini, Musumeci & 
Rocchi (2008), Terra Nova 20, 318-326. 
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The term “cannonball” is generally referred to 

spherical or sub-spherical juvenile tephra, which are 
found at basaltic cinder cones worldwide (e.g. 
Alvarado et al., 2011). Cannonballs are interpreted as 
hot pasty lava rounded by mechanical processes 
while travelling at high speed down slopes (Francis, 
1973) or as repeatedly recycled juvenile tephra 
through the vent (Alvarado et al., 2011). However, 
those mechanisms of formation are not well 
demonstrated and source of controversy.  

In this study, we present a physical and chemical 
characterization of cannonballs from Cerro Chopo 
(Costa Rica). Visual and SEM observations reveal the 
occurrence of two distinct domains inside the sample: 
i) a core zone, characterized by porosity in the range 
25-28%, large vesicles (up to 0.78 mm length), 
polymodal vesicle distribution with coalescence 
phenomena to form larger size vesicles and collapse 
of the smaller ones; and ii) a rim zone, with porosity 
of ~19%, micro-vesicles (up to 0.12 mm length), 
abundant microlites (particularly clinopyroxene + 
magnetite) displaying steeper crystal size 
distributions than the core zone. No significant 
variations in crystal compositions (Fo82-87 olivine, 
diopsidic-augitic clinopyroxene, and An77-An85 
plagioclase:) are observed from core-to-rim of the 
cannonball indicating an origin from a common 
magmatic source. 
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In the last two decades physico-chemical 
fractionation of soil organic matter (SOM) revealed 
mineral-associated organic matter (OM) as the oldest 
(i.e. most-stable) SOM fraction. Such results conflict 
with short-term incubation experiments 
demonstrating that microbial uptake outcompetes 
sorption and that even sorbed compounds are highly 
accessible to decomposition. Thus, the high apparent 
age of mineral-associated organic carbon (C) must 
result from additional processes that have yet to be 
identified. 

Awareness of the important role that microbial 
OM recycling plays in terrestrial C transformations 
originated within the field of biogeochemistry within 
the last years. However, microbial recycling cannot 
be unequivocally differentiated from stabilization of 
untransformed OM by sorption based on 13C or 14C 
natural abundance and/or short-term pulse-labeling 
approaches. Long-term experiments based on 
uniformly-labeled glucose first indicated microbial 
recycling as a relevant process in soil C dynamics. 
Recently, 1) a position-specific labeling approach and 
2) moiety-specific isotope analysis demonstrated the 
relevance of lipid recycling in terrestrial as well as 
marine C cycling. Novel metabolic tracing techniques 
provide the unique opportunity to observe metabolic 
cycling of sorbed OM, i.e. to assess the relevance of 
recycling at mineral surfaces. Therefore, position-
specific labeling of sorbed versus free amino acids 
was combined with compound-specific isotope 
analysis of microbial biomarkers. Nearly all 
microbial groups took up sorbed low molecular 
weight organic compounds to a similar extent as the 
respective free compounds from soil solution, clearly 
opposing direct stabilization. Sorption shifted 
microbial metabolism from catabolic to anabolic use 
of the respective C – a clear indication that sorbed 
compound recycling partially explains the high 
apparent age of the mineral-associated OM.  

Although quantitative assessment of recycled 
versus directly stabilized C is not yet possible, these 
results support the strong relevance of microbial OM 
recycling, especially within microhabitates located on 
mineral surfaces. 
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Water release from the oceanic crust is an 

essential factor for arc magmatism and subsequent 
seismicity in subduction zone. The maximum water 
release occurs at the transition from blueschist to 
eclogite facies, especially if lawsonite is breaking 
down in cold subduction zones. Lawsonite is able to 
carry up to 11.5 wt.% H2O and can be stable up to 
300 km depth. Thus, tracing lawsonite breakdown in 
exhumed high- and ultrahigh-pressure rocks gives 
insight into the pressure, temperature and dehydration 
history of the subducted slab. However, lawsonite is 
rarely preserved in surface rocks, as it is prone to 
retrogression during exhumation.  

We examine the distribution of trace elements in 
a suite of high pressure/low temperature samples in 
order to identify characteristic rare earth elements 
patterns in garnet in order to interpret these in terms 
of mineral breakdown reactions (especially lawsonite, 
garnet, titanite and epidote) during the rocks‘ 
prograde evolution. Garnet is suitable for such an 
approach as it is common in HP/LT rocks, efficient in 
preserving REE growth zonations and it is 
incorporating significant amounts of trace elements, 
especially rare earth elements (REE) and yttrium. 
Furthemore, slow diffusion of such elements enables 
to preserve thermodynamic conditions via 
compositional growth zonation. 

 According to Ditterova et al. [1], garnet from 
cold (lawsonite-stable) subduction setting exhibit 
characteristic REE pattern. Heavy REE are enriched 
in garnet’s core and they decrease in bell-shaped 
manner towards its rim, where they create two high 
peaks as a result of epidote and amphibole 
breakdown. The higher atomic number (Z) is, the 
higher core’s peak, but lower rim’s peak the element 
has. Medium REE exhibit bowl- to w-shaped 
patterns, the height of their peaks is proportional to Z. 
Our data are, in general, in agreement with such 
trends for all HP/LT samples, however, we show that 
titanite breakdown and onset of rutile growth can also 
result in similar rim’s peak signature that can be used 
to infer the particular mineral reactions.  

 
[1] Ditterova et al. (2015) Goldschmidt Abstracts 
747. 
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The database of global zircon ages from both 
granitoids and detrital sediments have shown an 
exceptionally and robust gap between 2.45 and 2.2 
Ga. This age gap suggests that a widespread 
reduction of magmatic activity on Earth began at 
~2.45 Ga and lasted for 200-250 My (Condie et al., 
2009). However, the available data indicated that 
abundant magmatic activity has occurred in the 
Taihua Complex in the southern North China Craton 
(NCC) during this period (Diwu et al., 2014). The 
Taihua Complex is located in the Lushan and 
Xiaoqinling areas in the southern NCC, extending in 
the northwest-southeast direction for over 400 
kilometers. It is mainly composed of gneiss series and 
the khondalite series. The former is composed 
predominantly of TTG gneisses with minor 
supracrustal rocks and associated granitic plutons in 
the Lushan area, which can be delimited at 2.85~2.72 
Ga; whereas, a large amount of the 2.45~2.2 Ga TTG 
gneisses with a peak age at ~2.30 Ga were reported in 
the Xiaoqinling region. The later, named as 
Khondalite Belt, is occurred as a linear structural belt 
along the southern NCC. The khondalite series rocks 
were formed in a stable continental margin setting, 
and their depositional age are constrained at a period 
of 2.30~1.97 Ga. Trace elements characters, Hf 
isotopes of zircons and whole-rock eNd(t) values 
suggest that those ~2.30 Ga rocks were produced by 
variable mixing of juvenile melt with older crust as 
the mantle-derived melt underplated the crust. The 
2.45~2.2 Ga magmatic activities in other cratons are 
mostly considered to be formed in an extensional 
regime and related to breakup of continent. However, 
the ~2.30 Ga (2375~2330 Ma) granitoid magmatism 
in the southern NCC represents the products of 
continental magmatic arcs, which is interpreted as the 
result of subduction of an ancient ocean beneath the 
southern of the NCC. 
 
This study was supported financially by the National 
Natural Science Foundation of China (NSFC; grant 
No. 41421002, 41272004), and MOST Special Funds 
from the State Key Laboratory of Continental 
Dynamics.  
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The wettability of a mineral surface depends on 

its surface charge density. Charged and polar surfaces 
are water wet, while neutral and nonpolar surfaces 
are oil wet. These charges play a role in groundwater 
contamination and enhanced oil recovery, among 
others. For theoretical predictions of surface charge 
density the Henderson-Hasselbalch equation is often 
used for the pH dependence. We show that this 
approach is in many cases not adequate. 

We used an atomic force microscope to perform 
titrations of COO(H) self assembled monolayers on 
gold surfaces. We used a tip functionalized with 
mercaptoundecanoic acid in solutions of KCl and 
NaCl with concentrations of 1, 35 and 700 mM and 
pH ranging from 3 to 9. The surface charge 
reconstructed from these measurements remains low, 
contrary to Henderson-Hasselbalch predictions. To 
explain the difference, we set up a mean field model 
that takes the interaction of neighboring molecules as 
well as the concentration explicitely into account. 
The model gives flattened titration curves, predicting 
significantly protonated surfaces in accordance with 
our experiments. This highlights the effect of ionic 
strength on the determination of pK1/2 values. 

Titration curves predicted by our model that takes 
neighbouring interactions into account, compared 
with results from the Henderson-Hasselbalch 
expression. 

  



Goldschmidt Conference Abstracts 

 

686 

Moissanite (SiC) with metals 
and silicides inclusions (Israel)  

– search for primary source 
L. DOBRZHINETSKAYA1, P. MUKHIN1, L. 

EPPELBAUM2, R.WIRTH3, Q.WANG4, AND W. 
ZHAO5  

1Univ. of California Riverside (*corresp:  
larissa@ucr.edu) 

2 Tel Aviv University, Israel (levap@post.tau.ac.il) 
3GFZ , Potsdam, Germany (richard.wirth@gfz-

potsdam.de) 
4Nanjing University, China (qwang@nju.edu.cn) 
5Sun Yet Sen University, China 

(zhaowx@mail.sysu.edu.cn) 
 

Moissanite (SiC) until recently was considered as 
a high pressure mineral occurred in meteorite, 
kimberlite and as inclusions in diamonds. In the 70s, 
there were inexplicable reports of findings of SiC in 
pegmatites, granites, sedimentary rocks, and 
polymetallic deposits in EuroAsia. Those SiC 
samples were found in mineral separates, and their 
relationships with other minerals remained uncertain.  
Last decade there were new findings of SiC in 
ophilolites, with   unconstrained suggestions of lower 
mantle or mantle-core boundary origins; or, 
alternatively, suggestions that SiC may be formed in 
the shallow Earth. The most common feature for 
terrestrial SiC is that although its formation requires 
extremely reduced conditions of 4.5-6 log units 
below the IW fugacity buffer, SiC always occurs in 
associations with highly oxidized phases. We present 
here studies of SiC from tuff related to the Miocene 
alkalii basalt volcanism of Israel. Raman 
spectroscopy and TEM studies revealed that SiC 
occurs as 4H- and 6H- polytypes of hexagonal 
symmetry, wurtzite structure, with 4H-SiC as a 
dominant phase. Larger crystals of SiC (0.2-1.8 mm) 
contain inclusions of metallic Si, and silicides. The 
droplet-like inclusions of nm-micron size (phase #1) 
have Si47V34Ti11Cu5Cr2Fe1 composition. They are 
hosted by phase #2 (Si40Fe23Ti19Ni6Cu6V4Zr2) and 
phase  #3 (Si42Fe39Ni16Cu3), and also cross their 
interface. The crystalline structure of all silicides was 
confirmed with TEM-SAED, however, some tiny 
amorphous domains were also detected  within phase 
#2 and #3, and may be interpreted as  rapid 
transportation of the material out from the melting 
point. The Cu and Zr elements included in silicides 
probably originate from crustal source, suggesting, 
therefore,  mixture of mantle - crustal  materials. 
Given that Tmelt

Fe=1538oC, and Tmelt
Ni=1453oC, we 

believe that melt/fluid environment with a local 
reducing buffer domains (rich in H, CH4) is a realistic 
place for SiC formation. SEM and FIB-TEM data 
coupled with geologic/tectonic background of the 
host rocks suggest that formation of SiC and its metal 
and siliside inclusions is related to an interplate or 
active continental margin magmatic reservoirs from 
which alkalii basalt volcanism took place. 
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 Jasper-carbonate rocks interpreted as 
hydrothermal vent-related sediments from the 
Nuvvuagittuq supracrustal belt (NSB) in northern 
Québec (Canada) are reported here to preserve early 
diagenetic features and the remains of micro-
organisms at least ca. 3770 Myr old[1] and possibly 
4280 Myr old[2]. Our data show that microbes 
inhabited siliceous-ferruginous hydrothermal vent 
environments and are spatially associated with a 
range of diagenetic features, including carbonate 
rosettes and granules with identical structure and 
mineralogy to those in younger analogues, such as 
jasper in the Ordovician Løkken district (Norway) 
and in the late  Paleoproterozoic Frere (Western 
Australia) and Biwabik (USA) formations. NSB 
jasper-carbonate rocks preserve isotopically light 
carbonate and carbonaceous material (CM)[3], as 
well as syngenetic graphitic carbon inclusions within 
diagenetic carbonate rosettes intergrown with apatite 
laths. Along with CM in magnetite-hematite granules, 
these observations point to diagenetically oxidised 
biomass. Additionally, hematite tubes and filaments 
in the NSB jaspers preserve morphologies and 
mineralogies identical to those of microfossils 
documented in hydrothermal vent sediments 
throughout the geological record. These independent 
observations collectively provide evidence for 
biological activity in hydrothermal environments 
within the first two to seven hundred million years of 
Earth history. 

 
[1] Augland, L. E. & David, J. EPSL 428, 162-171 
(2015). [2] O’Neil, J., Carlson, R. W., Francis, D. & 
Stevenson, R. K. Science 321, 1828-1831 (2008). [3] 
Papineau, D. et al. Nature Geosci 4, 376-379 (2011). 
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Soils play a critical role in determining how 
ecosystems will adapt to Global Change and act as a 
complex matrix with feedback loops between climate, 
atmosphere and vegetation. However, the response of 
soils to disturbance is still one of the largest 
uncertainties in predicting future earth system 
dynamics. Clarifying the role of soil erosion in 
carbon sequestration and release is particularly 
important. Despite its widely recognized importance 
for terrestrial C sequestration, no Earth System 
Model to date implements soil erosion effects on 
carbon cycling in sufficient detail. Similarly, the 
vulnerability and role of carbon deposited at foothills, 
alluvial plains and in aquatic systems requires further 
examination. 

In this talk, I will highlight new empirical and 
modeling data, which can be used to assess the 
dynamics of vertical and horizontal of organic matter 
distribution matter along geomorphic gradients at 
multiple spatial and temporal scales. I particularly 
focus on the need for cross-disciplinary research on 
lateral transport and discuss the implications of soil 
redistribution for the biogeochemical cycling of 
carbon and its persistence in dynamic landscapes with 
respect to the role of different mechanisms to 
stabilize and sequester C. 

Finally, to advance our understanding of the role 
of soil redistribution in biogeochemical cycles of 
essential elements, I discuss promising topics for 
future research that can help to give soil and sediment 
redistribution the attention it needs to become an 
integral part of future Earth System Models. 
 

 
 



Goldschmidt Conference Abstracts 

 

689 

New K-Ar ages of post-
collisional Quaternary basaltic 

volcanism in the Central 
Anatolian Volcanic Province, 

Turkey 
G.D.DOGAN-KULAHCI1*, H. GUILLOU2, 
A.GOURGAUD3, C.DENIEL3, A.TEMEL1, 

E.VAROL1  
1 Hacettepe University, Geo. Eng. Dept. 06800, 

Beytepe/ Ankara,Turkey (*correspondance 
gdeniz@hacettepe.edu.tr, 
atemel@hacettepe.edu.tr, 
elvarol@hacettepe.edu.tr) 

2   LSCE/IPSL, Laboratoire CEA-CNRS-UVSQ, 
Domaine du CNRS, Bât. 12, Avenue de la 
Terrasse 91198 Gif sur Yvette-Paris, France 
(herve.guillou@lsce.ipsl.fr) 

3 Universite Blaise Pascal, UMR-CNRS 6524, 
Clermont-Ferrand, France 
(a.gourgaud@opgc.univ-bpclermont.fr,      
c.deniel@opgc.univ-bpclermont.fr) 
 
Post-collisional Quaternary basaltic volcanism 

developed in Central Anatolia along a NE-SW 
direction. This basaltic volcanism occurs partly at 
Erciyes (ES) and Hasandag (HS) stratovolcanoes and 
mostly at monogenetic volcanoes, in the Obruk-
Zengen (OZ) and Karapınar (K) areas. According to 
new radiometric and major element data, the oldest 
basaltic sample of ES is 1.695±0.037 Ma and exhibits 
an alkaline character whereas the youngest (<0.001 
Ma) is calc-alkaline. ES basalts are generally ~0.45 
Ma and the younger ones are located at the north of 
ES. At HS, the oldest and the youngest samples are 
alkaline basalts and they are 0.543±0.012 Ma and 
0.002±0.007 Ma, respectively. Except the oldest one, 
all the studied HS basalts are ~0.1 Ma or younger. In 
the OZ area, the oldest sample is 0.799±0.02 Ma and 
the youngest is 0.066± 0.007 Ma. Except the 
youngest one, all basalts are alkaline and they are 
older than HS basalts. The oldest basaltic sample 
(0.28±0.0071 Ma) in the K area is calc-alkaline 
whereas the youngest (<0.001 Ma) is alkaline. We 
emphasize the very young ages in ES, HS and K. 
Geochemical data outline the calc-alkaline and 
mainly alkaline affinities in ES and HS, OZ and K, 
respectively. These new ages prove the occurrence of 
historical eruptions in Central Anatolia which is very 
important for the assessment of volcanic hazards. As 
some volcanoes in Central Anatolia are very close to 
highly populated cities, we suggest that they should 
be monitored and local population informed about 
possible volcanic risks in the future. 
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The minral apatite contains volatiles (F, Cl and 

OH) in its structure, and therefore has been used as a 
tool to estimate volatile concentrations in its host 
magmas and mantle sources. Several experimental 
studies on the partitioning behavior of volatiles 
between apatite and silicate melts (e.g., [1-3]) have 
demonstrated that relative volatile abundances in 
apatite are not proportional to those in melts, and that 
apatite-melt partition coefficients are dependent on 
melt composition. However, it is still unclear which 
components in melt control the partitioning behavior 
of volatiles between apatite and melt, so it is difficult 
to know whether the experimentally determined 
partition coefficients are applicable to natural magma 
systems. In this study, we analyzed volatile 
concentrations of apatite crystals and melt inclusions 
in plagioclase in scoria/pumice samples taken from 
Aso pyroclasic flow depsits, Kyushu, Japan, and 
attempted to reveal the detailed partitioning behavior 
of F, Cl and OH between apatite and melt in natural 
andesitic-rhyolitic magmas. Hydrogen concentrations 
in apatite crystals were analyzed with NanoSIMS, 
and those in melt inclusions were analyzed with FT-
IR micro-reflectance spectroscopy. F, Cl and other 
major element concentrations were analyzed with 
EPMA. The exchenge coeffecients (Kd) of all volatile 
pairs (OH-F, OH-Cl and Cl-F) between apatite and 
melt calculated from the analyzed data were broadly 
consistent with those determined by the previous 
experiments. Clear correlations were observed only 
between KdOH-Cl and SiO2, FeO, CaO and Na2O in 
melt inclusions. Because Cl concentrations can be 
detemined more accurately than F, KdOH-Cl would be 
the most useful for estimating OH in melt from 
apatite compositions. 

 
[1] Mathez & Webster (2005) GCA 69, 1275-1286. 
[2] Doherty et al. (2014) Chem. Geol. 384, 94-111. 
[3] McCubbin et al. (2015) LPSC 45, 2741.  
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In the Coastal Cordillera of Penco, Chile, a 
peraluminious dioritic magma intruded around 310 
Ma ago into metapelites, resulting in partial melting 
with the subsequent formation of a garnet-rich granite 
(S-type). The garnet (almandine) granite exposed to 
extensive meteorization in the area lead to a heavy 
rare earth element (HREE) enriched ion-exchange 
deposit. Three fractionation steps from the light rare 
earth element (LREE) dominated source mineralogy 
towards the final HREE ion-exchange deposit could 
be detected. 1.) A dioritic magma provided monazite, 
xenotime, ilmenite and apatite as REE source 
minerals. During partial disolution and anatexis, 
modeling of the REE-pattern composition suggests 
that mainly ilmenite and xenotime dissolution 
provide the REE’s sequestred by the neo-formed 
garnets. The garnets contain abundant inclusions of 
these REE source minerals as well as quartz and 
zircon, suggesting that a subsequent density 
fractionation in the anatexic magma, enriched the 
garnets (average 20%) in the magma chamber. 
Although the concentrations of the REE in the 
garnets are relatively low (0.23 wt.% ∑REE), but due 
to the important amount of this mineral and the 
tendency to sequester HREE and Y, the concentration 
of it in parts of the magma chamber is the first step 
towards forming a HREE deposit, which expose 
about 15% of the REE in this easyly meteorizable 
mineral. 2.) A later hydrothermal alteration event 
adds Ca, Al, Fe-rich solutions, which promote the 
alteration of monazite towards allanite with the 
formation of relictive thorite as inclusion in the 
allanite. This hydrothermal alteration event makes 
tabout 70% of the LREE available to meteorization, 
as allanite weathers easier than monazite. 3.) 
Weathering processes of the magmatic and 
hydrothermal mineralogy produced an enrichment of 
mainly HREE in a depth of 10-20 m in the 
weathering profile, where illite is the dominant cation 
exchanger. Sequential extraction data also suggest 
that the LREE are fixed mainly in secondary 
phosphate minerals in the saprolite, leading to an 
additional fracionation towards the HREE’s fixed in 
the ion-exchangeable fraction. 
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During the history of Nuclear Power Engeneering 

(NPE) had been three gross accidents resulted in 
meltdown: Three Mile Island (1979), Chornobyl 
(1986) and Fukushima (2011). These disasters have 
not significantly affected the development of NPE 
(Fig. 1). Contrary to emergency of radioctive 
contamination NPE persists the most environmental 
friendly compared with other energy sources. Future 
development of NPE is constrined by attenuation of 
fuel sourse, limitation of modern reactor capasity, and 
social factors.  

Figure 1: Development of World Nuclear Power 
Engeneering (according to WNA Database) 

Researches conducted during 30 years within 
abandoned Chornobyl zone had in fact shown the 
powerful ability of environmental self recovery. The 
rate of trophic levels self-clearing from radionuclides 
is substantially higher than velocity of natural 
attenuation and intrinsic bioremediation. The latter 
two processes depend on the surface run-off and 
descending migration, and are controlled by decay 
rate of 137Cs and twice as fast as decay of 90Sr. The 
intensity of self-clearing is 10 times exceeds the 
decay rate of 137Cs and 90Sr that corresponds to pace 
of radiation dose decrese for rural population of 
Ukraine. The recovery of landscape structure and 
biodiversity is more rapid and deep than man-caused 
conversion of the environment in past.  
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Avaliable data on tritium accumulation in plants 

tissues after accidental release from nuclear facilities 
are vary and contradictory. 

In a greenhouse experiment the peculiarities of 
tritium migration between the water media of the 
habitat and tissues of white willow (Salix alba L.) 
during the vegetation have been studied. The rate 
constant of tritium transfer through the root system to 
the intracellular sap of plants is 2.17±1.45·10—6 s—1. 
The tritium balance between external water and 
intracellular sap has been come to the equilibrium 
during 1-2 weeks (Fig. 1). Thus, the fractionation 
factor (α) is 0.88—0.94 and does not depend on the 
concentration of the superheavy isotope of hydrogen 
in external water. The rate constant of the 
transformation of tritium in organically bounded 
species (OBT) is 8.6±3.0·10—7 s—1. The equilibrium is 
set for 4 to 11 weeks, α = 0.17—0.19 and does not 
depend on the concentration of the superheavy 
isotope of hydrogen in external water. During the 
experimental study the extraction of the radioactive 
isotope from the system, probably owing to 
transpiration, has been observed. The value of rate 
constant of Tritium transpiration calculated from 
experimental data is 2.67±0.27·10—8 s—1. The rate of 
tritium remove owing to transpiration is proportional 
to it concentration in external water. The factor of 
tritium fractionation during transpiration is 1.2. 

Figure 1: Tritium redistribution during the 
experiment 
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An integrated exposure model is proposed for the 
prediction of the environmental fate of nanomaterials 
(NMs) in natural and man-made compartments. A 
semi-mechanistic approach is used, wherein the 
kinetic nature of the NM fate processes takes focus. 
Environmental matrix interactions depend on NM 
properties and relevant parameters, such as organic 
matter and ionic conditions, and are calculated on a 
temporal scale in each compartment. The obtained 
NM bioavailability is then linked with the hazard 
information. The goal of this approach is to apply the 
model for most currently-produced and possible 
future NMs, aiming to find a compromise between 
mechanistical accuracy and operational simplicity. 
The current kinetic model gives fate descriptors for 
soil, surface water, sediment and wastewater 
treatment plants, and includes rates for key processes 
such as dissolution, sulfidation, heteroaggregation, 
and sedimentation. The time-dependency of chemical 
species concentrations is essential to link exposure 
scenarios with hazards that change over time, which 
is critical in assessing NM bioavailability and 
eventual risks.  
This kinetic fate model is a key component in a web-
based tool for the assessment and management of 
risks associated with NM-enabled consumer 
products, under the GUIDEnano Project (EU FP7). 
This work is also part of the NanoFASE Project (EU 
H2020). 
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Geomechanics for unconventional resources 

differs from conventional reservoirs mainly due to 
inelastic matrix behavior, stress sensitivity, rock 
anisotropy, rock rheology and low matrix 
permeability. Effective horizontal drilling and 
hydraulic fracturing technologies are required to 
obtain and maintain high performance. Success of 
these techniques strongly depends on the 
geomechanical investigations of shales. Shale rocks 
may exhibit complex elasto-viscoplastic deformation 
mechanisms depending on the rate of deformation 
and the amount of clay minerals. An inelastic 
behavior of shales draws increasing attention of 
investigators [1], due to its role in stress relaxation 
between fracturing phases. Non-standard rock 
mechanics laboratory experiments are being applied 
in order to obtain the mechanical properties of shales 
that have not been previously studied in Poland. 
Novel laboratory investigations were carried out to 
assess the creep parameters and to determine time-
dependent viscoplastic deformation of shale samples, 
which can provide a limiting factor to tectonic 
stresses and control stress change caused by hydraulic 
fracturing. We developed and improved 
measurements aiming at the assessment of shale 
structure damage developing in course of 
deformation and assess anisotropy due to a critical 
number of microcracks and their size, that leads to 
the final rock damage controlled by the local stress. 

The study was supported by grant no.: 13-03-00-
501-90-472946 “An integrated geomechanical 
investigation to enhance gas extraction from the 
Pomeranian shale formations”, funded by the 
National Centre for Research and Development 
(NCBR). 
 
[1] Ch. Chang M. D. Zoback. (2009). Journal of 
Petroleum Science and Engineering 69: 239–246. 
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Lunar-Orbiter/Apollo images and Clementine 

UVVIS observations identified four regions, 
including Ina, of small-scale, low relief patches of 
rubble with a maximum age of ~10 Ma [1]. Recent 
observations by the Lunar Reconnaissance Orbiter 
Camera (LROC) onboard NASA’s Lunar 
Reconnaissance Orbiter (LRO) have expanded this 
list of unusual morphologic features by identifying 
similar features termed meniscus hollows [2] or 
irregular-bounded mare patches (IMPS) on the lunar 
near side with ages < 100 Ma [3]. The IMPs have two 
morphologically distinct deposits, uneven and smooth 
deposits [1-3]. The uneven deposits have a rough 
surface texture and contain a range of block densities, 
whereas the smooth deposits have a fairly uniform 
surface texture and almost no blocks. Most 
importantly, the boundary scarps have very low relief 
indicating recent formation. Two hypotheses for the 
origin of the irregular mare patches (IMPs) have been 
suggested: (1) recent, episodic outgassing from deep 
within the lunar interior [1] and (2) small basaltic 
eruptions that occurred after mare volcanism had 
ended [3].  

These young features have implications for the 
cooling and volatile content of the lunar interior 
and/or may provide insight into the compositional 
evolution of magmatic materials over time. In this 
study we investigate the composition of the irregular 
mare patches using near infrared observations from 
the Moon Mineralogy Mapper (M3) and thermal 
infrared observations from LRO’s Diviner Lunar 
Radiometer Experiment (Diviner). 

 
[1] Schultz P. H. et al. (2006) Nature, 444, 184-186. 
[2] Stooke, P. J. (2012) LPS XLIII, Abstract # 1011. 
[3] Braden S. E. et al. (2014) Nature Geosci., 7, 
doi:10.1038/NGEO2252. 
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Hg concentrations are still high in many 

European water systems. Hg is identified as a priority 
hazardous substance under the European Water 
Framework Directive. At present, legal requirements 
including the respective monitoring programs and 
water quality standards mainly deal with total Hg 
concentrations in biota. At present, in many river 
systems of Germany, the Hg concentration in fish 
tissues integrating the variability of Hg concentration 
in waters are still significantly high to be of concern. 
Results obtained for the last two decades, mercury 
concentrations in fish muscle from the Elbe river and 
its tributaries indicated a significant decrease 
attributed to the shutdown of the industry after the 
German re-unification. However, Hg concentrations 
in fish tissues still remain above the environmental 
quality standards. The recent developments of 
multicollector ICP/MS and associated speciation 
capabilities has opened the way to renew our 
understanding of Hg biogeochemistry in the 
environment. In order to question the evolution of Hg 
in these river systems, we have followed the isotopic 
signature of total and speciated Hg concentration in 
fish samples collected over the years. Hg isotope 
compositions measured in geochemical records like 
sediments and suspended particulate matter indicated 
no variation in the sources of initial mercury in the 
system over time and space. Temporal mass 
dependent fractionations measured in fish muscles 
presented significant spatial trends. In respect of the 
inorganic sources of Hg, the variations in fish 
muscles are assumed to reflect changes of the ratio of 
production versus degradation of methylmercury in 
the system. An Elbe’s tributary was found to be 
responsible for the contamination of the main Elbe 
River for decades 1995 - 2000. These results may 
allow us to define the environmental timescale for a 
contaminated ecosystem to recover after 
contamination. 
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A geochemical survey was carried out in Sicily to 
understand the origin of the thermal waters 
discharges in the Peloritani Mts. and their 
relationships with the geostructural setting. This area 
is characterized by hydrothermal activity that at the 
surface produces thermal springs, gas vents and 
submarine gas emissions. In this study, we describe 
and discuss the geochemical and isotopic data of 
thermal and cold waters from 13 springs, 19 wells, 1 
pool and 2 drainage tunnels. Cold waters (T<20 °C) 
are mainly Ca(Mg)-HCO3 with a low salinity 
(TDS<929 mg/L) suggesting a relatively fast and 
shallow circulation. The Na-HCO3 water samples 
show HCO3 and Na contents up to 4209 and 1132 
mg/L, respectively. The high HCO3 and Na contents 
are likely related to the presence of gaseous CO2 
dissolving in waters and to water-rock interaction 
processes. The Na(K)-Cl(SO4) samples mainly 
pertain to water discharges close to the coastal area 
and show high salinity (TDS up to 40900 mg/L) with 
temperatures ranging between 17.6 and 31.8 °C. This 
composition is likely affected by seawater mixing 
processes. A small group of waters are characterized 
by a Ca(Mg)-Cl(SO4) composition with TDS up to 
1604 mg/L, suggesting a minor contribution of 
seawater. The studied waters have δD and δ18O 
values ranging from -48.3 to +0.1 ‰, and -7.1 to 
+2.16 ‰ (vs. V-SMOW), respectively, indicating a 
large control by the meteoric recharge. The positive 
18O-shift of a very few samples is likely related to 
isotopic fractionation processes due the evaporation, 
water-rock interaction and/or seawater mixing 
processes. Dissolved gases are mainly clustered in 
two groups: i) N2-rich (up to 83.2 % by vol.) and ii) 
the CO2-rich (up to 91.1 % by vol.) samples. The 
highest CO2 contents were associated with the 
thermal fluids, although some cold waters display 
anomalously high CO2 values. The δ13C-CO2 was 
highly variable, spanning from a biogenic (down to -
23.14 ‰ V-PDB) to a deeper source (-1.8 ‰ vs. V-
PDB). The 13C-rich samples are likely affected by a 
mantle component as suggested by the isotopic values 
of He, which are up to 2.50 R/Ra. 
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Broken Hill in New South Wales, Australia, 

contains one of the world’s largest lead ore bodies, 
which has been mined continuously for more than 
130 years. The operations have left behind a legacy 
of widespread lead contamination and have caused 
persistent elevated blood lead problems in children. 
However, there remains ongoing dispute amongst 
geologists and environmental experts as to the 
primary source of the environment lead — naturally 
occurring, legacy contamination or contemporary 
emissions and depositions. This research addresses 
this problem by examining spatial and temporal 
samples of contemporary dust deposits for their lead 
concentration, bioavailability, mineral content and 
surface morphology.  

Dust samples were collected monthly from six 
sites across Broken Hill. The preliminary results 
show that dust lead loading at the two sites closest to 
the local mining operations (average 205 μg/m2/day 
and 213 μg/m2/day, respectively) are approximately 
double those furthest from mining operations at the 
edge of the city. The same sites also have higher lead 
bioavailability, average of 74 % 70 %, respectively, 
compared to the more distant sites that had an 
average of  64 %. 

Scanning Electron Microscope (SEM) images 
show that galena (PbS) particles (grain size ranging 
10-50 μm) collected close to operating mines in 
Broken Hill are angular and have not undergone 
weathering processes. By contrast, galena (PbS) 
particles of the distant dust samples are subrounded 
and finer (grain size < 10 μm). 

The elevated dust lead loading observed around 
the local mining operations and the morphological 
characteristics of galena particles indicate that the 
current mining operations are the predominant source 
of the contemporary dust lead contamimation and 
blood lead exposures in Broken Hill. The high 
bioavailability of dust lead deposits in Broken Hill 
demonstrates there remains a high risk from the 
emissions of the current operations to children’s 
health.  
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Microorganisms participate in the 

biogeochemical recycle of As in lithosphere. It has 
been found that some bacteria can use organic carbon 
as source of energy, and meanwhile reduce Fe(III) 
and As(V) into Fe(II) and As(III). In this study, we 
investigated the effects of bacteria separated from 
natural sediment on the release of adsorbed As 
(arsenate) from ferrihydrite, goethite and hematite to 
water. 

Taken ferrihydrite for example, no matter with or 
without the sediment bacteria, the release of As from 
the oxide into water was observed. However, this 
release of As in the systems with bacteria differed 
significantly from those without bacteria. Firstly, 
about 19 % more As was released in the systems with 
bacteria. Secondly and more importantly, in the 
systems with bacteria, the released As changed from 
As(V), which was originally adsorbed, to As(III) 
gradually, and after 14d, almost all As in water was 
As(III) (Figure 1). While in the systems without 
bacteria, As(III) was negligible. For Fe release, in the 
systems without bacteria, only very limited amount of 
Fe, which was Fe(III), was released, and Fe(II) in 
such systems was under detection limit. While in the 
systems with bacteria, much more Fe was released 
and was dominated by Fe(II). Fe(II) concentration in 
water in these systems increased in the first 6d and 
then remained almost constant. Fe(III) was also 
detected in water, and its concentration increased 
gradually during the experimental period, which 
should be mainly resulted from the reoxidation of the 
Fe(II). The behavior of As and Fe in the goethite and 
hematite systems was similar to the ferrihydrite 
systems. These results indicated the important role of 
sediment bacteria in affecting the behavior of 
adsorbed As. 
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Figure 1: Concentration and speciation of As in 
water. 
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The Baima mafic-ultramafic layered intrusion, 

SW China, provide an excellent opportunity to 
examine the role of silicate melt immiscibility in the 
formation of Fe-Ti oxide ore of the layered intrusion. 
The intrusion consists of a Lower zone of net-
textured and disseminated Fe-Ti oxide ores, a Middle 
zone of olivine gabbro and an Upper zone of apatite 
gabbro. Late-stage microstructures developed in the 
Baima intrusion comprise various reactive 
microstructures, including replacive symplectites, 
fish-hook texture, fine-grained mineral aggregate and 
corrosion texture.  These reactive microstructures are 
formed at (700-1090°C) and considered to have 
formed from disequilibrium reactions between 
immiscible Fe-rich melt and primocrysts such as 
clinopyroxene, plagioclase and olivine. Their 
occurrence in the whole intrusion especially in the 
net-textured and disseminated ores are consistent that 
the immiscibility occurred in the evolved magma in 
the Baima magma chamber, forming immiscible Fe-
rich and Si-rich melt in the interstitial phases. The 
immiscible heavy Fe-rich melt percolated down and 
reacted with primocrysts and eventually accumulated 
Fe-Ti oxides to form Fe-Ti oxide-rich layers in the 
Lower zone. 
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Detrital mineral, particularly the heavy mineral 

contains rich provenance information. They can play 
a significant role in sediment source identification, 
which is essential to source tracing and 
paleoenvironment rebuilding. However, sediment 
source study is still absent, especially during the 
period of the low sea level. In this paper heavy 
minerals in the bore hole EC2005, located in the 
southern center of mud area in the inner shelf of East 
China Sea, were identified and analyzed for their 
significance of provenances since 17.3Ka BP. The 
results show that: (1) in the sediment of grainsize 
fraction 0.063-0.25mm, the average content of heavy 
minerals is 27.26% in range of 3.66% -89.62%. High 
content of heavy minerals appears in the horizon of 
rich authigenic pyrite. (2) The heavy minerals 
included mica, metallic minerals, amphibole, epidote, 
dolomite, pyroxene, typical metamorphic minerals 
(staurolite, kyanite, andalusite and fibrolite), altered 
minerals and authigenic pyrite, and they altogether 
occupy more than 96.00% of the total amount, but 
varied in content through core EC2005. (3) The 
distribution of heavy minerals can be divided into 
five units from the Unit Ⅰ to Unit Ⅴ from bottom to 
top, the diagnostic minerals are mica, dolomite, mica, 
authigenic pyrite and titanite, respectively. In 
combination with AMS14C dating, geochemical 
elements, clay mineral, sea level data in the west 
Pacific Ocean and other parameters, the authors think 
that the sediments in the inner shelf of East China Sea 
since 17.3Ka BP has been derived mainly from the 
Yangtze River, and also come from coastal rivers of 
Zhejiang Province. 
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The Orne River is a tributary of Moselle River in 

the northeastern part of France, which has been 
strongly modified by steel-making facilities and 
associated urbanization. As a heritage of the past steel 
activities, the river displays several dams that were 
built for blast furnace cooling purpose. Those dams 
enhance the deposition of highly contaminated 
material in the riverbed and despite a river dredging 
in late 1980’s, several spots of steel-making waste are 
still present in the vicinity of the dams. Those 
sediment deposits, as deep as 1.3 m in some places, 
contain high content of Fe, Zn and Pb. In order to 
follow the eventual re-suspension of those sediments 
in the water column, a multi-marker study was 
performed, including the determination of Zn and Pb 
isotopic fingerprints.  

This study aims to (i) determine the Zn and Pb 
isotopic signatures of two dam front river sediment 
cores and suspended particles (SPM) along the river; 
(ii) establish the Zn and Pb isotope signatures of local 
anthropogenic and natural sources; (iii) assess the 
anthropogenic input sources with the isotope 
signatures as indicators. 

The δ66ZnIRMM-3702 values of the river sediments 
and SPM were shown to range from -0.12 to 1.36 ‰ 
and -0.12 to -0.05 ‰, respectively, while the 
206Pb/204Pb ratio ranges between 18.326 and 18.690 
for river sediments and from 18.370 to 18.609 for 
SPM. Within both cores, the isotope signatures 
suggest different source origins, including tailings, 
slag and atmospheric deposition. In the bottom 50 cm 
of the down stream core, the distinctive isotope 
signatures highlight one more source coming from 
past activities. Comparing the SPM signatures to the 
surface sediments show the potential of using isotopic 
tools to follow sediment re-suspension in the river. 
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In the past decade, high precision Ni stable 
isotopes of continental rocks and sediments, river and 
seawater have been studied and significant isotope 
variation has been reported [1-4]. Recently, Ni isotope 
fractionation during ore smelting and refining have 
been demonstrated, showing that slag holds 
isotopically heavier Ni than the feeding material and 
fly ash [5]. These studies showed the potential of using 
Ni isotopes for anthropogenic source tracing in the 
environment. 

As metal pollution in riverine systems poses a 
serious threat to water and sediment quality, it is of 
key importance to understand the pollution sources 
and their fate. Therefore, this study aims to (i) 
determine the Ni isotopic compositions of two river 
sediment cores from an industrial surrounded river in 
northern France and their origin; (ii) assess the 
movement of the anthropogenic sources in the 
riverine systems. 

We observed that 1) the δ60/58NiNIST986 values of 
the surface river sediments and suspended particles 
ranged from -0.15 ±0.04‰ to -0.04 ±0.04‰. 2) In the 
sediment cores, significantly different isotope 
signatures were measured (from -0.09‰ to -0.53‰ 
with a cluster around -0.36‰). Nearby natural soil 
dust, slag tailings could explain the excessive Ni of 
the river sediments. However, further studies of the 
isotope fractionation mechanisms in the riverine 
system are needed to better evaluate the 
anthropogenic source movements by using Ni isotope 
signatures as tracers. 

 
[1]Cameron et al.,2009,PNAS 106,10944-10948; 
[2]Cameron and Vance,2014,GCA 128,195-211; 
[3]Gall et al., 2013, EPSL 375,148-155; [4]Estrade et 
al.,2015,EPSL 423,24-35; [5]Ratié et al.,2016,APPL 
GEOCHEM 64, 136-145. 
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Copper (Cu) and zinc (Zn) play an important role 

in many fundamental Earth System processes such as 
carbon fixation in the ocean and air pollution. Recent 
work has focussed on testing if the stable isotope 
systems of these elements can help us to better 
understand their past and present biogeochemical 
cycles in the atmospheric and aquatic environments.  
A major knowledge gap affecting the interpretation, 
however, has been the lack of isotopic 
characterisation of Cu and Zn in mineral dust.   

To this end, we determined the range of isotopic 
composition of Cu and Zn of selected major mineral 
dust sources in Asia (i.e., Chinese Loess Plateau, 
Chinese deserts, Thar desert) and Africa (i.e., Sahel 
region) and constrained possible controls, i.e. 
mineralogy and particle size.  We determined the 
isotopic composition of Pb in the mineral dust to 
compare to an isotope system that is not subjected to 
isotopic fractionation during low temperature 
processes. To test the implications of this novel data 
set to studies linking sources and sinks, we compared 
the isotopic ratios determined in the mineral dust with 
the signatures of aerosols and surface and deep ocean 
waters in areas close to the deserts and discuss the 
implications for atmospheric metal and marine 
biogeochemical cycles.  

The ranges of isotope signatures observed were 
well in line with previously determined signatures of 
mineral dust but significantly different between the 
Thar deserts, the Chinese Loess Plateau and Chinese 
deserts and the Sahel. We find significant variations 
between size fractions (<4µm, 16-32 µm, >64 µm) 
for both isotope systems and a significant correlation 
between the isotopic composition of Zn and clay 
minerals.  The isotopic signature of Cu and Zn found 
in aerosols (Beijing, Xian, North Atlantic Ocean) and 
ocean waters (eastern North Atlantic basin and 
western Pacific Ocean) are outside the range of those 
of the mineral dusts areas. Admixing of 
anthropogenic Zn and atmospheric processing are 
assessed and discussed as a possible role explaining 
the observed isotope ratios 
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Weathering of primary silicates and 
photosynthesis by plants are among the mechanisms 
involved in carbon removal from the atmosphere. 
Increase in both temperature and amount of CO2 in 
the atmosphere characteristic of global warming can 
increase weathering, impact biological systems, and 
promote biological weathering creating negative 
feedback on climate change. The goal of this research 
was to quantify direct and indirect effects of 
temperature and elevated CO2 on basalt weathering 
and carbon sequestration. We performed mesocosm 
experiments at Ecotron Ile-de-France where granular 
basalt was exposed to rainfall at equilibrium with two 
different CO2 concentrations in the air, 400 ppm and 
800 ppm; and kept at two climate regimes, with 
ambient and elevated (+ 4°C) temperature. Four 
biological treatments were superimposed on this 
design: a plant-free control with native microbial 
community; Medicago sativa, a N-fixing forb, 
Prosopis velutina, a N-fixing woody plant; and 
Leptochloa dubia, a grass that does not form 
symbiotic relationships with N fixers. Mesocosms 
were equipped with solution and gas samplers to 
monitor biogenic and lithogenic weathering product 
concentrations in solution and measue soil gases.  
Plant biomass was collected at the end of the 
experiment to determine dry weight, as well as 
removal of N and lithogenic elements by the plants. 
Solid samples were collected to connect the measured 
weathering fluxes in solution with the mineralogical 
evolution. Basalt was analysed for organic and 
inorgnic carbon and total nitrogen before and after 
the experiemnt. Obtained values for the solution 
composition, gas fluxes and solid phase changes will 
be used in multicomponent reactive transport 
modeling. 
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The Rosario Formation forms part of the 

Peninsular Ranges Forearc basin complex, which 
crops out discontinuously along the Pacific coast of 
the Baja California Peninsula, Mexico. The study is 
being performed in the San Fernando Canyon, 
between El Rosario and Punta San Carlos towns. In 
this area, the Rosario Formation comprises a lower, 
shallow marine member, overlain by an upper, deep 
marine member, including several slope channel 
systems. Based on previous research, the San 
Fernando channel systems consist of five channel 
complex sets (CCS1 to CCS5), each one 
characterized by three filling stages. Stage one 
consists of predominantly clast– and matrix-
supported conglomerates, with subordinate medium 
to coarse grained sandstones. Stage two consists of 
units of clast-supported conglomerates with 
subordinate medium to coarse-grained sandstones, 
separated mainly by thinly-bedded turbidites 
(intercalation of thin beds of fine-grained sandstones 
and mudstones). Stage three corresponds mainly of 
hemipelagic mudstones. The main objective of this 
research is to determine source area and to compare 
the finer fraction of the conglomerate from each 
channel set, combining provenance methodology 
heavy minerals and bulk petrography. 

 Bulk quantification indicates that the main 
provenance tectonic model of the finer fraction of the 
conglomerates can be interpreted as dissected 
magmatic arc, with subordinate uplifted basement 
and recycled orogenic contributions. The heavy 
minerals assembly identified were amphibole, 
epidote, clinozoisite, titanite, garnet, tourmaline, 
apatite, rutile and zircon, among them amphiboles are 
by far the most abundant detrital mineral. The 
preliminary conclusion is that the sedimentary supply 
to the Rosario Formation was mostly derived from 
volcanic and plutonic rocks of the Upper Peninsular 
Ranges Arc complex known as the Alisitos Arc, 
which follows the western margin of the Peninsular 
Ranges batholith, as well as from older magmatic arc, 
and from recycling of sedimentary-metasedimentary 
terrains. 
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Australia is known as the driest continent on 

Earth. However, much wetter conditions have 
prevailed in the past. In what is today such an arid 
continent, it is challenging to find archives that have 
recorded the palaeoclimatic conditions of the region. 
The Flinders Range in South Australia has a large 
number of rock shelters with fossil speleothems. The 
aim of this study is to (i) establish a chronology of 
when conditions were wet enough for speleothem 
growth (using U-Th dating) and (ii) assess changes in 
water availability during period of speleothem growth 
(using the initial 234U/238U). 

Our results show that intervals of conditions 
wetter than today have occurred repeatedly until 100-
200 AD [1]. A semi-continuous and composite record 
of speleothem growth for the period 2-30 ka suggests 
that while water availability has varied, conditions 
were repeatedly wet enough to allow speleothem 
growth. Using the initial 234U/238U, we show that 
between 20 and 4 ka conditions have been steadily 
increasingly wetter. In contrast, between 4 and 2 ka 
water availability has sharply decreased, before 
reaching present-day semi-arid conditions at 2 ka. 
While our approach deviates from classical 
speleothem studies, it provides a versatile way to 
derive palaeo-envrionmental information, as 
illustrated here for southern Australia. 

 
[1] Gliganic, L., et al. (2014) The Holocene, 2014. 
24(1): p. 104-117. 
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 Paired Martian meteorites MIL 03346, 
090030, 090032, 090136 are the most oxidized 
nakhlites [1]. Franz and others [2] argue the oxidation 
is a result of the reduction of S6+ (from assimilated 
sulfate) to S2- to form sulfide, and that this may 
account for the the oxidation of Fe2+ (in silicates) to 
form Fe3+ present in magnetite and pyroxene. Here, 
we test this hypothesis using SIMS to evaluate the 
sulfur isotopic composition of MIL sulfides and 
modal analyses to evaluate how much of the Fe3+ can 
be accounted for by sulfate assimilation and 
reduction. Our ion probe data yield more positive 
δ34S values (13.7‰ -14.7‰ ± 2.33‰) and more 
negative Δ33S values (-0.60‰ to -0.76‰ ± 0.12‰) 
for MIL 090030, 090032, 090136 than measured by 
[2]. However, these values lie on a projection of an 
array generated by other nakhlite sulfides, including 
the MIL pairs [2], lending further support to the 
suggestion that mass-independent sulfur was 
incorporated into nakhlite melts.  
 The following two sulfate assimilation 
reactions: 13FeSiO3+CaSO4 ⇌ 
FeS+4Fe3O4+CaSiO3+12SiO2 and 
55Fe2SiO4+4KFe3(OH)6(SO4)2 ⇌ 
8FeS+38Fe3O4+55SiO2 +2K2O+2H2O; yield a 
volume ratio of magnetite/sulfide of 91.9%/8.1% and 
92.2%/7.8%, respectively. We observe a 
magnetite/sulfide ratio of 94.5 ± 1.4%/5.5 ± 0.3% in 
(MIL090136). This ratio has too little sulfide to 
account for the Fe3+ in pyroxene (calculated from [3]) 
and magnetite. Our calculations take into account 
estimates of sulfide in the precursor melt (estimated 
from sulfide abundance of Nakhla) and the Ti content 
of magnetite, which dilutes the Fe3+ contained by this 
mineral.  These estimates are lower limits as 
degassing of sulfur gases during emplacement and 
also terrestrial weathering of sulfides would reduce 
the observed FeS abundance compared to the amount 
of sulfate reduced. These results imply that 
assimilation of mass-independent sulfate followed by 
its reduction contributed significantly to the redox 
variation observed among nakhlites.  [1]Udry et al., 
2012, MPS [2] Franz et al., 2014, Nature [3] Dyar et 
al., 2005 JGR. 



Goldschmidt Conference Abstracts 

 

710 

Fluctuations in ocean redox 
during the Mesoproterozoic 

Era: Evidence from the 
Bashkirian Uplift, South Urals, 

Russia 
KATHERINE A. DOYLE1, SIMON W. POULTON1, 
ROBERT J. NEWTON1, ANDREY BEKKER2 AND 

VICTOR N. PODKOVYROV3 
1Earth Surface Science Institute, School of Earth and 

Environment, University of Leeds, LS2 9JT, UK. 
Email for correspondance: eekd@leeds.ac.uk 

2Department of Earth Sciences, University of 
California, Riverside, CA 92521, USA 

3Institute of Precambrian Geology and 
Geochronology, Russian Academy of Sciences, 
St. Petersburg 199034, Russia 

 
The Mesoproterozoic Era (1.6 – 1.0 Ga) has long 

been considered a period of relative stasis in Earth’s 
environmental evolution. This is, however, largely 
due to a lack of detailed geochemical studies from 
this period, and recent research suggests that there 
may have been early episodes of deep ocean 
oxygenation in certain basins across this time period. 
Here, we build upon these limited observations with a 
thorough redox reconstruction of the Bashkirian 
Uplift sedimentary sequence (1.6 – 0.6 Ga) in the 
South Urals of Russia.  

The results from iron speciation presented here 
demonstrate that this water column mainly 
experienced anoxic, ferruginous conditions. 
However, during the Late Mesoproterozoic, oxic 
conditions prevailed in deeper waters. This suggests 
that at greater depths in the Mesoproterozoic ocean, 
deep waters were not restricted to a constant redox 
state, but rather underwent episodic changes. To 
further understand how this flux in redox affected 
water column chemistry, trace metals (Mo, Re, V, U, 
Zi, Cr), sulphur isotopes, total organic carbon (TOC) 
and major elements (Al, Mn, P) were also measured. 
In addition to presenting these new redox analyses, 
we will reveal new data pertaining to the behaviour of 
the phosphorus cycle under the variable redox 
conditions encountered in the Bashkirian sequence.  
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Recent findings of 13C-depleted carbonate have 

revealed that sulphate-dependent anaerobic oxidation 
of methane (AOM) can, in a manner similar to what 
has been found in marine sediments, occur in 
oligotrophic crystalline bedrock fractures, down to 
depths of more than 700 m [1]. The related bacterial 
sulphate-reduction (BSR) has been traced by S-
isotopes in pyrite [2]. In other deep rock 
environments, such as oceanic igneous crust, records 
of fossilised fungi [3] indicate that fungi, together 
with bacteria and archaea, may constitute a 
significant part of the biomass in the subsurface. 
Investigations of fungal communities in fracture 
waters indicate their presence and large diversity 
under anaerobic conditions at great depth in 
crystalline rocks [4]. Direct in situ observations of 
fungal communities on fracture walls and their 
interplay with microorganisms and interaction with 
minerals are however lacking from this deep 
environment.  

Here we present observations of fungi hyphae 
from 740 m depth in isolated oligotrophic granite 
fracture voids in Sweden. SEM and ToF-SIMS 
studies reveal that the hyphae are undergoing 
fossilisation (to clay minerals and Fe-oxide) but that 
significant amounts of organic compounds are still 
preserved. Microanalytical data (SIMS) of co-genetic 
carbonate (δ13C) and pyrite (δ34S) reveal that 
degradation of organic matter by microorganisms, 
BSR and AOM have occurred in the local fracture 
system. It is proposed that microbial mats (partly 
preserved as microfossils) provided nutrients for the 
fungi and that sulphate reducing bacteria used organic 
C in the hyphae (pyrite is present on the hyphae). In 
similarity with deep basalt habitats [3,5] the hyphae 
have readily dissolved and penetrated secondary 
zeolites and calcite in the voids.  
 
[1] Drake et al. (2015), Nature Comm. 6, 7020 [2] 
Drake et al. (2013) Geochim Cosmochim Acta 102, 
143-161 [3] Ivarsson et al. (2015) PLOS ONE 10(10) 
[4] Sohlberg et al. (2015) Front. Microbiol. 6, 573. 
[5] Bengtson et al. (2014) Geobiology 12, 489-496. 
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The lower mantle is potentially the largest 

carbon-bearing resevoir in Earth.  Primordial volatiles 
may, for example, have become isolated in the lower 
mantle during accretion, assuming that Earth was not 
entirely molten.  Alternatively, crystallisation of a 
moderately volatile-rich global magma ocean from 
the mid-lower mantle outward may have resulted in a 
relatively volatile-enriched deep basal magma body.  
Furthermore, billions of years of plate tectonics has 
facilitated the recycling of carbon-bearing 
lithospheric material into the deep mantle.  Carbon 
and other volatiles in the deep mantle may promote 
chemical mass transfer through melting and may 
potentially have a large influence on the rheological 
properties of the mantle.  However, despite its 
fundamental importance for understanding the 
evolution of the Earth, our understanding of phase 
relations and melting in carbon bearing lithologies at 
the high pressure (P) and temperature (T) conditions 
of the lower mantle is extremely limited. 

In this presentation we report the results of sub-
solidus and melting phase equilibria investigations in 
the system CaO-MgO-FeO-SiO2-CO2. Several 
starting compositions were synthesised from mixtures 
of SiO2 and MgSiO3 glass with MgCO3, CaCO3, and 
FeCO3 as the source of carbon.  Samples were 
pressurised in a diamond anvil cell (DAC) and heated 
from both sides using two 100 W fibre lasers 
operating at a wavelength of 1070 nm.  Using beam 
shapers and beam expanders, a uniform temperature 
profile was produced over a spot of ~ 30 µm 
diameter, as measured on both sides using 
spectroradiometry. To futher minimise temperature 
gradients, we have fabricated novel fully 
encapsulated samples for the DAC using a 
combination of laser machining and DC magnetron 
sputter coating. Angle dispersive synchrotron x-ray 
diffraction measurements were made on the P-T 
quenched samples at beamline I15 at the diamond 
light source, UK in order to identify and characterise 
the phases present in the run products. 



Goldschmidt Conference Abstracts 

 

713 

Engineered nanoparticle 
transport and interactions in 

partially saturated porous 
media 

ISHAI DROR1*, YINON YECHESKEL1, 
BRIAN BERKOWITZ1 

1 Department of Earth and Planetary Sciences, 
Weizmann Institute of Science, 7610001, 
Rehovot, Israel (*correspondence: 
ishai.dror@weizmann.ac.il) 

 
The growing applications of engineered 

nanoparticles (ENPs), included in numerous products 
and industrial processes, are expected to spread in the 
near future on a global level. Along with the 
properties that make ENPs so appealing, the concern 
that they may act as a new class of persistent and 
toxic contaminants also arises. The post-use release 
of ENPs to the environment is inevitable and soil 
appears to be one of the largest sinks of these 
potential contaminants. To date, despite the 
significant attention that ENP behavior in the 
environment has received, only a few studies have 
considered the fate and transport of ENPs in partially 
saturated systems. In this presentation, we report on 
the transport and fate of commonly used ENPs – in 
partially saturated soil and sand. It is also noted that 
suspended ENPs may act as vehicles that mobilize 
other emerging contaminants in the subsurface. The 
results show that ENP interactions with the solid 
matrix and solution components affect their 
speciation, environmental fate and transport. 
Negatively-charged ENPs (AgNPs and AuNPs) are 
shown to be mobile in sand and soil (which is also 
negatively charged) under various conditions, 
including water saturation levels and inlet 
concentration. Various aging scenarios were 
considered and the interaction of AgNPs with 
sulfides, chlorides, and calcium ions, all of which are 
known to interact and change AgNP properties, are 
shown to affect AgNP fate; however, in some cases, 
the changed particles remain suspended in solution 
and mobile. Positively-charged ENPs show very low 
mobility, but when humic acid is present in the inlet 
solution, interactions leading to enhanced mobility 
are observed. The presence of humic acid also 
changes ENP size and surface charge, transforming 
them to negatively-charged larger aggregates that can 
be transported through the sand. Finally, 
remobilization of particles that were retained in the 
porous media is also demonstrated for positively-
charged ENPs, indicating possible release of 
entrapped ENPs upon changes in solution chemistry. 
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Stable isotope ratios measured in aquifers and 

rivers often show variable inferred fractionation 
factors. We demonstrate that for an irreversible 
reaction, the Rayleigh or distillation relationship 
between stable isotope fractionation and reactant 
concentration is compromised if fluid samples are 
composed of a range of water ages.  Such mixed 
samples are rarely avoided in standard methods of 
sampling natural systems.  As a result, application of 
a Rayleigh model commonly requires a diminished or 
effective fractionation factor relative to the intrinsic 
value obtained in the absence of transport effects.   In 
contrast, variability in chemical parameters such as 
the reaction rate constant does not inherently impact 
the fractionation factor.  Thus, in order to 
quantitatively apply intrinsic parameter values to a 
fractionating reaction occurring in porous media 
flow, the functional form of the relationship between 
reactant concentration and isotope fractionation 
requires revision.  Here, we present a novel, 
generalized analytical solution for the relationship 
between fractionation and flow subject to non-
uniform fluid travel time distributions.  This model is 
demonstrated against multi-component reactive 
transport simulations of stable isotope fractionation in 
homogeneous and spatially correlated heterogeneous 
flow fields, and applied to a previously reported 
dataset of stable Cr isotope enrichment obtained from 
a heterogeneous aquifer.  This work offers an updated 
functional form for the relationship between reactant 
concentration and isotope fractionation for a mixed-
fluid sample, which we offer as a replacement for the 
traditional Rayleigh model in porous media flow. 
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The characteristics and mechanisms of 

competitive adsorption of trace metals on bacteria-
associated clay mineral composites are rare, despite 
their being among the most common organic-mineral 
complexes in geological systems. The competitive 
adsorption of Pb(II) and Cd(II) on the composites of 
bacterial cells (Pseudomonas putida) with 
montmorillonite was investigated through 
adsorption–desorption experiment, isothermal 
titration calorimetry (ITC), and synchrotron micro X-
ray fluorescence (µ-XRF) techniques. Stronger 
competition was observed on clay mineral than on 
bacteria–clay composite because more non-specific 
sites accounted for heavy metal adsorption on clay 
mineral surface. Heavy metals tended to react with 
bacterial fractions in the composite, which was 
verified by the higher correlation of Cd (and Pb) with 
Zn (R2 = 0.41) than with Si for the elemental 
distribution (R2 = 0.10) (Fig. 1). ITC results showed 
that inner-sphere adsorption was the main binding 
mechanism for Cd and Pb on bacteria, clay, and their 
composite. Competitive adsorption exhibited a lower 
entropy change (ΔS) at the metal–sorbent interfaces 
compared with single–metal adsorption, revealing 
that Cd and Pb shared common adsorption sites of the 
sorbent. The competitive effect on bacteria–clay 
composite was found to be helpful for a better 
understanding of the chemical behaviors of heavy 
metals in multi-metal contaminated environments.  

Figure 1: Elemental distribution in bacteria-
montmorillonite composite. 
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Understanding the distribution of neodymium 

isotopic compositions of seawater (εNd) is challenging 
as the oceanic budget of Nd remains poorly 
constrained. Recently a “bottom-up” perspective of 
Nd cycle in the ocean has been proposed in which 
benthic flux supplies Nd to bottom water while 
potentially modifying its εNd [1,2]. Here, we use 
chemical extraction methods to study the role of 
authigenic Nd-bearing phases in the diagenetic and 
oceanic cycle of Nd to better understand how the εNd 
of bottom water, pore water, authigenic phases and 
detrital sediments are related in early diagenesis. 
Using coretop sediments from the Gulf of Alaska 
(GOA), We develop a leaching method to extract 
authigenic εNd. Detailed evaluation of the sources of 
leachate Nd using major and trace element 
geochemistry, 87Sr/86Sr-εNd isotope systematics and 
results from leaching volcanic ash samples suggest 
that authigenic Fe-Mn oxyhydroxide is the dominant 
phase extracted during leaching and that 
contamination from volcanic and other detrital 
sources to leachate Nd is insignificant (<1%). 
However, coretop εNd is consistently more radiogenic 
than bottom water. We infer that authigenic phases 
record pore water εNd, which diverge from bottom 
water εNd because of the diagenetic contribution of 
reactive and radiogenic sedimentary materials to the 
formation of authigenic phases during early 
diagenesis. In our conceptual model we suggest that 
the interaction between authigenic phase and pore 
water in the early diagenetic zone supports the 
benthic flux of Nd, and the residence time of bottom 
water and the distribution of the reactivity of 
sedimentary components are the key factors 
controlling the relationship of εNd among bottom 
water, pore water, authigenic phases and detrital 
sediments. We further show that the observations of 
deep water εNd in the Pacific is consistent with this 
model. Our results provide a new framework of 
investigating the oceanic cycle of Nd and the 
application of authigenic εNd in paleoceanography.   

 
[1] Abbott et al. (2015a) GCA 154, 186–200. [2] 
Abbott et al. (2015b) Geology 43, 1035. 
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Several methods and materials have been 
explored for the sensitive and practicable detection of 
polycyclic aromatic hydrocarbons (PAHs). However, 
it is still a challenge to develop simple and cost-
effective sensing techniques for PAHs [1,2]. The 
present work has proposed a facile method for SERS 
sensing of the EPA 16 priority PAHs. Herein we 
report the synthesis and construction of Fe3O4@Au 
SERS substrate. This magnetic substrate was 
composed by Fe3O4 microspheres and Au NPs. The 
size, morphology, and surface composition of 
Fe3O4@Au were characterized by multiple 
complimentary techniques including scanning 
electron microscopy, X-ray photoelectron 
spectroscopy, and X-ray powder diffraction. The 
spatial distributions of electro-magnetic field 
enhancement around Fe3O4@Au was calculated using 
finite difference time domain (FDTD) simulations. 
As a result of its remarkable sensitivity, the 
Fe3O4@Au-based SERS assay has been applied to 
detect the 16 EPA priority PAHs. The LODs 
achieved by our method (100~5 nM, 16.6~1.01 µg L-

1) make it promising for the rapid screening of highly 
contaminated cases. As a proof-of-concept study, the 
substrate was applied in SERS sensing of PAHs in 
river matrix. The 16 PAHs could be differentiated 
based upon their characteristic SERS peaks. Most 
importantly, the detection was successfully conducted 
using a portable Raman spectrometer, which could be 
used for on-site monitoring of PAHs. The present 
approach does not require expensive instrumentation 
or large sample volumes. The quick and cost-
effective protocol is expected to be particularly useful 
for the identification of hydrophobic molecules with 
similar chemical structures, for which effective 
separation protocols may be difficult to develop.  

 
[1] J. Du, C. Jing,. (2011) J. Phys. Chem. C. 115, 
17829-17835. [2] J. Xu et al. (2014), Acs Appl. 
Mater. Interface. 6, 6891-6897. 
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Natural seeps are significant sources of methane 

to the global atmospheric methane budget. However 
submarine groundwater discharge (SGD) is 
nonnegligible source of methane and carbon dioxide 
to surface water and the atmosphere. In this study, a 
coupled continious equlibrator CH4-CO2-Rn 
measurement was performed in a shallow natural 
seep field at Yinggehai Basin, China and at the 
adjecting wells, so as to quantify the contributions of 
methane and carbon dioxide from different sources. 
Results suggest that the SGD is a non-negligible 
source of methane in coastal systems. 
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Due to the global warming, tree line advance is 
occurring in many alpine regions, potentially 
increasing the dissolved organic matter (DOM) input 
into the alpine lakes. The photodegradation could be 
an important transformation pathway for the CDOM 
in the alpine lake because of the intensive light 
irradiation in the high altitude regions. In this study, 
in-situ photoinduced alternation of chromophoric 
dissolved organic matter (CDOM) during 5-day solar 
irradiation was investigated in a typical alpine lake 
surrounded by the ancient forest, i.e., Tiancai Lake 
(with an altitude of 3880 m). The removal of DOC, 
the alteration of optical properties and EEM-
PARAFAC (emission matrix fluorescence and 
parallel factor analysis) components under three light 
treatments (Visible light (Vis), Vis+UVA and 
Vis+UVA+UVB) were compared. In all three light 
treatments, the photobleaching of CDOM molecules 
and the removal of DOC were observed. UV light 
enhanced the photodegradation of CDOM. Five 
EEM-PARAFAC components, including three 
terrestrial humic-like substances (C2, C3 and C4), 
one microbial humic-like substance (C1) and one 
tryptophan-like substance (C5) were identified. In 
Vis+UVA+UVB and Vis+UVA treatments, C1, C2, 
C3 and C5 were photolabile, and the 
photodegradation rates followed the order of 
C3>C2>C5>C1. In Vis treatment, only C2 and C5 
were degraded. C4, a component with high aromatic 
content, was the photoproduct of C2 and increased in 
all treatments, which contributed to the increase of 
HIX and SUVA254. The photoreactivities of the EEM-
PARAFAC components to visible and UV light 
explained the changes of FI and HIX in the various 
light treatments. This study provides the information 
on CDOM transformation in alpine lakes, which is 
helpful for understanding the global carbon cycle 
under the climate change scenario. 
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Qingchengzi orefield in Liaoning province is an 
important large-scale Pb-Zn-Au-Ag-Mo polymetallic 
orefield which clusters several Pb-Zn deposits, Au-
Ag deposits and Mo deposit.The paragenetic 
relationships between different metals are unsettled.  

Constrained by mineralized granite porphyry and 
lamprophyre dykes through cross-cutting 
relationships, Pb-Zn mineralization age is settled at 
227-233Ma, coeval with the Triassic magmatic 
activities. The Re-Os age of Mo mineralization is 
164.8±6.4 Ma which  is consistent with emplacement 
age of Yaojiagou granite(165.7±1.3Ma) . This 
indicates the Mo mineralization is genetically related 
to Jurassic magmatic activities. As indicated by Pb 
isotope analysis, Ag ores have distinctively enriched 
Pb isotopes compared to Pb-Zn ores. And Ag ores 
show linear correlation with Jurassic intrusion and 
schist, implying their links with Jurassic magmatism 
while Pb-Zn ores show linear correlation with 
Triassic magmatic rocks and schist. Therefore, we 
infer Au-Ag and Mo mineralization are both 
associated with Jurassic magmatic activities and 
together they form the combination of skarn Mo 
mineralization with epithermal Au-Ag mineralization 
of porphyry system. On the other hand, The Pb-Zn 
mineralization is genetically linked to Triassic 
magmatic activities. 
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The Nansihu Lakes are one of the largest lakes in 

North China, along with the widespread attention the 
Nansihu Lakes enjoy, researches and studies on water 
quality of Nansihu Lakes have significant meaning. 
Based on the analysis of shallow ground water 
samples from the Nansihu Lakes, the local hydro-
chemical characteristics of this region were studied. 
43 samples were collected and pH value, K+, Na+, 
Ca+, Mg+, Cl-, SO42-, HCO3-, NO3-, general 
rigidity and total dissolved solids were analyzed for 
each sample in this study. By using mathematical 
statistical method and three-line diagram method, a 
preliminary understanding about the source of ions in 
the area shallow ground water was reached. The 
source of K+, Na+, Ca+, Mg+ are natural 
process ,HCO3- is from water-rock exchange and Cl-, 
SO42-, NO3- are influenced by human 
activities.From the single-ion distribution and the 
grading of water quality in this area, combining the 
local human geological background, we found the 
concentrations about Cl- and SO42- are low, match 
the standards of second level and above. But NO3- 
and TDS are contain high content, most areas are 
under the three-level in this research. According to 
the above-mentioned information, we evaluate the 
water quality evaluation. 
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Gahai Lake in the Gannan region, located in the 
northeast of the Tibetan Plateau, is the largest pristine 
freshwater lake on the plateau. Surface sediments in 
the Gahai Lake were systematically sampled, and n-
alkane distribution and hydrogen isotope were 
analyzed by a gas chromatograph-mass spectrometer 
and a gas chromatograph-interface-isotope ratio mass 
spectrometer. The δD values of n-alkanes in the 
sediments ranged from −247 to −161 ‰ and the 
mean values varied between −222 and −182 ‰. The 
studied sediments were divided into types I and II 
based on the average δD values of n-alkanes. The 
average δD values of n-alkanes in type I sediments 
were significantly higher than those in type II 
sediments and there were good correlations among 
the δD values of the n-alkanes from the two sediment 
types. The δD values of type I sediments indicated 
that the C21–C33 odd-numbered n-alkanes were 
derived mainly from aquatic plants in the Gahai Lake, 
while the δD values of type II sediments showed that 
C27–C33 odd-number n-alkanes were derived from 
terrestrial herbaceous plants. This assessment of n-
alkane sources was also confirmed by their 
distributions. It was inferred that the medium-chain 
length n-alkanes of relatively high abundance, low 
δD values, and low carbon preference index values 
were derived principally from bacteria. The 
distribution patterns of the sedimentary n-alkane δD 
values for the plateau humid climate-freshwater lake 
and dry climate-saline lake systems were compared. 
The results further confirmed that sedimentary n-
alkanes record the hydrogen isotopic composition of 
source water used by organisms. Therefore, δD 
values of sedimentary n-alkanes can be used as 
geochemical indicators for sources of sedimentary 
organic matter and in paleoclimate studies. Our 
results also showed that the δD values of n-alkanes 
from sediments within the lake can differ 
significantly for a given time period owing to their 
different biological sources. This should be taken into 
account when reconstructing paleoclimatic and 
hydrologic conditions using sedimentary n-alkane δD 
values. 

 



Goldschmidt Conference Abstracts 

 

723 

Incursion of evaporites in the 
Zhangjiawa iron skarn deposit 
of Laiwu district, North China 
Craton: Mineralogical, sulfur 
and strontium isotopic study 

ZHUANG DUAN1,*, JIAN-WEI LI2 
1Faculty of Earth Resources, China University of 

Geosciences, Wuhan 430074, China 
    (*correspondence: 

zhuang_duan@2009.cug.edu.cn) 
2State Key Laboratory of Geological Process and 

Mineral Resources, Wuhan 430074, China  
 

The Zhangjiawa iron skarn deposit in the Laiwu 
district, North China Craton contains 283 Mt of ores 
at an average grade of 46 wt%. The mineralization is 
dominated by massive magnetite ores, most of which 
occurs along the contact zone between the early 
Cretaceous (132 Ma), Na-rich Kuangshan dioritic 
intrusion and middle Ordovician dolomitic limestones 
that contain numerous evaporitic intercalations. 
Hydrothermal alteration is characterized by extensive 
albitization in the dioritic stock and minor magnesian 
skarn assemblages within the contact zone, consisting 
of diopside, forsterite, spinel, serpentine and 
phlogopite. Magnetite from the iron ores commonly 
has high contents of MgO (3.03-5.36 wt%) and is 
characterized by abundant fine-grained spinel 
exsolutions. Minor magnesioferrite (12.39-13.77 wt% 
MgO) is associated with the Mg-rich magnetite. The 
ore-related dioritic rocks have δ34S values (13.0-
21.3‰)  that are unusually high relative to magmatic-
derived sulfur, indicating introduction of external 
sulfur into the magam during its ascent and/or 
emplacement, most likely from the evaporites-
bearing Ordovician carbonate rocks. Pyrite from the 
magnetite ores has δ34S values of 8.6-18.1‰, further 
confirming a major sulfur source from the Ordovician 
marine sulfate sequences. Hydrothermal apatite 
associated with magnetite has Sr isotopic 
compositions (87Sr/86Sr = 0.70765-0.70903) 
intermediate between the the dioritic intrusions 
(0.70594-0.70750) and Ordovician sedimentary rocks 
(0.70806-0.70899) in Laiwu district. The S and Sr 
isotope data demonstrate that the Ordovician 
evaporites have been significantly assimilated by the 
ore-related magmas and were continuously 
introduced into the ore-forming fluids. The sodic 
nature of the ore magmas and extensive sodic 
alteraiton in the intrusion, as well as the high-Mg 
signature of magnetite, provide additional evidence 
for important roles of the evaporite in iron skarn 
mineralization at Zhangjiawa.  
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Because of their significant cobalt (Co) content , 

the long-term weathering of peridotites under tropical 
climate can lead to important accumulation in lateritic 
regoliths. Assessing the crystal-chemistry of Co in 
these settings can be useful for optimizing their 
mining. In addition, considering the potential toxicity 
of Co (Simonsen et al., 2012), it can also help 
evaluating the environmental consequences of 
lateritic Co mining. Co has been long considered to 
be mainly associated with Mn-oxides in soils (Taylor, 
1968), and especially in lateritic regoliths (Becquer et 
al., 2006; Dzemua et al., 2013). However, this 
element can also be found associated with Fe-oxides 
in these settings (Quantin et al., 2002), which raises 
the question of the actual contribution of Mn- and Fe-
oxides on Co speciation in lateritic regoliths upon 
peridotites.  

Here, we report the results of a high-resolution 
XANES analysis of Co and Mn speciation along a 
lateritic regolith upon peridotites in New Caledonia. 
These results indicate a vertical evolution from 
Mn(II)- and Co(II)-silicates (olivine and serpentine) 
in the bedrock, to Co(III) associated with Mn(III/IV)-
(hydr)oxides in the saprolite and then Mn(III)- and 
Co(II)-goethite in the laterite. After showing natural 
evidence for the oxidation of Co(II) into Co(III) by 
Mn(III/IV)-(hydr)oxides previously reported from 
laboratory experiments (Manceau et al., 1997), these 
results emphasize the importance of this reaction on 
the behavior of Co at intermediate stages of regolith 
differentiation. In addition, by showing the 
importance of Co(II) trapping by Fe-(hydr)oxides at 
the ultimate stage of this differentiation, they also 
emphasize the role of this mineral species in the long-
term scavenging of Co in lateritic regoliths upon 
peridotites.     
 

Becquer et al. (2006) EJSS, 57, 200-213. Dzemua et al. 
(2013) Min. Deposit., 48, 155-171. Manceau et al. (1997) 
Am. Min., 82, 1150-1175. Quantin et al., (2002) Soil Sci. 
Soc. Am. J., 66, 1797-1804. Simonsen et al. (2012) Sci. Tot. 
Env., 432, 210-215. Taylor (1968) J. Soil. Sci., 19, 77-80.  
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Context 

 The behaviour of basaltic glasses over geological 
timescales raises challenging scientific issues when 
calculating the chemical mass balance of the oceans, 
or when attempting to assess potential CO2 
sequestration by silicate rocks because current rate 
laws still cannot accurately predict the long term 
alteration of natural or synthetic glasses. 
Comparaison between calculations and field 
observation shows discrepancies. That could be 
explained by the formation of surface layers between 
pristine glass and bulk solution during alteration. 
Scientists face similar difficulties when they trying to 
demonstrate the safety of the highly radioactive 
wastes glass disposal.  
 
Experiments & Results 

For a better comprehension of the processes 
controlling the basaltic glass durability we performed 
isotopically tagged alteration experiments of model 
basaltic glass coupons in a closed system at 90°C in a 
solution initially saturated with amorphous 29SiO2. 
These conditions allows the system to bypass the first 
transient stages of glass corrosion and to focus on the 
long-term rate-limiting mechanisms.  

 
Despite the fact that the solution was initially 

saturated, the glass still corrodes. The formation of an 
alteration layer and secondary phases is evidenced by 
TOF-SIMS and TEM analysis. Mobiles species 
display local gradient well anticorrelated with that of 
H. This pattern is generally attributed to ion exchange 
and fast hydrolysis of weakly bounded species. 
Evidences on the alteration layer formation 
mechanisms are provided by following the isotopic 
29Si/28Si ratio with solids caracterisation and solution 
analysis by MC-ICP-MS. 

 
The results of this study are compared to those 

provided by the same test operated by Gin et al[1] on a 
six oxide borosilicate glass used as a reference 
material by the nuclear glass community. Some 
differences linked to the glass structure and 
composition are clearly established. 

 
[1] Gin, S. et al. (2015) Nat. Commun. 6:6360  
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Introduction 

It is well known that base metal arsenates and 
phosphates in the oxide zone of ore deposits often 
form solid solutions due to similar size and charge of 
[AsO4]3- (248 pm) and [PO4]3- (238 pm) tetrahedra. 
Isomorphic substitution P � As causes point defects, 
local structural distortion and decrease in the unit cell 
dimensions. The degree of the distortion of phosphate 
tetrahedra depends on the number of As atoms 
substituting for P. Introduction of As into the 
phosphates structure is reflected in Raman spectra by 
the appearence of new bands as well as by increase in 
intensity of arsenate-related bands. 
 
Geological background and analytical methods 

Minerals of the cornwallite-pseudomalachite 
series from Miedzianka in the Sudety Mountains, SW 
Poland were investigated by electron probe 
microanalysis (EPMA) and Raman spectroscopy.  
 
Results and discussion 

EPMA data revealed extended solid solution 
between both end-members resulted from anionic 
substitutions: P � As. The strongest Raman band 
related to the arsenate ion vibration is up-shifted by 
~20cm-1 with respect to the literature data for 
arsenates. The upshift is attributed to the local 
distortion of tetrahedra caused by shortening As-O 
bonds and adjustment angles between bonds to 
accommodate 
large As ions in the pseudomalachite structure. 
Moreover, with decreasing content of As ions the As-
band is shifted towards lower wavenumber as well as 
reduction of number of Raman bands is observed. 
There is a linear correlation between arsenate content 
and both Raman band positions and FWHM. Gibbs 
diagram was applied to show correlation between 
Raman band intensity and chemical composition (As, 
P, OH) of the investigated solid solution. This work 
shows that Raman spectroscopy may not only be used 
for qualitative analysis but it may provide 
quantitative data on minerals forming solid solutions.  
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We aim to better establish the physico-chemical 

nature of the land-based fallout from the Fukushima 
reactor explosions and the changing distribution of 
both Cs-based fallout material and denser fallout 
particles containing U and, by implicit association, 
Pu. We focus on the 135Cs/137Cs atom ratio, which is 
indicative of the conditions that relate to the nuclear 
fission reaction responsible for producing the 
respective radiocaesium isotopes.  

We present a method that can be applied to 
quantify 135Cs/137Cs atom ratios by using multi-
collector thermal ionization mass spectrometry 
(ThermoTRITON) in challenging environmental 
samples: estuarine sediments, where 135,137Cs/133Cs ≈ 1 
x 10-9, to soil, lichen and moss samples from FDNPP 
catchment.  Even though Cs is effectively separated 
from matrix using double AMP-PAN cation 
exchange column followed by Sr-spec resin,  it has a 
very low ionization potential and care has to be taken 
to monitor and eliminate isobaric interferences.  Also, 
with such a high dynamic range, reflections and ion 
scattering are potential problems and we present 
strategies to consider their effect.  We have 
successfully eliminated isobaric interferences using a 
glucose activator.  High precision data from 
Fukushima are presented (e.g decay corrected 
135Cs/137Cs atom ratio 0.384 ± 0.001 (n = 5) for 
roadside dust from Iitate region), and these are in 
agreement with prelimary estimates by others. These 
data are supplemented by additional analyses from 
the FDNPP fallout zone to discriminate between 
different source terms (see also [1]). In addition to Cs 
isotopes, we have adopted Pu isotope analysis by 
MC-ICPMS (ThermoNEPTUNE) using ion counting 
to add a further dimension to the forensic analysis.  

We are also refining methods for particle 
isolation and characterisation using electron 
microscopy, focused ion beam (Dualbeam), 
nano/micro manipulators and nano-scale imaging x-
ray photoelectron spectroscopy (NanoESCA). 
 
[1] Snow et al. (2016) Rapid Comm. Mass Spec. 30, 
523-32 
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Ultracarbonaceous Antarctic Micrometeorites 

(UCAMMs) are characterized by a high amount of 
organic matter (OM)  
(> 50 vol%) [1, 2] exhibiting extreme deuterium 
excesses [2] and a high nitrogen concentration [3-5]. 
These samples most probably originate from a 
cometary reservoir in the outer solar system. We 
performed light elements (H, C and N) isotopic 
analyses on UCAMM fragments using a newly 
developed high mass resolution (HMR) protocol with 
the NanoSIMS-50 [6]. The OM exhibits a wide range 
of hydrogen and nitrogen isotopic compositions [7-9] 
and, together with XANES and TEM data, it appears 
that it contains various components with distinct 
mineral concentrations. We will present a senario 
accounting for the measured elemental composition 
and in which the heterogeneous isotopic 
compositions observed are inherited from precursors 
formed by GCR irradiation of N-rich ices at the sub-
surface of a parent body orbiting at large heliocentric 
distances [5, 10].  

This study was funded by the ANR project 
OGRESSE (11-BS56-026-01), DIM-ACAV, CNES 
and the PICT-IBiSA imaging facility in the Institut 
Curie (Orsay). The CONCORDIA station is a joint 
project of French and Italian polar institutes (IPEV 
and PNRA).  
[1] Nakamura, T., et al., MAPS, Suppl., 2005. 40 
#5046. [2] Duprat, J., et al., Science, 2010. 328: p. 
742-745. [3] Yabuta, H., et al., MAPS Suppl., 2012. 
75: p. 5196. [4] Yabuta, H., et al. LPSC. 2012, #2239, 
[5] Dartois, E., et al., Icarus, 2013. 224: p. 243-252. 
[6] Slodzian, G., et al., Microsc. & Microanal., 2014. 
20: p. 577-581. [7] Bardin, N., et al. Int. J. Mass 
Spectrom. 2015. 393: 17-24. [8] Engrand, C., et al. 
LPSC. 2015 #1902. [9] Bardin, N., et al. MAPS 
Suppl. 2015 # 5275. [10] Auge et al. (2016) A&A in 
revision.  
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Volatiles released from the hydrated sediments 

and altered oceanic crust (AOC) on top of a 
subducting oceanic plate flux melt the mantle wedge 
in the majority of island arc systems. Studies have 
shown these volatiles also carry a chemical signature 
of the subducted slab which is imparted into the 
resultant volcanic output in many subduction zones, 
particularly in sediment-rich arc systems. However, 
the Izu-Bonin system is sediment-poor, therefore the 
documented latitudinal compositional variations, 
especially in Pb isotopes, in its arc lavas must be 
sourced from the AOC. Izu-Bonin arc lava 
geochemistry suggests an influx of Indian-type 
MORB, but the spot sample of the subducting 
basaltic basement at ODP site 1149 is Pacific-type. 
To solve the apparent discrepancy of Pb isotope input 
and output in this arc system, we dredged samples of 
the AOC from vertical fault scarps along a transect 
from 27.5°N to 34.5°N during the R/V Roger Revelle 
1412 cruise in 2014, successfully collecting basalt at 
11 sites. Major element data for these samples show 
an alkali enrichment in the northern region of the 
study area compared to the more tholeiitic 
compositions in the south. Trace element data appear 
to support this latitudinal enrichment trend. Detailed 
mass balance calculations supported by Sr, Nd, Hf 
and especially Pb isotope analyses will be performed 
to further constrain the compositional variation of the 
subduction input. These analyses will help evaluate 
whether the geochemical variation of the AOC of the 
subducting Pacific plate matches that of the Izu-
Bonin arc geochemistry. 
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The interaction between hydrological, ecological, 
and biogeochemical processes in the hyporheic zone 
significantly influences nutrients and coupled carbon 
and nitrogen cycling. Upwelling of nutrient-rich 
water and downwelling of higher pH and dissolved 
oxygen rich water lead to distinct biogeochemical 
gradients within the hyporheic zone. These 
biogeochemical gradients impact local riverine fluxes 
of carbon, nitrogen, and metals; local fluxes affect the 
larger scale biogeochemical cycling. The objectives 
of this study are to (a) identify biogeochemical 
zonation of key chemical constituents due to 
hyporheic exchange and (b) quantify local riverine 
fluxes of carbon, nitrogen, and metals in tight 
meanders of the lower East River floodplain. To 
understand the effects of hyporheic exchanges on 
hydrological and biogeochemical fluxes at the 
meander scale, we develop a biogeochemical reaction 
network and integrate it with a reactive transport 
solver – PFLOTRAN. 

 

 
The model includes representations of 

microbially mediated redox reactions, aqueous 
speciation, mineral precipitation/dissolution 
reactions, and sorption. Simulation results 
demonstrate that the intra-meander hyporheic flow 
paths and biogeochemical reactions cause the lateral 
redox zonation, which considerably impact the 
carbon and nitrogen fluxes into the stream system. 
Also, the meander-driven hyporheic flow paths 
enhance denitrification because of relatively longer 
residence times of nitrate in the organic carbon-rich 
sediments. An important conclusion from this work is 
the need for high resolution spatial datasets that can 
delineate meanders at exact locations (up to the meter 
scale). 
 

Figure 1: 3-D modelling 
domain for lower East River 
meanders.  Domain size is 
approximately 175m by 
175m by 25m with a lateral 
grid resolution of 0.5 m. 



Goldschmidt Conference Abstracts 

 

731 

PVT EoS of Cr2O3 (eskolaite): 
implication for phase boundary 

calculation in knorringite 
system 

A. M. DYMSHITS 1*, I.S. SHARYGIN 1, K. D. 
LITASOV 1,2, A. SHATSKIY 1,2, S.V. RASHCHENKO 

1,2 
1 Sobolev Institute of Geology and Mineralogy, 

Novosibirsk 630090, Russia 
(*a.dymshits@gmail.com) 

2 Novosibirsk State University, Novosibirsk, 630090, 
Russia  

 
Synchrotron X-ray diffraction study of Cr2O3 

(eskolaite) has been carried out in a Kawai-type 
multi-anvil apparatus (Spring-8, Japan) up to 15 GPa 
and 1873 K. Fitting the BM EoS with the present data 
yielded: K0,T0, = 206 (4) GPa; K'0,T = 4.4 (8); ∂K0,T/∂T 
= �0.037 (6) GPa K�1; a = 2.98 (14) × 10-5 K-1 and b 
= 0.47 (28) × 10�8 K�2, where α0,T = a + bT. Fitting 
the MGD EoS yielded: K0,T0 = 204.7 GPa, K'0,T  = 4.0, 
γ0 = 1.42, q = 1.82. The thermoelastic parameters 
indicate that Cr2O3 undergoes near isotropic 
compression at room and high temperatures up to 15 
GPa. Cr2O3 is shown to be stable in this pressure 
range and adopts the corundum type structure. Using 
obtained thermoelastic parameters we calculated the 
reaction boundary of knorringite formation from 
enstatite and Cr2O3 (Fig.1) [1,2,3]. The Clapeyron 
slope (dP/dT -0.014 GPa/K) was found to be 
consistent with experiments [2]. 

Figure 1: Phase relations in the Mg3Cr2Si3O12 system 
based on thermodynamic calculations. 
 

[1] Turkin and Sobolev (2009) GeolGeophys 50, 
1169-1182. [2] Zou and Irifune (2012) JMPS 107, 
197-205. [3] Irifune et al., (1982) PEPI 27, 263-272. 

The study was supported: Ministry of Education 
and Science of Russian Federation (project No 
14.B25.31.0032) and RFBR (grants 14-05-00957 and 
15-35-20556).  
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Metamict minerals. Emanation Coefficient of  
220Rn 

Metamict minerals develop from initially 
crystalline phases that experience physical damage 
due to the decay of 238U, 232Th and 235U. This 
presentation reports the relantionship between the 
results of 220Rn emanations and absorbed α-dose for a 
representative group of metamict  oxides, phosphates 
and silicates [1]. The radon isotope 220Rn (thoron, T1/2 

= 55.6 s) belongs to the 232Th decay series, and occurs 
as an inert gas that is detectible in Th bearing mineral 
phases. The α-decay of 224Ra (Eα = 5.67 MeV) is 
accompanied by recoil of the 220Rn nucleus with an 
energy of 103 keV. Similarly to 222Rn, the emanation 
coefficients of 220Rn (e222, expressed in percentage) 
measure the number of thoron atoms released per the 
number of thoron atoms produced within the 232Th 
decay series for a given mineral. This ratio provides a 
quantitative measure of the quality of the mineral’s 
internal structure. 
Results 

The 220Rn emanation coefficients for the 
presented minerals vary from 7 x 10-3% (gadolinite 
Ytterby) to 6.24% (gadolinite Marysin). Unlike 222Rn, 
the 220Rn emanation coefficients were apparently 
independent of DT for all of the investigated minerals 
(Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: 220Rn emanation coefficients (e220) for 
metamict minerals vs. total absorbed α-dose. 
 

 Samples with the glassiest appearance (gadolinite 
from Ytterby and samarskite from the Centennial 
Cone) exhibited the lowest e220 values (10-4 % and 3 x 
10-4

 %, respectively). For the other minerals, the e220 
values varied within the relatively narrow range of 
0.1 - 10% (Fig. 1). 
 

[1] Malczewski & Dziurowicz (2015) Am. Mineral. 
100, 1378-1385. 
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Sediment organic matter is a heterogeneous mixture 
of soluble organic compounds derived from both 
terrestrial and aquatic sources, which plays an 
important role in the biogeochemical cycles, affects 
speciation and bioavailability of trace metals, 
solubility of organic pollutants and natural acidity. 
The bulk of the organic matter organic matter is 
retaining in the solid phase in different states and 
when it contact with solvents this organic matter can 
dissolve. This present study was performed to 
determine the influence of dissolution solvent in 
extracting organic matter form the coastal sediment 
matrices by comparing the dissolution kinetics and it 
spectroscopic characteristics. The dissolution process 
was carried out by using two different leaching 
methods namely; water extractable organic matter 
(WEOC) and alkaline extractable organic matter 
(AEOM) method.  We also investigated the 
dissolution behavior at different contact time by 
conducting series of experiment at pH values in range 
of 3 to 10 in order to establish the relationship of 
these parameters with the dissolution rate. The 
extractable organic matter was characterized by ultra-
violet visible (UV-Vis) spectroscopy. The normalized 
absorption spectral revealed similar patterns in UV-
Vis absorbance for both WEOC and AEOM. Four 
indices; SUVA254, E2/E4 ratio, E4/E6 ratio and 
spectral slope were calculated and used to 
characterized form each solvent. DOM aromaticity 
was suggested to be lower in WEOC extracts as 
compared to AEOM extract. The spectral indices 
shows that alkaline solution is capable to extracts 
more aromatic compound compared to water. 
Spectral slope value showed that AEOM fraction 
consists of higher molecular weight (HMW) than the 
WEOC fractions. 
 



Goldschmidt Conference Abstracts 734 

Exploring the effects of 
spreading rate and slab-derived 

water on melting processes in 
the Lau-Havre backarc systems 

D.E. EASON1*, R.A. DUNN1, F. MARTINEZ2 
1Dept. of Geology & Geophysics, Univ. of Hawaii at 

Manoa (*correspondence: deborahe@hawaii.edu) 
2Hawaii Inst. of Geophysics and Planetology, Univ. 

of Hawaii at Manoa, Honolulu, HI 96822 USA 
 

The large changes in backarc opening rates and 
arc proximity along the Tonga-Kermadec subduction 
system correlate with significant changes in the style 
of crustal accretion. At its northern end, crustal 
formation in the fast-opening Lau basin occurs along 
well-organized spreading centers, while the ultra-
slow (20-15 mm/yr) Havre Trough (HT) lacks a 
focused center of spreading, and its crustal accretion 
is poorly understood. Recent mapping and sampling 
in the HT suggest the seafloor is paved primarily with 
young, magmatically accreted crust rather than rifted 
arc crust, and that volcanism occurs 
contemporaneously across the basin with no 
consistent age progression [1,2]. HT is dominated by 
high standing volcanic chains, which extend across 
rather than along the basin, separated by a series of 
rift basins, some of which show signs of localized 
seafloor spreading. Lavas from the more ‘arc-like’ 
volcanic cross-chains exhibit stronger enrichments in 
slab-derived components on average. Differences in 
fractionation-corrected Fe-(Ti,Na) systematics 
indicate lower average melting pressures for rift basin 
samples than arc regime samples, and lower extents 
of melting in HT than Lau. We propose that the 
observed differences in lava composition and crustal 
accretion style partly reflect differences in underlying 
mantle upwelling patterns. In the fast-spreading 
northern Lau, mantle melting is dominated by 2-D 
plate-driven mantle advection, with along-axis 
compositional variations primarily dependent on 
ridge-arc distance. In the ultraslow HT however, the 
amount of melting generated by plate-driven mantle 
upwelling is much lower, while high water contents 
lead to enhanced hydrous fluxing and buoyancy-
driven mantle advection and melting, producing more 
3-D variability in melting zone geometries and 
processes. We present preliminary modeling of 
mantle melting and magmatic processes in these two 
backarc regions, emphasizing the important role that 
mantle upwelling dynamics can play in generating 
lava compositional variations in arc and backarc 
settings. 

 
[1] Todd et al. (2010) G3 11:Q04009. [2] 
Wysoczanski et al. (2010) JVGR 190:39-57. 
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Atom Trap Trace Analysis (ATTA) is an ultra-
sensitive counting method for rare and long-lived 
isotopes. It is based on the high selectivity of 
resonant photon scattering during laser cooling and 
trapping in order to distinguish the rare isotope from 
the abundant ones. It has been developed during the 
past two decades for the rare krypton isotopes and is 
now routinely available for the earth science 
community [1].  

We have focused on the rare argon isotope 39Ar. 
As an inert noble gas and with a half-life of 269 years 
it is the perfect tracer to fill the dating gap for ice and 
water samples between 50 and 1.000 years before 
present, for which time period no other tracers exist. 
39Ar data can therefore strongly improve the 
information about the age of a sample in 
groundwater, ice and ocean studies. 

The experimental challenge lies in the low 
atmospheric abundance of 39Ar (39Ar/Ar = 8.23·10−16), 
which is more than 600 times lower compared to 
81Kr, and in the absence of an abundant reference 
isotope with hyperfine structure. Using atmospheric 
39Ar as a reference requires a stable and reproducible 
performance of the apparatus leading to a robust 39Ar 
detection efficiency. An atmospheric count rate of 3.6 
atoms/h allowed the first demonstration of its 
applicability for groundwater dating [2]. In order to 
avoid any cross-sample contamination, several tons 
of water (corresponding to 500 – 800 ml STP of 
argon) were sampled and degassed for this first 
demonstration. Current developments aim at reducing 
the needed sample size down to 4 - 10 ml STP of 
argon, which corresponds to 10 - 25 L of water or 4 - 
10 kg of ice. Such sample sizes are a prerequisite for 
a convenient application of 39Ar dating in most 
environmental systems.  

We will report on the status of dating with small 
samples from studies of ocean water in the oxygen 
minimum zone of the Eastern Tropical North Atlantic 
and of ice taken from the tongue of Gorner Glacier in 
the Swiss Alps. 

 
[1] Jiang et al. (2012) GCA 91, 1–6.  
[2] Ritterbusch et al. (2014) GRL 41, 6758–6764 
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Ca-rich plagioclase (An > 90) phenocrysts larger 

than 1 cm is called “anorthite megacryst” and 
commonly occurs in basalts ~ andesites in Japanese 
island arc [1,2]. Anorthite megacrysts from Japanese 
island arc generaly include corroded olivines and 
other inclusions. For example,  red clouded 
megacrysts from Miyake-island contain microcrystals 
of native copper [3]. Native zinc and native brass 
were also found in anorhites from Hachijo-island [4]. 
In addtion, hydrocarbon was detected in those 
anorthites [5,6]. Kimata [2] concluded that mixing of 
crustal components and subducted slab-sediments 
into the basaltic magma produced these inclusions. 
Thus mineral and melt inclusions in anorthite 
megacrysts from other localities also would provide 
us significant insights into the magma reservoir 
processes. 

We analysed mineral  and melt inclusions in 
anorthite megacrysts from Ogi Peninsula, Niigata, 
Japan. These anorthite megacrysts occur in basaltic 
lava erupted in the Middle Miocene at back-arc basin 
setting. Our results revealed that large (> 1 cm) 
plagioclase phenocrysts are An92 – An94. Mineral 
and melt inclusions were found only in such Ca-rich 
plagioclase phenocrysts. The dominant mineral 
inclusions are Fe-Cu-Ni-sulfides that occur with 
mafic melt inclusions. In addition, S and Cl were 
detected in the melt inclusions. Wallace [7] reported 
that the S and Cl contents of arc basaltic magmas are 
greater than those of mid-ocean ridge basalts and 
concluded that these volatiles are recycled from 
subducted sediment and altered oceanic crust back 
into the mantle wedge. Hence we suggest that the 
present anorthites have grown in volatile-rich 
conditions owing to the injection of crustal 
components into a basaltic magma chamber. 

 
[1] Ishikawa (1951) J. Sci., Hokk. U. 7, 339-354. [2] 
Kimata et al. (1995) Min. Mag. 59, 1-14. [3] 
Murakami et al. (1991) J. Min. Pet. Econ. Geol. 86, 
364-74. [4] Nishida et al. (1994) Naturwiss. 81, 498-
502. [5] Kimata et al. (1993) N. J. Min. Mh. 408-416. 
[6] Nishida & Kimata (1997) Kob. Zas. 26, 203-210. 
[7] Wallace (2005) J. Vol. Geo. Res. 140, 217-240. 
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We characterize the role of preferential pathways 
in controlling the dynamics of bimolecular reactive 
transport in a representative model of a 
heterogeneous porous medium. We examine a suite 
of numerical simulations that quantifies the 
irreversible bimolecular reaction A + B à C, in a 
two-dimensional heterogeneous domain (with log-
conductivity, Y), wherein solute A is injected along an 
inlet boundary to displace the resident solute B under 
uniform (in the mean) flow conditions. Preferential 
pathways most distinctly emerge with increasing 
degree of heterogeneity of the system (as expressed 
by the unconditional variance, σ2

Y) and act as 
channels to focus the encounter and reactions 
between A and B particles. We explore the feedback 
between the reactive process and (a) the degree of 
system heterogeneity, as quantified by the 
unconditional variance of Y, 1 ≤ σ2

Y ≤ 7, representing 
moderately to strongly heterogeneous media; and (b) 
the relative strengths of advective and diffusive 
mechanisms, as quantified by a grid Péclet number, 
PeΔ. Our analysis is based on identification of particle 
preferential pathways, focusing on particle residence 
time within cells employed to discretize the flow 
domain. These preferential pathways are formed 
mainly by high conductivity cells, and generally 
contain an important component of (sometimes 
isolated and a relatively small number of) lower 
conductivity values. While the former dominate the 
behavior, the latter are shown to provide a non-
negligible contribution to the global number of 
reactions taking place in the domain for strongly 
heterogeneous media, i.e., for the largest investigated 
values of σ2

Y. Low conductivity zones in the 
preferential pathways contribute to trapping B 
particles and delaying their encounter with A 
particles, which takes place when B particles enter 
adjacent cells residing within the preferential 
pathways by slow advection or diffusion.  Reactions 
are detected across the complete simulation time 
window (of about 5.5 pore volumes) for the strongly 
advective case. When diffusion plays an important 
role, the reactive process essentially stops after the 
injection of a limited amount (~2.5) of pore volumes. 
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Observations of volcanoes from space are 

becoming a critical component of volcano 
monitoring, but we lack quantitative models with 
which to interpret multiple datasets in tandem. Up to 
now, observations of atmospheric sulfur loading and 
of ground deformation during volcanic eruptions 
have been treated independently, but they are 
fundamentally linked. If magmas are vapor-saturated 
prior to eruption, the bubbles cause the magma to 
become highly compressible, resulting in only very 
muted ground deformation being measured at the 
surface. The bubbles contain the sulfur-bearing gas 
that is eventually injected into the atmosphere during 
eruptions. We present a forward model incorporating 
gas-melt thermodynamic equilibria and the physics of 
compressibility for bubbly magma that allows the 
surface deformation and the sulfur mass loading into 
the atmosphere to be predicted as a function of 
intrinsic parameters, paving the way for quantitative 
interpretation of multiple volcano monitoring datasets 
and a better understanding of the conditions under 
which magmas are stored prior to eruption. We use 
constraints provided by observations and by 
petrological studies of magmas to make estimates of 
the amount of exsolved gases coexisting with 
magmas in a range of settings and use these to infer 
the size and composition of gas clouds associated 
with explosive eruptions of different magnitudes. 
Applications of such an understanding range from 
reconstructing the size and impact of large explosive 
eruptions over the past few thousand years from 
proxy records (e.g. ice cores) to evaluating the 
relative contributions of non-explosive and explosive 
forms of volcanism to volcanic outgassing into 
Earth’s atmosphere over long timescales. 
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Enhanced oil recovery (EOR) is a topic of high 
interest for the Norwegian government as more than 
50 % of hydrocarbons (HC) in existing fields on the 
Norwegian Continental Shelf (NCS) cannot be 
produced with current methods. EOR is concerning 
the mobilization of immobile oil and seawater 
injection is one of the most common methods used to 
maintain pore-pressure and displace oil in HC 
reservoirs at the NCS. Understanding the 
mineralogical and chemical changes induced by brine 
injection proves especially important for EOR 
research. Compaction increases with dissolution of 
chalk. Formation of secondary minerals will affect 
rock surface properties, flow pathways for oil and 
porosity estimations. Textural changes in chalk allow 
different fluid flow mechanisms to play a role in 
reservoirs. Two samples of chalk (Liége, Belgium) 
were flooded with MgCl2 for 1.5 and 3 years at 
reservoir conditions (130°C, 1 PV/day, 12 MPa 
effective stress) and studied with Raman 
spectroscopy to observe mineralogical changes due to 
fluid injection. When chalk is injected with MgCl

2
, 

substitution of Ca2+ by Mg2+ will take place. If the 
Mg2+ ions bond with CO3

2-, magnesite (MgCO
3
) will 

grow as a new mineral phase. Previous research of 
the 1.5-years-test has shown decreasing chemical 
alteration in flooding direction and magnesite was 
identified as the major newly grown mineral phase. 
Raman spectroscopy could identify a decreasing 
occurrence of magnesite along the core of the 1.5-
years-test. In previous research, magnesite was traced 
positively up to 3 cm from the injection surface, 
while in this study magnesite was detected in 4 cm 
distance, suggesting the alteration front to be located 
in this area. Raman spectroscopy could confirm very 
fast that in a similar test over 3 years, nearly the 
entire core has been changed to magnesite. Other 
methodologies would have needed far longer research 
to show the same outcome. The results obtained in 
this study strengthen the possibility of the application 
of Raman spectroscopy as a quick, cheap, and 
effective methodology for the study of mineral 
compositions and even fine-grained rock material like 
chalk. 
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Surface sediments in the deep basin of the Black 
Sea are underlain by extensive deposits of iron (Fe) 
oxide-rich lake sediments that were deposited prior to 
the inflow of marine Mediterranean Sea waters ca. 
9000 years ago. The ongoing downward diffusion of 
marine sulfate into the methane (CH4)-bearing lake 
sediments has led to a multitude of diagenetic 
reactions in the sulfate-methane transition zone 
(SMTZ). While the cycles of sulfur (S), CH4 and Fe 
in the SMTZ have been extensively studied, 
relatively little is known about their impact on 
sedimentary phosphorus (P) and the biogeochemical 
processes occuring below the SMTZ.  

In this study, we combine detailed geochemical 
analyses with multicomponent diagenetic modeling to 
demonstrate that sulfate-mediated anaerobic 
oxidation of CH4 substantially enhances the 
downward sulfidization of the lake deposits. This 
drives the release of Fe oxide bound P to the pore 
water and subsequent formation of authigenic Fe(II)-
P minerals below the sulfidization front. We further 
show that downward migrating sulfide becomes 
partly re-oxidized to sulfate by reaction with oxidized 
Fe minerals, fueling a cryptic S cycle with slow rates 
of sulfate reduction in the deep limnic deposits. 
However, our results reveal that cryptic S cycling is 
unlikely to explain the observed release of dissolved 
Fe2+ below the SMTZ. Instead, we suggest that CH4 
oxidation coupled to the reduction of Fe oxides may 
provide a possible mechanism for the apparent Fe 
oxide reduction at depth in the sediment.  

The coupled CH4-S-Fe-P dynamics described 
here may strongly overprint burial records of Fe, S 
and P in depositional marine systems subject to 
changes in organic matter loading or water column 
salinity. Such diagenetic alterations should not be 
interpreted as primary sedimentary signals.  
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The mobilization and export of carbon within 
river basins forms an integral component of the 
global carbon cycle, linking processes that take place 
within terrestrial landscapes with those in aquatic 
systems. Organo-mineral interactions are considered 
to play an important role in both realms, but 
understanding the partnership between organic matter 
and minerals across these systems, and its influence 
on organic matter fate, is hindered by the complex 
inputs and myriad processes that characterize the 
terrestrial-aquatic continuum. 

In an effort to better understand controls on 
carbon cycling on the scale of fluvial drainage basins, 
we trace the evolution of vascular plant biomolecular 
marker signals (esp. leaf wax lipids and lignin-
derived phenols) as they move from plant to soil to 
river. In particular, 14C measurements are used to 
place constraints on the dynamics of terrestrial 
organic matter mobilization and transport. 

We find contrasting radiocarbon characteristics 
for different vascular plant tracer compounds, 
implying different modes of storage and transport. 
Moreover, these characteristics correlate with 
different drainage basin properties. We attribute this 
contrasting behavior to variations in the mode and 
extent of association of different organic matter 
components with mineral phases.  Overall, our 
findings suggest that organic matter-mineral 
associations play a fundamental role in modulating 
overall residence times and transport pathways of 
terrestrial plant carbon in river basins. 
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Marine sediments represent crucial archives of 
information on past ocean and climate conditions, 
incorporating environmental signals from surface and 
deep waters, as well as those delivered from adjacent 
continents. For sedimentary sequences that have 
accumulated since the last glacial period, 
chronologies are typically established based on 14C 
measurements of planktonic foraminifera, and 
corresponding age models are applied to all proxy 
signals retrieved from the same sedimentary record. 
However, hydrodynamic processes that promote 
lateral dispersal of particulate matter both in the 
water column and in the benthic boundary layer have 
the potential to result in spatial and temporal 
decoupling of signals associated with different 
sedimentary constituents.  The frequency and 
magnitude of such decoupling in ocean sediments 
remains poorly known. 

We present findings from the detailed study of a 
sediment core from the southwest Portugese margin 
that spans the deglacial to the present. We find 
marked variations in the 14C content of organic matter 
associated with different grain size fractions, with the 
coarser “sortable silt” fraction frequently exhibiting 
the most 14C-depleted values.  Moreover, the overall 
spread in isotopic values among grain size fractions 
varied throughout the core, suggesting links with 
changes in paleoceanographic conditions.  Molecular 
proxy compounds (alkenones and plant waxes) were 
concentrated in the finest (clay) fraction, but in some 
cases were also abundant in coarser fractions.  Past 
changes in ocean current strength and trajectory, and 
thus hydrodynamic regime, may have influenced 
proportion, provenance and age of proxy signals.  By 
the same token, such 14C and other geochemical 
measurements may provide new insights into past 
hydrological and sedimentological changes. We are 
presently examining the 14C characteristics of a 
broader range of sedimentary constituents in order to 
determine the influence on corresponding records as 
well as to improve our understanding of past 
sediment and ocean dynamics. 
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INTRODUCTION  
 The Sb toxicity mechanism and the 
competition with As on plant uptake is still imprecise. 
In this study our intention was to measure the lability 
of As and Sb from soil treatments of different ages 
(recently and historically contaminated) as labile 
metal fractions in the soils decrease over the time 
[1].The phytotoxicity of As and Sb exposure (35 d) 
from these treatments on the Ipomoea aquatica was 
identified by using root and shoot growth (biomass 
and length) and photosynthetic efficiency. The 
bioavailable As and Sb was determined by Sequential 
Extraction Procedure (SEP) [2] and compared to total 
metal concentrations in assayed soil and tissue 
bioaccumulation. 
 
DISCUSSION OF RESULTS 
 The percentage lability of both As and Sb 
increases with SEP-total extractable soil metal 
concentrations and to a greater extent in recently 
contaminated than in historically contaminated soils. 
Overall in both soil treatments As showed higher 
lability than Sb. 
 Roots were more tolerant than shoots to 
total soil concentrations of Sb (biomass and length) 
and As (biomass) with greater toxicity for As 
(biomass and length) in historically contaminated 
soils, and Sb (biomass) in recently contaminated 
soils. When labile As and Sb were measured in both 
soil treatments, Sb was found to be more toxic than 
As, with greater growth inhibition in shoots than 
roots in historically contaminated soils. A poor 
relationship was observed for roots in recently 
contaminated soils with both total and bioavailable 
metal fractions. I.aquatic shoot elongation showed 
higher tolerance to bioavailable Sb than As whereas 
labile Sb had more toxicity on shoot biomass in 
recently contaminated soils. The lower EC values for 
recently contaminated soils also suggest that toxicity 
in recently contaminated soils more significant than 
aged soils. As and Sb accumulation into the edible 
parts of water spinach showed higher As 
accumulation in both soil treatments. 
 
 [1]Wang et al (2015) Environ pollut, 207, 79-87. [2] 
Wenzel et al ( 2001) Anal Chim acta, 436, 309-323. 
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The MSL Curiosity rover performed CheMin and 
SAM measurements of active Bagnold dune field 
aeolian sediments sieved to <150μm and SAM of a 
150μm-1mm fraction, along with APXS, MAHLI and 
remote sensing of disturbed and undisturbed sands 
and  dump piles (>150 µm; 150µm-1mm; >1mm), 
created by sample processing. Dune sediments have 
low P, S, Cl, Ti, Mn, and Zn compared to other 
Martian fines. Coarser fractions are enriched in Mg, 
Fe, Ni, and Mn but lower in K, Al, suggesting coarser 
sands are mafic. Bulk chemical composition of 
unsieved materials is similar to the finest fraction. 
ChemCam data of the upper 100s-µm that are higher 
in Mg and Fe suggest surface armoring by mafic 
grains. VNIR spectra of coarser fractions are darker, 
flatten near 600-700nm, and have prounced 
absorptions at longer wavelengths, suggesting the 
presence of olivine or pyroxenes, in line with CheMin 
determination of abundant olivine, augite, and 
pigeonite. Overall, grains are typically rounded very 
fine to medium sands. In contrast to previous 
measurements of aeolian sands at Rocknest, Bagnold 
sands are darker, less red, with less small particle 
clumping. Sediment H2O and S content are among 
the lowest so far in Gale crater. H2O release upon 
SAM heating occurs at >~300°C, substantially higher 
than at Rocknest. The temperature of SO2 release in 
the SAM coarse fraction was lower than the fine 
fraction. Collectively, data indicate depletion of 
select volatiles in sands and size partitioning of 
composition with enhancement of mafics in the 
coarsest fraction. 
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Layered double hydroxides (LDH) are widely 

investigated because of their unique structural 
properties, their simple, low cost and non-toxic 
synthesis and their high tunability. While LDH 
formation mechanisms in single anion solutions are 
fairly well understood, the structure and composition 
of LDH formed in complex solutions, with multiple 
anions at varyious ratios and concentrations is 
basically unknown. This knowledge is particularly 
important for tuning LDH properties, to optimize 
them for specific applications such as sorbents, 
exchangers, delivery shuttles as well as cleaning 
agents in groundwaters and soils. 

In this study, hydrotalcite 
(Mg6Al2(OH)16CO3·4H2O) was synthesised, calcined 
and then reformed back to a layered structure (using 
the so-called “memory effect”) in a suite of mixed 
anion solutions to quantify the affinities of chloride, 
sulphate and carbonate for intercalation. X-ray 
diffraction and infrared spectroscopy show that if 
there is any dissolved carbonate (as low as 1 mM), it 
is always incorporated in the LDH interlayer. 
Chloride can compete with carbonate for intercalation 
(i.e., they have similar size and interlayer 
coordination), while sulphate cannot. Instead two 
separate LDH phases form. In solutions with equal  
chloride and sulphate concentrations, LDH affinity 
for sulphate is higher than for chloride, even if 
chloride is in molar excess. In solutions with unequal 
chloride and sulphate concentrations, intercalation 
affinity depends on anion concentration. At 
concentrations <100 mM, sulphate always 
outcompetes chloride, even if chloride is in molar 
excess. At concentrations ≥100 mM, the most 
abundant anion has the highest affinity. The results 
bring us closer to a clear description of the structure, 
composition and behavior of Mg, Al LDH that form 
in multi ion solutions. 
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Position-specific and multiply-substituted, or 

‘clumped’, isotope compositions of molecules 
potentially constrain many features of their origin and 
evolution. We present the instruments, methods and 
initial applications of a technique for measuring 
molecular isotopic structures using an Orbitrap mass 
spectrometer, the Thermo Scientific Q Exactive GC.  

The Orbitrap mass spectrometer achieves mass 
resolutions on the order of 500,000-1M in the mass 
range ~50-100 amu where most of the measurements 
we report were performed. This is sufficient to 
resolve all commonly encountered isobaric 
interferences, including those that are beyond the 
capabilities of even the most advanced magnetic 
sector instruments (e.g., distinguishing 13C from 17O 
bearing species at moderate mass). Through study of 
diverse organic and inorganic reference materials, we 
have established that standard errors in isotope ratios 
closely follow shot-noise limits, and are accurate 
within formal errors when standard/sample 
comparisons are made under controlled conditions. 
Thus, the accuracy and precision of Orbitrap based 
measurements of isotope ratios largely depend on 
experimental design rather than fundamental limits of 
the technology. External errors for measurements 
lasting ~minutes are as good as ±0.2 per mil (1SE) 
for relatively abundant isotopologues, and ±0.5-1 per 
mil for less abundant species. Perhaps most 
importantly, the Q Exactive GC combines the 
Orbitrap mass analyzer with a quadrupole mass filter 
and CID-type collision cell. This combination allows 
one to define analytical methods that quickly measure 
for proportions of large numbers of isotopologues of 
molecular and fragment ion peaks; this permits one to 
constrain diverse position-specific and clumped 
isotope species as part of a single, relatively time-
efficient analysis. Finally, we have established that 
these capabilities can be applied to time-resolved 
peaks eluted from a GC, permitting study of complex 
mixtures. Sensitivity is sufficient to permit isotope 
ratio analysis of sub-nano-molar samples. 

We will present the first applications of this 
system to the isotope structures of natural and 
synthetic amino acids. This work aims to use 
position-specific carbon isotope variations to 
constrain the origin and evolution of organic 
compounds in meteorites and terrestrial extreme 
environments. We intend to add to these constraints 
measurements of position-specific 17O anomalies in 
meteoritic organic compounds.  
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Stable isotope structures (i.e., proportions of various 
site-specific and ‘clumped’ isotope species) of 
hydrocarbons could potentially inform many 
problems in environmental geochemistry, petroleum 
geoscience, and perhaps other fields, such as 
chemistry and chemical engineering. For example, 
there is evidence to suggest that such data constrain 
forensic source identification (e.g., in air or waters); 
temperatures of formation (and/or storage); source 
substrates; formation mechanisms; and mixing and 
transport processes.. The study of isotopic structures 
of hydrocarbon compounds is currently driven by 
rapidly advancing innovations in analytical 
technologies — the numbers, abundances and types 
of isotopologues, the types of compounds that can be 
measured, and the forms and sample sizes that can be 
analyzed are all changing at an unprecedented pace.  
Particularly important ‘growth’ technologies include 
natural-abundance NMR, chemical and pyrolitic 
degradations (followed by conventional IRMS), high-
resolution gas source mass spectrometry (HR-IRMS), 
and, most recently, Fourier transform mass 
spectrometry. Methane clumped isotope 
geochemistry is by far the most mature of the tools to 
emerge in this field — approximately 500 samples 
have been measured covering diverse natural and 
experimental sources; three research groups work 
actively in this field at another 2-3 are likely to enter 
it within the year. Demonstrated uses include: 
measurement of gas formation temperatures; 
discrimination of biogenic from thermogenic gases; 
and quantification of end-member proportions in 
mixed gases. Key variables that must be considered 
in such applications include the kinetic isotope effects 
associated with some microbial metabolisms and 
some conditions of kerogen or coal pyrolysis, and 
unexplained, anomalously high apparent temperatures 
in some oil-associated unconventional gases. The 
carbon isotopic structures of n-alkanes have been 
shown to reflect: inheritance from biomolecule 
substrates; mechanisms of formation (i.e., primary vs. 
secondary cracking); and destruction, such as by 
‘cracking’ of gas compounds. Arguably the greatest 
challenge to the interpretation of such data is the fact 
that the isotopic structures of kerogen precursors of 
petroleum compounds are currently unknown (and it 
is not obvious how they will be measured). Emerging 
tools that examine the hydrogen isotope structures of 
petroleum compounds hold the promise of leading to 
a very large family of thermometers and/or proxies 
for sources and formation mechanisms. In particular, 
site-specific variations in rates of hydrogen isotope 
exchange between these compounds and 
environmental water suggest it may be possible to 
identify isotopic proxies that record several stages in 
a molecule’s temperature-time history — synthesis, 
migration, storage, and emission or extraction.  
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In central Japan a collision zone of two subduction 
systems, the Honshu arc on Japanese mainland and 
the Izu-Bonin-Mariana arc (IBM), results in parallel 
volcaniclastic belts with different ages [1]. The 
interaction between these two subduction systems is 
still not fully understood and awaits proxies that 
partly or fully provides a tool to temporally and 
spatially evaluate their collision and volcanism. 
Numerous tephras and volcaniclastic sediments (>600 
tephra packages), originated at these arcs, are 
incorporated in the accretionary complex on the 
Miura and Boso peninsulas. They provide a perfect, 
most complete tephrostratigraphic record for this 
region, going back to the middle Miocene. The 
sedimentary sequences on the Miura and Boso 
peninuslas are extraordinary well described. Tephra 
layers are used for corralation within theses 
sequences [e.g. 2], even though the geochemical 
compositions of most of the tephra layers and 
volcaniclastic sediments are missing. However, these 
geochemical signatures of the tephras and 
volcaniclastic sediments play a key role to improve 
the knowledge about the interplay between these two 
subduction systems.  
We present the first geochemical results of the Miura 
and Boso tephra record, which will be used to build 
up an tephrostratigraphic database for this region. 
Based on geochemical fingerprinting we present 
revisited and newly established tephra correlations. 
Further provenance analyses of the Miura and Boso 
tephras and volcaniclastic sediments, using their 
compositional variabilty, identify variable phases of 
increased volcanic activity at the Honshu or the IBM 
arc. 
 
[1] Yamamoto, Y et al. (2009) Island Arc 18(3), 496-
512. [2] Kazaoka et al. (2015) Quat. Int. 383,5 116-
135. 
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Kon et al. (2014) studied deep-sea mud rich in 
heavy rare-earth elements (HREE) from Minami-
Torishima Area to clarify the variation of REE + Y 
(REY)  and REY host-phase. According to their 
results, whole-rock geochemical compositions of the 
REY-rich mud have large variations of CaO (1.8–
10.6 wt%), P2O5 (0.7–6.1 wt%) and they are 
positively correlated to REY contents (0.07–0.55 
wt%). Thus, Kon et al. (2014) concluded that the 
main REY host phase of the REY- rich mud is 
apatite.  

In the present study, occurrence of apatite and 
REY distribution in apatite in the REY-rich mud 
were investigated to clarify the REY concentration 
process in the apatite, using FE-EPMA and LA-
ICPMS. 

The origin of the apatite in REY-rich mud is 
regarded as fish debris such as fish bone, tooth, 
placoid scales and sea urchin spine. The REY 
contents in apatite vary with respect to each type of 
fish debris. The REY-contents of compact apatite 
from a tooth are 0.00-0.16 wt%. On the other hand, 
porous apatite from a fish bone is enriched in Y 
(0.20-0.78 wt%) relative to the compact apatite. 
Apatite also occurs as nuclei in Mn-nodules in REY-
rich mud. The Y contents of these apatite are variable 
and depend on the internal textures of fish debris. No 
significant difference of Y content is recognized 
between the free apatite and apatite covered by Mn-
nodules. Moreover, it is found that the variations of 
negative Ce anomaly and La/Yb ratio are related to 
the morphology and internal texture of apatite.  

Our study results suggest that the concentration 
process of REY in the apatite of the REY-rich mud 
from Minami-Torishima Area is related to the 
internal texture of apatite. 
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Nucleosynthetic isotope variations in iron 

meteorites are reported for several elements including 
Ru, Mo, and W [1-6]. Palladium lies in the mass 
range of Mo and Ru making it an ideal candidate in 
the search for nucleosynthetic anomalies with 
potential correlations with Mo and Ru. Palladium has 
six naturally occurring isotopes, one p-process 
(102Pd), one exclusively s-process (104Pd), one 
predominantly r-process (110Pd) and three isotopes 
that are mixtures between s- and r-process. A study 
of Pd in the IVB iron meteorites reported 
nucleosynthetic variations which were interpreted as 
the result of an s-process deficit [7]. Here, we present 
new Pd isotope data for the IAB, IIAB, IID, IIIAB, 
IVA and IVB iron meteorites. In addition, we 
evaluate the potential of Pd isotopes as a neutron 
dosimeter for galactic cosmic ray (GCR) irradiation. 
 Palladium was separated from the matrix 
following the procedure outlined by [8]. Aliquots of 
Pt were also analysed and used to correct for the 
effects of GCR. Samples were measured on a Thermo 
Scientific Neptune Plus equipped with an Aridus II 
desolvating nebuliser at ETH Zürich [8].  

Our samples were GCR-corrected using the 
model of [9] and Pt isotopic measurements from the 
same aliquots. Using  this approach we confirm the 
presence of a nucleosynthetic anomaly in the IVB 
iron meteorites (ε110Pd = 0.53 ± 0.20) that is in good 
agreement with the value reported by [7] (ε110Pd = 
0.46 ± 0.12). Our results also tentatively suggest 
nucleosynthetic anomalies in the IIAB and the IIIAB 
iron meteorite groups. These anomalies are consistent 
with an s-process deficit. They also show a 
correlation with nucleosynthetic Mo isotope 
variations [5]. In agreement with previously reported 
work [7], the s-process deficit required to produce the 
Pd isotope effects is between 0.5 - 0.3 of that needed 
for Mo, pointing toward different dilution effects 
acting on Mo and Pd isotopes in the solar system. 
 
[1] Wittig et al. (2013) EPSL 361, 152-161. [2] 
Kruijer et al. (2013) EPSL 361, 162-172. [3] Chen et 
al. (2010) GCA 74, 3851-3862. [4] Fischer-Gödde et 
al. (2015) GCA 168, 151-171. [5] Burkhardt et al. 
(2011) EPSL 312, 390-400. [6] Kruijer et al. (2014) 
Science 344, 1150-1154. [7] Mayer et al. (2015) ApJ 
809, 180-187. [8] Hunt et al. (2015) LPSC 46, 1835. 
[9] Leya & Masarik (2013) MAPS 48, 665-685.  
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Large variations in Fe stable isotope ratios in 
planetary samples complicate efforts to estimate the 
composition of the bulk silicate portions of the 
terrestrial planets. Lunar basalts exhibit an 
exceptionally wide range in δ57Fe. The primitive 
Apollo 15 green glasses have a near-chondritic δ57Fe 
of -0.03 ± 0.05‰, whereas the more evolved low-Ti 
and high-Ti mare basalts have average δ57Fe of 0.107 
± 0.031‰ and 0.266 ± 0.029‰, respectively [1, 2]. 
The similarity in δ57Fe between mare basalts and 
MORBs [3], in addition to the near-chondritic δ57Fe 
of shergottites and eucrites, has been used to argue 
that the Moon and Earth are isotopically heavy as a 
result of evaporation and condensation during the 
giant impact [1]. However, the roughly chondritic 
compositions of terrestrial peridotites suggest a 
chondritic Earth [4] and confound efforts to 
understand the δ57Fe of the bulk silicate Moon (BSM) 
and infer processes than may have altered it. 

Here we present the results of piston cylinder 
experiments designed to quantify equilibrium Fe 
isotope fractionations during the process of core 
formation. Our results show that the presence of Ni in 
planetary cores results in a fractionation of Fe 
isotopes between the mantle and core that scales with 
the Ni content of the core. The effect is similar to that 
of sulfur [5]. Assuming a Ni content of the lunar core 
equivalent to that of the average of magmatic Fe 
meteorites (8.4 wt. %, [6]) and a core-mantle 
equilibration temperature of ~1900 °C [7], we 
estimate the δ57Fe of the BSM to be -0.06‰. This 
fractionation would increase and the mantle would 
become lighter, if there is S in the lunar core.  

Our conclusion that the BSM is isotopically light 
suggests an even greater difference in δ57Fe between 
the BSM and mare basalts than previously thought. 
This strongly suggests that silicate differentiation 
through LMO crystallization also results in Fe isotope 
fractionation, leading to increasingly heavy mantle 
source regions as the Moon solidifies, despite the lack 
of Fe3+ in lunar magmas. The broad correlation 
between TiO2 content and δ57Fe in mare basalts 
supports this conclusion. 
 
[1] Poitrasson et al. (2004) EPSL, 223, 253-266. [2] 
Weyer et al. (2005) EPSL, 240, 251-264. [3] Teng et 
al. (2013) GCA, 107, 12-26. [4] Craddock et al. 
(2013) EPSL, 365, 63-76. [5] Shahar et al. (2015) 
GCA, 150, 253-264. [6] Mittlefehldt et al. (1998) Rev. 
Mineral., 36, 4-01 – 4-195. [7] Righter and Drake 
(1996) Icarus, 124, 513-529.  
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Sensitivity to rates of melting and the presence of 
garnet in the melting residue makes U-series isotope 
disequilibrium a key tool in assessing the presence 
and role of mantle pyroxenite rocks in generating 
magmatic crust at mid-ocean ridges and plume-fed 
hotspots alike. Here, 238U-234U-230Th-226Ra-210Pb 
isotope disequilibria are presented for a suite of fresh 
lavas from the tectonically and geochemically 
complex Jan Mayen region, including the Jan Mayen 
Island hotspot and the Northern Kolbeinsey Ridge, 
which hosts the anomalous Eggvin Bank bathymetric 
high. Age-constrained, unaltered samples from the 
Northern Kolbeinsey Ridge and Eggvin Bank, 
including fresh popping rocks from the Eggvin 
seamount summit crater, are characterized by 
relatively high (230Th/238U) = 1.23 to 1.36 and low 
(226Ra/230Th) = 1.24 to 1.28, and are best explained by 
high contributions to magma mixtures from a 
pyroxenite-dominated, passively-upwelling mantle 
source with only modest transport or crustal aging or 
crystal fractionation effects. Similarly constrained 
lavas from Jan Mayen Island have lower (230Th/238U) 
= 1.15 and (226Ra/230Th) = 1.05 to 1.16, and forward 
modeling suggests a detectable but comparatively 
smaller pyroxenite source contribution to a peridotitic 
magma mixture in actively upwelling mantle, 
suggesting a local mantle plume may be present 
beneath the island. Time-dependent melting model 
results demonstrate the high likelihood that many 
global ocean island basalts record pyroxenite melt 
contributions that are similar to those detected for Jan 
Mayen Island, supporting a mantle dynamical 
paradigm for upwelling mantle plumes that entrain 
highly fusible, recycled mafic rocks. The Eggvin 
Bank, on the other hand, overlies a highly unusual 
mantle source that likely contains a concentrated 
remnant of delaminated, formerly underplated, 
ancient subcratonic mafic rocks, entrained by passive 
upwelling beneath the northernmost Kolbeinsey 
Ridge and clearly fingerprinted by U-series methods. 
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Thermochemical sulfate reduction (TSR) is the 
abiotic reduction of sulfate to hydrogen sulfide 
coupled with the oxidation of organic compounds to 
carbon dioxide, and is one of the most important 
organic-inorganic interactions that occur in high-
temperature carbonate environments.  TSR is of great 
concern to the petroleum industry because of its 
potential to significantly reduce amounts of 
recoverable resource and increase costs of production 
due to sour gas. It is also thought to play a role in the 
formation of Mississippi Valley Type massive sulfide 
ore deposits.  TSR requires the stepwise reduction of 
S6+ to S2-, and is thought to involve a complex 
series of chemical reactions.  However, the details of 
these reaction mechanisms are not well understood.  
These uncertainties make it extremely difficult to 
predict the potential for TSR occurrence in natural 
environments. 

In the past decade, a number of theoretical and 
experimental studies have provided important 
insights into the reaction mechanisms of TSR.   
Quantum chemistry molecular modeling has shown 
that S-O bonds in free sulphate ions (SO4

2-) require 
more energy to break than S-O bonds in bisulfate 
(HSO4

-) or magnesium sulphate contact-ion-pairs 
(MgSO4aq) [1].  Gold-tube pyrolysis experiments have 
shown that TSR involves an initial uncatalyzed 
reaction phase and a later catalyzed phase [2].  
Recent compound-specific sulfur isotopic analysis of 
organosulfur compounds generated during TSR 
experiments have confirmed this two-stage reaction 
mechanism.  Furthermore, a theoretical model based 
on field observations of the stable carbon isotopic 
composition of hydrocarbon gases from TSR fields 
has shown the importance of partially oxidized 
hydrocarbons in controlling the rate of TSR [3].  This 
work has suggested that there may be a third, late 
stage of TSR that is hydrocarbon limited and slower 
than the catalyzed phase. 

The collective results from these studies provide 
a more in depth understanding of the reaction 
mechanisms of TSR and allow for better predictive 
models. This highlights the utility of molecular and 
stable isotopic techniques for probing the details of 
complex geochemical problems such as TSR. 

 
[1] Ma et al. (2008), Geochimica et Cosmochimica 
Acta 72, 4565-4576. [2] Zhang, T.et al. (2012), 
Geochimica et Cosmochimica Acta 96, 1-17.  [3] Xia, 
X., et al. (2014), Geochimica et Cosmochimica Acta 
139, 472-486. 
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In the 1980s, the Chevron Oil Field Research 
Company developed and began distributing a suite of 
three natural gas standards that included a coal-
associated gas (NGS1), an oil-associated gas (NGS2), 
and a biogenic gas (NGS3) [1].  Subsequently, the 
National Institute of Standards and Technology 
(NIST) provided recertified isotopic values, assumed 
responsibility for distribution, and renamed them RM 
8559, RM 8560, and RM8561 [2].  Recently the 
supply of these isotopic gas standards was exhausted 
and NIST discontinued their distribution.  The 
residual gas, cylinders, and manifold assembly were 
subsequently transferred to an academic research 
institution, then to a private company, and finally 
donated to the U.S. Geological Survey (USGS).  A 
round-robin interlaboratory study of select natural 
gases from China was recently conducted [3] in a 
presumed effort to replace the NGS gases; however, 
these new gases were not made available for general 
use as reference standards. 

In response, the USGS initiated a project to 
develop a new suite of natural gas standards to 
replace the exhausted supply of NGS gases.  This 
project was a collaborative effort by researchers from 
academic, governmental, and industrial organizations 
from around the world.  USGS personnel took the 
lead to administer and coordinate the work related to 
the development of new standards including: (1) 
identification of an international technical advisory 
committee, (2) collection of gas samples, (3) 
distribution of the gases for calibration and round-
robin analyses, (4) compilation and statistical analysis 
of the calibration data, (5) preparation of a final 
report, and (6) storage and distribution of the new gas 
standards. All analytical work related to this project 
has been completed, carbon and hydrogen isotope 
values have been assigned, and the gases are ready 
for distribution.  This presentation summarizes the 
USGS effort to produce and distribute the three new 
natural gas isotope standards. 

 
[1] G. Hut (1985), IAEA; Vienna, Austria: 16-18 
September 1985.  [2] Wise and Watters (2007), NIST 
Report of Investigation RMs 8559-8561.  [3] Dai et 
al. (2012), Chemical Geology 310–311, 49-55. 
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Here we present dissolved iron (Fe) and nutrient 
results for a GEOTRACES zonal section stretching 
from Australia to South America. Along the 
Australian-New Zealand (ANZ) leg, dissolved Fe 
[DFe] and nutrient concentrations were generally 
low, with nitrate supply being the key nutrient 
controlling production. Along the US leg, the surface 
nutrient concentrations were an order of magnitude 
higher whereas [DFe] were comparable except close 
to the South American margin where [DFe] was 
elevated. Modelling of the [DFe] depth profiles 
indicates that the depth of the ferricline is sensitive to 
the rate of particulate Fe regeneration, the rate of DFe 
scavenging, and the input flux of atmospheric dust; 
under high dust input conditions the ratio of Fe 
scavenging to Fe regeneration is much higher than 
under low dust input conditions. The shape of the 
[DFe] depth profile also varied depends on the rate of 
Fe regeneration.  The model also predicts a minimum 
in [DFe] for the upper water column, which is 
consistent with what was observed. The depth at 
which this minimum occurred varied, and was not 
always coupled to the depth of the chlorophyll 
maximum. Finally, atmospheric Fe supply dominated 
(50-95%) Fe input into the euphotic zone across the 
ANZ section. 
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Here we report a mineralogical study of alteration 
assemblages in CM chondrites based on SEM, 
EMPA, TEM and STXM coupled with XANES at the 
Fe L2,3-edges. CI and CM carbonaceous chondrites 
are among the most primitive rocks of the solar 
system, but they have experienced pervasive water-
rock interactions after ice that accreted with rocky 
materials have melted. In CM chondrites, a case of 
serpentinization is observed, as the main alteration 
products are Fe2+,Fe3+,Al- and Mg-bearing 
serpentines. A limited number of major primary 
components is observed in chondrites (chondrules, 
containing mainly ferromagnesian minerals and 
Fe,Ni-alloys, refractory inclusions, containing mostly 
oxides of refractory elements, as well as dispersed 
Fe,Ni-alloys and Fe-sulfides), but their products of 
alteration, and the relationships between the hydrated 
matrix and these components are poorly understood. 
Difficulties in understanding the mineral replacement 
reactions stem from the small scale of the secondary 
crystallites and from the fact that the preservation of 
primary features is low. We focused on altered 
primary components of various CM chondrites in 
which remnants of the initial minerals or assemblages 
can be identified. In particular, we investigated a 
chondrule where grains and grain boundaries have 
been almost completely pseudomorphosed (Cold 
Bokkeveld chondrite), and where unaltered remnants 
of forsterite and Fe,Ni-alloys can still be observed. 
We will compare crystal-chemistry data obtained on 
serpentine assemblages 1) replacing a refractory 
inclusion, 2) replacing Mg-rich ferromagnesian 
grains in a chondrule, and 2) found in an aggregate in 
the matrix. First, we will discuss the similarities 
observed in the compositions of serpentines found in 
various environments. Second, in several serpentine 
assemblages we observed an inverse relationship 
between the amount of Fe and the Fe3+/ΣFe ratio, 
which suggests that the mobility of Fe2+ played a role 
in the decrease of the amount of Fe in serpentines as 
alteration proceeds, inferred from previous studies of 
CM chondrites. 
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The elastic modulus of organic matter can impact 
the mechanical behavior of shales. Although recent 
advances have shed light on the properties of natural 
organic matter under ambient conditions, the elastic 
properties of kerogen and bitumen at reservoir 
temperatures remain poorly understood. Here we 
report on a novel atomic force microscope technique 
that enables us to directly map the nano-scale 
changes to organic matter during the heating of an 
organic-rich shale. Our experiments show that 
bitumen becomes significantly more compliant with 
heating; in an experiment during which the 
temperature was increased from 25oC to 225oC, the 
reduced elastic modulus dropped from 6.3 GPa to 0.8 
GPa. In contrast to bitumen, we were unable to 
discern any measurable changes to the elastic 
modulus of kerogen with increasing temperature. Our 
results suggest that the temperature dependence of the 
elastic properties could be used as an additional 
method to differentiate between bitumen and kerogen 
in shales. Moreover, our analysis indicates that 
temperature should be taken into account when 
modeling the elastic properties of bitumen under 
reservoir conditions. 
 

 
Figure 1: Kerogen in shale. The image to the left 

shows a backscattered electron image of kerogen 
(dark grey) containing bitumen inclusions (black). 
The map to the right shows the elastic modulus, 
which is measured as the sample is heated. 
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Sulfur mass-independent fractionation (MIF) in 

the Archean sedimentary rock is a key to trace the 
chemistry of atmosphere at the time. However, the 
mechanisms of isotopic fractionation originated from 
SO2 photochemistry is not fully understood. We 
conducted photochemical experiments of low pSO2 
(1-10 Pa) condition under 0.1 atm CO atmosphere. 
The SO2 column density was down to 1016 
molecules/cm2, which should be a realistic SO2 
optical thickness for atmospheric thin conditions as 
well as providing a reducing condition. Monitoring 
the gas composition in the chamber together with 
numerical modeling of the photochemistry revealed 
complicated reaction pathways in the chamber. 
Measured isotopic fractionations depend largely on 
SO2 column density. Photoproducts (OCS) showed 
positive Δ33S, whereas residual SO2 showed negative 
Δ33S. The Δ36S/Δ33S ratio showed about -1 when 
ultraviolet spectrum is similar to the solar spectrum 
(i.e. low pSO2 condition), that is consistent with the 
geological record. The Δ36S/Δ33S ratio reflects 
conbination of the two MIF effects. One came from 
the self-shielding of SO2 direct photolysis resulting in 
the SO2 column density dependence with Δ36S/Δ33S 
slope of ~-2.4. Another MIF is derived from 
photoexcitation of SO2 showing Δ36S/Δ33S ratio of 
~+0.7 due to inter system crossing (ISC) from singlet 
SO2 to triplet SO2. To transfer the ISC signal into 
photoproducts, excited state of SO2 needs to react 
with reducing gases (e.g., H2, CH4 and CO) and to be 
reduced into SO. Thus, the Archean S-MIF 
(Δ36S/Δ33S = ~1) requires reducing gases in the 
atmosphere. For example, the late Archean 
atmosphere (Δ36S/Δ33S = ~-1; Δ33S > +5 ‰) may 
contain high concentration of SO2 gas (more than 5 
ppbv) and of reducing gases (CH4 or CO) where the 
ISC-derived MIF contribute 2.3%. Therefore large S-
MIF is useful for monitoring partial pressure of SO2 
and reducing gasses. 
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Amyotrophic lateral sclerosis (ALS) is a 

devastating neurodegenerative disease in which  
motor neurons undergo progressive degeneration and 
die. Evidence indicates that ALS is a protein 
misfolding disorder [1]. Some forms of familial ALS 
are due to mutations in the Cu, Zn-superoxide 
dismutase 1 (SOD1) protein which destabilise it, 
causing it to misfold and accumulate into deposits 
within the cells. A reason why these mutations 
destabilise SOD1 could be that the binding of Cu by 
SOD1 may become defective [2].  

An early diagnostic biomarker for ALS is 
essential in developing future potential treatment 
options, since the pathology develops well before 
symptoms do. Our work uses a transgenic mouse 
model of ALS to evaluate whether changes to Cu 
metabolic pathways and metal concentrations in 
specific tissues are associated with the onset and 
progression of ALS and could be used as a biomarker 
of disease. We have collected tissue samples from 
transgenic mice (n=18) at key points during disease 
progression  (30, 60, 90 and 120 days) as well as  
healthy controls (n=18) and measured the Cu isotope 
composition (δ65Cu) and Cu, Zn, Ni, Co and Fe 
concentrations in brain, spinal cord, whole blood and 
muscle tissue (quadriceps femoris).  

Our results demonstrate that Cu, Fe and Zn 
concentrations in the muscle tissue of ALS mice are 
significantly higher than in healthy mice. This is also 
the case for Cu in spinal cord. While there is no 
difference in Cu concentration in blood between these 
two groups, preliminary results for Cu isotopes 
suggest differences in the isotopic composition of 
blood between ALS and healthy mice, warranting 
assessment if blood could be used as an early disease-
biomarker. We will present additional results which 
should shed light on the links between Cu isotope 
metallomics and ALS disease progression.  

 
 1] Broom, et al. (2014) Essays Biochem 56, 149-65. 
[2] Hayward, et al. (2002) J. Biol Chem 227, 15923-
31. 
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Individual aerosol particles in two size fractions, 

i.e., PM2.5-10 and PM1-2.5, of two samples collected at 
King Sejong Korean scientific research station, 
Antarctica on Dec. 9, 2011 (in the austral summer) 
and on July 23, 2012 (in the austral winter) with high 
(123.0 μg/L) and low (6.3 μg/L) concentrations of 
chlorophyll-a, respectively, were investiga-ted to 
obtain their chemical compositions, molecular 
species, and mixing states using low-Z particle 
electron probe X-ray microanalysis (EPMA), Raman 
microspectrometry (RMS), and attenuated total 
reflection Fourier transform infrared (ATR-FTIR) 
imaging techniques. Particles containing non-sea-salt 
sulfate (nss-SO4

2-) were more abundant in the 
summertime sample than the wintertime sample. 
RMS and ATR-FTIR imaging also confirmed higher 
amounts of Na2SO4, CaSO4, and/or (CH3SO3)2Mg due 
to enhanced biological activity on the sea surface 
during the summer. Si was only observed in the 
summer sample probably due to the more abundantly 
present diatoms, a common type of phytoplanktons, 
although RMS and ATR-FTIR imaging could not 
provide Si speciation. Organic contents of individual 
particles increased with the decrease of particle size 
consistent with recent reports on sea-spray aerosols 
(SSAs) [1]. RMS and ATR-FTIR imaging results for 
individual SSAs suggest that most of the summertime 
SSAs contain inorganic salts and oxidized organic 
species like magnesium mono- and/or di-amino acid. 
On the other hand, for the wintertime SSAs, 
inorganic salts, aliphatic-rich organics like 
magnesium palmitate salt, and/or their mixtures were 
more frequently encountered. 
 
[1] Quinn et al. (2015) Chem. Rev., 115, 433-4399. 
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Thrace Basin, which has approximately 2 billion 
tons coal reserves and polymetallic ore deposits, is 
one of the important basin of the Turkey. The 
Pınarhisar coal fields, having a high sulfur (0.3-
5.95%) and metal content, is located northern part of 
the Thrace Basin. This study focused on the natural 
attenuation of metals in Pınarhisar coal fields. For 
this purpose coals, surface and groundwaters in 
addition to underclays and overclays taken from the 
Pınarhisar coal fields were analysed for  their metal 
contents (Cr, Mn, Co, Ni, Cu, Zn, As, Cd, Pb, Th, U 
etc.). The physicochemical parameters of surface and 
groundwater (pH, Eh, EC, salinity, dissolved oxygen 
and alkalinity) were measured in-situ during both dry 
and wet seasons. Metal contents of the coals (Cr, Mn, 
Co, Ni, Cu, Zn, As, Cd, Pb, Th, U.)  are higher than 
the world clark values. In contrast surface waters 
within the coal field have low metal contents ( Cr (up 
to 1.5 ppb), Mn (up to 70 ppb), Co (up to 0.24 ppb), 
Ni (up to 1.7 ppb), Cu (up to 6 ppb), Zn (up to 4.7 
ppb), As (up to 34.6 ppb), Pb (<0.1 ppb), Th (<0.05 
ppb) and U (up to19.8 ppb)). Consistently 
groundwater has also low metal content (Cr, up to 2.6 
ppb, Mn, up to 486 ppb, Co, up to 2.77 ppb, Ni, up to 
1.9 ppb, Cu, up to 6.4 ppb, Zn, up to 198 ppb, As, up 
to 4.8 ppb, Pb, up to 0.8 ppb, Th <0.05 ppb, U, up to 
13.5 ppb). The lower metal  concentrations of surface 
and groundwaters in the region may be due to clay 
interclated with coal. The clays, consist of 
vermiculite, illite, kaolinite, calcite and albite 
minerals, are enriched in Cr (up to 286ppm), Mn (up 
to 539 ppm), Co (up to 42 ppm), Ni (up to 267 ppm), 
Cu (up to 54.7 ppm), Zn (up to 101 ppm), As (up to 
18.5 ppm), Pb (up to 20 ppm), Th (up to 12.2 ppm) 
and U (up to 29 ppm) compared to the coals, surface 
and groundwaters suggesting a natural metal 
attenuation processes in the field which will be 
discussed in detail.  
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An overview is given of most of the algorithms 

which have been devised in recent years for the ab 
initio description of structural, elastic and 
thermodynamic  properties of solids (under high 
pressure and/or at finite temperature), as implemented 
into the public CRYSTAL program [1]. The strategy 
that has been followed in their implementation is 
based on the maximization of their user-friendliness 
thanks to their fully-automated character: a single-run 
calculation is required to compute each of the 
properties to be listed below, activated by a single 
keyword, where no additional parameters have to be 
specified unless desired (i.e. default values have been 
optimized for each of the algorithm-specific 
numerical parameters) [2].   

The P-V relation is computed both via a 
numerical volume-constrained equation-of-state 
(EOS) approach and via an analytical pressure-
constrained stress-tensor approach [3]. The fourth-
rank elastic tensor components are computed as 
numerical first-derivatives of analytical energy 
gradients by taking full advantage of the point-
symmetry of the crystal [4]. Both harmonic and 
quasi-harmonic lattice-dynamical calculations are 
performed to simulate thermodynamic properties, the 
thermal expansion coefficient, the P-V-T EOS, the 
thermal dependence of the bulk modulus, and to 
combine pressure and temperature effects [5-9]. Solid 
solutions are modeled following a supercell approach, 
where symmetry-irreducible configurations are 
counted via Polya’s theorem and determined via a 
Monte Carlo sampling [10]. 

 
[1] Dovesi et al. (2014) Int. J. Quantum Chem. 114, 
1287-1317. [2] Erba & Dovesi (2016) in Molecular 
Modeling of Geochemical Reactions, Wiley (Ed. J. 
Kubicki). [3] Erba et al. (2014a) J. Chem. Phys. 140, 
124703. [4] Erba et al. (2014b) Phys. Chem. Minerals 
41, 151-160. [5] Erba (2014) J. Chem. Phys. 141, 
124115. [6] Erba et al. (2015a) J. Chem. Phys. 142, 
044114. [6] Erba et al. (2015b) Phys. Chem. Chem. 
Phys. 17, 11670-11677. [7] Erba et al. (2015c) J. 
Chem. Phys. 142, 204502. [8] Erba et al. (2015d) 
Phys. Rev. Lett. 115, 117402. [9] Erba et al. (2016) 
Chem. Commun. 52, 1820-1823. [10] Lacivita et al. 
(2015) Am. Mineral. 100, 2637-2649.     
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 Chemical weathering is an Earth-shaping 
process in terrestrial landscapes that responds directly 
to tectonics and climate. However, due to the 
complexity of its interactions with climate and 
current limitations of traditional geochemical 
methods, it is difficult to determine how chemical 
weathering responds to climate over millennial 
timescales.  
 The use of isotopic proxies in sedimentary 
records like boron (B) isotopes may be used to 
understand how clay formation, and by proxy, 
pedogenesis has responded to past climatic variations. 
This is because B isotopic fractionation only occurs 
during precipitation of secondary products, while 
primary cogenetic minerals have very similar δ11B 
values and can be used as source tracers [1]. To 
interpret sedimentary records, we need to understand 
how the signal is transferred from where isotopic 
fractionation occurs to the depositional environment. 
In the present study, we analyze sedimentary deposits 
along the course of the modern Murrumbidgee River, 
NSW Australia, and in adjacent paleochannel systems 
(deposition ages: 12 – 100 kyr) using boron isotopes 
(δ11B) in bulk, sand-, and clay-sized fractions.   
 Results from the modern system collected 
to date indicate an increase in B isotope fractionation 
in clay-sized minerals along the course of the river, 
likely resulting from more intense weathering 
conditions on the alluvial plain.  Paleochannel 
deposits will be used to explain how chemical 
weathering conditions have varied over the last 
glacial cycle in response to climate.   
 
[1] Lemarchand, D., et al. (2012) Geochim 
Cosmochim Ac 98, 78–93. 
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Monazite is an important mineral for P-T-t 

studies of igneous and metamorphic rocks.  Monazite 
has recently been used to directly date high 
temperature deformation in crustal rocks from the 
Sandamata Complex, India [1].  EBSD analysis 
identified a variety of microstructures, including 
deformation twins in three orientations: 180°/ <100>, 
180° / <001> and 95° / <201>.  The monazites also 
contain dynamic recrystallization textures including 
low-angle boundaries formed by subgrain rotation, 
and neoblasts that nucleated in high strain domains 
and grew via grain-boundary migration. SHRIMP U-
Th-Pb analysis identified partial Pb-loss associated 
with the low-angle boundaries, and complete age 
resetting in the neoblast domains. 

Shocked monazites have been investigated from 
the Araguainha (Brazil), Ries (Germany) and 
Vredefort Dome (South Africa) impact structures. 
Previous studies of shocked monazite report complex 
U-Pb systematics [2, 3, 4, 5], however these studies 
did not target specific shock microstructures. EBSD 
analysis of shocked monazites identifies a large 
number of deformation features including low-angle 
boundaries, planar deformation bands, shock 
microtwins and neoblasts. In addition to the three 
orientations of twins reported from tectonic 
deformation [1], we find the following 7 twin 
disorientation relationships in shocked monazite: 
180° / <101>, 180° / <201>; 110° / <10-1>; 147 / 
<10-1>, 110° / <111>, 107°/ <41-1> and 55° / <001>. 
SHRIMP U-Th-Pb analyses of neoblastic domains in 
monazites from Araguainha and Vredefort record the 
impact age. Correlating in situ U-Th-Pb analyses with 
specific monazite microstructures identified by EBSD 
mapping provides a new method for determining the 
age of different types of deformation events that are 
typically challenging to date. 

  
[1] Erickson et al. 2015 Geology; [2] Schärer and 
Deutsch 1990 GCA; [3] Moser 1997 Geology; [4] 
Flowers et al. 2003 J. of Geology; [5] Tohver et al. 
2012 GCA 
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Large Igneous Province (LIPs) events transport a 

significant amount of energy and metals from the 
Earth’s mantle to the crust and are directly involved, 
drive or otherwise causatively influence a variety of 
differing metallogenic systems [1]. LIP events can 
also directly affect the hydrocarbon source rock 
maturation and hydrocarbon generation and are 
genetically related to the development of important 
aquifer and hydrocarbon reservoir systems [2]. Here, 
we present a new five-fold classification for LIP-
related resource generation: 

(1) LIP magmas as primary sources of 
commodities within ore deposits.  

(2) LIP magmas as source of energy, fluids, 
and/or metals and as heat sources that drive 
hydrocarbon source rocks to maturation or over-
maturation.  

(3) LIP rocks as barriers to fluid flow and/or 
reaction zones that control mineralising  events, act as 
structural traps within hydrocarbon systems, or form 
impermeable barriers that control water flow and 
aquifer formation. 

(4) Weathering of LIP rocks to form residual 
deposits and the surficial interactions that genetically 
link oceanic-plateau LIP formation with anoxic 
events and the formation of important organic-rich 
black shale hydrocarbon source rocks. 

(5) Indirect connections between LIPs and ore 
deposits, such as tectonic changes that generated ore 
deposits linked to distal LIP events and associated 
rifting. LIP events also enable the reconstruction of 
Precambrian supercontinents and the tracing of areas 
of metallogenic and hydrocarbon endowment 
between presently separated but formerly contiguous 
crustal blocks. This new classification that outlines 
the genetic  relationships and links between LIP 
events and the formation of these resources across the 
geological record can be used to enhance exploration 
strategies for the wide variety of LIP-related 
resources outlined above. 

 
[1] Ernst. & Jowitt (2013) SEG Special Publication 
17, 17-51. [2] Ernst (2014) Large Igneous Provinces. 
Cambridge U. Press. 
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While the deep Archean oceans were 

predominantly anoxic and rich in dissolved Fe(II), a 
redox interface with oxygen produced in shallow 
marine settings has been inferred from sedimentary 
records. Negative excursions in the δ56Fe record of 
Neoarchean marine sediments point to an incomplete 
oxidation of dissolved Fe(II) [1] and/or microbial 
reduction of Fe(III) oxyhydroxides [2]. Both 
processes would produce an isotopically light Fe(II) 
pool. It has been proposed that Ca-Mg carbonates 
incorporate Fe from seawater without any 
fractionation, and would therefore be proxies for the 
Fe isotope composition of seawater Fe(II) [3,4]. 
However, remobilization during early diagenesis and 
dolomitization challenge the determination of Fe 
concentrations and isotope signatures of ancient 
seawater from sediments [5]. 

Here, we present new δ56Fe data of stromatolites 
and mudstones from the 2.58 - 2.50 Ga 
Campbellrand-Malmani (South Africa). Synchrotron-
based X-ray absorption spectroscopy (XAS) indicates 
that Fe is incorporated into the carbonates as Fe(II), 
with minor local distribution into Fe-S phases. Fe 
concentration and isotope data show a dependence on 
water depth, Fe fluxes from open ocean and riverine 
sources, as well as a remobilization from adjacent 
mudstones. Despite isolated Fe mobility during early 
diagenesis in some samples, the majority of samples 
seem to record primary seawater Fe signatures. 
 Replication of depth-dependent Fe 
concentration and Fe isotope trends observed in our 
samples in a steady-state, advective-diffusive 
transport model help to constrain the possible Fe 
transformation pathways occuring in shallow water. 
We will discuss the implications for oxygen in 
shallow Archean seawater. Our dataset illustrates the 
potential of Fe in Ca-Mg carbonates as a paleo 
seawater redox proxy. 

 
[1] Rouxel et al. (2005), Science 307, 1088-1091. [2] 
Johnson et al. (2008), GCA 72, 151-169. 
[3] Blanckenburg et al. (2008), Chem. Geol. 249, 
113-128. [4] Czaja et al. (2012), GCA 86, 118-137. 
[5] Heimann et al. (2013), EPSL 294, 8-18. 
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Fast diffusion and homogenization of divalent 

cations frequently modify the original composition 
and zoning patterns of olivine phenocrysts. In 
contrast, igneous olivines often preserve complex 
zoning patterns in phosphorous, due to its sluggish 
diffusion, which makes it the element of choice for 
reconstructing cooling histories and evolution of the 
host magma. Phosphorus zoning in olivine has been 
linked either to crystallization rate variations and 
diffusion controlled growth [1,2] or to strong 
compositional controls on melt-mineral partitioning 
[3]. We illuminate the versatility of P-in-olivine with 
a comprehensive EPMA and LA-ICPMS dataset on 
olivines from Italian potassium rich mafic lavas and 
the primitive melt inclusions (MI) that they host. The 
olivines are characterized by P concentrations from 
limit of quantification (22 ppm) to 435 ppm P with 
MIs containing up to 2.2 wt.% P2O5. High resolution 
(1-2 µm per pixel) element maps show both fine 
oscillatory and large scale sector zoning in P, which 
is uncorrelated with zoning in any other element. The 
MIs are virtually always surrounded by P-depleted 
zones that are also depleted in Cr and enriched in Al 
and Ti, which we attribute to a combination of 
supply-limited slow growth and melt compositional 
controls on partitioning behavior imposed by the 
boundary layer. Derivation of quantitative data on 
solid-liquid equilibrium partitioning from natural 
samples is therefore often challenging. On the other 
hand, P zoning in olivine provides valuable 
information on the nature and timing of 
mingling/mixing, wall-rock assimilation, subsequent 
re-equilibration and other magmatic processes 
operating in plumbing systems.  

 
 [1] Milman-Barris et al. (2008) Contrib Mineral 
Petrol 155, 739-765. [2] Welsch et al. (2014) 
Geology 42, 867-870. [3] Grant and Kohn (2013) Am 
Mineral 98, 1860-1869. 
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In this contribution we study the first-order 

factors that control the content and distribution of 
arsenic in surficial sediments in an area of 
approximatelly 41,000 km2 located between 18 - 21° 
S of the Atacama Desert. 

The analyzed data was recently generated by 
SERNAGEOMIN (Geological and Mining Survey of 
Chile) as part of its national geochemical program. It 
includes whole rock concentrations (ICP-MS) for the 
<180 µm fraction of 2,167 surficial sediment 
samples. 

In particular, the As content of the samples 
ranges between 2 and 2,886 ppm. The data presents 3 
outlier samples with very high As concentrations 
linked to both natural (hydrothermal alteration zones; 
1870 and 1793 ppm) and anthropogenic sources 
(mining; 2886 ppm). However, the high As contents 
for a number of other 50 samples could be also 
influenced by anthropogenic sources (mostly 
mining), as suggested by their geographical location 
and field observations. 

After excluding the outlier and anthropogenic 
influenced samples, an interpolation map was 
generated in order to study the spatial distribution of 
As concentrations, as a result of natural conditions. It 
shows that most of the As-rich detritus are sourced 
from hydrothermal alteration zones and cenozoic 
volcanic-sedimentary sequences, located in the 
highlands. From these areas, As-rich detritus are 
transported downstream to the Pacific Ocean. 
However, numerous endorheic streams, transport this 
material to the central valley during relatively short 
periods of intense rainfall in the summer season 
(“Altiplanic winter”). Concordantly, the central 
valley coincides with a regional-scale As anomaly of 
6,000 km2, with mean concentrations of 59 ppm and 
maximum values of 843 ppm.  

Therefore, the distribution of As in the study area, 
is controlled by both climatic (hyperaridity and 
Altiplanic winter) and geomorphological (strong 
topographic contrasts and the presence of an extended 
endorheic drainage basin). 
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The main objective of this work was to study the 
early diagenesis of organic matter in recent aquatic 
sediments (lagoon of Bizerte). The approach was 
based on the study of 22 samples collected from a 
core length of 44 cm. 

The lithological study (macroscopic and 
microscopic observation) performed on the samples 
showed that the core was composed of sandy detrital, 
heterogeneous level in the upper part to a 
heterogeneous clay in the bottom. The mineralogical 
study revealed that the basal part of the core (34-44 
cm) is a carbonated mud. 

The geochemical study showed that the sandy 
sediment are marked by low values of TOC (1.38% - 
2.22%) and N (0.09% - 0.24%). However, sediments 
rich in carbonate mud, presents high values of TOC 
(1.54% - 5.84%) and N (0.71% - 0.95%). The C/N 
ratios revealed that organic matter is clearly of 
marine origin with light continental contributions and 
a predominance of marine origin towards the base of 
the core. 

The composition of humic compounds allow the 
distinction of two stage. The first stage characterized 
by a bottom marine level which presents 93% of TOC 
content in humic substances. These results proved 
that this level, rich in organic matter, is characterized 
by anaerobic conditions. This environment preserves 
humic substances (HS) because of the slow 
degradation kinetics of organic matter by anaerobic 
process. While, the second stage characterized by 
composite origin (marine and continental) surface 
level had relatively poor humic substances wich 
represented about 20% of TOC. This level seems to 
reflect a tendency to aerobic condition that promotes 
the degradation of organic matter. 
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Elements such as phosphorus (P) and sulphur (S) 

are deleterious in coal utilization. These elements are 
mostly associated with minerals, such as apatite 
[Ca5(PO4)3(OH, F, Cl)] and pyrite (FeS2); S may also 
be present in the coal’s organic structure. To assess 
the potential for their removal, it is important to 
understand the relationship between the organic and 
mineral components, and the distribution of minerals 
and inorganic elements within the mined coal seam. 

Automated core scanners, such as the Itrax XRF 
core scanner, allow acquisition of a detailed profile 
for most inorganic elements (major and trace) without 
the necessity of subsampling or destroying the core, 
thus maintaning its integrity, and for quickly 
identifying problematic areal associations. In this 
project 33 m of core from the Chipanga Seam, Karoo 
Coal Measures, Moatize Sub-basin (Mozambique) of 
Early Permian age, were scanned using facilities at 
the University of New South Wales. A Cr anode (1.8 
kW) was used as the X-ray source, rather than Mo, 
partly because it has higher sensitivity for measuring 
P and S. The XRF measurement was conducted at 
30kV and 30 mA, with a step size of 500 μm and an 
exposure time of 30s per step.  

The chemical profiles obtained for Ca and P 
showed three different zonations within the seam. 
SEM/EDS analysis of polished sections identified 
apatite, occurring with clays in the cell lumens of 
inertinite macerals in the lower part of the seam and 
inside fractures with quartz in the the uppermost part 
of the seam. In the first case, the apatite was probably 
formed syngenetically in the early stages of peat 
formation; in the second it was of epigenetic origin, 
with the P coming either from magmatic fluids or 
remobilization from the lower part of the seam. 
Profiles for Fe and S show the distribution of pyrite, 
which occurs especially in carbonaceous mudstones. 
S is also present continuously throughout the core, 
representing an organic sulfur component. SEM/EDS 
analysis indicates higher S in the vitrinite layers. 
Marine influence, which is usually associated with 
pyrite formation, has not been identified in the 
Moatize coal deposits. 
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Anaerobic groundwaters host a number of various 

microbes including the sulphate reducing bacteria 
(SRB) that use sulphate as an electron acceptor and 
thus form corrosive sulphide. This can have an 
impact on the safety function of a repository for spent 
nuclear fuel (SNF) where copper canisters are 
planned to be used. In this study three different clays 
considered to be used as buffer or backfill in a 
repository for SNF, were inoculated with SRB at 
various densities. The objective of the project was to 
identify if there is a threshold density for the buffer 
above which, microbial sulphate-reducing activity is 
practically inhibited. For this purpose, the radiotracer 
35SO4

2− was used for detection of microbial sulphate 
reduction to H2S [1]. This is the most sensitive 
method available due to the short half-life of this 
isotope (87.4 days). Microbial activity has been 
demonstrated to decrease with increasing density and 
decreasing water activity of swelling clays [2, 3, 4]. 
Previous work with bentonite suggests that microbial 
activity and cultivability ceases somewhere in the 
range of 1900 – 2100 kg/m3 wet density but the exact 
cut-off density remained to be determined [5, 6]. The 
results show that the cut-off process is not gradual, 
i.e. either the microbes work at full speed or they are 
inactive. The cut off density where the microbial 
activity ceased turned out to be slightly different for 
the clays. 

 
[1]Bengtsson et al. 2015. SKB R-15-05. [2]Motamedi 
et al. 1996. FEMS Microbiol Lett 141 83-87. 
[3]Stroes-Gascoyne et al. 1997. Can J Microbiol. 43 
1133-1146. [4]Motamedi 1999, Thesis, 1 1-
45.Göteborg Univ, Göteborg. [5]Pedersen et al.  
2000. Engineer Geol 58 149-161. [6]Masurat et al. 
2010. Appl Clay Sci, 47 58-64. 
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Isotopic budget of macro and micro-nutrients 

(e.g. Si, Mg, Zn, Mo, Ni) in the ocean have revealed 
an imbalance between their sources and sinks [1]. 
Recent oceanic elemental budget has highlighted the 
importance of taking into account continental 
margins as a source of elements to oceans and as one 
of the key mechanisms explaining “boundary 
exchange” [1, 2]. For many elements, the 
quantification of the dissolved fraction inherited from 
dissolution of lithogenic material at the margins 
remains to be determined. To explore such process, 
we have investigated the fate of pure mineral and 
bedload sediment particles in distilled water and 
synthetic seawater. 

Different lithologies were investigated in batch 
reactor through selected fractions of olivine, 
pyroxene and anorthosite in both static and agitated 
modes at lab temperature and using water/rocks ratios 
of 5 to 10 over the course of a month.  

Results showed pure dissolution phase and re-
precipitation with the formation of neo-minerals. 
Kinetics of dissolution are variable: some major and 
trace elements did not reach the saturation 
concentration while others depicted drastic decrease 
in concentration after several hours to days. 
Comparable minerals and water/rock ratios yielded 
different kinetic patterns in distilled vs. saline waters. 
XRD are being carried out before and after the 
experiment to precisely determine the minerals 
formed and model the dissolution/re-precipitation 
using PHREEQC. Stable isotope compositions of Ni 
and Si are currently measured over the course of the 
experiment to determine the direction and the 
magnitude of the fractionation for the dissolution and 
adsorption/re-precipitation processes under the 
different experimental conditions. 

 
[1] Jeandel and Oelkers. (2015). Chem. Geol., 395, 
50-66. [2] Tréguer & De La Rocha (2013). Annu. 
Rev. Marine, 5, 477-501. 
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A major problem facing the nuclear industry has 

to do with radioactive waste. In the anoxic conditions 
of nuclear waste repository, the main iron corrosion 
products formed at the surface of the non-alloy steel 
are siderite (FeCO3) and magnetite (Fe3O4) that form 
a rather protective layer on the metallic envelopes [1]. 

The originality of this work is the consideration 
of the bacterial metabolism of nitrate-reducing 
bacteria (NRB) often overlooked in corrosion 
processes, as opposed to those taken into account for 
several years (e.g. sulphate-reducing bacteria). 
Klebsiella mobilis was used as a model of NRB and 
incubated with siderite/magnetite corrosion bilayers 
in the presence of dihydrogen and lactate (as electron 
donors), and nitrate and sulfate (as electron 
acceptors). At the issue of the bacterial incubation, 
magnetite was reduced to mackinawite (FeS) and 
transformed to greigite (Fe3S4). 

A new mechanism is suggested based on the 
combination of biotic and abiotic processes: (i) in 
growth phase, NRB reduce sulfate to sulfide via an 
assimilatory pathway (to supply their needs in sulfur); 
(ii) during bacterial lysis, a significant amount of 
sulfide is released and reduces FeIII species of 
magnetite to FeII species; then, (iii) mackinawite is 
formed by the coprecipitation of FeII species with 
remaining sulfide; lastly, (iv) mackinawite is sightly 
oxidized to greigite by nitrite produced by the 
respiration of nitrate by NRB. 
 
[1] Féron & Crusset (2014) Corros. Eng. Sci. Techn 
49, 540-547. 
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Green rusts (GR), FeII-FeIII phases belonging to 

the fougèrite group, were first identified as an iron 
corrosion product before being discovered in natural 
environments such as hydromorphic soils, 
groundwater in granitic fractures, or ferruginous lakes 
[1]. GR can be synthezised abiotically or biotically 
and are composed of positively charged iron 
hydroxide layers separated by interlayers of anions 
such as carbonate. More stable (> 3 years) than their 
chemical counterparts, GR biominerals can be formed 
by planktonic cells (e.g. Shewanella putrefaciens) or 
by bacterial activities in natural biofilms (Fig. 1) [2]. 
Assuming that GR biominerals are close to those 
found in natural environments, it is therefore 
legitimate to compare the difference of reactivity 
between biotic and abiotic GR in function of the 
nature of the pollutant (anionic, neutral, cationic). 

As well recognized in the literature, the presence 
of FeII in a solid state promotes the reducing 
capability of GR towards several metallic (e.g. HgII), 
organic (e.g. methylred) and inorganic (e.g. NO3

−) 
contaminants [3, 4]. The difference of reactivity 
between chemically and biologically synthesized GR 
towards these contaminants suggests that 
environmental counterparts of GR could be involved 
in biogeochemical cycles of specific elements. 

 
 
 
 
 
 
 
 

[1] Ruby (2015) Curr. Inor. Chem 5, 152-155. [2] 
Jorand et al. (2011) Sci. Total Environ 409, 2586-
2596. [3] Remy et al. (2015) Water Res 70, 266-278. 
[4] Zegeye et al. (2014) J. Phys. Chem. C 118, 5978-
5987. 

3 µµm Figure 1: A green rust crystal 
produced during an incubation of 
an environmental biofilm (from a 
pond in Lorraine, France) under 
anoxic conditions.  
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Iron oxides can bind particularly large amounts of 

organic matter (OM) and seem to control OM storage 
in many soils. Degradation of the mineral-bound 
organic matter can proceed via microbial 
mineralization of the OM, but can also be triggered 
by dissolving the mineral substrate. 

Here we investigated both processes on 
ferrihydrite-OM associations: (1) Liquid phase 
incubation experiments were carried out under oxic 
conditions to quantify the mineralization of adsorbed 
and coprecipitated organic matter. The inoculum was 
a microbial consortium extracted from a forest-floor. 
(2) Microbial reduction experiments were performed 
using liquid cultures of Geobacter bremensis and 
quantifying the formation of Fe(II) in solution with 
the phenantroline method. Solid remnants were 
investigated by X-ray diffraction.  

Biodegradation experiments showed that the 
extent of mineralization was 2-3 times lower, while 
the mean residence time was 6-15 times higher for 
ferrihydrite-associated OM in comparison to 
dissolved OM. Time-lags before the onset of 
mineralization of the ferrihydrite-associated OM 
suggest that the microbial community of the forest 
floor was not able to immediately mineralize the 
ferrihydrite associated OM, but needed adaption 
before starting a slow degradation.  

Microbial reduction experiments showed that 
increasing amounts of mineral-associated OM led to 
decreasing initial reaction rates and a decreasing 
degree of dissolution. The secondary formation of Fe 
minerals was also influenced by the amount of 
mineral-bound organic matter. Goethite was only 
found after reduction of the organic matter-free 
ferrihydrite and siderite was only detected when 
ferrihydrites with relatively low amounts of mineral-
bound organic matter were reduced. 

Our data demonstrate that the association with 
ferrihydrite can effectively stabilize soil organic 
matter. Vice versa, sorbed soil organic matter may 
protect ferrihydrite from reduction by Geobacter-like 
bacteria.  
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The Kapalagulu, Musongati and Kabanga 

intrusions are part of the Mesoproterozoic Kibaran 
tectonomagmatic episode and together form the 
KMK alignment of the EANB. While the smaller 
Kabanga intrusions contain massive nickel-copper 
sulphides, the larger Musongati and Kapalagulu 
layered intrusions contain only weakly disseminated 
sulphides but are associated with much higher levels 
of platinum and palladium. Only the Kapalagulu 
intrusion contains reef-like concentrations of Pt and 
Pd, associated with chromitite seams within 
peridotitic cumulate rocks. I have used chromites to 
understand the processes resulting in these different 
styles of mineralization. 

Chromites are early-formed high-temperature 
cumulate minerals, but are often modified by later 
lower-temperature equilibration with adjacent liquids 
and minerals in slowly-cooled intrusions. 
Compositions of chromites that have equilibrated 
with different amounts of fractionated interstitial 
liquid are usually aligned along an equilibration array 
on geochemical harker diagrams, for example Mg# 
(Mg/(Mg+Fe2+)) – Fe3+# (Fe3+/Cr+Al+Fe3+)) and TiO2 
– Fe3+#. The compositions of chromites in 
orthoculuate rocks of the three sulphide-mineralized 
EANB intrusions lie on distinct equilibration array 
trends, with decreasing enrichment of Fe3+# relative 
to Mg# and TiO2 from Kapalagulu to Musongati to 
Kabanga. 

This is interpreted in terms of varying fO2 of the 
magmas from which the chromites crystallized, due 
in part to varying amounts of assimilation of 
sulphide-bearing carbonaceous sediments before and 
during emplacement and crystallization of the 
cumulate grains. It is this varying degree of 
sedimentary contamination that has led to the 
differing styles and grades of sulphide mineralization 
in the deposits. Whereas at Kabanga, which is 
situated above the main formation containing 
carbonaceous sediments, a high degree of sediment 
contamination has led to the formation and 
concentration of large amounts of sulphide with low 
Pt and Pd enrichment, at Kapalagulu, which is 
situated in a crustal package that does not contain 
carbonaceous sediments, a more oxidized magma has 
crystallized chromitite seams with Pt and Pd-rich 
sulphides. Musongati is an intermediary example.  
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The presence of active seafloor hydrothermal 

vents enables sampling of ‘ore-forming’ fluids and 
corresponding linings of ‘black smoker’ chimneys, 
where minerals precipitate directly from high-
temperature hydrothermal fluids. If predictable 
relationships between the trace element contents of 
‘black smoker’ fluids and these minerals can be 
identified, then trace element contents of chimney 
linings can be used as proxies for vent fluid 
composition and may record changes in hydrothermal 
activity over time. 

Here, we present new investigations of trace 
element partitioning in chalcopyrite along the 
innermost linings of ‘black smoker’ chimneys. High-
spatial resolution analyses of trace elements in 
chalcopyrite were carried out by secondary ion mass 
spectrometry (SIMS) calibrated against picked 
separates of mineralogically and geochemically 
homogeneous linings that were analyzed by solution 
high-resolution inductively-coupled-plasma mass 
spectrometry (HR-ICPMS). Mineral trace element 
contents are being compared with chemical 
(including trace element) analyses of corresponding 
hydrothermal fluids and calculations of aqueous 
complexing. 

Preliminary results indicate that for most sampled 
‘black smoker’ chimney linings, chalcopyrite in each 
lining is characterized by homogeneous distributions 
of Ag and Mn. Several chimney linings contain 
chalcopyrite that is homogeneous with respect to Co 
or Zn.  In a few samples, chalcopyrite is 
homogeneous with respect to As or Cd.  A small 
number of the linings are sufficiently homogeneous 
for use as working standards, and in developing 
SIMS calibration curves using HR-ICP-MS analyses 
of picked minerals. 

Comparisons between chimney lining and 
corresponding fluid compositions reveal a strong 
correlation between the Ag content of chalcopyrite 
and the Ag:Cu ratio of the hydrothermal fluid, 
supporting that trace element/carrier element ratios 
play a dominant role in determining mineral trace 
element concentration. Positive linear trends, but with 
significant outliers, are observed between 
concentrations of Co, Mn, and Zn in minerals and in 
fluids (ratioed to carrier element).  This scatter points 
to the importance of aqueous complexing at in situ 
conditions affecting partitioning between ‘black 
smoker’ fluids and minerals. 
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Release of ferric iron by magnetite breakdown 

during subduction of serpentinised ultramafic rocks 
has the potential to oxidise the deep Earth and/or the 
sub-arc mantle because ferric iron can oxidise other 
elements.  However, so far, there is no consensus on 
the oxidation state of fluids released during 
subduction of ultramafic rocks.   

A comparison of opaque phase assemblages in 
subducted samples from a magma-poor rifted margin 
and supra-subduction zone geodynamic settings was 
undertaken to look for evidence of changes in ferric 
iron content as a consequence of subduction, and as a 
function of geodynamic setting.   Thermodynamic 
calculations in the system Fe-Ni-O-H-S and Fe-Ni-O-
S at the pressures and temperatures of interest were 
used to constrain oxygen activities and fluid 
compositions. 

Samples from New Caledonia, which exemplify 
supra-subduction zone mantle, contain awaruite 
(FeNi3) and equilibrated with hydrogen-dominated 
fluids at oxygen fugacities less than FMQ (quartz-
fayalite-magnetite).  In contrast, samples from the 
Zermatt Saas ophiolite, Western Alps, which 
represent mantle from a subducted magma-poor rifted 
margin, contain magnetite plus sulfur-rich phases 
such as pyrite (FeS2), and are inferred to have 
equilibrated with water-rich fluids at oxygen 
fugacities greater than FMQ.   This major difference 
is independent of differences in subduction pressure-
temperature conditions, variation in peridotite 
protolith composition, or the nature of adjacent units.  
We propose that the Zermatt-Saas samples would 
have undergone more complete serpentinisation prior 
to subduction than the supra-subduction zone (SSZ) 
New Caledonian samples, and would have contained 
less awaruite prior to subduction than the SSZ 
samples.  This difference explains the different fluid 
compositions, because awaruite-bearing assemblages 
buffer fluid compositions to hydrogen-rich 
compositions. 

Thus, the redox contribution of subducted 
ultramafic rocks to the deep Earth and sub-arc mantle 
depends on the extent of protolith serpentinisation, 
and, therefore, on the pre-subduction geodynamic 
setting.   
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Arsenic (As) contamination have been 

chronically reported since 1994 in ground and river 
waters of the Hokusetsu area, Osaka, Japan. In order 
to asses the spread of As contamination and its 
origins, a broad geochemical investigation of river 
waters and bed sediments have been conducted. 
Former studies have targeted sulfides hosted in 
Mesozoic to Paleozoic sedimentary rocks as the 
source of As[1]. Upon the sulfide hypothesis, As and 
the associated trace elements in the sulfides in the 
sedimentary rocks and the nearby ore deposits related 
to Late Cretaceous granitic magmatism were 
compared to document the genetic relationship 
between As-bearing minerals and numerous 
xenothermal and mesothermal ore deposits of the 
area. 

The geochcemical mapping of As was achieved 
through ICP-MS analysis of river water and alkali-
fused bed sediments. Imaging of As and trace 
elements within the sulfides from sedimentary rocks, 
contact-metamorphosed rocks and ore deposits were 
compared using LA-ICP-MS. 

The As contamination was restrained to the 
sedimentary rocks around an igneous intrusion, but 
the most contaminated waters appeared nearby faults. 
It is likely that the dissolution of As-bearing sulfides 
by groundwater was enhanced by the increasing 
surface contact of the sheared host-rocks. The As 
level of water was lower in the area of sedimentary 
rocks indurated by contact-metamorphism than in the 
area of non-metamorphosed sedimentary rocks, 
probably due to the potential dissolution rate of As-
bearing sulfides. 

In the contaminated areas, sulfur isotopes 
confirmed that the disseminated sulfides (mainly 
pyrite, pyrrhotite and chalcopyrite) in the contact-
metamorphosed rocks were induced by the igneous 
intrusion. Ni and Co were found in these 
disseminated sulfides and in some felsic magma 
related ore deposits, corroborating the common 
origins. But some sulfides in the Paleozoic 
sedimentary rocks were related to the submarine 
hydrothermal ore deposits. As was detected in both 
kinds of sulfides, and also in Mn-hornfels likely from 
Paleozoic times and later metamorphosed by the 
Cretaceous magmatic activities. 

 
[1] Ito et al. (2003) J. Groundw. Hydrol 45, 3-18. (In 
Japanese with english abst.) 



Goldschmidt Conference Abstracts 780 

Modelling the dilution of 
radioactive contamination in 

sediment transiting Fukushima 
coastal rivers (2011-2015) 

OLIVIER EVRARD1, J. PATRICK LACEBY1, YUICHI 
ONDA2, YOSHIFUMI WAKIYAMA3, IRENE LEFEVRE1 
1Laboratoire des Sciences du Climat et de 

l’Environnement (LSCE), UMR 8212 
(CEA/CNRS/UVSQ), Université Paris-Saclay, 
Gif-sur-Yvette, France 
(olivier.evrard@lsce.ipsl.fr) 

2Center for Research in Isotopes and Environmental 
Dynamics, University of Tsukuba, Japan 

3Institute of Environmental Radioactivity, University 
of Fukushima, Japan 

 
The accident that occurred at Fukushima Dai-ichi 

nuclear power plant in March 2011 led to the 
formation of a 3000-km² radioactive contamination 
plume with cesium (137Cs) levels exceeding 1000 kBq 
m-2. Cesium is preferentially bound to fine particles 
that are preferentially eroded and supplied to river 
systems. As decontamination operations have started 
in theis region, it is crucial to investigate whether 
these remediation works have an impact on the 
contamination levels measured in sediment transiting 
rivers of the region.  

Distribution models were used to quantify the 
relative contributions from two end-members, i.e. 
initial cesium contamination and soils depleted in 
cesium, to contaminated sediment in two catchments 
(Mano and Niida Rivers) characterised by different 
timing of decontamination operations. Models were 
applied to 41 locations surveyed every 6 months in 
these two catchments (327 sediment samples) in the 
five years that followed the accident, from November 
2011 to November 2015.  

The results show that there has been a sharp 
decrease of cesium levels in sediment transiting the 
coastal plains between 2012 (μ 94%, σ 3% of initial 
levels) and 2015 (μ 10%, σ 9%). The occurrence of 
typhoons and the progress of remediation works 
along the tributaries of the Niida River resulted in 
temporary increases of local contamination levels. 
However, the mean contamination levels recorded in 
coastal plain sediment in November 2015 (μ 14%, σ 
6% of initial contamination) show that the much of 
easily erodible contaminated material has already 
been removed by decontamination or eroded, and 
transported to the Pacific Ocean. In future, the 
relative contributions of remediation works and 
heavy floods to the dilution of cesium contaminated 
sediment should be investigated through the use of 
spatially-distributed soil erosion models.  
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Island arcs are one of the primary sites of 
generation of new continental crust, and are also key 
locations to understand the proportion of subducted 
sediment incorporated into the source of arc lavas 
versus recycled deep into the mantle. The Kohistan 
complex (northeastern Pakistan) preserves a ~50 km 
thick cross-section through a Jurassic–Cretaceous 
island arc that is renowned as one of the best-exposed 
and most complete sections through an exhumed 
island arc. It affords a rare opportunity to study the 
chemical and isotopic evolution of island arc 
magmatism, from subduction initiation, through intra-
oceanic subduction, to arc–continent collision.  

In this study, we investigate the ultramafic–mafic 
Jijal Complex, which preserves part of the plutonic 
roots of the Kohistan island arc complex formed over 
~20 Ma of intra-oceanic subduction. We characterise 
its mantle source using in situ LA-MC-ICPMS 
determination of the Hf isotope composition of rutile 
from mafic lithologies, which are zircon-free. This 
work exploits the superior sensitivity of the Neptune 
Plus, coupled with an improved analytical protocol, 
to improve precision of this novel technique and 
permit in situ analysis of rutile with only ~10–30 ppm 
Hf.  

The analysed Jijal Complex samples are garnet-
bearing gabbros and garnet-hornblendites with 
variable development of paragonite–quartz–epidote 
reaction textures attributed to interaction with 
residual hydrous melts. Rutile occurs included in 
early-formed minerals such as clinopyroxene and 
garnet, indicating crystallisation at high pressures and 
temperatures. Rutile from all samples has 
indistinguishable Hf isotope compositions close to 
depleted mantle, irrespective of the degree to which 
samples have interacted with residual melt. The new 
Hf isotope data for Jijal Complex rutile will be 
integrated with existing zircon Hf isotope data for 
other parts of the arc and published whole rock Nd–
Sr–Pb isotope data. We aim to constrain the quantity 
and source of the limited enriched component in 
these arc magmas through time, documenting the 
evolution of the mantle source of this classic island 
arc complex during the early phases of subduction. 
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Sediment bulk parameters and lipid biomarkers 

were identified from thirthy-three surface sediment of 
RAMSAR gazetted mangrove forest reserved in Johor, 
Malaysia. The total extractable organic matter in the 
surface sediments in this mangrove ecosystem is 
predominantly from natural origin. n-alkanes (odd to 
even; C13-C33; Cmax: C27, C29, C31), n-alkan-2-ones 
(odd to even; C23-C35; Cmax: C31), n-alkanals (C18-C28; 
Cmax: C26) and n-alkanols (even to odd; C16-C28; 
Cmax: C28) suggested input of epicuticular higher 
plant waxes. Occurance of triterpenoids (i.e. friedelin, 
taraxerol, α- and β-amyrins), sterols (i.e. sitosterol, 
stigmasterol) and high abundances of long chain n-
alkanoic acids (> 20) in most sediment also reflect 
large amount of land-plant input to the sediment. 
Relatively high levels of bacteria fatty acid markers 
and low TOC: TN ratio in certain coastal area stations 
suggest that bacteria also contributed to the organic 
matter in this ecosystem. Presence of cholesterol 
(C27) and brassicasterols (C28) indicate that 
phytoplankton/ algal derived organic matter is 
pronounced in certain coastal and estuarine sediment. 
Existance of UCM together with CPI and Pr/Phy ≤ 1 
indicated the presence of petrogenic contamination in 
a few coastal stations.  Furthermore, coprostanol is 
present in some sediment indicating the contribution 
of domestic untreated sewage run-off in the 
environment. Consistent with the above observations, 
the δ13C and δ15N values indicate mixture of 
terrestrial and marine sources in the sediment organic 
matter. The spatial pattern of TOC/TN, δ13C and δ15N 
are similar. The values are low in the river mouth and 
coastal area, suggesting potential sinking pool of 
organic matter within the area. 
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Many Ca-Al-rich inclusions (CAIs) in Vigarano-
like carbonaceous (CV) chondrites exhibit mineral 
replacement textures reminiscent of metasomatic 
alteration in terrestrial igneous rocks.  The primary 
minerals of CAIs form by a combination of 
condensation, evaporation, melting and 
crystallization at high temperatures (>1400 K) in the 
solar nebula and preserve the oldest ages that have 
been determined for rocks of our solar system [1,2].  
CAIs were subsequently accreted with other 
components of chondrites into planetesimals, where 
they underwent fluid-assisted metamorphism [3,4].  
Type B CAIs have coarse-grained primary minerals 
(100s of µm across), allowing clear textural 
distinction of secondary veins and replacement 
features.   

In the CV3 Allende, secondary features include: 
(1) replacement of primary melilite by fine-grained 
sodalite, nepheline, Fe-bearing spinel, and laths of 
dmisteinbergite [5]; and (2) grossular-rich veins that 
extend into the CAI interiors [3]. The secondary rim 
formed during metasomatic introduction of Na, K, Cl 
and Fe into the CAIs and loss of Ca.  The grossular-
rich veins are dominated by Ca-Al-silicates, such as 
grossular, monticellite and wollastonite, consisting of 
elements that also occur in neighbouring primary 
minerals.  However, mass balance calculations 
suggest that some Ca was lost from the CAIs during 
vein formation.  Most textural replacement occurs in 
primary melilite, leaving primary anorthite only 
weakly altered.   

The alkali-FeO alteration of the CAI rims and 
grossular-rich veins extending into CAI interiors 
share a similar geometry (although on a  different 
scale) with subgreenschist to greenschist facies 
metamorphosed pillow basalts of the Slate Creek 
Complex (SCC), California, USA.  In the SCC pillow 
rims, relict pyroxene and feldspar phenocrysts are 
replaced by fine-grained chlorite and muscovite, 
respectively [6].  Epidote-rich veins extend into the 
pillow interiors, where relict pyroxene is preserve and 
feldspar has been albitized.     
 
[1] Krot A.N. et al (2009) GCA 73: 4963-4997.  [2] 
Connelly J.N. et al (2012) Science 338: 651-655.  [3] 
Fagan T.J. et al. (2007) Meteorit. Planet. Sci. 42: 
1221-1240.  [4] Doyle P.M. et al (2015) Nature 
Commun. 6:7444.  [5] Brearley A.J. et al (2014) 
LPSC 45: #2287.  [6] Fagan T.J. and Day H.W. 
(1997) Geology 25: 395-398.    
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Over the last two centuries, mining activities have 
produced anthropogenic aerosols enriched in metals 
or metalloids (As, Sb). In this study the geochemical 
composition of continental sediments is measured to 
highlight the anthropogenic contamination due to the 
exploitation of antimony-bearing ores along the NE 
coast of Corsica. Sediment cores have been retrieved 
by gravity and piston coring along a 2 km W-E 
transect from the old Meria mine downward the coast 
in order to record the timing and spatial distribution 
of the pollution. Major and trace elements 
concentrations have been measured by mass 
spectrometry (ICP-MS), neutron activation (INAA) 
and XRF core scanner in order to have continuous 
data. The chronological framework is derived from 
14C, 210Pb and 137Cs data. At 2 km downstream the 
mine a 1.5 m gravity core covers the 300 years and is 
characterized by a high concentration of Sb (300 to 
1800 ppm) and As (100 to 300 ppm). Their maximum 
concentration is consistent with the opening of the 
mine (70 cm, 1835 AD). However the metal 
contamination remains high even after the closure of 
the mine (1913 AD), suggesting persistent 
contamination due to reworking and erosion of 
mining wastes for more than 50 years.  
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The watersheds of small mountainous rivers 

(SMRs) have the highest denudation rate in the 
world, and their role in global sediment and carbon 
cycle has caught increasing concern in the past two 
decades. Of these active high-standing islands, 
Taiwan stands out for its extreme rates of uplift and 
denudation (5~7 mm yr-1), a surpassing high 
sediment yield (~9,500 t km-2 yr-1), and the 
uppermost efficiency of sediment delivery from the 
mountain highest (~4,000 m) to the ocean deepest 
sites (> 5,000 m). As the largest river in Taiwan 
(3,257 km2), Gaoping River (GPR) annually carries 
7.4 km3 of water and 1,100 Mt of suspended 
sediment into the sea. Most of them are flushed on 
land and dumped into the Gaoping Submarine 
Canyon (GPSC) by the ways of episodic hyperpycnal 
flow and turbidity current, concentrating on a few 
hours or days during typhoon strikes in each wet 
season. Characterized by its huge amount and high 
efficiency of sediment delivery, Gaoping dispersal 
system has been extensively studied through multi-
disciplinary methods in the recent decade to unravel 
the complex processes and mechanisms governing 
sediment transport from source to sink, and strata 
formation on the active continental margin. Here we 
present the results of clay mineral analyses on the 
surface and short-core sediments collected from the 
Gaoping river-sea system. The high consistency of 
clay-mineral compositions within the system mirrors 
weak weathering process and relatively homogenous 
parent rocks in the drainage basins. It is further 
attested by lower values of illite crystallity and illite 
chemical weathering index, both denoting a weak 
chemical weathering regime. Besides the main 
sediment dispersal pattern along the submarine 
canyon, we reveal another important sediment-
routing path, parallel to the contour line along the 
lower continental slope. It is further demonstrated 
that the contour-parallel sediment redistribution is 
controlled by the ocean circulations of SCS warm 
currents and Kuroshio branch currents. It is attested 
for the first time from the sedimentary records the 
decadal variability in the Kuroshio intrusion. 
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Bayan Obo deposit is the largest REE resource, 

and the second largest Nb resource in the world. Due 
to the complicated element/mineral compositions and 
involving several geological events at the north 
margin of the North China Craton, the REE, Nb and 
Fe enrichment mechanism and genesis of this giant 
deposit still remain a topic of intense debate. The ores 
are mostly hosted in the massive dolomite, and also 
nearly 100 carbonatitic dykes occur in the vicinity of 
the deposit. The origin of this ore-hosting dolomite 
has been proposed for various models, ranging from a 
normal sedimentary carbonate rocks to volcano-
sedimentary sequence, and a large carbonatitic 
intrusion. The existing petro-geochemical evidences 
show that the coarse-grained dolomite represents a 
Mesoproterozoic carbonatite pluton and the fine-
grained dolomite resulted from the extensive REE 
mineralization and modification of the coarse-grained 
variety. The ore bodies occur as large lenses and 
underwent more intense fluoritization and 
fenitization. The fluids involving in the REE 
mineralization at Bayan Obo might be REE-F-CO2-
NaCl-H2O system. The traped REE-carbonates solids 
in the fluid inclusions suggested that the original ore-
forming fluids were very rich in REE, and therefore, 
had the beneficially potential to produce economic 
REE ores at Bayan Obo. Various dating methods 
gave different mineralization ages at Bayan Obo, 
resulting in long and hot debates. Available 
geochronologic data suggested that the REE 
mineralization was rather variable with two peaks at 
~1400 Ma and 440 Ma. The early and main 
mineralizing peak closed in time to the intrusion of 
the carbonatite dykes. A significant thermal event at 
~440 Ma resulted the late-stage veining with coarse 
crystals of REE minerals. The Bayan Obo deposit is a 
product of mantle-derived carbonatitic magmatism at 
ca. 1400 Ma, which was likely related to the breakup 
of Columbia. Some remobilization of REE occurred 
due to subduction of the Palaeo-Asian oceanic plate 
during the Silurian, forming weak vein-like 
mineralization. 
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Since last century, a large amount of radiocesium 

released from atomic weapon tests and nuclear 
accidents was directly introduced into environment 
through atmospheric transportation and deposition on 
land surface soil, discharged into river system by 
erosion effect, and finally released into ocean. In this 
study, the generalized adsorption model for Cs+ was 
employed to estimate the solid-water distribution of 
Cs+ in the river-estuary-ocean system. The results 
confirmed that the capacity of each adsorption sites 
of sediment, i.e., frayed edge site, interlayer site, type 
II site, and planar site, can be precisely optimized 
through Cs+ adsorption isotherm combined with the 
radiocesium interception potential and cation 
exchange capacity.  

According to the model, the main contributor to 
Cs+ adsorption is the frayed edge site due to the very 
low Cs+ concentration in the river-estuary-ocean 
system. The different solid-water distribution of Cs+ 
in the river-estuary-ocean system was majorly 
controlled by the salinity in aqueous phase. 
Therefore, Cs+ should be highly reactive with strong 
adsorptive character to particulate matters in river 
system, whereas a conservative distribution must be 
dominant in ocean with much weaker affinity to 
particulate matters because of the high salinity. 
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In northeast Siberian Arctic, rapid warming have 
been observed and Yana-Indigirka-Kolyma lowland 
located there has a large area. River changes is one of 
key parameters to control material cycling through 
water level changes. From our former work 
(Morozumi, in preparation), we found willow 
growing widely along river, so that willow there can 
be good records of river condition. δ13C and δ15N of 
plants are known as integrated indicators of 
environment, meanwhile plant δ18O is expected to 
record source water isotope ratio. 

This study was conducted in taiga-tundra 
ecosystem along Indigirka river (70.63°N, 147.91°E). 
Three sites in total were set up along mainstream and 
also tributary. In each site, sampling was made at 
three points along a transect from river to land. 
Willow current year shoot were collected, other 
samples including river water, soil water, willow 
stem were collected every 4 days totally 5 times in 
summer, 2015. 

At water logging points, higher willow foliar δ13C 
and δ15N were found. From δ13C and δ15N of willows 
along  transect from river to land, water logging 
range (water level) can be estimated. In summer of 
2015, δ18O value of mainstream was different from 
tributaries, which indicates  tributary had different 
water supplies from mainstream (mainstream water 
level lower than tributaries). In addition, soil water 
δ18O at  nearest location of river was affected by river 
water. Stem water of willow was confirmed to reflect 
soil water δ18O. At the point by the river, δ18O of 
current year shoot along tributary was higher than 
along mainstream. This means δ18O of willow could 
record δ18O of river.  
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Shale gas flowback and produced waters are 
often highly saline and may contain elevated levels of 
trace toxic metals and naturally occuring 
radionuclides. Treatment and proper management of 
these waste fluids will benefit from improved 
understanding of how hydrualic fracturing fluid 
components may promote contaminant leaching from 
the shale reservoirs. Hydraulic fracturing fluids 
commonly contain strong acids in addition to other 
chemical additives that help enhance reservoir 
production. Previous sequential extraction studies 
have demonstrated that most of the trace elements 
including radionuclides and ~90% of total arsenic are 
present in reduced mineral phases.  The addition of 
acids and oxidizers to fracturing fluids can thereby 
contribute to the release of these trace metals and 
radionuclides.  

Two core flooding experiments of synthetic 
hydraulic fracturing fluids through proppant-packed 
fractured shale cores were conducted under reservoir 
temperature and pressure conditions. Substantial 
carbonate mineral dissolution occurred along the 
fracture pathway and the rate of arsenic release 
increased over time. The role of non-uniform 
carbonate mineral dissolution in altering flow along 
the fractures and in controlling dissolution of more 
recalcitrant phases (e.g., arsenopyrite) was 
investigated by a combination of X-ray computed 
tomography and scanning electron microscopy 
(SEM). Post-reaction SEM analysis demonstrated the 
co-occurance of calcite-depleted regions and exposed 
pyrite at the fracture face. These observations 
indicate that erosion of calcite by the acidic fracturing 
fluids increased the surface area of other less soluble 
minerals exposed to the oxic influent fluids. This 
combination of acid-driven and oxidative dissolution 
processes enhanced the rate of arsenic leaching from 
the fractured shale. Future work will seek to quantify 
the expected increase in surface area of pyrite 
framboids in carbonate-rich shales exposed to acidic 
fracturing fluids and estimate effective pyrite 
dissoltuion rates, and subsequent arsenic release, 
during hydraulic fracturing completions.  
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This study presents Sr-Nd isotopic composition 
of the Weihe granite exposed in the Zhangguangcai 
Mountain, NE China, to constrain its petrogenesis 
and to discuss tectonic evolution in NE China during 
the Mesozoic. From previously reported 
geochronologic data, the granite formed mainly 
between about 200 Ma and 180 Ma. In the Harker 
diagram, major element oxides of various rocks have 
a significant linear correlation with silica contents, 
indicating that the rocks likely evolved from 
differentiation of a co-magmatic chamber. They have 
homogeneous isotopic composition with relatively 
low initial 87Sr/86Sr ratios of 0.7033-0.7049 and high 
initial εNd values of 1.3 to 2.5, corresponding with 
two-stage Nd model ages of 880-780 Ma, manifesting 
significant contribution of juvenile crustal material to 
the magmatic source. Furthermore, according to our 
field reconnaissance, there are no large outcrops of 
basic rocks like diorite and gabbro in this region. 
Previously published data of Hf isotopic composition 
have revealed that the Weihe granite contains 
variable zircons with initial εHf values of -6.7 to 
+12.1, suggesting complexity of the magma source. 
We speculate that the magma was partly 
contaminated by old crustal material during its 
emplacement. In conclusion, the main magmatic 
body of the Weihe granite was derived from young 
basic lower crustal section that was differentiated 
from depleted mantle. The lower crust then 
underwent partial melting in early Mesozoic. 
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Microorganisms of the three domains of life 

persist in the deep subseafloor environments. 
However, the depth (pressure) and habitability limits 
of the deep subseafloor life remain poorly constrained 
because of their high resistance to the cultivation in 
the laboratory. In this study, we successfully isolated 
several gram-positive piezophilic bacterial strains and 
characterized two pure-isolates, 19R1-5 and 29R7-12, 
from very deep subseafloor sediment samples (coaly 
shale) obtained at 1,498 m and 2,406 m below 
seafloor, respectively, during IODP Expedition 337 
in the north western Pacific off the Shimokita 
Peninsula, Japan (1,180 m in water depth). The 
isolates were low-GC gram-positive, spore-forming, 
facultative anaerobic piezophilic bacteria. 
Phylogenetic analysis based on the 16S rRNA gene 
indicated that strains 19R1-5 and 29R7-12 were 
closely related to Virgibacillus pantothenticus and 
Bacillus subtilis in the phylum Firmicutes, 
respectively. The growth behaviour and lipid 
chemistry of the isolates were found to notably differ 
from the reference strains. The optimal pressure and 
temperature conditions for growth were 20 MPa and 
45oC for 19R1-5, and 10 MPa and 55oC for 29R7-12, 
which are close to the conditions in situ. This is the 
first report of high-temperature and high-pressure 
adapted piezophilic Firmicutes isolated from the deep 
subseafloor sedimentary biosphere. 
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Quantifying carbonate recrystallization rates in 
marine sedimentary systems is a critical part of the 
process of applying and interpreting geochemical 
proxies. Post-depositional processes can alter proxy-
based interpretations, in some cases creating 
considerable interpretive disagreement that confuses 
our understanding of how the Earth functions. Thus, 
accurately quantifying rates, and understanding the 
extent to which assumptions impact such 
quantification, is necessary to interpret proxy records, 
especially when comparing records from different 
sites.  

The current study interprets recently published 
pore fluid Ca isotope (δ44Ca) data from ODP Sites 
984, 807A, 1170A, and 1171A using a new analytical 
solution to the diagenetic equation. The aim of the 
study is to use the steady state analytical model to 
evaluate the importance of parameters such as 
external advection, porosity, temperature, and burial 
rate on rate quantification and extent of reaction over 
1 Ma time scales. Burial rate, which is shown to be 
important from a mathematical perspective, is often 
poorly resolved with conventional numerical 
approaches. In addition, our approach using an 
analytical solution to the diagenetic equation allows 
for a rapid exploration of parameter space, which is 
also difficult to do using time-intensive forward 
models. 

Using this approach, we constrain bulk carbonate 
recrystallization rates at the silicilastic site (984) to be 
on the order of 1 to 3% Ma-1 over the first 1 Ma; 
extents of recrystallization at 984 vary from 1 to 4%, 
primarily depending on burial rate. This rate is ~20 
times faster than rates inferred previously using finite 
difference approaches. By contrast, recrystallization 
at carbonate-rich sites can be as high as 20 to 40% 
Ma-1, with integrated reaction over 1 Ma as high as 
25%. The consistency of these rates across disparate 
depositional environments suggest that Ca isotopes 
generally demonstrate rapid recrystallization of 
carbonate over 1 Ma time scales. Finally, we use a 
box model approach to demonstrate the impact of 
diagenetic recrystallization, at those depth-dependent 
rates constrained using Ca isotopes, on the 
interpretation of δ18O-based paleotemperatures. 
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Proliferation of population triggers the scarcity of 

food worldwide. The intensive agricultural practices 
reduced the fertility of soil and introduced a number 
of organic and inorganic pollutants in soil and water 
biota. Among different inorganic pollutants heavy 
metals are gaining more attention due to their 
disastrous effects on vegitables, food and cash crops. 
Chromium (Cr) stress is one of the most adverse 
environmental factors that affect plant growth and 
cause food chain contamination. Fulvic acid (FA) is 
known to enhance the growth and production of 
crops, but the studies are scare regarding the 
application of FA on metal tolerance in plants. The 
effects of FA application on alleviating Cr 
phytotoxicity in wheat plants were investigated in a 
pot experiment conducted in sand- and soil-grown 
plants. Three Cr (0, 0.25, and 0.50 mM) treatments in 
the form of K2Cr2O7 were applied in both soils with 
or without foliar application of 1.5 mg L−1 FA. Plants 
were harvested after 4 months of treatments, and data 
regarding growth characteristics, biomass, 
photosynthetic pigments, and antioxidant enzymes 
were recorded. Fig A & B shows the Cr concentration 
alone and in combination with FA in wheat grain, 
leaf, stem and root. Cr stress significantly reduced the 
plant growth and biomass by significantly reducing 
its gas exchange attributes, photosynthetic rate and 
antioxidant enzymes. Similar results were found in 
plants grown in sand media. FA application increased 
plant biomass, photosynthetic pigments, and 
antioxidant enzymes while it decreased Cr uptake and 
accumulation in plants as compared to Cr treatments 
alone. We concluded that FA application contributes 
to decreased Cr concentrations in wheat grains and 
could be used as an amendment when aiming for 
decreased metal concentration in plants. 
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Geochemical and petrological observations 

indicate that recycled oceanic crust is carried to the 
surface by mantle plumes. Here we present laboratory 
experiments and numerical simulations that explore 
how mantle plumes transport, deform and stir 
compositionally denser, or more viscous, 
heterogeneities. We address the following questions: 
(1) How do active heterogeneities modify the axially 
symmetric velocity field of the plume conduit? (2) 
Under which conditions the azimuthal zonation of the 
source region is no longer preserved in the plume 
stem? (3) How do heterogeneities deform during 
upwelling and what is their shape once at 
sublithospheric depths? Our laboratory experiments 
use Particle Image Velocimetry to calculate 
velocities, and liquid crystals to calculate the 
temperature field, whereas  the 3D simulations use 
millions of active tracers to keep track of the 
heterogeneous fluid. For compositionally denser 
heterogeneities we span a range of buoyancy ratios 
(B) and show that for increasing B the heterogeneity 
tends to spread at the base of the plume stem and to 
upwell as a tendril close to the axis, so that the initial 
zonation may be poorly preserved. For intrinsically 
more viscous heterogeneities we span a range of 
viscosity ratios (λ), and find that for increasing λ the 
shape of the heterogeneity transitions from filament-
like to blob-like. Finally, we calculate the transit time 
of heterogeneous material within the plume melting 
zone and discuss the applicability of our results to a 
variety of hotspots, both in the Pacific and in the 
South Atlantic, where geochemical zonation is 
observed.  
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The East Asian Monsoon system plays an integral 
role in human society yet the geological history and 
controls of the monsoon are very uncertain, Using a 
general circulation model (HadCM3L) with state of 
the art paleogeographies [1] and a synthesis of 
geological data we explore the controls on the onset 
and evolution of the monsoon system. 

Our work indicates monsoonal conditions during 
the Early Cretaceous had ceased by the middle 
Cretaceous, re-establishing in the Eocene, 
strengthening to ‘super-monsoon’ conditions by 
Middle Miocene then weakening into the modern 
configuration.  

This evolution is primarily controlled by 
changing paleogeography modifying atmospheric and 
oceanic circulation. In particular the uplift of the 
Himalayan-Tibetan Plataeu acts as a mechanical 
barrier to cold, dry continental north-westerly air 
advecting into the region, replaced by moist air from 
the Indian ocean/South-China Sea. In contrast to 
recent previous work, carbon dioxide variations are 
shown to have little or no control on the onset or 
evolution of the monsoon system. 
 
 [1] Lunt, D. J., Farnsworth, A., Loptson, C., Foster, 
G. L., Markwick, P., O'Brien, C. L., Pancost, R. D., 
Robinson, S. A., and Wrobel, N.: Palaeogeographic 
controls on climate and proxy interpretation, Clim. 
Past Discuss., 11, 5683-5725, doi:10.5194/cpd-11-
5683-2015, 2015. 
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A total of 649 wells were tested for toxic levels of 
As and F and the redox-sensitive indicators NO3, Fe, 
and SO4 using field kits in 5 villages of Punjab 
Province, Pakistan. The villages are distribute along a 
25 km transect southwest of Lahore that runs parallel 
to the Ravi River. Concentrations of As in 72 % of 
wells exceeded 10 µg/L and concentration of  F in 
4% of wells exceeded 1.5 mg/L, both of which are to 
corresponding World Health Organization guidelines 
for drinking water. Overall, groundwater from only 4 
wells contained levels of NO3-N >10 mg/L detectable 
with the kit. Among the 178 wells meeting the WHO 
guideline for As, 31% contained dissolved Fe >1 
mg/L detectable with the kit and 87% contained SO4 
levels >20 mg/L detectable with the kit. Among the 
471 wells that did not meet the WHO guideline for 
As, 55% contained dissolved Fe >1 mg/L and 91% 
contained SO4 levels >20 mg/L. Unlike the previous 
study by Farooqi et al. (2007) further to the 
southwest, there appears to be no association between 
elevated As concentrations and pH or electrical 
conductivity. The new data suggest that the release of 
As in the 5 surveyed villages is associated with 
mildly reducing conditions leading to the reductive 
dissolution of Fe oxides, but without the extensive 
reduction of SO4 documented in groundwater of the 
Bengal basin. One year after testing, 42% of the 
households with a high As well had switched to a 
different well.    
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Phosphate minerals merrillite, Ca9NaMg(PO4)7, 

and chlorapatite, Ca5(PO4)3Cl, recently have been 
found in LL chondrites and are interpreted to form on 
the parent body as a consequence of metamorphism 
to petrologic type 4 conditions and as a result of fluid 
action, respectively [1]. 

We report the occurrence of a 5×15 μm fluorine-
rich phosphate grain in the Cold Bokkeveld CM2 
chondrite. This grain is intimately associated with 
(Na,Mg)-bearing phases and is directly surrounded by 
isopachous zones dominated by phyllosilicate 
(thickness ~5 μm), oxide-admixed Fe,Ni-sulphides 
(thickness ~8 μm), another phyllosilicate layer 
(thickness ~2 μm) and Fe,Ni-sulphides (thickness ~8 
μm). The entire assemblage is embedded in a fine-
grained phyllosilicate matrix including early Ca-
carbonate grains. 

The textural and petrographic characteristics 
suggest that a phosphate (probably merrillite) formed 
during reaction of primary Ca-carbonate and/or a Ca-
rich silicates with a P-rich Fe,Ni-sulphide phase. This 
may have happened during early stages of parent 
body formation and not as a consequence of later 
mild metamorphism as in the case of the LL 
chondrite parent body. Further textural and 
compositional relations indicate character and timing 
of Fe-oxide-sulphide petrogenesis. Later partial 
replacement, possibly during metamorphism, of a 
phosphate (probably merrillite) by apatite with F:Cl 
ratio of ~15:1 indicates extremely F-rich fluids acting 
on the CM chondrite parent body. 
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Terrestrial manganese minerals can form either 

abiotically or biogenically at low temperature, e.g., in 
deep-sea nodules, rock varnish, or diagenetic phases. 
Manganese silicates, oxides, and carbonates also 
form readily at high temperature in igneous and 
metamorphic environments. Manganese is an 
important trace element in critical enzymes in all 
branches of the Tree of Life, and the redox chemistry 
of manganese in the sedimentary record influences 
various earth history climate change and oxygenation 
debates. 

Manganese is relatively abundant in the Martian 
regolith (commonly ~0.45% [1], rare rock samples 
reaching 6.7 wt% MnO [2]). It should be anticipated 
that manganese oxyhydroxides, or other manganese 
minerals, will eventually be identified on the Martian 
surface, and their potential biogenicity will be 
critically scrutinised. 

Kim et al. [3] suggest that electron paramagnetic 
resonance (EPR) spectral signatures can distinguish 
between abiotic manganese oxides that produce broad 
linewidths ranging from 1200 to 3000 G and biogenic 
manganese oxides that exhibit narrower EPR spectral 
linewidths of about 500 G. 

We extend this Mn-mineral EPR spectral 
database and analyse a variety of abiotic and likely 
biogenic samples. We also extend EPR 
characterisation to manganese sulphides and silicates 
in addition to manganese oxyhydroxides.  

It is clear that ferromagnetic resonance effects of 
trace iron oxide components within all classes of 
manganese minerals have potential to confound the 
EPR manganese mineral signal. However, other 
magnetic measurements might account for and 
correct these effects.  

Detailed EPMA study of deep-sea manganese 
nodules in context of EPR spectra suggests that EPR 
offers particular power for understanding manganese 
redox in the Earth’s recent and ancient 
biosedimentary record. 
 
 [1] Kieffer et al. (1992) In: Mars, 1–33; [2] Lanza et 
al. (2015) Lunar Planet. Sci., 46, 3893; [3] Kim et al. 
(2011) Astrobiology, 11, 775–786. 
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Calcium carbonate precipitation induced through 

urea hydrolysis (ureolysis) has been widely 
investigated for use in engineering applications such 
as concrete remediation, wellbore integrity and CO2 
sequestration [1]. While much of the literature 
focuses on microbially-induced CaCO3 (MICP) 
precipitation, the urease enzyme responsible for urea 
hydrolysis is synthesized by many organisms in 
addition to bacteria, including plants, algae and fungi 
[2]. The present study therefore aims to expand upon 
successful biomineralization sealing technologies 
through investigation of further urease enzyme 
sources for utilization under a wider range of 
environmental conditions. Expanding the range of 
temperatures, pressures and chemical conditions 
under which ureolysis driven mineral precipitation is 
applicable will allow for broader use in 
environmental engineering applications such as 
enhanced oil recovery, deeper wellbore integrity and 
coal combustion remediation. 

While enzyme purification methods are abundant 
in the literature for sources of urease from plants such 
as jack bean, soy and pigeonpea, jack bean meal has 
been utilized as a lower cost, crude source of urease 
in initial permeability and kinetic studies. These 
experiments have been undertaken to determine high 
temperature abiotic CaCO3 precipitation at 
temperatures in which traditional mesophiles utilized 
in MICP are unsuitable. Permeability has been shown 
to be reduced by one order of magnitude in sandstone 
cores subjected to jack bean, calcium and urea pulses 
at 60°C, while kinetic batch studies between 20°C - 
80°C demonstrate that urea hydrolysis follows a first 
order rate with k constants between 0.07 – 0.60 mol l-

1 h-1. The fastest rates occur at 60°C with enzyme 
inactivation beginning to occur when jack bean has 
been exposed to 80°C for extended periods of time. 
At temperatures > 90°C thermally induced urea 
hydrolysis has the potential to be utilized for CaCO3 

precipitation while investigation into ureolytic 
thermophillic fungi for use at high temperatures is 
also being investigated. 

 
 

[1] Phillips et al. (2013) Biofouling 29, 715-733. [2] 
Krajewska (2009) J. Mol. Catal. B: Enzym. 59, 9-21. 
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Anaerobic oxidation of methane (AOM) 
mediated by a consortium of archaea and bacteria is 
known from many modern marine sediments. Besides 
the process of AOM, the formation of authigenic 
carbonate phases, i.e. dolomite, aragonite and high-
Mg calcite, is provoking early stage diagenesis. The 
aim of this research is to study this process – AOM 
and formation of early diagenetic carbonates – in 
Sub-Recent to Recent cold-water coral (CWC) 
carbonate mounds. Usually, CWC carbonate mounds 
are carbonate build-ups on the continental slope at 
intermediate water depth (below the photic zone), 
composed by framework builders (cold-water corals), 
pelagic ooze and detrital material. AOM in CWC 
carbonate mounds is thought to alter the primary 
environmental record at an early stage. CWC 
carbonate mounds in the Gulf of Cadiz offer a unique 
opportunity to study feedback mechanisms between 
biogeochemical processes and primary mound growth 
phases. To understand how AOM activity and its 
associated early diagenesis vary spatially and 
temporarily through a mound structure and how it 
affects its petrophysical character, we studied three 
gravity cores originating from CWC carbonate 
mounds on the Pen Duick Escarpment in the Gulf of 
Cadiz, Morocco. A detailed analysis of lipid 
biomarker content and isotopic composition reveals a 
record of past and present AOM activity along the 
core. Parallel to this field approach, the major focus 
of the study is to subject carbonate mound sediments 
originating from the Gulf of Cadiz to an environment 
representative for CWC carbonate mound systems 
under defined laboratory conditions. This will be 
done by means of an in-house designed sediment-
flow-through-system. Artificial seawater enriched in 
methane gas will flow continuously through cells of 
sediment. The sediment will be incubated for AOM 
and sulfate reduction (SR). Over time the cells will be 
visualized in 3D for changes in mineralogy, porosity 
and permeability by means of multi-scaled 
nanotomography to assess the nature of early 
diagenetic processes in response to AOM activity. 
Microbial activity will be assessed by monitoring 
methane and sulfate consumption, quantification of 
living cells of methane consuming archaea and 
sulfate reducing bacteria (SRB) and lipid biomarker 
analysis.  
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Hydrothermal convection of ambient fluids can 

induce significant cooling of as well as mixing with 
magmatic fluids in the upper crust, both being 
potentially efficient mechanisms driving ore 
deposition. Fluid inclusion evidence from the tin-
mineralized Yankee Lode (Mole Granite, Australia) 
deposit suggests that meteoric water incursion into 
the evolving mineralizing magmatic-hydrothermal 
system triggered cassiterite precepitaion. To trace 
meteoric water interaction in the Yankee Lode, we 
carried out high resolution, in situ oxygen isotope 
measurements (SIMS analyses) in combination with 
scanning electron microscope cathodo-luminescence 
(SEM-CL) imaging on a previously well-studied 
quartz crystall. Growth temperatures are provided 
from texturally controlled fluid inclusion studies by 
Audétat et al. (1998) [1]. Calculated δ18O values of 
the fluid over successive quartz generations decrease 
from magmatic isotopic composition with δ18O 
values of ~10 ‰ to very light  δ18O values of about -
15 ‰. The main cassiterite formation event agrees 
with a progressive drop in the fluid’s δ18O value 
demonstrating that tin precipitated from a hot saline 
magmatic fluid upon gradual inmixing of cooler 
meteoric water. 

In contrast, porphyry copper ore formation has 
been linked to entirely magmatic fluids and meteoric 
water incursion has generally been attributed to 
peripheral parts of the system or post-ore stages. 
However, recent numerical simulations imply a 
significant role of meteoric water for the copper 
enrichment processes. After validation of the 
methodology with the Yankee Lode sample, we will 
also apply it to hydrothermal quartz samples from 
two significant porphyry copper deposits (Bingham 
Canyon, USA and Elatsite, Bulgaria) to investigate a 
potential role of meteoric water incursion in porphyry 
copper ore precipitation. 
 
 [1] Audétat, Günther & Heinrich (1998), Science 
279, 2091-2094. 
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Globally, rice is the staple food, with more than 
50% of the global population consuming rice daily. 
Unfortunately rice productivity is postulated to 
decrease drastically due to climate change. Rice 
productivity models for the year 2100 are based on 
higher annual temperatures and doubled atmospheric 
CO2 concentrations; they do not, however, account 
for the presence of toxic elements, such as arsenic, in 
paddy soils that are abundant in many of the World’s 
largest rice producing regions. However, arsenic is 
being enriched in Asian paddy soils via irrigation 
with arsenic-bearing ground water, while other toxic 
elements are being added through fertilizer, mine 
wastes, and coal burning. Within the soil, arsenic 
moves between the soil solution and the solid phase 
as a consequence of the prevailing biogeochemical 
conditions. The mobile fraction of arsenic is easily 
taken up by rice plants and enriched in the grain, 
thereby not just reducing rice productivity but also 
grain quality. 

We investigated how the two main parameters of 
climate change, namely a postulated increase of 
temperature by 5°C and doubled concentrations of 
atmospheric CO2 in the year 2100, affect the mobility 
of arsenic in paddy soils. We show that under the 
environmental conditions of 2100, arsenic is 1) more 
volatilized to the atmosphere, and 2) mobilized in the 
pore water. To further understand the underlying 
biogeochemical  differences between today’s and 
2100’s dynamics of arsenic in paddy soils, we 
supportingly quantified differences in solid and 
porewater iron, manganese, sulfur, and organic 
carbon, as well as changes in greenhouse gas 
emissions and soil microbial community abundance 
and activity.  

The data presented here allows to more precisely 
predict the dynamics of arsenic in paddy soils in the 
future. It further lays the groundwork for 
investigating how much and what type of arsenic will 
be taken up by rice and accumulated in the grain – 
allowing more accurate predictions of future rice 
grain production and quality.  
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Marine sediments at continental margins seep 

substantial amounts of methane. Microbial oxidation 
of the methane, the so-called sulfate-driven anaerobic 
methane oxidation (AOM), can support the growth of 
chemosynthetic communities and result in the build-
up of authigenic carbonate close to the seafloor. 
However, it is difficult to trace back the activity of 
ancient sulfate-driven AOM owing to the lack of 
direct records. Here, we investigated oxygen and 
sulfur isotopes of CAS in authigenic carbonates from 
modern hydrocarbon seeps of the Gulf of Mexico, the 
Black Sea, and ancient seeps of the northern Italy 
(Miocene) and western Washington, USA (Eocene). 
Our data demonstrate that all deposits regardless of 
ages and locations have a relatively constant δ18OCAS 
versus δ34SCAS slope. Through a comparison with the 
literature, we suggest that the CAS in seep carbonates 
record the pore fluid sulfate’s isotopic signals in 
fidelity. The δ18O and δ34S of CAS in seep-related 
carbonate appears to be a robust tool that can be used 
to track back the evolution of sulfate-driven AOM 
through the geological record. 
 
Acknowledgment: Funding was provided by the NSF 
of China (Grants: 41373085 and 41422602). 
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Ca isotopic compositions of sixteen Ca-bearing 

USGS geological reference materials including 
igneous and sedimentary rocks are reported. Ca 
isotopic compositions were determined in two 
laboratories (GPMR: State Key Laboratory of 
Geological Processes and Mineral Resources, China 
University of Geosciences, Wuhan and CIG: Center 
for Isotope Geochemistry, University of California, 
Berkeley) using 42Ca-48Ca double spike technique by 
thermal ionization mass spectrometry. As opposed to 
common cation exchange resin, a micro-column filled 
with Ca selective resin (DGA resin) was used to 
achieve high recovery (> 96%) and efficient 
separation of Ca from the sample matrix. The long-
term reproducibility was evaluated at 0.14‰ (2s) for 
δ44Ca at GPMR, based on replicate measurements of 
pure Ca reference material NIST SRM 915a, NIST 
SRM 915b and seawater. Overall, the measurement 
uncertainties in both laboratories were better than 
0.15‰ at 2s level. Where comparison is available, the 
Ca isotopic compositions of USGS reference 
materials are not only in agreement between GPMR 
and CIG (Fig. 1) but also in agreement with 
previously published data within quoted 
uncertainties. The comprehensive dataset reported in 
this study serves as a reference for both quality 
assurance and inter-laboratory comparison of high 
precision Ca isotopic study. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Comparison of Ca isotopic compositions 
of USGS reference materials measured in CIG and 
GPMR. Error bars represent 2 standard deviations 
(2s) of each measurement. 
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VESPERS beamline is a hard X-ray microprobe 

beamline at the Canadian Light Source dedicated to 
X-ray micro-diffraction (μXRD), X-ray micro-
fluorescence (μXRF), and micro X-ray absorption 
spectroscopy (μXAS) studies. The beamline offers 
four widely differing bandwidths, ~0.01%, ~1.6%, 
~10%, and fully polychromatic beam, which allows 
to simplify the Laue diffraction analysis, to optimize 
XRF excitation, and to enable X-ray absorption 
spectroscopy measurement. The energy range 
provided by the beamline covers 6-30 keV.  

The set of techniques provided by the beamline 
enables the determination of  elements, mineral 
phases, and chemical speciations for a local micron-
sized area, which is particularly useful for the 
inhomogeneous sample. The mapping capability is 
available using both XRF and XRD, especially 
micro-Laue-diffraction, simultaneously or 
consequently, to obtain the spatial distribution of 
elments, phases, and speciations.  

The beamline is in operation for years and has a 
strong user community in geochemistry and 
environmental science. Some case studies in these 
research fields will be presented. 
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Fine airborne particulate matters (PM2.5) were 

collected weekly at four remote sites in China. The 
averaged mercury (Hg) concentrations in PM2.5 at 
the studied sites ranged from 18.9 to 46.1 pg m-3, 
which are 2-5 times greater than that observed from 
the North America and Europe. We identified that 
long-range transport from industrial and urbanized 
areas played a primary role in distribution of Hg in 
PM2.5 in remote areas of China. Hg in PM2.5 overall 
displayed negative δ202Hg values ranging from -2.5‰ 
to -0.30‰. Hg isotopes fractionation during 
atmospheric transformation including oxidation of 
Hg0 in the atmospheric followed by gas-particle 
partitioning could induce negative shift in PM2.5 
δ202Hg values. We also observed significant mass 
independent fractionation (MIF) in PM2.5 with 
∆199Hg values ranging from -0.20‰ to 1.17‰. As 
most of high PM2.5 Hg samples were directly related 
to anthropogenic Hg emission in mainland China, we 
suggest that PM2.5 released from anthropogenic 
sources of China were characterized by ∆199Hg values 
near zero. Atmospheric processes including oxidation 
of Hg0 and photo reduction of PM2.5 Hg are thought 
to drive isotopic composition of PM2.5 Hg toward 
high positive ∆199Hg values. 
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Revolutionary New Method 
As one of the largest production of shale gas 

block in China, the Changning Gasfield is also the 
area with the heaviest δ13C1 values among the 
published data in the world [1-2].  

Figure 1: Relationship of δ13C1 and wetness of shale gas 
 
Discussion of Results 
The molecular composition of Longamaxi shale 

in Changning Gasfield is mainly hydrocarbon, in 
which the methane accounts for 97.11% to 99.8%, 
and with no butane, no or only trace propane (0–
0.03%) and small amounts of ethane ranging from 
0.09% to 0.59%; the average gas wetness is 0.49% on 
average that represent typical dry gas. 

The	  carbon	  isotopic	  values	  are	  characterized	  
by	  δ13C1>δ13C2>δ13C3,	  and	  δ13C1	  values	  range	  from	  
-‐31.3‰	  to	  -‐26.7‰,	  with	  an	  average	  of	  -‐28.2‰	  
that	  is	  one	  of	  the	  heaviest	  δ13C1	  values	  among	  the	  
published	  data	  in	  the	  world;	  when	  the	  wetness	  
around	  of	  8%	  and	  4.8%,	  ethane	  and	  propane	  
appear	  the	  first	  time	  rollover,	  and	  at	  the	  1.4%	  the	  
second	  rollover	  occur,	  and	  the	  δ13C1	  and	  δ13C3	  
evolve	  along	  a	  parabola	  at	  the	  stage	  of	  post-‐
rollover	  zone[1,	  3].	  

	  
[1]Dai et al. (2014) Organic Geochemistry74, 3-12. 
[2]Wang et al. (2012) ACTA PETROLEI SINICA33, 551-
561. [3]Xia et al. (2013) Chemical Geology339, 205-212. 
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In the south of the Amazonian Craton (North of 
Brazil), west of Santana do Araguaia city, at Vila 
Mandi district, there are extensive effusive and 
explosive Paleoproterozoic volcanic centers. The 
basal Cinco Estrelas Formation is a volcanic center 
with flat topography. It comprises intermediate 
massive lava flows facies materialized by porphyritic 
or aphyric andesite, dacite, and subordinate basalt 
with horizontal magmatic flow foliation. A 
genetically related volcaniclastic facies has mafic 
crystal tuff and lapilli-tuff. The upper Vila Mandi 
Formation is a fissure-controlled volcanic center 
composed of NW-SE massive vertical lava flow 
facies with porphyritic or aphanitic rhyolite and 
dacite; and volcaniclastic facies with ignimbrite, 
felsic crystal tuff, lapilli-tuff, and massive polymictic 
breccia. Associated granitic stocks and porphyries 
dikes also occur. This system hosts several circular 
structures with possible presence of ash flow calderas 
remains, suggesting a multiphase evolution history. 
Centimetric lithophysae and spherulites, convolute 
folding, and zones with pyrite are common. 
Propylitic, potassic, and sericitic hydrothermal 
alteration zones occur in pervasive, selective, and 
fracture-controlled styles. These units are truncated 
by a mafic-carbonatitic complex with pyroxenite, 
ijolite, alkali basalt, syenite and alaskitic carbonatite. 
Unexpected preserved flows of pyroclastic 
carbonatitic units, including accretionary lapilli tuffs, 
surge, proximal breccias and epiclastic deposits are 
also present around the carbonatite intrusion. This 
association produced the supergene Serra da Capivara 
phosphate mineralization. The available data allow to 
compare the studied sequences with others regions of 
the Amazonian Craton and suggest metallogenetic 
potential for epithermal and porphyry-type 
mineralization within andesitic e rhyolitic rocks. 
Although absence of geochronological data, the 
stratrigraphic relationships indicates that the 
carbonatite is Paleoproterozic in age. This opens new 
exploration frontiers for the mineral exploration in 
the Amazonian craton, specially for phosphate and 
REE. 
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Mariculture, or farming of fish and other marine 

organisms in the coastal areas has become one of the 
major sources of food and livelihood in both 
developed and developing countries, but 
unfortunately also a source of water quality 
degradation. In Bolinao and Anda, a coastal 
embayment in the northwestern Philippines, farming 
of milkfish (Chanos chanos) has rendered the waters 
eutrophic with attendant algal blooms, hypoxia, and 
fish kills. In this study, we applied a novel tool, the 
analysis of oxygen isotopes of phosphate (δ18Op), to 
trace the different sources of phosphate, one of the 
decomposition products of fish feeds and other 
mariculture-generated wastes, and evaluated its 
cycling by determining the offset in the measured 
δ18Op values from the expected equilibrium values 
assuming complete oxygen isotope exchange with 
water. We have identified two contrasting end-
member sources of phosphate based on δ18Op 
signatures – freshwater (rivers, 14.4 ± 0.2‰; 
groundwater, 14.8 ± 1.6‰) and fish feed (21.8 ± 
0.4‰). Most of the samples from mariculture areas 
have δ18Op values closer to the fish feed signature 
which confirms that fish feed is the major source of 
nutrients to the mariculture area. The contribution of 
rivers is seen in the lower δ18Op of samples taken 
during the wet season. Measured δ18Op values were 
usually higher than the expected equilibrium values 
indicating that the source signature has not been 
imprinted by complete biological cycling, but 
variations may be related to hydrodynamic and 
biogeochemical processes in the area. 
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The various types of volcanic rocks occur in Afar 

and the floor and escarpment of the northernmost 
Main Ethiopian Rift (NMER). This study presents 
new geochronological and geochemical data sets on 
basaltic lavas in this region to investigate the 
processes of magma formation, and the evolution of 
continental rift. Mafic lavas comprise a variety of 
types (i.e., basalt, basaltic andesite, hawaiite, and 
mugearite), and basalts are dominant. Basaltic rocks 
in Afar and NMER-escarpment regions are 
dominated by sub-alkaline series, whereas NMER-
floor lavas have mildly alkaline to more transitional 
affinity. The NMER basalts were dated by K-Ar 
methods yielding ages between 27 and 0.2 Ma, and 
the lavas from Afar yielded ages of 4.6 to 0.12 Ma. 
The Afar series are isotopically more depleted 
compared to NMER. Within the NMER series, the 
older NMER-escarpment lavas (27–18 Ma) are 
characterized by higher La/Nb, Zr/Nb, Ba/Nb and 
87Sr/86Sr and lower 143Nd/144Nd and 206Pb/204Pb ratios 
than NMER-floor lavas (< 3 Ma). Most of younger 
escarpment (15–4 Ma) show compositional overlap 
with NMER-floor basalts. Pb isotope and trace 
element variations provide evidence for the 
involvement at least three major end-member 
components. The C–1 end-member component is 
represented by most of Afar basalts. The second end-
member component (C–2) is represented by NMER-
floor, younger NMER-escarpment, and a few Afar 
basalts. The third end-member component (C–3) is 
represented by older NMER-escarpment basalts. The 
origins of C–2 and C–3 would be related to the 
recycling of crustal lithology, and delivered to 
magma source region by asthenospheric upwelling. 
The C–1 is similar to DMM (Zindler and Hart, 1986), 
presumably represents peridotitic material in the 
upper mantle. Large contribution of C–1 in Afar lavas 
is probably attributed to larger degree of melting at 
shallower depth than that in NMER region. This 
inference is consistent with trace element signature 
such as low Nb/Zr and La/Lu for Afar basaltic lavas. 
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A new experimental approach was applied to 

investigate kinetics of S (and Cl) distribution between 
fluid and H2O-S±Cl-bearing andesitic and basaltic 
melt. The data provide first insights into the 
partitioning of S (and Cl) between fluid and melt 
upon degassing at disequilibrium conditions. 
Experiments under oxidizing conditions (> QFM+3; 
i.e. when S6+ is the only S species) with andesitic 
melt composition, revealed a strong decrease of the S 
content in the melt by about 85% during fast 
decompression (0.1 MPa/s). During subsequent 
annealing the released S was partly resorbed by the 
melt. On the other hand, at lower oxygen fugacity 
(QFM+1 to QFM+1.5; i.e. when S2- become 
abundant), a resorption of sulfur by the melt did not 
occur. The observations indicate a different behavior 
of sulfide and sulfate during kinetically-controlled 
degassing which need to be considered when 
modeling decompression induced magma degassing. 
In contrast to the andesitic systems, no evidence for 
kinetically controlled transient release of sulfur upon 
fast decompression was observed for basaltic melts.  

Our studies indicate that strong changes in bulk 
melt composition from basaltic to rhyolitic have only 
minor effect on DS,fl/m under oxidizing but a major 
effect under reducing conditions. These differences 
are interpreted to be directly related to the large effect 
of FeO content in the melt on S2- solubility. The new 
data obtained on S (and Cl) fluid-melt distribution are 
of high relevance for developing volcanic degassing 
scenarios and have implications for formation of 
magmatic ore deposits.  
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Boron isotopes have been applied to reconstruct 

seawater pH in marine carbonates since 1980s. 
Despite the fact that the working principle of this pH 
proxy, i.e. the pH-dependant speciation of boron in 
seawater and the equilibrium isotope fractionation 
between borate ion and boric acid are well-
established from inorganic chemistry, the 
incorporation of boron into biogenic carbonates is 
less well constrained. 

Recently, ocean acidification studies have 
fostered an increased interest in applying boron 
isotopes to reconstruct pH from a large variety of 
marine habitats. So far the relationship between 
boron isotopes and pH needs to be established using 
empirical correlation. A comprehensive 
understanding on how calcifying organisms’ 
physiology deals with the uptake and transport of 
boron would strengthen the applicability of the proxy 
quite significantly. Therefore, the reverse approach 
becomes more important recently, i.e. using boron 
isotopes to study the impact of changing 
environmental pH on the physiological control of 
calcification performed by marine organisms to build 
hard-parts like shells or skeleton. 

Bulk techniques to quantify boron isotopes are 
commonly applied for the pH proxy application. 
These techniques appear insufficient to provide 
insights into small-scale variability/heterogeneity 
within the skeleton, which is ultimately needed for 
deeper insights into processes involved. Laser-
Ablation-MC-ICP-MS is capable to probe the 
samples at µm-resolution and provide good precision 
(~0.5 per mill) for boron isotope ratios. 

We present an improved LA method allowing for 
the simultaneous acquisition of 2D images of boron 
isotopes and B/C elemental ratios. In a Lophelia 
pertusa test sample a spatial resolution of ~20µm is 
applied to record images of ~1.5mm x 2mm as well 
as one covering the whole sample section at 
resolution of 80µm. 

Results show a strong internal variability of both, 
B isotopes and B concentration. The total range in 
boron isotope ratios covered by our sample is as large 
as 20 per mill and displays a spatial distribution 
related systematically to the respective local amounts 
of organics. 
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Our understanding of the long-term evolution of 
biogeochemical sulfur cycling comes in large part 
from the isotope record (δ34S) of sulfur-bearing 
phases from bulk rock samples in the sedimentary 
record.  These data have been used to provide a 
framework for reconstructing both global redox 
budgets and microbial metabolic activity over Earth 
history. Here, we highlight stratigraphic δ34S records 
that show large variability that is inconsistent with 
their reflecting a record of global sulfur cycling.  
Instead, these records of both carbonate-associated 
sulfate and pyrite δ34S are controlled by the 
conditions in the local depositional environment.   
Here, we specifically look at the spatial distribution 
of carbonate-associated sulfate (CAS) and pyrite 
within complex sedimentary carbonates, examining 
their abundance and isotopic composition as a 
function of depositional (and diagenetic) facies.  By 
pairing bulk isotopic data and depositional and 
diagenetic facies with high-resolution techniques 
(using synchrotron and secondary ion mass 
spectrometry (SIMS) approaches), we gain new 
insights into the mechanisms by which isotopic 
signatures get generated, initially encoded in 
sediments, modified during deposition and 
diagenesis, and ultimately preserved in the geologic 
record. The results can help us deconvolve local 
controls on δ34S records from changes in the global S 
cycle, enabling us both to better understand the suite 
of diagenetic processes impacting these rocks and to 
improve long-term reconstructions of the sulfur cycle 
over geological timescales. 
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Intensively managed agricultural landscapes 

(IML) cover nearly half of the Earth’s land surface 
and are now essential for feeding our growing 
population. The critical zone (CZ), which extends 
from the lowest circulating groundwater to the top of 
the canopy, defines the environment that supports this 
agricultural activity. As sustainable agricultural 
intensification looks to balance the need to increase 
food production while sustaining important 
ecosystem services, a detailed understanding of the 
ecosystem’s supporting CZ rate-limiting services, 
such as ground water recharge and soil formation, is 
essential. A CZ perspective views the ongoing 
ecological, geological, geochemical, and hydrological 
processes as an integrated and interconnected system 
that acts over broad spatial and temporal scales. A 
growing global network of CZ observatories (CZO) 
offers unique opportunities to study how climate, 
lithology, land use, biology, and topography control 
the structure and function of the CZ and support IML. 
Over the last century, intensive management (IM) has 
severely degraded the underlying soils of 
approximately 20% of the world’s vegetated land, 
often leading to a decline in productivity and soil 
organic carbon (SOC). The most rapid loss or 
redistribution of SOC usually occurs immediately 
after natural ecosystems are put into IM, as was the 
case with the mollisol regions of North and South 
America and Northeast China.  Other IML, like the 
eroded karst and loess regions of China, carry the 
legacy of multiple IM periods spread over millennia.  
We propose that as a result of human activities, all 
IML have, or will, pass a tipping point and shift from 
being a transformer of material flux with high SOC, 
water, and sediment storage to a transporter of 
material flux with low storage. We will examine 
herein how different CZOs address IM impacts on 
SOC and offer recommendations for comparative 
studies to isolate the main factors controlling SOC 
resilience and stabilization. 
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Between June and July 2015 a very deep ERT 
profile (Pole-Dipole configuration, 40m spacing 
between electrodes and a remote electrode located at 
~10km from the acquisition points) has been 
performed in the framework of the “MED-SUV” 
Project. Self-potential (SP), soil gas concentrations 
(CO2, 222Rn, 220Rn, He, H2 and CH4) and soil 
temperature (T) measurements were coupled to the 
ERT profile with a spacing of 20m (except for Rn: 
40m). The NE-SW profile crossed Etna’s summit 
craters in the middle of the 5720m ERT total lenght. 
Five roll along protocols of ¼ of the dispositive 
(640m out of 2520m tot) have been carried out and, 
for the first time, a high resolution DC ERT profile 
reached the noticeable investigation depth of 900m 
bgl. The results clearly evidence the central shallow 
hydrothermal system of Mt Etna with large positive 
SP anomaly, high values of T, 222Rn, CO2, He, H2 and 
CH4, in the areas where the conductive bodies reach 
the surface in correspondance of the summit craters 
and the 2014 eruptive vents (CO2, 222Rn and T). 
Structural boundaries, such as the Elliptic Crater 
(EC), were highlighted by a sharp decrease of the SP 
inside the EC. The high activity of 220Rn (Thoron) 
outside the EC highlights shallow gas source. The 
resistive body identified just below the NE crater is 
probably due to the over-heated plume rising from 
the top of the shallow feeding system towards the 
surface.  
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Pyrochlore ceramics (A2B2O7) are considered to 
be promising host phases for the immobilization of 
Pu and fission products with respect to nuclear waste 
management [1,2]. Due to their high radiation 
tolerance ZrO2 based pyrochlores undergo a phase 
transition to the less ordered defect fluorite structure, 
rather than amorphizing. Probing the nature and the 
driving forces of this order/disorder transition is a 
prerequisite to understand the high stability of these 
potential host phases for high level nuclear waste.  

Here, the structural transition of a Nd2xZr1-xO2+x 
system was followed by combining experimental and 
theoretical approaches. Partial substitution of Nd by 
the B-site cation Zr led to (Nd,Zr)2Zr2O7+x 
compounds which exhibit already partial disorder. At 
1600 °C the transition of the pyrochlore to the defect 
fluorite structure was determined by XRD to occur at 
around 19 mol% Nd2O3. High temperature oxide melt 
solution calorimetry determined a transition enthalpy 
of ~30 kJ/mol. Ab initio calculations of both phases 
were performed using quasi-random structures, 
assuming a random distribution of the excess Zr on 
the A-site and additional oxygen at former oxygen 
vacancy sites. Full disordering was assumed for a 
defect fluorite phase. The predicted formation 
enthalpies of the structural model are in excellent 
agreement with our experimental results, probing the 
model to be suitable to estimate standard 
thermodynamic properties of such pyrochlore phases. 
In consistency with our XRD results the computed 
differences in free energies of pyrochlore and defect 
fluorite predict the structural transition around 20 –
 23 mol% Nd2O3. 

This combined experimental and atomistic 
modelling study on the order/disorder transition of 
pyrochlore allows us to develop a molecular process 
understanding for the pyrochlore/defect fluorite 
transition, which is a prerequisite for their potential 
application as nuclear waste forms. 
 
[1] Ewing et al. (2004) J. Appl. Phys 95, 5949-5971.  
[2] Finkeldei et al. (2014) Appl. Geochem 49, 31-41. 
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Environmental Justice is defined as the fair 

treatment of all people regardless of race, national 
origin, or income level with respect to environmental 
laws and regulations and their enforcement. 
Unfortunately, Environmental Injustice is all too 
common. This is particularly true when it comes to 
the health impacts of trace elements and minerals 
derived from coal. Most coal research and mitigation 
efforts have focused on sulfur, particulates, and 
carbon dioxide. But, aside from mercury, relatively 
little attention has been paid to other potentially 
harmful trace elements, and minerals released from 
coal that cause widespread and severe health 
problems. A major reason for this disparity is that 
those people who are affected most by the 
mobilization of trace elements and minerals are 
generally poor and live in rural communities. Thus 
the situation is a classic example of environmental 
injustice. Examples include: communities living 
above and near active burning coal seams in Jharia, 
India; villagers in China suffering from exposure to 
arsenic, fluorine, selenium, and quartz mobilized 
from domestic coal combustion; respiratory problems 
in South African Townships burning coal indoors; 
and coal miners around the world who are suffering 
from Black Lung Disease exacerbated by exposure to 
pyrite particles in the dust they breath. Scientists, 
especially coal scientists and geochemists have an 
opportunity, if not an obligation, to help protect the 
health of these disadvantaged people. This can be 
accomplished by: generating reliable coal quality data 
bases; conducting collaborative research on the health 
impacts of the trace elements and minerals; 
disseminating the data to public health agencies, 
government decision makers and to citizen’s 
advocacy organizations; and providing information to 
the people most likely affected by the trace elements 
and minerals. 

This work is in part supported by the National 
Key Basic Research Program of China (no. 
2014CB238902) and the National Natural Science 
Foundation of China (no. 41420104001) 
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The  aim of this investigation is to identify the 

character of the distribution of the accessory 
mineralization and the trace elements in the seafloor 
massive sulfide of the hydrothermal field Ashadze-1 
and to determine the factors of their formation. 
Accessory minerals and trace elements, are important 
indicators of physical and chemical parameters of  
massive sulfide formation.  
 In total, 55 sulfide samples (chimneys and 
their fragments) have been studied. Based on X-ray, 
microprobe and optical  analyses, the chimneys are 
subdivided into high-temperature chalcopyrite, high-
temperarute pyrrhotite-isocubanite, high-  and 
medium-temperature sphalerite and medium-  and 
low-temperature sphalerite types. Accessory 
mineralization is related to specific types with 
particular parameters of ore-forming processes.  
 Chalcopyrite type is enriched in Co, Ni and 
Se. The accessory minerals are represented by Co-
pentlandite, millerite,  native gold, melonite. 

Pyrrhotite-isocubanite type is marked by 
enrichment in Co, Bi, Au. The accessory minerals – 
in native gold, scutterudite, stibnite. The major and 
minor sulfide minerals have Co content up to 2 wt.%.  

Sphalerite types are characterized by high Cd, Sb, 
Sn, Ge (high-  and medium-temperature) and Ag, Pb 
(medium-  and low-temperature) concentrations. 
High-  and medium-temperature  sphalerite is 
represented by cobaltite, carrolite, electrum. The 
presence of  Sn ( up to 5 wt.%)  in sphalerite with 
high Fe content was a feature of this type. The 
accessory minerals of medium-  and low-temperature 
are native silver, akantite, Ag-pyrite, galena. 

Regarding accessory mineralization, Ashadze-1 
hydrothemal field is characterized by wide diversity 
of Co-minerals which are typical for ultramafic-
hosted sulfides. 
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In order to understand the long-term 

bioavailability of inorganic pollutants such as 
chromium(Cr) it is essential to quantify their cycling, 
stability, and sorption state. Nontoxic Cr(III) is the 
preferred species in the environment; however, 
manganese(IV) oxides  and industrial activity can 
transform nontoxic Cr(III) into carcinogenic Cr(VI). 
Manganese oxides can also help immobilize 
chromium as surface precipitates, resulting in surface 
passivation of the Mn oxides and a reduction in redox 
capacity. This process has profound implications to 
prevent the formation of chromate [Cr(VI)], sequester 
free chromium, and minimize the risk of 
environmental contamination. Despite the 
significance of Cr in the environment, there is 
currently a very limited understanding of these 
reactions. Our research seeks to address these 
deficiencies by elucidating the mechanisms of 
chromium oxidation on manganese surfaces. 
Additional studies focused on Cr(VI) desorption from 
contaminated soils. Synchrotron-based X-ray 
absorption fine structure spectroscopy (XAFS) was 
used to differentiate chromium phases and understand 
their long term environmental stability. 
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Coastal wetlands sequester large amounts of 

heavy metals in their sediments and biomass; 
however, sea level rise and invasive exotic plant 
species destabilize marsh ecosystems and may cause 
previously sorbed contaminants, such as arsenic (As), 
to be released. Marsh plants play a critical role in the 
fate and transport of As in wetlands through direct 
absorption into root tissue, sorption of the metal to 
iron plaques formed around the roots, and 
incorporation and secretion of As in aboveground 
biomass. These relationships were tested on 
Phragmites australis and Spartina alterniflora, which 
were raised in a controlled growth chamber and 
exposed to saline conditions ranging from freshwater 
to seawater. The experiments were first conducted 
hydroponically and then in natural marsh soil. Pore 
water samplers were used to determine the redox 
state, pH, and As concentration in the soil 
experiments. Arsenic in the root plaques was 
analyzed using a modified dithionite citrate 
bicarbonate (DCB) method and the total As in plant 
biomass was measured with inductively coupled 
plasma optical emission spectrometry (ICP-OES). 
Salts excreted on Spartina leaves were collected and 
analyzed by inductively coupled plasma mass 
spectrometry (ICP-MS). The distribution/association 
of As in the roots collected from these experiments 
was also investigated using synchrotron-based micro-
X-ray absorption near edge structure (micro-XANES) 
and micro-X-ray fluorescence (micro-XRF) 
spectroscopy, respectively, at the National 
Synchrotron Light Source, Argonne National 
Laboratory, and SLAC National Accelerator 
Laboratory. Roots and outer plaques were analyzed 
as whole and cryosectioned 30 μm cross-sections to 
spatially differentiate the oxidation state of the As 
sorbed on the plaques and absorbed in different 
regions of the roots. This study provides key insight 
to more fully understand the impact of sea level rise 
on the cycling, mobility, and speciation of redox 
sensitive As and other heavy metals in the 
rhizosphere of wetlands. 
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The Earth and other terrestrial planets formed 
through the accretion of smaller bodies, with their 
core and mantle compositions primarily set by metal–
silicate interactions in a magma ocean. The 
conditions of these interactions are poorly 
understood, but could provide insight into the 
mechanisms of planetary core formation and the 
composition of Earth’s core. Here we present 
modeling of Earth’s core formation, combining 
results of 100 N-body accretion simulations [1] with 
high pressure-temperature metal–silicate partitioning 
experiments [2]. We explored how various aspects of 
accretion and core formation influence the resulting 
core and mantle chemistry: depth of equilibration, 
amounts of metal and silicate that equilibrate, initial 
distribution of oxidation states in the disk, 
temperature distribution, and target:impactor ratio of 
equilibrating silicate. Virtually all sets of parameters 
that are able to reproduce the Earth’s mantle 
composition also result in at least several weight 
percent of silicon and oxygen in the core, with more 
silicon than oxygen, implying that the core’s light 
element budget is dominated by these elements with 
<1–2 wt% of other light elements (e.g., C, S, H). 
Reproducing geochemical and geophysical 
constraints requires that Earth formed from reduced 
materials at temperatures near or slightly above the 
mantle liquidus [3]. We find a strong tradeoff 
between the effects of the depth of equilibration and 
the amounts of metal and silicate that equilibrate, so 
these aspects should be targeted in future studies 
aiming to better understand core formation 
conditions. Core and mantle compositions are most 
sensitive to these factors as well as the planet’s 
accretion history, so tighter constraints on these 
parameters will lead to an improved understanding of 
Earth’s core composition. 

 
[1] Fischer and Ciesla (2014) EPSL 392, 28–38. [2] 
Fischer et al. (2015) GCA 167, 177–194 and 
references therein. [3] Andrault et al. (2011) EPSL 
304, 251–259. 
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Nucleosynthetic isotope anomalies in meteorites 

and meteorite components are powerful tracers of 
genetic links among meteoritic and planetary 
materials. For instance, Cr and Ti isotope anomalies 
indicate a fundamental dichotomy between 
‘carbonaceous’ and ‘non-carbonaceous’ meteorites 
[1]. However, this dichotomy has so far not been 
identified for other elements. Of the various elements 
showing nucleosynthetic isotope heterogeneities, Mo 
is particularly useful because s- and r-process 
variations result in distinct patterns, making it 
possible to distinguish, for example, an s-deficit from 
an r-excess [2]. Thus, if the aforementioned 
dichotomy of meteoritic and planetary materials 
exists, then it should have led to distinct Mo isotope 
systematics of carbonaceous and non-carbonaceous 
meteorites. However, Mo isotope anomalies in bulk 
meteorites seem to predominantly reflect variable s-
deficits relative to the Earth [2] and no distinction 
between carbonaceous and non-carbonaceous 
meteorites could yet be made. Here we address this 
issue using high-precision Mo isotope measurements 
by MC-ICPMS. We obtained Mo isotope data for a 
large set of meteorites, including enstatite, ordinary, 
and carbonaceous chondrites, acid leachates and an 
insoluble residue from Allende (CV3), as well as 
several iron meteorite groups. All analyzed 
meteorites display well-resolved Mo isotope 
anomalies and show the characteristic w-shaped Mo 
isotope pattern indicative of an s-deficit. However, 
the Mo isotope compositions of the carbonaceous 
chondrites, the IID and IVB irons, and the Allende 
leachates cannot be explained by an s-deficit alone 
but require an additional r-process contribution. This 
is particularly clear in a plot of ε94Mo vs. ε95Mo, 
where carbonaceous chondrites and the Allende 
leachates together with the IID and IVB irons plot on 
a distinct s-mixing line than the other meteorites. The 
distinction between these two lines reflects the 
addition of r-process material to the carbonaceous 
meteorites, consistent with the dichotomy between 
carbonaceous and non-carbonaceous meteorites 
observed previously for Cr and Ti isotopes. Finally, 
the presence of well-resolved nucleosynthetic Mo 
isotope anomalies in enstatite chondrites excludes 
them as the major building blocks of the Earth. 
 
[1] Warren (2011) EPSL 311, 93-100. [2] Burkhardt 
et al. (2011) EPSL 312, 390-400. 
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The West Antarctic Peninsula (WAP) is a 

dynamic region for the cycling of the marine 
micronutrient iron (Fe). Not only is the WAP a region 
of natural Fe fertilization, where continental Fe 
sources allow for primary production at rates well 
above that of the rest of the Fe-limited Southern 
Ocean, but the close proximity of the WAP shelf to 
the eastward flowing Souther Boundary front of the 
Antarctic Circumpolar Current allows for perhaps the 
highest potential of offshore transport of shelf-
derived Fe into the greater Southern Ocean. However, 
until recently, the distribution of Fe on the WAP 
continental shelf was completely unknown. 

Here we report the distriution of dissolved Fe 
(<0.2 µm) and its partitioning into soluble (<0.02 
µm) and colloidal (0.02-0.2 µm) size fractions from 
24 stations along the Palmer Long Term Ecosystem 
Research 3-D grid, extending from Anvers Island 
south to Charcot Island. Decreasing surface 
concentrations of dissolved Fe to <0.1 nM near the 
shelf-break will be placed in the context of +Fe 
incubations of natural phytoplankton communities in 
order to pair Fe delivery with observed biological Fe 
stress. Below the euphotic ocean, where dissolved Fe 
concentrations increased rapidly to concentrations as 
high as 5 nM inshore, dissolved Fe gradients across 
the pycnocline will be used to calculate Fe fluxes into 
the surface ocean from below. Additionally, linear 
increases in dissolved Fe concentrations toward the 
seafloor will be used to calculate Fe fluxes from 
sediments, which we hypothesize serve as a major 
source of Fe to the WAP. By pairing the size 
fractionated dissolved Fe data with the distributions 
of other dissolved metals (including Mn, Zn, Cu, Cd, 
Ni, and Pb), we aim to constrain the identity of Fe 
sources to the WAP and the potential for those 
sources to be transported offshore into the ACC. We 
will compare this with other Southern Ocean shelf 
regions, including the Ross Sea and the Amundsen 
Sea, where Fe sources have been found to be 
differentially sourced by sediments and glaciers, 
respectively. 
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The East African Orogen [1] and its inferred 

extension into Antarctica [2] is a collisional orogenic 
belt that formed between 650 and 500 Ma during the 
assembly of the Gondwana supercontinent. It is 
widely believed to mark the site of one Earth’s most 
substantial mountain chains that shed unprecedented 
volumes of sediment into fan systems that spread 
across the supercontinent [3] and has been linked to a 
rise in atmospheric oxygen and the the first 
appearance of animals on Earth [4]. The Cambro-
Ordovician sedimentary sequences eroded from these 
inferred supernountains have characteristic 
“Gondwana” detrital zircon populations dominated 
by ~500-650 Ma (Pan-African) grains, with a 
secondary population of ~1000-1200 Ma 
(Grenvillian) grains, and various older grains. 
Comparison of published Hf isotope compositions in 
these zircons [5, 6 and others] reveal important 
spatial differences, most notably in the Grenvillian 
populations, which have dominantly positive εHf(t) 
values in southern regions (South Africa, Antarctica, 
Australia), but can extend to markedly negative 
values in the north (North Africa). These can in turn 
be linked to different Grenvillian-aged basement 
terranes reworked in southern and northern parts of 
the East-African–Antarctic Orogen, and suggest there 
is a fundamental geologic boundary along the Lurio 
Belt of Mozambique, with important implications 
both for the sequence of collisions that led to 
Gondwana assembly, and the sediment transport 
directions and distances away from these orogens. 

 
[1] Stern (1994) Ann. Rev. Earth Planet. Sci. 22, 319-
351. [2] Jacobs et al. (1998) J. Geol. 106, 385–406. 
[3] Squire et al. (2006) Earth Planet. Sci. Lett. 250, 
116-133. [4] Campbell and Squire (2010) Geochim 
Cosmochim Acta 74, 4187-4206. [5] Morag et al. 
(2011) Geology 39, 955–958. [6] Kristofferson et al. 
(in press) J. Geol Soc. Lond.  
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In the framework of the MiReCOL three-year 
European project, a method for treating the 
surrounding of a well using a reactive suspension has 
been studied. Amongst many possible choices, a 
silicate based product was selected due to the 
following  key qualities: high performance, long term 
chemical  stability (w.r.t. acid), good injectivity (low 
viscosity and no particles) and no or little 
environmental impact.  

An experimental investigation of the precipitation 
of commercial low cost potassium silicate solutions 
was conducted, using a weak acid to lower the pH.  In 
order to estimate the bulk gelation times before the 
mixture became too viscous for injection, various 
environment-friendly concentrations of a socially 
acceptable and non-hazardous acidic compound were 
added to the silica-based solution. The impact of 
temperature was determined by performing 
experiments at 20, 40 and 60°C, with gelation times 
estimated between a few minutes up to 4 days. The 
run products were characterized using high resolution 
physico-chemical techniques, such as rheological 
visco-elastic properties to observe the gel onset,  
NMR relaxation time measurements to follow the 
gradual increase of water interactions within the gel, 
or infrared spectroscopy to observe the gradual 
formation of  Si-O-Si bonds within the fluid.  In 
addition, the syneresis process (expulsion of water 
from the gel) was also studied as a function of time 
and temperature.   

The ability of the precipitates to plug a porous 
media was then tested by injecting an optimum 
mixture though analog sandstone samples, 
representative of CO2 storage formations. Subsequent 
breakthrough experiments were performed, and  so 
far indicate a very large strength of the order of 600 
bar/m. SEM imaging of the plug was then conducted 
to verify the obstruction of the pore network by the 
solidified gel. A field-test injection is currently being 
considered. 
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Part of the French Critical Zone program 
CRITEX, we have developped a prototype, called the 
Chemical House, applying the “lab on field” concept 
in the Orgeval Critical Zone Observatory, Brie, 
France. The Chemical House is a fully automated lab, 
installed directly along the river, which performs 
measurement of all major dissolved elements such as 
Na, Cl, Mg, Ca, NO3, SO4 and K every 30 minutes. It 
also records other river chemical and physical 
parameters (Temperature, pH, conductivity, O2 
dissolved, Turbidity) of the water every minute. The 
system is fully automatic and only needs a human 
intervention every two weeks. The data generated 
offer a unique opportunity to explore the real time 
response of the catchment to perturbations with at 
least hourly timescales. 

We will present results from 2015 summer 
characterized by one of the strongest heat wave over 
occidental Europe. No precipitation occurred during 
more than 1 month allowing us to explore the aquifer 
dynamics. Data from the Chemical House show that 
slight but significant nychtemeral (day-night) 
chemical variations only visible because of the high 
frequency of measurement. The excellent analytical 
precision achieved (lesser than 1% (2σ) for all 
elements) and several complementary analysis point 
out the origin of this variations are clearly related to 
the dynamics of the aquifers. Moreover we completed 
our observations with strontium isotopes 
measurements used as source tracer. Isotopic results 
indicate that the high frequency chemical variations 
are induced by source processes rather than by 
evaporative processes.  
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Measuring the metal binding potential and 

reactivity of bacterial mats is challenging in alkaline 
and carbonate-rich systems. Traditional methods used 
to measure these parameters, such as potentiometric 
titrations and metal adsorption pH edges, are difficult 
to implement due to the presence of the carbonate 
minerals that buffer pH and prevent assessment of 
surface reactivity below pH 5. Additionally, under 
alkaline conditions metals may form hydroxide 
and/or carbonate precipitates. In this study we 
examined the metal binding capacity of four distinct 
bacterial mats harvested from Fairmont Hot Springs, 
BC, Canada. To prevent metal precipitation, the 
bacterial mat concentration was varied under a 
constant initial cadmium (Cd) concentration of 8.89 
µM and at pH 8. In addition to the intact bacterial 
mats, a carbonate mineral sample and two acid-
treated bacterial mats were used as end-members to 
assess the mechanisms of reactivity in the whole 
system. Freundlich adsorption isotherms were used to 
fit metal adsorption data and compare surface 
reactivity amongst mats. Two mats exhibited a higher 
affinity for Cd compared to the mineral at metal 
equilibrium concentrations above 2.5 µM, while two 
mats had lower affinities under all experimental 
conditions. Generally, we found that the acid-treated 
mats had higher Cd adsorption capacities than the 
carbonate mineral. When compared to their 
equivalent non-acid-treated mats, only one acid-
treated mat had a higher affinity for Cd. Further, we 
modelled whether metal adsorption in the full mats, 
containing microbes and carbonate mineral, could be 
explained by a linear combination of the observed 
metal uptake in the end-member experiments. Metal 
adsorption additivity results were mixed. Metal 
uptake by one hot spring mat was found to be 
additive, while for the other mat the additive model 
significantly underestimated the observed Cd 
accumulation. This study demonstrates the potential 
as well as limitations of using modified metal 
adsorption edges to determine the metal binding 
affinity and surface reactivity of natural bacteria in 
alkaline and carbonate-rich systems. 
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New Fe-isotope data on > 60 primitive basalt 
samples from throughout the currently active global 
network of arcs, is used to investigate whether there 
is systematic variation in Fe isotopic compositions 
that may reflect either the composition of the mantle 
wedge, or variation in oxidation potentially due to 
differing slab fluid flux to different arc’s mantle 
wedges.  

Our δ57Fe data span a wide range from -0.2 to 
+0.2 (± 0.04), significantly greater than MORB 
(δ57Fe = 0.11‰ ± 0.01‰) and with a lower mean 
value (δ57Fe = 0.04±0.10‰). The data show positive 
correlations between δ57Fe and Pb- or Sr-isotope 
ratios, and with Fe3+/ΣFe. Many suites show a trend 
of slight increase in  δ57Fe with decreasing MgO or 
Mg#, presumed the result of fractionation. The 
≈0.4‰ span in δ57Fe in arc basalts to andesites, 
combined with the fact that our modelling shows that 
crystal fractionation and feasible variation in partial 
melting or variation in oxidation state of Fe are not 
likely to generate a variation of more than ≈0.1‰ in 
δ57Fe, implies that this range reflects a large 
component of source variation.  
 

The pervasively light composition of projected 
arc parental basaltic magmas relative to MORBs 
suggests that these sources are significantly more 
refractory peridotite than at MORs. Modelling shows 
that this degree of depletion requires multiple 
episodes of melt extraction, implying this mantle was 
already depleted prior to becoming trapped to form 
the mantle wedge of oceanic arcs. Perhaps “rafts” of 
buoyant refractory peridotite in the upper 
asthenosphere become the localised sources for 
oceanic subduction initiation? 
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The surface speciation of the ternary system 

containing aqueous U(VI), phosphate and the model 
mineral phase SiO2 was comprehensively 
investigated at a low micromolar concentration level 
by batch experiments, in situ Attenuated Total 
Reflection Fourier-transform Infrared (ATR FT-IR), 
luminescence spectroscopy, and Surface 
Complexation Modeling (SCM). In the absence of 
phosphate, two predominant U(VI) surface species 
were independently identified by luminescence and in 
situ IR spectroscopy. The concordance of the two 
species is corroborated by the shifts of the signals 
which were found to be of same extent in terms of 
energy units in the spectra of both spectroscopic 
techniques. 

In the presence of phosphate, batch sorption 
studies indicate an increase in U(VI) uptake, 
consistent with previously reported studies. In situ IR 
spectroscopic sorption experiments strongly suggest 
the formation of a solid U(VI) phosphate phase as a 
surface precipitate on the silica phase, evidenced by 
characteristic bands observed in spectra after 
prolonged sorption and following sequential sorption 
of U(VI) then phosphate. Again, the results obtained 
from luminescence spectroscopy support these 
findings. 

SCM provides excellent fitting results only when 
exclusively considering two binary uranyl surface 
species and formation of a solid uranyl phosphate 
phase as suggested from spectroscopic results. The 
results of this study indicate that the sorption of 
U(VI) on SiO2 in the presence of inorganic phosphate 
initially involves binary surface-sorption species and 
then evolves towards surface precipitation. 
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Beryllium ores are used to make strong alloys, 
metals, and ceramics that are critical for computer, 
telecommunication, aerospace, medical, and defense 
industries. Data on changes in Be sources,  
production cycles, and material flow pathways over 
time is required for interpreting trends in global 
supply and demand. Both beryl (Be3Al2Si6O18) and 
bertrandite (Be4Si2O7(OH)2) are currently mined to 
ensure a stable supply of Be; beryl is mainly derived 
from Li-Cs-Ta-type pegmatites; bertrandite is 
obtained from a single volcanic-hosted resource at 
Spor Mountain, Utah, USA [1]. Since the Spor 
Mountain mine opened in 1968, this single deposit 
has accounted for more than two-thirds of global 
beryllium production [1]. At Spor Mountain, the Be 
ores occur in lithic-rich, phreato-magmatic base-
surge deposits situated mainly along the ring fracture 
of an Oligocene caldera [2]. The Be ores are part of a 
sequence of lithophile element-rich, topaz-bearing 
rhyolite lava flows, pyroclastic deposits, and fluorite-
bearing pipes. Ore nodules containing Mn-oxides, 
calcite, opal (~100 ppm Be), and fluorite, and ~1-2% 
bertrandite occur in mineralized tuff. New 
geochemical modeling indicates that alteration 
assemblages, fluorite, and bertrandite likely formed 
under pH-buffered, isothermal to cooling conditions 
(200º-100ºC), when F-, Mn-, Li-, Si-, and Be-bearing 
fluids reacted with dedolomitized carbonate clasts in 
the base-surge deposits. Geochemical evaluation of 
Be transport and accumulation processes, including 
direct release of Be (plus volatiles) from cooling 
hypabyssal rhyolite (or a pluton at depth), and 
remobilization of Be from vitric tuff [3], is the focus 
of this work. Quantifying the timing and flux of Be 
and the relative roles of magmatic fluids and meteoric 
water leading to precipitation of bertrandite, fluorite, 
and other minerals are the subject of ongoing studies. 
Widespread occurrence of geochemically similar 
volcanic rocks in the southwestern US indicates 
potential for additional deposits of volcanic-hosted 
Be. Such discoveries can safeguard a long-term, 
reliable, and stable supply of US-produced Be to 
global markets. 
 
[1] Jaskula (2015) USGS 2013 Minerals Yearbook 
28-29. [2] Burt et al. (1982) Economic Geology 77, 
1818-1836. [3] Foley et al. (2012) USGS-SIR 2012-
5070-F, 43. 
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Recent studies show that solid-liquid transition 

(beginning of melting, [1, 2]) is close to conditions 
proposed for the Earth's mantle at around Core-
Mantle Boundary (CMB) [3]. These data match 
observations of ULVZ, which are supposed to 
contain partial molten material (e.g. [4]). Goal of our 
study is to perform long-term (millions of years) 
numerical simulation of the Earth mantle in a range 
of CMB temperatures to understands possibility and 
consequences of melting. 

We've made an empirical model of melting using 
data by [1, 5-11]. Physical properties (densities) were 
adjusted using data of [5, 10, 12], and database from 
[13] was used to calculate solid-liquid density 
difference, which controls direction and velocity of 
melt filtration. This model was included in StagYY 
numerical code (e.g. [14]), which is designed to 
simulate convection within the Earth mantle.  

Our model predicts, that in case of melting iron-
rich dense liquid forms a thin layer around CMB. 
Further heating of material atop it will form partial 
melt, which will filtrate downward through Fe-
depleted rock. This layer of iron-depleted material 
will prevent furhter melting of rocks. Liquid filtration 
seems to be a plausible mechanism to prevent these 
liquid piles from being involved in solid mantle 
convection. 

Thickness of molten or partially molten material 
strongly depends on actual CMB temperature 
(reaching up to 20 km at T(CMB)=4500K, while at 
T(CMB)=3800K no melt will form). These values 
depend on efficiency of melt extraction, actual KD of 
components between liquid and solid counterparts, 
thermal conductivity of  melt-bearing rocks, and 
some other parameters. 

 
[1] Nomura et al. (2014), Science, 343, 522-525. [2] 
Boukare et al. (2015), JGR, 120, 6085-6101. [3] 
Buffet (2012), Nature, 485, 319-320. [4] Beuchert & 
Schmeling (2013) G-cubed, 14, 197-208. [5] de 
Koker et al. (2013) EPSL, 361, 58-63. [6] Andrault et 
al. (2011) EPSL, 304, 251-259. [7] Andrault et al. 
(2014) Science, 344, 892-895. [8] Fiquet et al. (2010) 
Science, 329, 1516-1518. [9]  Hirose et al. (1999) 
Nature, 397, 53-56. [10] Mosenfelder et al., (2007) 
JGR, 112, B06208. [11] Zerr et al. (1998) Science, 
281, 243-246. [12] Thomas et al. (2012) JGR, 117, 
B10206. [13] Stixrude & Lithgow-Bertelloni (2011) 
Geophys J Intl, 184, 1180-1213. [14] Tackley (2008) 
PEPI, 171, 7-18. 
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Despite being one of Earth’s major 

biogeochemical cycles, the evolution of the silicon 
cycle has received little attention and changes in 
oceanic dissolved silica (DSi) concentration through 
geologic time remain poorly constrained. Silicon 
isotope ratios (expressed as δ30Si) in marine 
microfossils are becoming increasingly recognised 
for their potential to provide insight into silicon 
cycling. In particular, the δ30Si of siliceous sponge 
spicules has been demonstrated to be useful for 
reconstructing past DSi concentrations [1, 2]. 

We analysed δ30Si in radiolarian tests and sponge 
spicules from cores in the Atlantic Ocean (ODP leg 
171B) and from the Pacific Ocean (ODP leg 199) 
covering the Paleogene period (ca. 23 to 65.5 Ma) 
and use a simple numerical model to estimate 
changes in seawater DSi concentrations and δ30Si. 

The two datasets show a very similar isotopic 
signature from radiolarians in both oceans, evidence 
of a globally relatively homogenous surface ocean 
between the Atlantic and the Pacific Ocean during 
this time period. The sponge record however, shows 
discrepancies between the two oceans, with δ30Si of 
sponge spicules in the Pacific generally being more 
negative than in the Atlantic - and therefore more 
DSi-replete. This provides evidence that the modern 
gradient of DSi concentration between the different 
ocean basins was already present during the 
Paleogene. We highlight differences between the two 
records as well as periods of major changes in the 
global oceanic distribution of DSi. 

 
[1] Wille et al. (2010) EPSL 292, 291-289. [2] 
Hendry and Robinson (2012) Geochimica et 
Cosmochimica Acta 81, 1-12 
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Lawsonite (Lws) is a hydrous mineral that is 

important in volatile and element cycles in subducted 
crust: it may comprise as much as 20-40% of high-P–
low-T metabasaltic and metasedimentary rocks and is 
a significant reservoir of trace elements (REE, Sr, Pb, 
Th, U) and some transition metals (Cr, Fe, Ti). Lws-
bearing rocks may also influence the rheology of 
subducted crust, and deformation associated with 
Lws dehydration has been invoked as a driver of 
some slab earthquakes. An important question is 
whether element substitution in Lws affects its 
stability and deformation behavior and therefore the 
dynamics of subduction zones and the transport of 
elements from the slab to the mantle wedge. To 
evaluate this question we have conducted an 
integrated compositional and microstructural/fabric 
(CPO) study of the Lws-bearing rocks of Sivrihisar, 
Turkey: one of the few places in the world where 
pristine Lws has survived unaltered in eclogite during 
exhumation. Initial results show that the trace 
element affinity of Lws, as well as its 
petrofabric/CPO, vary with rock type/mineral 
assemblage. For example, Sr and Pb contents in Lws 
vary with rock type: Sr/Pb is low in metasedimentary 
rocks and higher in metabasalts. Within each sample, 
there is a complex relation between deformation and 
Lws growth/recrystallization. Although Lws typically 
rotates as a semi-rigid ‘clast’ in a weaker matrix, in 
some cases deformation has influenced Lws zoning. 
Furthermore, Lws CPO may vary as a function of 
compositional factors that affect Lws shape 
(preferred growth directions), size, mode, and 
distribution. Ongoing work evaluates the effect of 
composition and mode on CPO (and therefore 
seismic properties of subducted crust) and the 
significance of trace element abundance and zoning 
for subduction zone metamorphism and deformation. 
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Understanding the mechanisms involved in the 

formation of large silicic magma bodies is 
fundamental to better constrain volcanic hazard of 
caldera-forming eruptions, particularly in densely 
populated areas. Most silicic caldera systems are 
characterized by evolutionary patterns, including pre-
caldera volcanism, climactic eruption and post-
collapse magmatism, which are accompanied by 
significant petrological changes. A key challenge for 
volcanologists is to better constrain those cycles, in 
order to provide information about the state of 
magma reservoirs at a given time.  

The Campi Flegrei caldera (southern Italy) is an 
excellent example of active and restless volcano, 
which represents a significant threat for more than 1.5 
million people currently living within the caldera and 
its surroundings. During the last 60 ky, Campi Flegrei 
was the site of two cataclysmic caldera-forming 
eruptions involving trachy-phonolitic magmas 
(Campanian Ignimbrite, ~39 ka and Neapolitan 
Yellow Tuff, ~15 ka) and a number of smaller 
magnitude volcanic events, the last of which occurred 
in historical times (Monte Nuovo, A.D. 1538). We 
investigate the long-term magmatic evolution at 
Campi Flegrei by combining bulk-rock geochemistry 
with detailed analyses of crystals and coexisting 
glasses from a number of eruptions, including the two 
caldera-forming events and the pre- and post-collapse 
magmatic activity. Our data reveal that during the 
two major eruptions most of the eruptible crystal-
poor magma and part of the cumulate crystal mush 
were efficiently evacuated from the upper crustal 
reservoir, leading to a caldera collapse. Subsequently, 
the magmatic system was replenished by mafic 
magmas of deeper origin (shoshonite and latite), 
which evolved through time towards more silicic, 
colder and more volatile-rich compositions (trachy-
phonolites), building up a new upper crustal mush 
system. The most recent eruption at Monte Nuovo, 
characterized by highly evolved, low temperature and 
wet magmas akin to those that fed the pre-caldera 
magmatic activity, suggests that a potentially 
explosive magma reservoir might be currently active 
at Campi Flegrei. 
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Biogenic iron oxides (BIOS) form when Fe(II)-

rich anoxic waters encounter sub-oxic conditions 
which are ideal conditions for neutrophilic iron 
oxidizing bacteria. The end result of their metabolic 
activity is the formation of occasionally large 
accumulations of poorly ordered iron oxides mixed 
with bacterial exopolysaccharides (in the form of 
sheaths and stalks). XRD analysis indicates that 
BIOS are mainly composed of  poorly ordered 
ferrihydrite but small amounts of lepidocrocite and 
goethite are also present. BIOS present in pH-neutral 
mining-impacted areas have been shown to 
immobilize large quantities of toxic metals, including 
Cu and Zn and metalloids, such as As. Microbial 
reduction experiments have revealed that both Zn and 
As are likely bound to the iron oxide fraction of 
BIOS whereas Cu appears to be associated with the 
organic fraction. More recently, iron-rich biofilms 
collected from acid mine and acid rock draiange areas 
were analyzed for their REE content. Results indicate 
that REE sequestration is strongly pH dependent.  
Lower pH values are associated with greater aqueous 
REE concentrations whereas, higher pH values are 
associated with greater biofilm REE concentrations.  
The total REE content of dried biofilms measured  
two to five orders of magnitudes higher than the REE 
content of  co-existing waters. Ongoing experiments 
have been designed to assess which component of 
BIOS immobilizes REEs, i.e., the organic fraction or 
the mineral fraction. In summary, natural BIOS play 
a key role in various contaminants’ fate and have the 
potential to be used to clean-up contaminated areas as 
long as oxic conditions are maintained within BIOS 
in order to prevent reduction and contaminant release. 
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Auriferous sulphides, most notably pyrite (FeS2) 

and arsenopyrite (FeAsS), are some of the most 
important strategic minerals on Earth because they 
host gold in many of the world’s major gold deposits. 
To increase our understanding of mineralisation 
processes, we combined atom probe microscopy 
(APM), high-resolution secondary ion mass 
spectrometry (NanoSIMS) and synchrotron X-ray 
fluorescence microscopy (XFM) mapping with the 
Maia detector on arsenopyrite from the giant Obuasi 
gold deposit, Ghana. 

The gold-rich arsenopyrites are shown to have 
undergone partial replacement by gold-poor, nickel-
enrich arsenopyrite and indicate that large quantities 
of gold were remobilised via infiltration of only small 
volumes of fluid. The data shows arsenopyrite 
replacement produced strong chemical gradients at 
crystal-fluid interfaces due to an increase in ƒS2 
during the reaction, which enabled efficient removal 
of gold to the fluid phase and development of 
anomalously gold-rich fluid. 

Atom probe tomography data at the sub-
nanometre resolution revealed two types of gold 
distribution in distinct sub-domains of the same 
arsenopyrite grain with, metallic gold nanoparticles 
(CAu = 724 ppm) and gold homogeneously distributed 
in the crystal lattice (CAu = 2,224 ppm). These results 
are not consistent with previous models that point to 
gold concentration as the key control on gold 
distribution. Instead, the data indicate the critical 
importance of crystal growth-rate in controlling gold 
primary distribution, with slow growth-rate 
promoting the formation of metallic gold clusters, 
whilst rapid growth-rate promotes homogeneous gold 
distribution within the arsenopyrite lattice.  

These results provide fundamental information on 
gold distribution during ore deposit formation and 
deliver a framework for more efficient metallurgical 
extraction of gold from sulfides. 
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Dissolved organic matter (DOM) in freshwater 
aquatic systems is a key factor within global 
biogeochemical cycling [1]. Freshwater systems 
provide transportation of nutrients along the aquatic 
continuum, with aquatic DOM underpinning the 
microbial foodweb and playing an essential role in 
supporting and maintaining the aquatic ecosystem. 
Literature indicates that microbial-DOM feedbacks 
are crucial for the transformation and production of 
labile, and recalcitrant, DOM [2]. However, the 
interactions between the microbial population and 
DOM are not that well understood. 

Aquatic DOM has been broadly characterised by 
its fluorescing properties, so called aquatic organic 
matter fluorescence [1,3], as shown below (Fig. 1). 

Figure 1: Excitation-emission matrix (EEM) of 
common aquatic organic matter fluorescence peaks 
[1]. 
 

Our research investigates the production of 
microbially derived DOM via bacterial metabolic 
pathways. We show the development and production 
of aquatic organic matter fluorescence from 
quantified living bacterial populations (flow 
cytometry). Our findings show that aquatic organic 
matter fluorescence can be used to monitor microbial-
DOM interactions. Such discovery will further the 
development of novel in-situ fluorescence based 
sensors that enable the monitoring of aquatic 
ecosystem health. 
 
[1] Coble et al. (2014) Aquatic Organic Matter 
Fluorescence. [2] Hudson et al. (2007) River Res. and 
Applications 23(6), 631-649. [3] Carstea et al. (2014) 
Water Res. 61, 152-161. 
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Detailed geologic and compositional maps from 

orbital data are key tools for contextualizing 
Curiosity’s observations of Mt. Sharp (formally 
Aeolis Mons) and for reconstructing time ordered 
events of the mound’s growth and alteration.  Mt. 
Sharp can be divided into five broad, relatively flat 
lying (across ~10 km) units delineated by differences 
in texture, mineralogy, and thermophysical 
properties. From lowest to highest elevation these 
units are: (1) a basal unit (the Murray formation) that 
can be divided into three sub-units, (2) a 
phyllosilicate-bearing unit, (3) a hematite capped 
ridge, (4) a unit with unique NIR spectral properties, 
and (5) a layered unit with spectral signatures of 
hydrated sulfates. All units are relatively flat lying 
across ~10 lateral km. Two additional units with 
much higher thermal inertia are unconformable. 

Secondary and redox sensitive phases are 
distributed non-uniformly through many of the 
primary Mt. Sharp units, including hydrated silica, 
iron oxides, sulfates, and phyllosilicates.  At least two 
large hematite deposits at different locations in the 
stratigraphy are confined to discrete strata 
conformable with other Mt. Sharp layers.  A third 
large deposit not clearly confined to a layer occurs at 
a similar elevation as one of the other two deposits.  
These deposits formed either at a redox interfaces 
where anoxic Fe2+-rich waters become oxidized or in 
a region of oxidized leaching (Fraeman et al., 2013). 

The occurrence of hematite at multiple 
stratigraphic horizons suggests redox interfaces were 
widespread either in space or in time. The 
observation that hematite is associated with discrete, 
conformable layers suggests two end member 
scenarios for the timing of hematite formation: (1) 
hematite (or a precursor ferric phase) was an 
authegenic phase that formed concurrently with Mt. 
Sharp or (2) hematite is secondary diagenetic 
product, but the diagenetic fluids were controlled by 
stratigraphically determined residual matrix porosity 
or fracture porosity.  Some combination of these end 
member processes may also have occurred. Future 
measurements by Curiosity will test these hypotheses 
and provide insights into the past geologic 
depositional settings. 
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Bringing the Polar Oceans to the Laboratory 
 
The ASIBIA facility was the brainchild of the late 

Prof. Roland von Glasow and is being continued to 
be developed with the aim of creating a world class 
robust and versatile facility. The facility is a highly 
instrumented chamber which couples ocean and 
atmosphere, capable of growing first-year sea-ice up 
to thicknesses of ~25cm. The focus of the 
measurements is to collect real-time data which can 
be viewed and analysed mid-experiement, allowing a 
more dynamic and adaptable approach to 
experiments. The “ocean” is equipped with up to 
three salinity and temperature probes, user controlled 
circulation and a gas equilibration system. Ocean heat 
flux is controlled through heating pads at the base of 
the chamber. The sea-ice is monitored with a range of 
high (1cm depth interval) resolution instruments 
gathering continuous information on sea-ice 
temperature, resistivity and pressure. Fibre optic 
probes can be deployed to monitor the light field 
within the ice for UV-Vis wavelengths. Above the 
ice, the atmosphere is contained in a PTFE-FEP 
enclosure with sampling ports allowing measurement 
of gases such as CO2, CH4, O3 and NOx along with 
spectral radiation and temperature. Above the 
atmosphere is a UVB-UVA-Visible lighting rig. 

 
The data to be presented here will be the first data 

on gas flux experiemnts to come out of the ASIBIA 
facility along with much of the proof of concept work 
on the sea-ice growth and physical properties that has 
been ongoing. Methane will be injected into the water 
column prior to freezing and also below sea-ice 
which has formed at verying temperature and of 
varying thicknesses.  We hope this will allow a more 
detailed understanding of the role of a sea-ice cap 
under varying sea-ice conditions in facilitating / 
retarding the flux of methane from the ocean to the 
atmosphere in polar regions. 
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79Se is a radionuclide present in high-level 

nuclear wastes and is of high environmental interest 
due to its long half-life and high mobility. The 
interaction of Se species with Fe-oxides that occur in 
barrier materials and in the environment surrounding 
repositories is widely known to be an important 
immobilization process, with poorly crystalline 
phases (e.g. ferrihydrite) playing particularly 
signficant roles. However, these metastable phases 
are expected to transform into stable, crystalline 
phases in the long-term, potentially leading to the 
release of previously sequestered elements. 
Furthermore, the presence of other ligands in the 
environment (e.g. Si) affects the uptake capacity and 
transformation kinetics and processes of such phases, 
which may influence the retention and/or release of 
sequestered elements. This study aims to clarify the 
fate of Se (IV) co-precipitated with ferrihydrite 
during phase transformation and the influence of Si 
on its behavior. Results of this study may shed light 
on Se behavior in HLW repositories as well as in 
other environments (e.g. soils). 

Batch co-precipitation experiments of Se (IV) 
with Fe-oxyhydroxides were conducted in the 
presence of varying amounts of Si at pH 10. Analysis 
of residual Se (IV) in the solutions showed that ~90% 
of Se (IV) was removed from solution and that the 
amount decreased very slightly with increasing Si. 
During transformation to hematite and goethite, a 
fraction of uptaken Se (IV) was released back into 
solution. The rate of Se (IV) release was increasingly 
delayed with increasing Si, consistent with the 
inhibitory effect of Si on ferrihydrite transformation. 
However, the amount of released Se (IV) also 
increases with increasing Si. Studies of the solids 
both before and after transformation using infrared 
(IR) and x-ray absorption spectroscopic (XAS) 
techniques, combined with extraction experiments 
indicated that Se (IV) was sequestered from solution 
and retained in the solid phases by sorption on Fe-
oxide/oxyhydroxide surfaces and not by the 
formation of an independent phase. These suggest 
that the release of Se (IV) during transformation may 
be due to the lower sorption capacities of crystalline 
Fe-oxides and the competition between Se (IV) and 
Si for sorption sites. These results show that post-
uptake behavior of hazardous elements must be 
carefully considered. 
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SO2 is a common impurity in CO2 streams 

captured from coal fired power plants. The presence 
of SO2 during geologic carbon storage is expected to 
intensify brine acidification through production of 
sulphuric acid resulting in enhanced mineral 
dissolution and precipitation. Being able to predict 
the effects of CO2 with SO2 injection on a storage site 
is critical for assessing risk of leakage and 
contamination. This study combined H2SO4-brine-
rock experiments with reaction path modelling to 
improve our ability to predict CO2-SO2 geologic 
storage. Sedimentary rocks were reacted with a 
synthetic H2SO4-brine at different pH, temperature 
and sample particle size to evaluate the pH and 
temperature dependency of reaction rates and to 
enhance our ability to upscale from the benchtop to 
the reservoir. While the rate data for most minerals 
proved adequate, for compositionally variable 
minerals, like chlorite and ankerite, rate parameters 
derived from published sources had to be adjusted to 
provide a good fit to the experimental data. The 
experimentally derived kinetically controlled models 
were then upscaled to reservoir scale, modified to 
include CO2 and O2 and run for 100 y. The models 
predicted rapid carbonate dissolution at the beginning 
of the modelling period followed by slower, more 
linear silicate dissolution. The initial carbonate 
dissolution buffered the SO2 induced acidification 
within the first year after injection resulting in a CO2 
dominated system. Compared to pure CO2 storage the 
CO2-SO2-O2 reservoir models resulted in enhanced 
carbonate reaction extent and the precipitation of 
sulphates and oxides. Further, a greater porosity 
increase was predicted for CO2-SO2-O2 storage, 
which has significant ramifications for the safety of 
the seal and the storage capacity of the storage 
formation.   
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The seawater 234U/238U isotopic composition has 
been presumed constant for long given the residence 
time of U of 380 kyrs in the ocean. Nevertheless 
during the past two decades, more and more evidence 
has shown significant deviations from a constant 
value of today 146.8‰. However, variations are 
confined in narrow ranges of 15‰ over the past 360 
kyrs according to Henderson [1]. Recent explanations 
of small deviations from the modern value invoke 
source driven changes related to rise and fall of sea 
level [2, 3], variable discharge of U from rivers [4], 
the relative ratio of chemical and physical weathering 
[5], and possible redox changes in the deep ocean. 
Here we present an update of seawater 234U/238U 
activity ratios spanning the past 60 kyrs in great detail 
and covering a total of 200 kyrs. We have compiled 
data from U-series dated corals in shallow tropical 
and deep waters. A total of 1500 measurements is 
included which required the indentification of 
laboratory biases, coral preservation, recalculation for 
a common half-live etc. The resulting record is 
evaluated for its possible regional and species 
dependend differences and a resulting 250 year 
binned record is obtained. During the past 18 kyrs a 
minor decreasing trend is visible from δ234U of 150‰ 
to 147‰, but variations from this trend are less than 
2.5‰. Colder climate periods MIS 3 and 2, including 
rapid climate instabilities, reveal on average a 5 ‰ 
lower seawater value of 142±1‰. However, 
statistical variance is three fold larger prior to 18 kyrs 
compared to the last 18 kyrs. We hypothesise that the 
sudden rise of seawater 234U/238U roughly 18 kyrs ago 
must be related to a major change of the isotopic 
composition of  continental U-discharge. 
 
[1] Henderson, G. (2002) Earth Planet Sci. Let. 199, 
97-110 [2] Esat, T. M. & Yokoyama, Y. (2006) 
Geochim Cosmochim Ac 70, 4140-4150 [3] Esat, T. 
M. & Yokoyama, Y. (2010) Geochim Cosmochim Ac 
74, 7008-7020 [4] Dunk, R. M., Mills, R. A. & 
Jenkins, W. J. (2002) Chemical Geology 190, 45-67 
[5] Robinson, L. F., Henderson, G. M., Hall, L. & 
Matthews, I. (2004) Science 305, 851-854. 
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We investigated the sea-ice carbonate (or CO2) 
chemistry in Tempelfjorden (West Spitsbergen) and 
the influence of different processes such as brine 
rejection from sea-ice formation, calcium carbonate 
precipitation and glacial freshwater discharge during 
two winters in March/April 2012 and 2013 [1].  

March/April 2012 was milder than April 2013 
with later sea-ice formation and thinner ice.  The two 
contrasting years clearly showed how the influence of 
freshwater affected the chemical and physical 
characteristics of the sea ice. We found large 
variability of sea-ice total alkalinity (AT), total 
dissolved inorganic carbon (CT), pCO2, dissolved 
inorganic nutrients, oxygen isotopic ratio (δ18O), and 
freshwater fractions, from the glacier front to the 
outer part of the fjord. 

 Processes within the sea ice such as calcium 
carbonate formation (ikaite) and brine rejection also 
affected the sea-ice carbon chemistry. The variability 
in the sea ice showed the lowest AT in March/April 
2012 near the glacier front coinciding with the 
highest freshwater fractions (glacial water). 
Relatively high AT in relation to salinity was 
observed mainly in March/April 2012, which could 
either be a result of ikaite precipitation in the sea ice 
(dissolved during analysis) or calcite and dolomite 
minerals originating from the bedrock/glacial 
freshwater. We found crystals of ikaite, calcite and 
aragonite (forms of calcium carbonate) in the 
snow/frost flowers in April 2013 as a result of to sea-
ice processes. 

 
[1] Fransson et al. (2015) J. Geophys. Res. 

Oceans, 120, doi:10.1002/2014JC010320 
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In order to evaluate the fate and transport of 

radionuclides in the environment, knowledge about 
complexation behaviour with inorganic ligands is 
mandatory. The complex stability constants (log10K) 
which are required for thermodynamic calculations 
are mostly determined at ambient conditions (293-
303 K). However, high level radioactive waste is 
expected to considerably increase the temperature in 
the vicinity of waste disposal sites up to 373 K. The 
temperature dependence of the log10K value can be 
calculated if all necessary thermodynamic parameters 
(log10K(T0), ΔrSo(T0), ΔrHo (T0), and the temperature 
dependence of ΔrCp

o) are known. However, reliable 
thermodynamic data for most actinide complexes 
with inorganic ligands, e.g. SO4

2− or CO3
2− are still 

lacking. Theoretical approximations may be helpful 
to estimate log10K values for higher temperatures, 
with the actual methods depending on the 
investigated temperature range and the chemical 
system.  

In this study of the U(VI)−SO4
2− system, we 

compare two approximation methods (constant 
enthalpy of reaction and Ryzhenko-Bryzgalin model - 
RBM) for the calculation of log10K at different 
temperatures. Both models show an increase of 
log10K with increasing temperature for both the 1:1 
and 1:2 complex. However, at the lowest and highest 
temperatures, the RBM gives slightly higher values 
than the constant enthalpy approach. 

These predictions are compared to experimentally 
determined log10K values as f(T). They are based on 
various spectroscopic techniques (TRLFS, 
fluorimeter, UV-vis, conventional Raman and 
surface-enhanced Raman) and yielded with 
increasing sulfate-concentrations a stepwise 
complexation from the free UO2

2+, to the 1:1, 1:2 and 
1:3 complex. This illustrated that a combination of 
different techniques is helpful for the distinct 
discrimination of the different complexes.  
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The occurrence of in-situ weathered bedrock, 

saprolite, is widespread in formerly glaciated 
Scandinavia. Understanding the genesis of these 
weathering products and placing them into an 
adequate tectonic and climatic framework is currently 
of great interest for two reasons. First, the origin of 
the landscape in Scandinavia is currently the subject 
of a lively debate hinged around the number and age 
of episodes of regional uplift and denudation. Second, 
there have been recent discoveries of major 
hydrocarbon reserves within weathered basement 
highs in the North Sea immediately offshore Norway. 
The age of weathering, however, remains loosely 
constrained, which in turn impacts on the credibility 
of existing landscape evolution models and on large-
scale morpho-tectonic correlations. Here we provide 
new geochronological evidence that the first-order 
geomorphology of western Scandinavia is a relict 
from Mesozoic times. K-Ar dating of authigenic, syn-
weathering illite clay separated from on- and offshore 
saprolitic remnants reveals basement exposure and 
weathering in the late Triassic. This age is 
independently confirmed by stratigraphic constraints. 
We conclude that the iconic "strandflat" landscape of 
western Scandinavia initially originated during the 
late Triassic through deep weathering in a warm 
climate, and that it was only rejuvenated through 
stripping as late as the Pleistocene, thus challenging 
the hypothesis of predominantly Pleistocene 
sculpturing of the landscape. 
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Strontium isotopic investigations are often 

applied to archaeological human remains in order to 
identify if the individuals fund at a certain site are of 
local or non-local origin. However, novel methods 
developments –in the field of strontium isotope 
analyses- have recently allowed the in-detail mobility 
investigation of the last months/years of a person’s 
life, in cases where scalp hair and/or nails are 
preserved.  This presentation will therefore take its 
point of departure on the two first case studies from 
female graves from Denmark, where this 
methodology has been applied. The Bronze Age high 
status female, known as the Egtved Girl, has provided 
evidence for long distance and complex mobility for 
3.400 years ago. Furthermore, the Egtved Girl, 
showed to have been buried with wool textiles that 
were made of non-local wool. However, her garments 
were weaved in a fashion that fits the local traditions, 
indicative of a high complex social and economic 
network during this period in southern Scandinavia. 
Furthermore, the Iron Age female bog body known as 
the Haraldskær Woman, has also recently revealed an 
unexpected mobility during the last months of her 
life, which provide yet another layer of information in 
which bog bodies can be interpreted.  
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The gigantic Late Neoproterozoic Fe and Mn 

deposits of Moro do Urucum and the iron formations 
from Puga Hills (Jacadigo Group, Brazil)  are 
associated with glacigenic deposits and represent the 
youngest and one of the largest sedimentary iron and 
associated manganese formation (IF) deposits of 
Cryogenian age in the world. Redox trace element 
signatures and Rare Earth Element+Yttrium patterns 
suggest deposition in shallow oxic basin seawater, 
influenced by significant fresh water input most 
probably directly derived from glacial meltdown. The 
lack of Eu anomalies, the presence of negative Ce 
anomalies, the peculiar occurrence of negative Y 
anomalies, together with positively fractionated δ53Cr 
values, indicate that that long-distance transport of Eu 
was inhibited and high-temperature hydrothermally 
sourced Fe in the Urucum IF was not important, and 
that the Urucum and Puga basins were sufficiently 
oxygenated which enabled effective reductive 
scavenging of Cr(IV) through co-precipitation with 
Fe-(oxy)hydroxide phases. Samples in which the 
proportion of Cr from detrital components relative to 
total Cr is less than 50% by mass define an authigenic 
(i.e., dissolved) δ53Cr signature of +1.11 ± 0.44‰ 
(n=14; 2σ) which we interpret as the average 
signature of the shallow seawater from which these 
ironstones were deposited. These stronlgy positively 
fractionated signatures support the intriguing view 
that an increase in atmospheric O2 levels following 
the Late Neoproterozoic glaciations was correlated 
with the evolution of macroscopic multicellular 
lifeforms.  
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A detailed meta-analysis of trace element 

concentrations in sphalerite shows that there are 
systematic, statistically significant differences in the 
mean concentrations of Ga, Ge, In, Fe and Mn 
between sphalerites from major types of Zn-Pb 
deposits [1]. A principal component analysis 
demonstrates that these differences are approximately 
one-dimensional, being expressible in terms of a 
single number. This number correlates strongly with 
the homogenisation temperature of fluid inclusions 
(R2 = 0.82, p < 2x10-16), and can be expressed as 
follows: 

 
 
 
 
 
with Ga, Ge, In and Mn concentrations in ppm, 

and Fe concentration in wt.%. The relationship is 
sufficiently strong to be used as a geothermometer, 
which we propose to call GGIMFis (= Ga, Ge, In, Mn 
and Fe in sphalerite) [1]: 

 

 
Application of GGIMFis to specific examples 

shows that it allows for the prediction of mean 
homogenisation temperatures to within ~ 50–70 °C. 
If future work could demonstrate that GGIMFis is 
applicable not just to differences in the mean 
formation temperatures of deposits, but also at much 
smaller scales, e.g. individual growth bands within 
chemically zoned crystals, it would offer the 
possibility to study variations in fluid temperatures 
during ore-forming processes at much higher spatial, 
and therefore temporal, resolution than state-of-the-
art fluid inclusion micro-thermometry. 

 
[1] Frenzel, Hirsch & Gutzmer (2016), Ore Geology 
Reviews 76, 52-78. 

PC 1*= ln( cGa
0.22Ŋ cGe

0.22

cFe
0.37Ŋ cMn

0.20Ŋ cIn
0.10)

T (°C )= (54.4± 7.3 )ŊPC 1*+ (208± 10 )
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Isotopic ratios can be measured with ppm levels 

of precision using MC-ICP-MS. The measurement of 
accurate isotope ratios depends on the adequate 
correction of the instrumental mass bias. The origin 
of this bias is element dependent and not fully 
understood. Previous studies [1,2] document that an 
increased oxide formation rate for Nd can yield a 
non-linear mass dependent component to mass bias 
that cannot be corrected using standard mass bias 
models and can compromise the accuracy of the 
corrected ratios.  

We investigated the effects of changing the 
instrument operating conditions, sample introduction 
system, and sampler/ skimmer cones’ geometry on 
the formation of NdO+ species. The most relevant 
parameters to oxide formation are torch position, 
nebulizer pressure, sample gas flow, and skimmer 
geometry. Varying these parameters allowed us to 
map how Nd isotopic ratios are affected by oxide 
formation. The general trend for 142Nd, 143Nd and 
145Nd /144Nd ratios is that increasing oxides cause the 
ratios to decrease, while 148Nd/144Nd ratios increase 
(e.g. Table 1). The rate of oxide formation for Nd was 
found to be isotope dependent. 

144Nd16O/144Nd (%) 143Nd/144Nd 148Nd/144Nd 
Reference Value 0.512116 0.241572 

0.11 0.512048 (15) 0.241410 (18) 
0.15 0.512063 (10) 0.241538 (2) 
0.3 0.512028 (9) 0.241541 (3) 
0.6 0.511987 (18) 0.241560 (11) 

Table 1. 143Nd and 148Nd /144Nd (2SD*106) 
measured on JNdi using high sensitivity cones and an 
Aridus II spray chamber 

The limitations of the exponential law to correct 
for instrumental mass bias over the relatively large 
mass range of Nd, and other factors that might affect 
the accuracy of Nd ratio measurements are being 
investigated. Collectively, these results allow us to 
elucidate the effects of various paramters on 
instrumental mass bias and hence to develop a new 
set of operating conditions that minimize oxide 
formation without compromising sensitivity and give 
the most accurate ratios. 
[1] Newman et al. (2009) J. Anal. Atom. Spectrom. 
24, 742-751. [2] Newman (2012) J. Anal. Atom. 
Spectrom. 27, 63-70. 
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Molybdenum isotope ratios in arc magmas have 

recently been shown to  trace fluid and melt 
components derived from the subducted slab. [1]. 
Here we present Mo isotope data for Lesser Antilles 
arc lavas and sediments subducting at the Lesser 
Antilles trench. Radiogenic isotope characteristics in 
the Lesser Antilles lavas indicate the addition of 
enriched, continental material to the magmas. It is 
hotly debated whether this continental material is a 
sediment derived from the subducted Atlantic plate or 
if the magmas assimilated material from the 
overlying plate while ascending to the surface [e.g. 
2,3]. 

Sediments subducting at the Lesser Antilles 
trench contain sequences of black shales that have 
unusually high δ98/95Mo (the per mil deviation in 
98Mo/95Mo relative to the NIST 3134 standard) of 
~0.6. The black shales are highly enriched in Mo and 
despite being a volumetrically minor component in 
the sediment column they dominate the Mo isotope 
composition of the bulk sediment subducting at the 
Lesser Antilles which has δ98/95Mo = 0.55, about 0.8 
‰ higher than the sediment subducing at the Mariana 
trench in the Pacific. 

Lavas from the depleted, northern Lesser Antilles 
islands have δ98/95Mo = -0.1 – 0.05 and are within the 
range of previously published data from the Mariana 
arc [1] whereas lavas from the more enriched, 
southern Lesser Antilles islands have substantially 
higher higher δ98/95Mo = 0.15-0.35. We attribute the 
high δ98/95Mo in the southern Lesser Antilles islands 
to black shale-derived Mo and show that these lavas 
require the addition of sediment-dominated slab melts 
to their mantle sources. 

 
[1] Freymuth et al. (2015) EPSL 432 176-186. [2] 

Carpentier et al. (2008) EPSL 272 199-211. [3] 
Bezard et al. (2014) EPSL 395 51-60. 
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The origin of micrites in the geologic record is a 
long-standing subject of debate. Here we conducted a 
high resolution study of samples that included ancient 
marine microbialites and modern continental deposits 
using high-resolution Transmission Electron 
Microscopy.  

By examining micrites at lattice fringe resolution, 
we find these materials are disorganized aggregates 
of nm-scale particles (Fig. 1) that suggest 
mineralization by non-oriented or only partially-
oriented particle nucleation and attachment processes 
(De Yoreo et al., 2015, Science). The findings from 
all environments of formation represented in this 
study, which include a shallow marine platform, a 
thermal pool and an alkaline lake, suggest micritic 
materials arise from particle-dominated processes. 
The Mg content of these materials spans from 3–4 
mol% Mg to 50%.  

 
 
 
 
 
 
 
 
 
 
 
Fig. 1 – Nanocrystal aggregate in recent micrite. 
 

The structural evidence suggests these 
nanocrystal aggregates can further transform into 
microsparite and sparite with modulated 
microstructures, or remain preserved for hundred of 
millions of years. Our data suggest preservation my 
be favoured by the presence of clay. Evidence for 
particle attachment processes in diverse environments 
suggest micrite formation can be driven by local 
inorganic conditions and microbes are not required. 
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Up to the present day, the high relevance of Fe 

oxides for elemental cycling in nature encourages 
scientists to conduct studies, in which Fe oxides 
precipitate in the presence of selected (in)organic 
compounds. Although these studies provide 
important insights into the impact of single 
compounds on the Fe oxide properties, it remains 
unclear to which extent these findings apply to Fe 
oxides that precipitate in natural systems, in which a 
multitude of (in)organic compounds coexists in 
constantly fluctuating relative proportions. We 
developed an experimental setup that allows for the 
lab-based production of Fe minerals that are expected 
to form at anoxic-oxic interfaces in soils. We 
assessed their bulk properties (XRD, FTIR-, 
Mössbauer spectroscopy) and their surface properties 
at the nm-scale (Nano-SIMS, AFM). 

We identified Fe(III)-OM co-precipitates, whose 
elemen-tal composition was controlled by the 
composition of the so-lution from which they 
precipitated. P and As were preferentially associated 
with these precipitates compared to Si. Nano-SIMS 
(spatial resolution ∼50 nm) could not unequi-vocally 
resolve dedicated Fe-P- and Fe-As-phases. Unlike 
most humic substances that are commonly used as 
reference OM, the mineral-associated OM contained 
significant amounts of proteins and polysaccharides. 
The variable aggregate sizes (10 nm - >1 µm) and 
shapes (bulk vs. linear) of the Fe-OM co-precipitates 
had no measurable influence on the short-range 
crystalline order, which was generally very low, and 
on the mechanical surface properties, i.e. DMT 
modulus, adhesion, and deformation. The relative 
content in N and S increased with increasing 
aggregate size, which we relate to the actual mode of 
aggregation of Fe-OM co-precipitates in soil 
solutions at passage of the anoxic-oxic interface.  
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Climate change has caused variations in the 
hydrological cycle of Earth through its history. 
Paleoclimatology aims to study these climatic 
variations, providing record of Earth’s past without 
human intervention. Those studies are considered 
extremely important for the current climate modeling. 
Peat bogs are considered ideal environments for 
evaluating the records of hydrological variations; 
their formation is associated with the topography and 
the local hydrological regime [1]. n-Alkanes 
compounds with different chain lengths are deposited 
by the decay of specific types of plants growing in 
these regions. Humid environments with terrestrial 
plants tend to have predominance of C29 n-alkanes 
and, in some cases, Sphagnum mosses are 
characterized by C23, C25 and C31. In dry locations, 
C31 are the dominant among n-alkanes.  A core of 
peatbog sample, constituted mostly by modern 
Sphagnum moss species, was collected in Southern 
Brazil. The n-alkanes distribution from total lipid 
extracts analyzed by gas chromatography/mass 
spectrometry was determined. The study showed 
changes in the predominant n-alkanes (C23, C25 and 
C31) and, consequently, changes in vegetation due 
hydrological variations. Wet and dry periods were 
confirmed by traditional ratios such as n-alkane index 
(C31/C29 + C31), C23/C29 and C23/C31. The proxies that 
have been applied showed similar patterns. 
According to the ratios, it was identified  the 
prevalence of wet weather periods in the region with 
short dry ones - including the most recent period of 
deposition (Figure 1). 

 
Figure 1. Traditional ratios among n-alkanes 
associated with wet and dry periods in the 
investigated area in South Brazil. 
Reference: [1] Nichols et al. (2006), Organic 
Geochemistry 37, 1505-1513. 
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The central North Pacific at station ALOHA has 

been shown to receive seasonal dust input from Asia 
based on high iron concentrations in surface waters 
[e.g., 1]. Using dissolved rare earth element (REE) 
concentrations, and neodymium (Nd) and radium 
(Ra) isotopes from coastal stations around Oahu, 
Hawaii, and the upper water column at station 
ALOHA, we demonstrate that local input from 
Hawaii also significantly contributes to the trace 
element budget at station ALOHA. Samples around 
Oahu and at ALOHA were collected during R/V Kilo 
Moana cruise KM1107 (Feb. 2011), samples from the 
upper water column at ALOHA were collected on 
cruises KM1215 (July 2012), KM1219 (Aug. 2012), 
and KM1309 (June 2013).  

All coastal sites show radiogenic εNd values (εNd = 
+0.6 ±0.8) similar to those of groundwater from Oahu 
(εNd = +0.6 and +1.3), slightly elevated REE 
concentrations, and positive europium anomalies 
(Eu/Eu*), all indicative of an imprint from basaltic 
rocks. At ALOHA, surface waters in February also 
show positive Eu/Eu* and very positive εNd values 
(εNd = +0.8), significantly different from the open 
North Pacific. These observations coincide with 
elevated 228Ra values, clearly indicating a local 
freshwater source of the trace elements. In June, July, 
and August, surface waters at ALOHA show a shift 
towards more negative εNd values (εNd = -0.6 to -2.0) 
and no positive Eu/Eu*. These months follow the 
spring/early summer dust peak from Asia, suggesting 
that Asian dust with εNd = -10 contributes to the trace 
element budget at station ALOHA in summer. Yet, 
the majority of the background εNd and REE signals 
at ALOHA are due to local input from Hawaii. 

 
[1] Fitzsimmons, J.N. et al. (2015), GCA 171, 303-
324.  
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The major lower mantle mineral bridgmanite has 

a strong affinity for Fe2O3. This appears to arise from 
an energetically favourable coupled substitution of 
Fe3+ and Al in the structure. In experiments 
performed at conditions of the top of the lower 
mantle in the presence of metallic iron bridgmanite 
has been found to contain significant amounts of 
Fe2O3. This means that bridgmanite contains a 
significant Fe2O3 component even at the lowest 
oxygen fugacity plausible for the lower mantle. If 
bridgmanite was formed at these conditions from 
material initially poor in Fe2O3 then 
disporportionation of FeO would have to occur to 
produce an assemblage of Fe2O3 –bearing 
bridgmanite and iron metal. As the lower mantle 
likely was in place before the end of core formation it 
would have formed from material initially poor in 
Fe2O3. Iron metal should, therefore, have formed with 
bridgmanite. To provide sufficient Fe2O3 in the 
bridgmanite structure to balance a coupled 
substitution with Al2O3 would require the formation 
of approximately 1 weight % metallic iron. 

 
A thermodynamic model has been developed to 

describe the speciation of FeO and Fe2O3 in minerals 
of the lower mantle as a function of pressure, 
temperature and oxygen fugacity. The model employs 
experimental data on the partitioning of iron 
components between ferropericlase and garnet and 
determinations of the major bridgmanite substitution 
mechanisms. Using volume and equation of state data 
on end-member components this model can be 
extrapolated to conditions prevailing throughout most 
of the lower mantle. The results can be compared 
with the sparse experimental data obtained over these 
conditions. The model is used as a basis to calculate 
plausible seismic wave velocity profiles through the 
lower mantle. The implications for the early redox 
evolution of the mantle and the speciation of volatiles 
in the lower mantle can also be examined. 
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Taiwan is tectonically situated in a terrain 
resulting from the oblique collision between the 
Philippine Sea plate and the continental margin of the 
Asiatic plate, with a continuous stress causing the 
density of earthquakes and faults. Previous studies 
have revealed that gas compositions of fluid samples 
collected from southwestern Taiwan where many hot 
springs and mud volcanoes are distributed along 
tectonic structures show significant variation prior to 
and after some disaster seismic events. Such 
variations, including radon activity, CH4/CO2, 
CO2/3He and 3He/4He ratios of gas compositions, are 
considered to be precursors of earthquakes in this 
area.  

To validate the relationship between fluid 
compositions and local earthquakes, a continuous 
monitoring station has been established at Yun-Shui, 
which is an artesian well located at an active fault 
zone in SW Taiwan. It is equipped with a radon 
detector and a quadrupole mass spectrometer (QMS) 
for in-situ measurement of the dissolved gas 
composition. Variations of gases composition are 
transmitted to the laboratory through internet. 
Furthermore, a syringe pump apparatus for the 
retrieval and temporal analysis of helium 
(SPARTAH) [1] is also installed for obtaining the 
detailed time series records of He and H-O isotopic 
compositions, DIC concentration and δ13C isotopic 
ratios, and anion concentration of water samples at 
this station. After continuous monitoring for about 
one year, some anomalies occurred prior to some 
local earthquakes. This automated system has been 
demonstrated to be feasible for long-term continuous 
seismo-geochemical research in this area. 
 
[1] Barry et al. (2009), G-cubed 10, doi: 
10.1029/2009GC002422. 
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The sulfur isotope is an important geochemical 

tracer in diverse fields of geosciences[1]. In this 
study, the signal intensities of S isotopes were 
improved by a factor of 2.3 and 3.6 using the X 
skimmer cone combined with the standard sample 
cone or the Jet sample cone, respectively, compared 
with the H skimmer cone combined with the standard 
sample cone. Different cone combinations have a 
significant effect on the mass bias and mass bias 
stability for S isotopes. Poor precisions of S isotope 
ratios were obtained using the Jet and X cones 
combination at their corresponding optimum makeup 
gas flow when using Ar plasma only. The addition of 
4-8 ml min-1 nitrogen to the central gas flow in laser 
ablation MC-ICP-MS was found to significantly 
enlarge the mass bias stability zone at their 
corresponding optimum makeup gas flow in these 
three different cone combinations. The polyatomic 
interferences of OO, SH, OOH were also 
dramatically reduced, and the interference free 
plateaus of sulfur isotopes became broader and flatter 
in the nitrogen mode (N2=4 ml min-1). The matrix 
effect among different sulfides and elemental sulfur 
was observed, but it could be significantly reduced 
using line scan ablation instead of single spot ablation 
under the optimized fluence. It is recommended that 
the d90 values of the particles in pressed powder 
pellets for accurate and precise S isotope analysis 
should be <10 µm. Under the selected optimized 
analytical conditions, excellent agreements between 
the determined values and the reference values were 
achieved for the IAEA-S series standard reference 
materials and a set of six well-characterized, isotopic 
homogeneous sulfide standards (PPP-1, MoS2, 
MASS-1, P-GBW07267, P-GBW07268, P-
GBW07270), validating the capability of the 
developed method for providing high-quality in situ S 
isotope data in sulfides and elemental sulfur. 
 
[1] Seal (2006) Rev. Mineral. Geo-Chem. 61, 633-
677. 
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Biogenic secondary organic aerosols (SOA) are 

generally considered to be more abundant in summer 
than in winter. Here, polar organic marker 
compounds from the oxidation of biogenic and 
anthropogenic volatile organic compounds (VOCs) in 
urban background aerosols from Mumbai, India were 
measured using gas chromatography/mass 
spectrometry. Surprisingly, we found that the 
atmospheric levels of biogenic SOA tracers in 
Mumbai were several times higher in winter than in 
summer. Similar seasonal patterns were found for a 
toluene SOA tracer and hydroxyacids such as 
glycolic, salicylic, and 4-hydroxybenzoic acids. Such 
seasonality may be explained by the predominance of 
the southwest summer monsoon, which brings clean 
marine air masses to Mumbai. Another explanation is 
that wet removal likely dominates organic aerosol 
loss during the monsoon season. However in winter, 
air masses are mainly transported from northeast 
Africa and west Asia and contain continental aerosols 
with relatively high levels of SOA. The 
winter/summer pattern of SOA loadings was further 
supported by the results from two chemical transport 
models (NAQPMS and GEOS-Chem). In addition, 
our results suggest that monoterpene- and 
sesquiterpene-derived secondary organic carbon 
(SOC) were more significant than those of isoprene- 
and toluene-SOC in the coastal regions of western 
India. 
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Carbon isotopic composition of alkanes has been 

used extensively to evaluate their origins and thermal 
maturity of source rocks. The factors controlling the 
hydrocarbon formation and isotope fractionations 
include temperature, pressure, redox, and the 
presence of water. To elucidate the role of 
environmental redox conditions in carbon isotope 
values of hydrocarbons during petroleum generation, 
a series of hydrous pyrolysis experiments are 
conducted. 

The source rock was obtained from the Huadian 
Basin in Jilin Province, northeast China. It is a shale 
layer in the Oil Shale Formation, which is Type-1 
lacustrine deposit in the middle Eocene. Two sets of 
experiments were performed at 310°C for 4 days 
under hydrous conditions. The only difference 
between them is: one with dissolved H2 gas in the 
concentration of 100 mmol/kg, while the other with 
He gas. 

The products in gas phase include carbon dioxide, 
linear alkanes with the carbon number up to 5 (C1-
C5), and the branched isomers of C3 to C5. The stable 
carbon isotopic value of straight-chained alkanes 
increases with the carbon number, following the trend 
for thermogenic hydrocarbons. However, C1-C3 
alkanes from experiments with dissolved H2 are 
depleted in 13C than experiments with He. For 
example, the δ13C value of methane in experiments 
with H2 is -40.88 ± 0.1‰, which is 2.71‰ depleted 
than methane with He (-38.17 ± 0.1‰). This 
depletion becomes less with increasing carbon 
numbers. Butanes or pentanes from each experiment 
have similar carbon isotope values.  

The carbon isotope depletion of light alkanes 
suggest that the predominant pathway of their 
formation, direct kerogen breakdown vs. bitumen 
decomposition, may be different under reducing 
conditions. The on-going isotope measurement of 
other products, including different groups in bitumen, 
are necessary to fully undestand carbon isotope 
fractionations in this process. It would facilitate 
identification of the pathways of oil/gas formation in 
different environments and effective use of carbon 
isotope values for exploration. 
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In terms of deep seafloor mining, environmental 

impact assessment is required because it could lead to 
marine environmental problems. Heavy metals (e.g., 
Zn, Pb, Cu, Cd, and Hg) and arsenic might be 
released from waste ore minerals during transfer of 
those from seafloor to vessel. Here, we discuss about 
the possibility of arsenic contaminations and its effect 
on the primary production of marine phytoplankton 
during seafloor mining. 

Chimney sample containing a high amount of 
arsenic (2.3 wt.%) was powdered manually and 
reacted with ultrapure water or artificial seawater 
(Daigo SP) in a Teflon centrifuge tube. The 
concentration of arsenic dissolving in the solution 
was quantified by ICP-MS. Arsenic was released 
from the chimney into the solution after the shaking 
with ultrapure water; the concentration of arsenic 
dissolving in the ultrapure water and artificial 
seawater were 43 ppm and 13 ppm, respectively. 
Arsenic was the most abundant element in the 
solution, and major arsenic species dissolving in the 
solution was arsenite, but not arsenate. 

 A seawater was incubated on board to evaluate 
the toxicity of arsenic on the natural phytoplankton 
assemblages. Seawater was collected near Kume 
island (Okinawa) during the KR16-03 (Feb. 2016, 
R/V Kairei) cruises, and the solutions reacted with 
the chimney and containing arsenic regent (50 ppm) 
were added to the seawater (1 %). After incubation 
for 24 h, cell densities of phytoplankton drastically 
decreased, especially when the solution reacted with 
the chimney was added. These results suggest that 
arsenic could be released from ore minerals to ocean 
during deep seafloor mining, and that the primary 
production of marine phytoplankton would be 
inhibited by arsenic released from ore minerals. 
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We found intermediately low-CaO core (0.11-

0.17 wt.%) in olivine phenocrysts (-6.5 mm) and 
high-CaO skeletal macrocrysts (2-3 cm) from a 
picritic dolerite formed in a back-arc basin, whose 
whole rock MgO content are explained by olivine-
addition to the Sawasaki basalt units (MgO around 10 
wt.%) [1]. Compositions of the phenocryst core are 
similar to those of slightly differenciated high-CaO 
boninite.  The core commonly shows reverse-zoning 
in which Fo and NiO contents increase toward the 
rim, with increase in CaO (>0.2 wt.%). At the rim, Fo 
and NiO contents decrease, while the CaO content 
still increases. Such zoning patterns are common in 
coarse crystals (>3 mm), in spite of having 
dislocation lamellae or not. The rim is similar in 
composition to the finer phenocrysts (<3 mm) in 
picritic dolerite and to the phenocrysts in the 
Sawasaki basalt. The skeletal macrocrysts are 
included in this compositional group.  MORB-
normalized incompatible element patterns of analysed 
picritic samples are almost parallel to those of the 
Sawasaki basalt, which has E-type MORB characters. 
Involvement of E-type MORB magma and high-CaO 
boninitic magma which made olivine cumulates 
earlier might be a plausible interpretation for the 
origin of picritic dolerite from the Ogi Basalt.  In the 
sothern part of the Japan Sea which has thin 
continental crust, production of boninitic magmas 
may suggest high degree of partial melting of the 
source mantle, possibly an E-type MORB source, at 
shallow level. 
 
[1] Fujibayashi et al., 2014, Island Arc 23, 334-364. 



Goldschmidt Conference Abstracts 

 

862 

Hydration of the incoming 
oceanic plate owing to the 

bending-related faulting and its 
regional variation 

GOU FUJIE, SHUICHI KODAIRA, YUKA KAIHO, 
TAKESHI SATO, NARUMI TAKAHASHI, MIKIYA, 
YAMASHITA, YOJIRO YAMAMOTO, TSUTOMU 

TAKAHASHI 
CEAT/JAMSTEC, 3173-25, Showamachi, 

Kanazawa, Yokohama, JAPAN 
 

The dehydration process and the expelled water 
from the subducting oceanic plate are expected to 
affect various subduction zone processes, including 
arc volcanism, generation of intermediate depth 
earthquakes and tremors, seismic coupling of plate 
interface, and thermal structure.  Accordingly, the 
regional variations in the degree of the hydration 
within the incoming plate might have strong 
influences on the regional variations in the 
subduction zone processes. 

Recent seismic and electromagnetic observations 
in the trench-outer rise region around the world 
suggest that plate bending-related faults just prior to 
subduction have a potential to promote water 
infiltration and raise the degree of hydration in the 
incoming oceanic plate. 

To evaluate the impact of the bending-related 
faulting on the water amount within the incoming 
oceanic plate,  we have conducted extensive active 
source seismic surveys in the northwestern Pacific 
margin.  Obtained seismic velocity models show 
gradual reduction in seismic velocities and gradual 
increase in Vp/Vs ratio (Poisson's ratio) toward the 
trench axis accompanied by the development of 
bending-related faults, suggesting that water content 
(degree of hydration) within the oceanic plate 
increases toward the trench axis owing to the plate 
bending-related faulting. 

However, the development of the bending-related 
faults, in other words, the development of the horst 
and graben structure, shows remarkable regional 
variations here.  On the whole, the throw of the 
bending faults is much larger in the outer rise of 
Japan trench than that in the Kuril trench.  As 
expected, changes in seismic velocities are more 
significant in the Japan trench than that in the Kuril 
trench.  This can be explained by the differences in 
the angle between the strike of the paleo-spreading 
ridge and the strike of the trench axis.  In addition, we 
observed low seismic velocities and high Vp/Vs ratio 
in the vicinity of the ancient fracture zone associated 
with ridge propagation.  These observations imply 
that the amount of water transported by the oceanic 
plate into the subduction zone is dependent on both of 
the ancient activities near the paleo-spreading ridge 
and of the present activities near the oceanic trench. 
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 Hyperalkaline groundwaters produced by 
serpentinization of ophiolites can be considered 
natural analogues of the leachates produced by low 
alkali cementitious materials in repositories for 
radioactive waste. Evidence from the Saile bentonite 
mine at the westernmost end of the Zambales 
ophiolite in Luzon shows indications of previous 
reaction of smectite clays with the alkaline natural 
groundwaters. At this site, secondary minerals such 
as Fe-montmorillonite, Fe-saponite and K feldspar 
was formed in the alteration zone by the reaction, but 
the alteration was restricted to a maximum of 5 mm 
from the clay/groundwater interface. However, as this 
example is from a ‘defunct’ groundwater/clay 
reaction site, many uncertainties exist regarding 
original groundwater chemistry, duration of reaction 
time etc. Consequently, it was decided that the 
evidence for minimal reaction of the bentonite would 
be strengthened by examining a site of currently 
ongoing groundwater/bentonite reaction. 

A relevant site was identified in Narra, in central 
Palawan, SW Philippines. Here, hyperalkaline 
groundwaters (pH11, low Eh, 35~45°C and high Ca 
content) from ongoing serpentinization reactions in 
the underlying harzbergite bedrock seep into 
overlying ultramafic sediment where smectite (Fe-
saponite) was identified. 

These preliminary results, indicate that the Narra 
site is worth investing to study influence of 
hyperalkaline fluid on bentonite in the engineered 
barrier system containing cement materials and iron 
waste packages by observation of smectite under 
hyperalkaline condition and comparison with the 
previous results from the less well defined Saile study 
and work from similar work in Cyprus. 

This research was initiated within a project to 
develop Geological Disposal Technologies in Japan 
using Natural Analogue, which was funded by the 
Ministry of Economy Trade and Industry (METI), 
Japan. 
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Oligomerization of amino acids in prebiotic 

environments is an important step to the emergence 
of life. Oligomerization of amino acids was reported 
from experiments under high pressure and high 
temperature conditions simulating impact of comets, 
hydrothermal vents and diagenesis in sub-seafloor 
sedimentary environments [1-3]. However, it is 
unclear which factor (pressure or temperature) is 
dominant to oligomerization. In this study, we focus 
on exclusive effect of high pressure on 
oligomerization. We tested oligomerization of L-
alanine under high-pressure at 25 °C. 

Experiments were performed under 5–23 GPa at 
25 °C using opposed-anvil apparatus and multi-anvil 
apparatus. A starting material was loaded in a high-
pressure cell with three different conditions: wet, dry 
and solution (wet: L-alanine powder with its saturated 
aqueous solution, dry: L-alanine powder, solution: 
saturated L-alanine aqueous solution.). After 
decompression to ambient pressure, recovered 
samples were dissolved in pure water and analyzed 
using LC-MSMS. 

Alanine dimer was detected from all the 
recovered samples and alanine trimer was detected 
from those recovered from pressures higher than 9 
GPa. With increasing pressure, the yields of alanine 
dimer and trimer increased for each experimental 
condition (wet, dry, and solution). These results are 
consistent with the results of Fujimoto et al. [4]. The 
largest oligomer detected was 8-mer under the wet 
condition and the formed oligomers from dimer to 8-
mer decreased with increasing the oligomer size. 
Water in the samples existed as ice VII under these 
experimental conditions and the oligomerization 
observed here was a solid-phase reaction.  

This study revealed that oligomerization of amino 
acids occurs under high pressure at 25 °C with 
existence of ice VII which is known to exist in the 
interiors of icy planets. The interior of icy planets 
could be recognized as new site for abiotic 
oligomerization of amino acids.   
[1] Sugahara & Mimura (2015) Icarus 257, 103-112. 
[2] Imai & Honda (2010) Viva Origino 38, 35-39. [3] 
Otake et al. (2011) Astrobiology 11, 799-813. [4] 
Fujimoto et al. (2015) ChemComm 51, 13358-13361. 
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A recent report has documented a wide 
distribution of “REY-rich mud,” deep-sea sediment 
containing high concentrations of REY (rare-earth 
elements and yttrium), in the Pacific Ocean [1]. 
Moreover, the presence of REY-rich mud (ΣREY = 
~1,000 ppm) has been confirmed in the Japanese 
Exclusive Economic Zone (EEZ) surrounding 
Minamitorishima Island (Marcus Island) [2], on the 
basis of two sediment cores recovered from the Deep-
Sea Drilling Project and Ocean Drilling Program 
sites. 

To investigate a detailed spatial distribution of 
REY-rich mud in the Minamitorishima EEZ, the 
KR13-02 cruise (R/V Kairei from January 21 to 31, 
2013) was conducted by JAMSTEC and the 
University of Tokyo, resulting in the discovery of the 
“highly” (ΣREY = 2000 – 5000 ppm) to “extremely” 
(ΣREY > 5000 ppm) REY-rich mud in the southern 
part of the Minamitorishima EEZ [3-5].  

To clarify the mineralogical/chemical 
characteristics and distribution of REY-rich mud in 
the Minamitorishima EEZ, six research cruises 
(MR13-E02 Leg2, KR14-02, MR14-E02 Leg2, 
MR15-E01 Leg2 and Leg3, and MR15-02) have been 
subsequently conducted by JAMSTEC and the 
University of Tokyo over three years. A total of 54 
sediment cores (typically ~12 m in length) were 
collected using piston corer during these cruises. 
Here, we report the visual core descriptions, bulk 
chemical compositions and the spatial distribution of 
the deep-sea sediments in the Minamitorishima EEZ. 
 
 [1] Kato et al. (2011) Nature Geoscience, 4, 535-
539. [2] Kato et al. (2012) Abstracts with programs, 
the Society of Resource Geology 2012. [3] Kato et al. 
(2013) JpGU2013. [4] Iijima et al., in revision. [5] 
Fujinaga et al., in revision. 
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The radioactive cosmogenic Beryllium-10 (10Be) 
is produced by spallation reaction between high-
energy neutron and target nuclei mostly in the 
atmosphere (meteoric 10Be) and slightly within 
mineral lattices in material at the Earth’s surface (in 
situ 10Be). The meteoric 10Be is a powerful tool for 
determining soil residence times and surface erosion 
rate. Recently, it is reported that the Earth surface 
denudation rate and its weathering intensity can be 
calculated using the isotopic ratio of meteoric 10Be to 
mineral-derived stable 9Be in river sediments (von 
Blanckenburg et al., 2012). The purpose of this study 
is to examine this approach to smaller rivers in Japan. 
We tested eight bed-sediments (<180 µm) of rivers 
flowing to Lake Biwa, Shiga Prefecture, central 
Japan. The 10Be measurements were carried out with 
5MV AMS at the TONO Geoscience Center, JAEA, 
Japan. 

The 10Be concentrations of the bed-sediments 
were 1.9–8.6×107 atoms g-1, except for the Ado river 
sediment. The Ado sediment, which showed high 
10Be of 17.1×107 atoms g-1, consists mainly of fine 
fraction <32 µm (92%), and contains little primary 
minerals such as feldspar, different from the other 
bed-sediments. Therefore, the high 10Be of the Ado 
sediment could be due to the grain size effect.  

The denudation rates of the bed-sediments 
calculated from the 10Be/9Be ranged from 50 to 1179 t 
km-2 yr-1. The rates were low in the rivers flowing 
through plane areas at the southern to eastern parts of 
Lake Biwa, while high in rivers flowing down 
mountain areas at the northern to western parts. This 
trend coincides with the denudation rate calculated 
from the standard deviation of altitude per unit area 
(Fujiwara, 1999). The recipitation rates around each 
river basin showed a positive correalation (R2=0.985) 
with the denudation rate estimated from 10Be/9Be of 
the bed-sediments except for the Ado sediment. The 
results indicate that 10Be concentration in river bed-
sediments can be used as an indicator of precipitation 
and surface erosion of the catchment area.  
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Microbially induced calcite precipitation (MICP) 
has gained interest as an environmentally friendly 
method for a number of subsurface applications, 
including consolidation of granular materials, 
modification of permeability, metal and radionuclide 
immobilization, self-healing of concrete, etc. MICP 
relies on microorganisms that when provided with 
appropriate nutrients create chemical conditions 
conducive to calcite precipitation.  A major challenge 
is controlling and predicting spatial distribution of 
precipitates, whether the target be uniform or 
nonuniform (e.g., in specific strata or locations) 
deposition. The spatial distribution depends on calcite 
precipitation kinetics, the kinetics of the biological 
and chemical reactions that generate the required Ca2+ 
and carbonate, locations and phase association of the 
microbial catalyst, and timing of the arrival of 
amendments introduced into the medium; the latter 
depends on hydraulic boundary conditions and 
medium properties (porosity, permeability). 

We present results from a field experiment where 
we sought to induce uniform precipitation relying 
only on indigenous microorganisms and calcium 
within an approximately 3 meter thick saturated zone 
between two wells located 4 meters apart. We 
employed a continuous recirculation design; water 
extracted from the downgradient well was amended 
with urea and molasses and re-injected into the 
upgradient well for 12 days and the aqueous 
chemistry and microbiology was monitored for 419 
days. Measurements of substrates and products, and 
isotopic data for DIC all indicated desired reactions 
were stimulated within the zone and downstream, 
during active recirculation and afterward. The results 
could be reasonably simulated by postulating that the 
recirculation resulted in homogeneous aqueous 
geochemistry within the entire zone, that a metabolic 
lag time persisted during the recirculation period, and 
that native ureolytic microorganisms were all 
attached. While alternative scenarios cannot be ruled 
out, the data and model support that spatial 
distribution of urolytic calcite precipitation can be 
manipulated by engineering design, although still 
constrained by site hydrogeology. 
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 Barite (BaSO4) is a mineral useful for 
radioactive disequilibrium (226Ra-210Pb and 228Ra-
228Th) and ESR (electron spin resonance) dating 
methods. While the disequilibrium methods have 
often been used [1], ESR dating of barite has been 
recently developed since it was shown that the 
method is practically useful for barite extracted from 
sea-floor hydrothermal sulfide deposits [2]. With 
several basic works [3], the method  have been 
almost established. 
 In the present study, three dating methods (226Ra-
210Pb and 228Ra-228Th, and ESR) have systematically 
been applied to barite crystals extracted from sulfide 
deposits taken at the Okinawa Trough hydrothermal 
field. The samples were taken by the research cruises 
(NT01-05, NT02-07, YK04-05, NT11-15, NT11-20, 
NT12-06, KY14-02) operated by JAMSTEC both 
from active and inactive sites. 228Ra with half life of 
5.75 year was detected in the active chimney 
samples. The 226Ra-210Pb and 228Ra-228Th ages were 
obtained from the ativity ratios of daughter nuclei. 

The obtained ESR ages range from 4.1 to 16000 
years. The order of the oldest ESR age of the samples 
from the hydrothermal field was, from oldest to 
youngest, Izena Hole (Hakurei site), Iheya North 
Knoll, Hatoma Knoll, Daiyon-Yonaguni Knoll, 
Yoron Knoll then Irabu Knoll. 

There are samples for which the ESR ages are 
older than 226Ra-210Pb and 228Ra-228Th ages, where, the 
order of the ages is consistent, i.e., samples with 
younger 226Ra-210Pb or 228Ra-228Th ages show younger 
ESR ages and vice versa. The age inconsistencies 
among three methods would most probably be 
because the barite crystals were formed by two or 
more hydrothermal events and were mixed together.  
 
[1] Noguchi et al., (2011). Jour. Mineral Petrol. Sci. 
106, 26-35. [2] Okumura et al., (2010) 
Geochronometria, 37, 57-61. [3] Toyoda et al., 
(2014) Radiat.Prot. Dosimetry, 159, 203-211 
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Physicochemical models on thermal history and 

material evolution of hydrous asteroids have been 
explored [e.g., 1,2]. A few models considered fluid 
flow to reproduce the characteristic O isotopic 
compositions of aqueously altered meteorites like 
CM and CI chondrites [e.g., 3,4]. These fluid flow 
models predicted convective or exhalation flow 
induced by temperature gradient or vapor pressure. 
Although these models involved hydration reactions, 
gas phases such as H2 produced by the reactions were 
not taken into account. 

Here I present a model on fluid flow in hydrous 
asteroids induced by H2 gas pressure generated by 
oxidation of metallic iron. The model is 1-D 
spherically symmetric and includes thermal 
conduction of heat generated by 26Al decay, phase 
transition of water/ice, a simplified aqueous alteration 
reaction, and fluid flow. I assume that the asteroids 
accreted 2.7 Myr after CAI formation, resulting in 
their initial 26Al/27Al ratio of 3.7 x 10-6. The velocity 
of fluid flow is derived from the Darcy’s low. The 
radii of the asteroids are between 30 and 100 km. The 
asteroids initially consist of 70 vol% rock, 5 % 
water/ice, and 25 % void space. 

The simulations suggest that fluid (H2 gas and 
liquid water) flows outward soon after ice melts and 
water reacts with rock. However, water stops flowing 
at ~8 km depth because the temperatures are lower 
than the freezing point of water. Thus, an icy shell 
forms near the surface, and liquid water accumulates 
just below the icy shell. As a result, water distributes 
heterogeneously in the asteroids in spite of its 
initially homogeneous distribution. Water consumed 
by the alteration reaction amounts to 1.7-3.1 vol% 
around the center of the asteroids and to 5.5-16 % 
below the icy shell, depending on the asteroid sizes. 
The peak temperatures range from ~800 K around the 
center to ~370 K in heavily altered regions. These 
combinations between alteration degrees and peak 
temperatures are consistent with those inferred for 
CO and CM chondrites. This may imply that CO and 
CM chondrites originated from the same parent body. 
 
[1] Grimm R. E. and McSween H. Y. Jr. (1989) 
Icarus 82, 244-280. [2] Cohen B. A. and Coker R. F. 
(2000) Icarus 145, 369-381. [3] Young E. D. (2001) 
Phil. Trans. R. Soc. London A359, 2095-2109. [4] 
Palguta J. et al. (2010) EPSL 296, 235-243. 
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Sulfurous-acidic spring waters in the Manza hot 

spring area, Japan, show a wide variety of rare earth 
element (REE) compositions. Some show flat 
chondrite-normalized REE patterns similar to that of 
the bedrock of this area. The others show patterns 
depleted in light REEs (LREEs) although they were 
different from each other in details [1]. The depletion 
of LREEs in the REE pattern may be caused by the 
formation of alunite group minerals, which show the 
patterns enriched in LREEs. It is suggested that the 
enrichment of LREEs in alunite group minerals is 
associated with solubility of double sulfates of REEs 
and potassium [2]. We thus carried out (Na, K)-REE 
double sulfates synthesis experiments and examined 
salt-solution distributing behaviors of REEs upon the 
formation of the double sulfates.  

REE sulfates solution was reacted with Na2SO4 
and/or K2SO4 solution in PTFE sealed containers at 
designated temperatures for predetermined periods. 
We then separated the solution and precipitates by 
filtration, and analyzed REEs in the filtrates  by the 
ICP-AES.  

The experimental results reveal that the 
distributing behaviors of REEs upon the formation of 
the double sulfates are affected by the reaction 
temperature and the Na/K ratio. The formation of the 
double sulfates with Na was an endothermic reaction, 
while that with K was exothermic. The distribution 
patterns of REEs in Na-K mixed systems under some 
conditions could be reproduced by the combination of 
the distribution petterns observed in single systems of 
Na and K. Under other conditions, however, LREEs 
were precipitated more excessively than the 
prediction based on the combination of the single 
systems.  

An application of the salt-solution distribution 
ratios of REEs to the REE composition of the spring 
waters with the flat REE pattern can reproduce the 
REE patterns depleted in LREEs found in other 
spring waters. 
 
[1] Y. Kikawada et al. (2013) Procedia Earth Planet. 
Sci., 7, 428-431. [2] Y. Kikawada et al. (2004) J. 
Radioanal. Nucl. Chem,. 261, 651-659. 
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High precision Nd isotope analyses in meteorites 

have been the center of interest in recent 
cosmochemistry community. One of the most 
remarkable results of high precision Nd isotope 
analysis is that chondrites possess 142Nd/144Nd ratios 
~20 ppm lower than those in terrestrial rocks [1]. The 
anomaly was interpreted to be caused by the Sm-Nd 
fractionation via early differentiation of the terrestrial 
mantle. On the other hand, variations in stable Nd 
isotopes (e.g., 148,150Nd/144Nd) have been documented 
in chondrites [2]. However, the existence of Nd 
isotope anomalies in bulk aliquots of chondrites 
remains unclear unless high precision Nd isotope data 
with complete sample digestion become available. In 
this study, we revisit high precision Nd isotope 
analysis of chondrites by applying a new sample 
digestion technique and an improved dynamic 
multicollection method using TIMS.  

We measured one enstatite chondrite (EH6), eight 
ordinary chondrites (H, L, LL), five carbonaceous 
chondrites (CV3, CR2, CO3, C2-ung.) and one 
rumuruti chondrite (R4). The ordinary chondrites 
show uniform isotope anomalies for μ142Nd (–12 ± 5 
ppm), μ148Nd (10 ± 8 ppm) and μ150Nd (20 ± 12 
ppm). Although the μ142Nd values for ordinary 
chondrites obtained in this study are generally 
consistent with those of previous studies, positive 
anomalies in μ148Nd and μ150Nd were not recognized 
in previous studies. In contrast to ordinary chondrites, 
five carbonaceous chondrites show variable Nd 
isotope anomalies exceeding analytical uncertainties.  

The data points for ordinary chondrites and a 
rumuruti chondrite are generally plotted on a mixing 
line between the terrestrial composition and the 
putative s-process end-member composition. This 
means that the isotope anomalies in ordinary 
chondrites are induced by the heterogeneous 
distribution of s-process nuclides in early Solar 
System. By contrast, most of the data for the 
carbonaceous and an enstatite chondrite deviate from 
the mixing line. We consider that the offset from the 
mixing line is caused by the heterogeneous 
distribution of p-nuclides in the early Solar System.  

 
      References: [1] Boyet and Carlson (2005) 
Science, 309, 576. [2] Carlson et al. (2007) Science, 
316, 1175. 
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Tellurium (Te) is concentrated in submarine 

ferromanganese crusts (Fe-Mn crusts) by a factor of 
104 relative to the continental crusts [1]. Cobalt and 
platinum is also highly enriched in the Fe-Mn crusts, 
therefore, are expected to be one of the mineral 
resource of rare metal in the future. For geochemical 
interests, Fe-Mn crusts retain information for the 
changes in the ocean environment during their 
growth. Recently, the adsorption structure for the Te 
in the marine ferromanganese oxides has been 
revealed [2]. For better understanding of the genesis 
of the Fe-Mn crusts, we developed determination 
method for precise stable isotope ratios of Te for the 
marine ferromanganese oxides. The stable isotope 
ratio study of Te is still in an infant stage. For 
example, a few reports on the Au-Ag-Te minerals [3] 
and the meteorites [4] have been published. In 
addition, they used their own in-house standards as 
the reference of the Te isotope composition. Hence, 
no certified standard is available. There is no report 
regarding the difference in Te isotope compositions 
in different Te standard regents supplied from 
different suppliers or from different batches of the 
same supplier. In this study, we developed an 
analytical method of stable isotope ratios of Te using 
the double spike mass spectrometry, and then 
measured Te stable isotope compositions in four 
different Te standard regents.  

Isotope analysis was performed by MC-ICPMS 
with a desolvating nebulizer sample solution 
introduction system. Measurement results of standard 
regents indicate that the Te isotope compositions of 
the source materials differd or isotope fractionation 
differd in their manufacturing process. The reported 
values of the Te stable isotope compositions from 
different laboratories may differ from each other in 
the range of ~1‰. Therefore, it is required to prepare 
the certified standard solution and carry out inter-
laboratory calibration for wide geochemical 
application of Te stable isotope. 

 
[1] Hein et al. (2010) Oceanography 23, 184-1889. 
[2] Kashiwabara et al. (2014) GCA 131, 150-163. [3] 
Fornadel et al. (2014) JAAS 29, 623-637. [4] Fehr et 
al. (2014) 77th Annual Meteorit. Soc. Meeting, 
#5290. 
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Beryllium-10, which decays to 10B with a half life 
of 1.4 Myr [1], cannot be produced by stellar 
nucleosynthesis but by spallogenic reactions induced 
by galactic and/or stellar cosmic rays. Hence, 
signatures of the former presence of 10Be in CAIs and 
other solar system meterials provide important clues 
to understand irradiation conditions in the early solar 
system. 

In the present study, we conducted Be-B isotopic 
measurements using a NanoSIMS 50 (at AORI, Univ. 
of Tokyo) on refractory inclusions in primitive 
chondrites, Y81020 (CO3.05) and SaU290 (CH3). A 
melilite-rich CAI in Y81020 shows 10B excesses 
which are correlated with Be/B, indicating the 
presence of 10Be when the CAI formed. The inferred 
initial 10Be/9Be ratio of the CO CAI is comparable to 
those of CV CAIs [e.g., 2,3] within uncertainties, 
suggesting that the CO CAI experienced irradiation 
processes similar to CV CAIs. In contrast, a melilite-
rich CAI in SaU290 shows no resolvable excesses in 
10B from the terrestrial abundance. Previous studies 
have demonstrated that 26Al-poor CAIs (e.g., CM 
hibonite-rich CAIs and CV FUN inclusions) typically 
show low 10Be/9Be ratios than those of most normal 
CAIs [4,5]. The 26Al-poor signature of these CAIs is 
interpreted as their formation prior to the injection of 
26Al in the solar system [e.g., 6]. These observations 
may suggest that 26Al-poor CAIs record irradiation 
history in the protosolar molecular cloud [4,7] and/or 
heterogeneous distribution of 10Be in the early solar 
system [5]. A substantial fraction of CH CAIs also 
has little 26Al [e.g., 8], suggesting possible 
relationship to 26Al-poor CAIs in CMs and CVs. The 
10Be-poor signature of the CH CAI observed in this 
study, therefore, support the above hypothesis. 

[1] Korschinek et al. (2010) Nucl. Instr. Methds 
Phys. Res. B268, 187-191. [2] McKeegan et al. 
(2000) Science 289, 1334-1337. [3] Sugiura et al. 
(2001) Meteorit. Planet. Sci. 36, 1397-1408. [4] 
Wielandt et al. (2012) ApJL 748, L25 (7pp). [5] Liu 
et al. (2010) ApJL 719, L99-L103. [6] Sahijpal et al. 
(1998) ApJ 509, L137-L140. [7] Desch et al. (2004) 
ApJ 602, 528-542. [8] Krot et al. (2008) ApJ 672, 
713-721. 
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Fine clay particles have functioned as transport 

media for radiocesium in terrestrial environments 
after nuclear accidents. Because radiocesium is 
expected to be retained in clay minerals by a cation 
exchange reaction, ascertaining trace cesium 
desorption behavior in response to changing solution 
conditions is crucially important. Natural water is 
usually a mixture of Na+ and divalent cations (Ca2+ 
and Mg2+). This study therefore investigated the 
desorption behavior of intrinsic Cs in smecite in 
single and mixed Na+-divalent cation solutions under 
widely various cation concentrations using batch 
experiments, in-situ grain size measurements, and 
cation exchange modeling (CEM) (Fukushi et al. 
2014; Fukushi and Fukiage, 2015). The results from 
the single cation additions demonstrated that the 
spatial organization of the smectite platelets triggered 
by the divalent cations led to the apparent fixation of 
intrinsic Cs in smectite, because some Cs is retained 
inside the formed tactoids. The results from the 
mixed Na+-divalent cations additions showed that 
increased Na+ concentrations facilitate Cs desorption 
because Na+ serves as the dispersion agent. A linear 
relation was obtained between the logarithm of the 
Na+ fraction and the accessible Cs fraction in 
smectite. That relation enables the prediction of 
accessible Cs fraction as a function of solution 
cationic compositions. The corrected CEM 
considering the effects of the spatial organization 
suggests that the stability of intrinsic Cs in the 
smectite is governed by the Na+ concentration, and 
suggests that it is almost independent of the 
concentrations of divalent cations in natural water.  
 
 
Fukushi K., Sakai H., Itono T., Tamura A. and Arai 
S. (2014) Desorption of intrinsic Cesium from 
Smectite: Inhibitive Effects of Clay Particle 
Organization on Cesium Desorption. Environmental 
Science and Technology, 48, 10743-10749 
Fukushi K and Fukiage T (2015) Prediction of 
intrinsic cesium desorption from Na-smectite in 
mixed cation solutions. Environmental Science and 
Technology, 49, 10398-10404 
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The course is a part of the practical course of the 

‘Leadership Program for New Frontier Rare Metals 
and Other Resources: Practical Human Resource 
Development for International Resource 
Development’ of Akita University supported by 
MEXT (the Ministry of Education, Culture, Sports, 
Science & Technology in Japan) since 2012. The 
program is focused on fostering students who will 
play leading roles on resources developments in the 
academic, industrial and governmental sectors after 
their graduation.  

As the resources field covers large disciplines 
from the exploration to exploitation and even mine 
economics, some students in the program do not have 
enough knowledge of petrology and geochemistry. 
Thus, The course aims to provide the basics of 
petrology and research methods including 
geochemical approaches in petrology. As the 
petrology is one of the essential subjects to 
understand mineral deposits, the course will provide 
advanced knowledge of the petrology necessary for 
any exploration and exploitation of mineral resources. 
It consists of six major sessions; (1) basic petrology, 
(2) sample preparation methods for petrographic 
microscope, (3) observation of thin sections under 
petrographic microscope, (4) basics of SEM-EDS-CL 
(scanning electron microscope with energy dispersive 
X-ray spectrometer and cathode luminescence 
detector), (5) basic sample preparation methods for 
whole-rock chemistry, (6) basics of quadra-pole ICP-
MS (inductively coupled plasma-mass spectrometer). 
Each session includes practical laboratory works for 
improving their understanding. 

It was found that there was no significant 
difference in initial knowledge among the students 
evaluated with pre-course examinations of the last 
three years course.  Although the course is shorter 
than typical course of the topics for undergraduate 
student, it quickly provides opportunity to obtain and 
refresh advanced knowledge of the topics at the 
beginning of their postgraduate studies.  Course 
participants have pre-course and final tests, and 
results are useful for tracking effectiveness of the 
course. The results show that their knowledge is 
improved.  Questionnaire for students shows that they 
acknowledge the understanding of techniques on the 
various analytical works. 
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The multi-element analysis of fluid inclusion by 

LA-ICPMS (laser ablation-inductively coupled 
plasma mass spectrometry) would provide the direct 
information of chemical composition of fluid during 
formation of host minerals. In this study, we 
established the fluid inclusion analysis by LA-ICP-
MS and present detailed analytical protocol. Q-ICP-
MS (Agilent 7700) coupled to an excimer laser 
ablation system (NWR 193 UC) at Akita University 
was utilized for the fluid inclusion analysis. NWR 
193 UC was equipped IVA (infinitely variable 
aperture) system supplied from ESI Co. to focus laser 
beam from 1 to 150 μm with 1μm steps.  Thus we can 
easily change laser beam diameter to fit diameter of 
the inclusion, minimizing ablation of its host mineral.  
The standard reference material NIST SRM 610 was 
used as external standard for the calibration of all 
analyses, and was analyzed at least twice at the 
beginning and at the end for sample measurement to 
investigate elemental sensitivity and instrumental 
drift. 

The two-phase (liquid + vapor) primary fluid 
inclusion without daughter minerals from jadeite 
crystals in jadeite-quartz rock from the Kanto 
Mountains, Japan was selected in this study. The 
jadeite-quartz rock occurs in serpentinite mélange 
related to the Sanbagawa metamorphic event. The 
rock had formed by metasomatic replacement in the 
subduction zone [1]. Fluid inclusions are observed in 
jadeite, quartz, albite, and zircon [2]. The size of fluid 
inclusions varies from 3 to 30 μm in diameter. 
Although most of analytical elements are lower than 
detection limit, the analytical results show that fluid 
contains high concentration of Cr, Li, Pb, and Zn. 
The chemical composition of fluid which formed 
jadeite-quartz rock, suggests that fluid was derived 
from dehydration of ultramafic rock.  

 
[1] Yui & Fukuyama (2015) JAES. 108, 58-67. 

[2] Fukuyama et al. (2013) JAES. 63. 206-217. 
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Skeletal calcium carbonate can be analysed with 

geochemical techniques to investigate climate and the 
environment in the past. In this study, we examined 
bivalves of Gafrarium tumidum excavated from 
Holocene archaeological sites on Tongatapu Island, 
in the Kingdom of Tonga (21°10'S, 175°10'W) to 
reconstruct the palaleoclimate and to determine 
whether climate events may have affected prehistoric 
migration. Tonga, in West Polynesia, was settled 
2850 years ago and was a source area for the 
peopling of East Polynesia around 1000 years ago. 
The Polynesian expansion represents the most 
extensive maritine migration in world prehistory. 
Tongatapu is under the influence of South Pacific 
Convergence Zone (SPCZ), and while a detailed 
understanding of this atmospheric configuration is 
lacking, variation in the SPCZ may have affected 
Polyensian dispersal as canoe voyaging was 
dependent, largely, on wind patterns. To examine the 
shells, we employed laser ablation IRMS (isotope 
ration mass spectrometry) and LA-HR-ICPMS (laser 
ablation high resolution inductively coupled plasma 
mass spectrometry) to measure oxygen isotopic 
composition (δ18O) and trace element/Ca ratio (e.g., 
Sr/Ca, Mg/Ca, and Ba/Ca) of the shells along the 
maximum growth axis. To understand the physical 
property of ambient water where the shells lived, we 
calculated a local marine 14C reservoir age (ΔR). We 
discuss the results of Tongatapu Island 
paleoenvironmental reconstruction based on bivalve 
geochemistry that could be related to regional and 
global climate changes. 
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The solubility, mobility, and bioavailibility of U 
in the near surface environment is largely controlled 
by ambient redox conditions and microbial processes. 
It is generally accepted that soluble U(VI) reduction 
to insoluble U(IV) occurs under microbially mediated 
Fe(III)-reducing conditions. This mechanism is often 
invoked to remediate U contaminated sites [1] and 
may potentially limit U(VI) migration in the deep 
subsurface impacted by geological disposal of 
radioactive waste [2]. Study of U behaviour at natural 
analogue sites that are contaminated with U gives 
long-term insight into the potential for such reactions 
to limit U migration. Here, we present results from 
the Needle’s Eye natural analogue site in Scotland, 
UK, where weathering of a local pitchblend vein 
yields elevated concentrations of U in organic rich 
sediments and groundwater. We took cores from this 
site under anoxic conditions and used bulk 
geochemical measurements coupled with microfocus-
XRF mapping, -XANES, and -EXAFS of resin 
embedded sediment to probe U biogeochemistry. 
Bulk analysis shows high U concentration (>1000 mg 
kg-1) and strongly reducing conditions (70 – 100% 
Fe(II) in solids). Micro-focus measurements show 
that U is present at its highest concentration when 
stable as U(VI), despite robust Fe(III)-reducing 
conditions. Groundwater concentrations of U in this 
section of the core are also elevated (~200 μg L-1). 
Bulk EXAFS analysis show that sediment U(VI) is 
complexed by organic matter. This zone of sediment 
appears stable until, at increased depth, the U 
concentration in the sediment and porewater 
decreases (to ~200 mg kg-1 and 75 μg L-1) and 
sediment U speciation changes from U(VI) to U(IV) 
across a narrow transistion zone. Here, EXAFS 
analysis suggests the formation of monomeric U(IV) 
rather than uraninite. 
[1] Brookshaw et al. (2012) Min. Mag 76, 777-806 
[2] Williamson et al. (2014) Env. Sci. Technol. 22, 
13549-13556 
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Hydrogen in silicates has been thought to exist as 

a hydroxyl group.  However, recent experimental and 
theoretical studies have revealed that small 
molecules, such as H2 and He, can dissolve into 
interstitial voids of silica glass and cristobalite [1-3].  
Moreover, in the field of applied physics, muon-spin-
rotation spectroscopy (µSR) and other methods, 
which probe hydrogen more directly, have long 
suggested that hydrogen may exist in silica layer of 
metal-oxide-semiconductor devices [4,5]. 

We have conducted µSR experiments on silica 
glass, densified silica glass, quartz, coecite, 
stishovite, forsterite, bridgmanite, etc.  Positive 
muon, which can be considered as a light isotope of 
proton, implanted in these samples was found to 
capture electron to form muonium, which 
corresponds to neutral atomic hydrogen.  In 
stishovite, the hyperfine-coupling parameter and 
relaxation rate of spin polarization of muonium were 
measured to be very large, suggesting that muonium 
is squeezed in small and anisotropic interstitial voids 
without binding to silicon or oxygen [6].  These 
results imply that neutral atomic hydrogen may exist 
even in small interstitial voids of high-pressure 
silicates. 

So far, it is difficult to conduct high-pressure in-
situ µSR experiments, because a large amount of 
sample is necessary.  We hope ultraslow-muon-
microscope techniques at J-PARC open up an 
opportunity for in-situ experiments under the 
condition of earth and planetary interiors. 
 
[1] Sato, Funamori, Yagi (2011) Nature Commun. 2, 
345. 
[2] Efimchenko et al. (2013) J. Phys. Chem. B 117, 
422-425. 
[3] Matsui, Sato, Funamori (2014) Am. Mineral. 99, 
184-189. 
[4] Myasishcheva et al. (1968) Sov. Phys. JETP 26, 
298-301. 
[5] Isoya et al. (1983) J. Phys. Chem. Solids 44, 335-
343. 
[6] Funamori et al. (2015) Sci. Rep. 5, 8437. 
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The relative proportion of 14N and 15N shows 

outstanding variability across the Solar System. 
NASA's Genesis mission, which sampled the solar 
wind for 27 months, allowed to determine the 
isotopic composition of solar nitrogen, and to 
demonstrate that the protosolar nebula was highly 
depleted in 15N compared to the reference 15N/14N 
ratio, that of Earth's atmosphere [1]. In contrast, 
laboratory analyses of terrestrial and extraterrestrial 
samples, together with spectroscopic observations, 
have revealed that all Solar System object – with the 
exception of the atmospheres of the giant planets [2] 
– are enriched in 15N by several tens to hundreds of 
percent [3]. Given the distinct isotopic characteristics 
of solar, asteroidal, and cometary nitrogen, N 
isotopes have become the tracer of choice for 
investigating the origin of volatiles trapped in the 
interior and at the surface of planetary bodies. 

The terrestrial N isotope signature can be 
explained by mixing between a solar and a chondritic 
component [4]. Carbonaceous chondrites also 
represent a suitable source for nitrogen trapped in the 
Moon's interior, indicating that volatile-rich 
chondritic material was delivered to the Earth-Moon 
system after the Giant impact [5]. Furthermore, 
studies of lunar regolith samples have revealed that 
the continuous influx of chondritic (micro-) 
impactors, together with solar wind implantation, has 
represented an important source of nitrogen and other 
volatiles for the lunar surface over the past ~1 Ga 
[6,7]. These findings demonstrate that the lunar 
geologic record constitutes a superb opportunity to 
investigate the nature and flux of matter and ions 
delivered to planetary surfaces through time, and will 
certainly receive further attention during future space 
missions. In this respect, it should be noted that the 
study of nitrogen (together with H, C, noble gases) is 
a major objective of ESA's PROSPECT package, 
which will drill, extract, and analyze samples of 
potentially ice-bearing regolith at the lunar South 
Pole as part of the Russian Luna-27 Moon lander 
mission in 2020. 

 
[1] Marty et al. (2011) Science 332, 1533-1536. [2] 
Owen et al., ApJ 553, L77-L79. [3] Füri and Marty 
(2015) Nat. Geosci. 8, 515-520. [4] Marty (2012) 
EPSL 331-314, 56-66. [5] Füri et al. (2015) EPSL 
431, 195-205. [6] Wieler et al. (1999) EPSL 167, 47-
60. [7] Füri et al. (2012) Icarus 218, 220-229.  
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Anthropogenic mercury (Hg) is a global pollutant 

capable of undergoing long-range atmospheric 
transport. Understanding biogeochemical controls on 
the spatial distribution of Hg in Australia at the 
continental scale with its unique biota, soil types, and 
climatic variables, is critical for modelling Hg 
emission rates and transport at regional and global 
scales. Surface (0-10 cm) catchment outlet sediment 
samples from the National Geochemical Survey of 
Australia (NGSA) were analysed for aqua regia 
soluble element content including Hg in coarse (<2 
mm) and fine (<75 µm) grain-size fractions by ICP-
MS analysis. We hypothesise that natural controls 
including soil type (organic carbon and clay content), 
vegetation type and climate variables (precipitation, 
temperature, evapotranspiration, solar radiation) 
explain the Hg variability at the continental scale in 
Australia. For this purpose, we are utilizing digital 
maps of the above-mentioned variables, and the 
NGSA continental-scale geochemical data to perform 
geostatistical modelling of Hg distribution at the 
continental scale. Our preliminary results indicate 
that organic carbon and selenium concentrations  
correlate with Hg concentrations in coastal 
landscapes in the cool and warm temperate 
bioclimatic zones of southern and eastern Australia 
across latitudinal and longitudinal gradients.  
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Gravity flow depositional processes in deep sea 
are mainly attributed to fluidization of shallow 
marine sediment and direct flood discharge from land 
to deep sea. Hyperpycnite is deposited during large 
flood event caused by heavy rain, and distributions of 
hyperpycnite possibly record  the occurrence of 
heavy rain in the past. The hyperpycnite can be 
recognized by distinctive sedimentary structure such 
as coarsening upward at its basal part, although the 
structures are not always preserved. Recent studies 
indicated that provenances of plant fragments in the 
sedimentary sequence formed by flood-induced 
gravity flow are different from those by other gravity 
flow. In the present study, we analyzed plant 
biomarkers in river mouth sediments to discuss the 
transport processes of plant fragments during the 
flood events.  

We used sediment core samples recovered from 
the mouth of Fujikawa River in the Suruga Bay (50 m 
water depth). These core samples were immediately 
recovered before and after a flood event caused by 
typhoon No.18 in 2013. The sample recovered before 
the flood event is composed of silty grains with few 
plant fragments, while the sample recovered after a 
flood event is characterized by plant-rich sandy 
sediment.  

Compositions of biomarkers, particularly 
gymnosperm-derived diterpenoic acids, indicate 
variable provenances of plant fragments. The 
diterpenoid acids in the sample deposited before the 
flood is mainly composed of isopimaric and pimaric 
acid, despite of abundances of dehydroabietic acids in 
flood sediments. Tree-dominant vegetation (e.g. 
Cryptomeria and Chamaecyparis) area is located in 
the lower reach of the Fujikawa River. On the other 
hands, some families of Pinaceae are mainly 
distributed in the upper reach of the Hayakawa River, 
which is a tributary river of Fujikawa River. The 
dehydroabietic acid is known to be typical Pinaceae 
biomarker, while the Cryptomeria and 
Chamaecyparis do not contain. Moreover, 
hydrological observations show large contribution of 
water transport by Hayakawa River during the flood 
event. Thus, a large amount of plant fragments was 
presumably transported from the upper reach of 
Hayakawa River due to the high energy of river flow 
by only flood system. 
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We conducted ice core drilling on the 

southeastern Greenland Ice Sheet on May 2015 to 
reconstruct temperature and accumulation rate with 
high-time resolution after AD 1960. We obtained a 
90m long ice core with an electrical mechanical drill 
developed by the Institute of Low Temperature 
Science, Hokkaido University. The ice cores were 
packed in plastic bags and stored in insulation boxes, 
and transported at frozen condition to Japan on 
August 2015.   

We measured stable isotopes (δ18O, δD) of the 
ice core by a water stable isotope analyser(Picarro 
L2130-i), with errors less than 0.08‰ and 0.8‰, 
respectively. We also measured Na+ concentration by 
an ion chromatography(ICS2000), with error less 
than 5 % of the concentration. By counting isotopic 
minima and Na+ maxima, we determined the age of 
the ice core. Then, we determined summer and winter 
temperatures from isotope values of maxima and 
minima, respectively. Also we determined 
accumulation rate from the age and firn the density of 
the ice core. 

We compered the results with the temperature 
parameter of the ERA-interim. As a result, positive 
correlation(r=0.65) between winter temperatures of 
ice core data and ERA-interim from 2001 to 2015. 
We will discuss how depends the temperature and 
accumulation rate with the reanalysis data in the 
meeting. 
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Emergence of biologically-important molecules 

on the prebiotic Earth was a critical step for the origin 
of life. Miller-Urey type synthesis was once 
demonstrated the formation of these molecules. 
However, strongly reduced atmospheres replicated in 
those experiments are not consistent with hot 
accretion of primitive Earth and hence, this raised 
questions about how such biologically-important 
molecules were formed. Influx of extraterrestrial 
objects provided large amounts of reductants such as 
metallic iron and carbon to the early Earh. Impacts of 
these objects promote chemical reactions between 
meteoritic minerals and terrestrial materials and were 
suggested to form reduced materals such as 
hydrogen, ammonia, and carbon monoxide [1]. 
Furthermore, glycine, the smallest amino acid, was 
formed from elemental carbon, water, gaseous 
nitroge, and metallic iron with nickel in eperimntal 
simulation of impact-iunduced reactions. When 
ammonia was used as nitrogen source in addition to 
gaseous nitrogen, formation of a glycine, amines, and 
carboxylic acids has been demonstrated in 
experimental simulation of meteorite impacts [2]. 
When bicarbonate was used as the carbon source 
instead of elemental carbon, we found that 
pyrimidine nucleobases, cytosine and uracil, which 
compose DNA and RNA, were formed by this 
impact. Furthermore, proteinogenic amino acids, 
glycine, alanine, serine, aspartic acid, glutamic acid, 
valine, leucine, isoleucine, and proline, were also 
found as well as non-proteinogenic of β-alanine, 
sarcosine, α-amino-n-butyric acid, and β-
aminoisobutyric acid. These organic molecules were 
formed from impact-induced reactions from iron, 
nickel, forsterite, water, and ammonium bicarbonate. 
The yields of produced organics were dependent on 
the amounts of both metallic iron and ammonium 
bicarbonate in the starting materials. These results 
would expand the availability of building blocks of 
life on the prebiotic Earth. 

 
[1] Furukawa et al., (2013) Icarus 231, 77–82 [2] 
Furukawa et al., (2009), Nat. Geosci., 2, 62–66.  
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Fluid and metal sources in orogenic-type gold 

deposits remain controversial, and a key question is 
whether input of magmatic-hydrothermal fluids into 
metamorphic fluid systems is essential for high gold 
endowment. Magmatic fluids are often invoked as 
gold sources based on largely circumstantial or 
equivocal evidence such as association of gold 
mineralisation with granitic intrusions, or patterns of 
radiogenic and stable isotope data. By contrast, 
virtually no multi-element fluid composition data, 
which could provide direct constraints on fluid 
sources, are currently available. We present new LA-
ICPMS fluid inclusion data for orogenic gold fluids 
from the Late Archean Pampalo orogenic gold 
deposit (Ilomantsi greenstone belt, eastern Finland), 
which shed light on the nature and origin of gold 
transporting fluids. The belt is composed of 
metamorphosed epiclastic and mafic to felsic 
volcanic rocks and intruded by contemporaneous 
tonalites, granodiorites and leucogranites. Gold 
mineralisation at Pampalo is hosted by a second order 
shear zone and present as disseminations in felsic 
porphyry dikes and intermediate volcaniclastic rocks, 
and as gold-bearing quartz veins. Low-strain sites in 
boudin necks of the felsic dike host euhedral quartz 
with early stage fluid inclusions related to gold 
mineralisation, while later generations of quartz veins 
contain later fluid inclusions. All studied fluids carry 
the typical features of orogenic gold fluids: low 
salinity, presence of CO2 or N2, high sulphur contents 
and low base metal concentrations. Gold 
concentrations vary significantly between the early 
(ca. 300 ppb) and late fluid types (< 50 ppb). Because 
the compositional features of magmatic-hydrothermal 
fluids are well established, fluid mixing calculations 
using metal concentrations and halogen ratios 
demonstrate that the early gold-rich fluids at Pampalo 
have a metamorphogenic origin and contributions of 
magmatic-hydrothermal fluids were insignificant. 
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The 1991 Mt. Pinatubo pyroclastic deposits host a 
suite of mantle-derived ultramafic xenoliths 
comprised of harzburgites, minor dunites, and rare 
lherzolite. In this study, we present novel data on the 
dunite xenoliths hosted by volcanic rocks found in 
Mt. Pinatubo. Discordant dunites are thought to be 
reaction products of percolating melt with 
harzburgite-dominated sub-arc mantle wedge. This 
study will look into the petrogenetic history of the 
dunites and its geochemical relationships with the 
harzburgite xenoliths. 

 The dunites are composed of primary olivine and 
chromian spinel, with secondary orthopyroxene and 
amphibole veinlets and reaction rims. Olivines 
exhibit subparallel partings that terminate along 
crystal boundaries.  The samples plot within the 
olivine-spinel mantle array of Arai (1994). The Cr# 
of the chromian spinels ranges from 0.44-0.49. 
Olivines are characterized by high Fo (=90.2-91.5) 
and NiO contents (=0.29-0.42 wt%). TiO2 content 
varies at relatively constant Cr2O3 values (or Cr#), 
indicating melt-rock element exchange. Results of 
Raman spectroscopy concur with that of Kawamoto 
et al. (2013) for harzburgites xenoliths from Mt. 
Pinatubo. Fluid inclusions in dunite olivines revealed 
presence of liquid water, CO2 gas, magnesite, 
chrysotile and magnetite. 
 
Arai (1994) Chem Geol 113, 191-204. 
Kawamoto et al., (2013) PNAS 110, 9663-9668. 
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Iron-manganese oxyhydroxide crusts (Fe-Mn 
crusts) are common on hard-rock substrates through 
the ocean basins and can form in a variety of ways, 
including slow precipitation of metals from seawater, 
mobilisation of Mn from the sediment column 
followed by precipitation at the sediment/water 
interface, hydrothermal fluids, or biogenic processes 
[1]. Trace metal signatures may be an indicator for 
different processes involved in Fe-Mn crust 
formation. We investigated the distribution of trace 
metals and structures in two laminated Fe-Mn crusts 
from the west and southwestern flanks of South 
Recorder Guyot, one of the Tasmantid Seamounts, 
using X-ray fluorescence microscopy (XFM) and 
scanning electron microscopy. Microbial fossils were 
common within the Fe-Mn crusts. The main Mn 
minerals were identified by Raman spectroscopy and 
X-ray diffraction as todorokite and birnessite and 
there was an Fe-rich quartz and clay phase 
throughout the crusts. Synchrotron XFM provided 
detailed, high-resolution images of trace metal 
distribution in the crusts and revealed textures and 
elemental associations that were not distinguishable 
using energy dispersive spectroscopy. Ni tended to 
preference the Fe-Mn oxide phase compared to Fe-
rich clay and quartz regions. Other biologically 
relevant trace metals, i.e., Zn and Cu, were either not 
detected or showed no preference for either phase in 
the crusts. Co had an affinity for the Fe and silica 
phase, in contrast to first order electrochemical 
predictions that favour association of Co with Mn, 
thus there may be a secondary diagenetic component 
in formation of these Fe-Mn crusts. Our results 
suggest that a variety of processes, including 
secondary diagenesis and biological processes are 
involved in formation of these Fe-Mn crusts.  
 
[1] Hein, Koschinsky, Bau, Manheim, Kang & 
Roberts (1999) in Handbook of Marine Mineral 
Deposits, Cronan (ed), 239-280, CRC Press, Boca 
Raton. 
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The eastern part of the Greater Caucasus orogen, 
Georgian segment, is underlain mainly with highly 
deformed Lower-Middle Jurassic shales, sandstones 
and volcaniclastic rocks, associated with numerous 
intrusive bodies. All these rocks contain a variety of 
mineral deposit types and surrounding zones of 
hydrothermal alteration.  

Conducted researches showed important new 
information on the evolution of the region. Three 
main stages of magmatic activity are now clearly 
identified. The oldest magmatism in Early Jurassic 
was related to extensional tectonism, and resulted in 
rhyolitic, through dacitic and andesitic, to basaltic 
rocks; Additional extensional processes in Bajocian 
were characterized by intrusion of a gabbro/diorite 
dike system into late Early-early Middle Jurassic 
sedimentary formations; and the third magmatic 
event was associated with Middle Jurassic folding 
and uplift, during which multiphase diorite plutons 
were emplaced [1].  

Our metallogenic study carried out in the research 
area has shown that a wide range of mineral 
occurrences, largely in terms of composition and 
style, is represented.  Most are just locally exposed 
and the potential for important resources remaining to 
be discovered at shallower depths is high, particularly 
under the cover of sedimentary formations and where 
altered zones are exposed at the surface. According to 
a number of parameters, these occurances are 
hydrothermal in origin and are likely genetically 
linked to productive magmatic centers [2].  

Related intense hydrothermal activity was 
responsible for  principal  polymetallic 
mineralization, with more than 100 recognized 
outcrops. A detailed study of 11 of these ore  
occurrences has indicated anomalous concentrations 
of gold, thorium, yttrium, cobalt, cadmium,  and  
bismuth.  In addition, several new and potentially 
significant ore mineral occurrences were discovered, 
including   Gelia and Lechuri. 
 
[1] Okrostsvaridze et al.(2016) J. Eisodes (in print).  
[2] Ridley (2013) Cambridge Un. Pr. 398 p. 
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Lithium isotopes are more and more used to serve 
as a proxy of continental weathering. Li is a partly 
soluble element, partitionned between a dissolved 
phase and a solid phase in rivers. In order to explain 
the isotopic variations of Li that have been reported 
in the ocean though geological time, a better 
understanding of the factors that control, nowadays, 
its behavior and the behavior of the two Li isotopes 
(6Li and 7Li) is necessary. We have analysed Li 
isotopes in the largest rivers of the Earth in both the 
solid (suspended and sandy) and dissolved fractions. 
Large rivers integrate (and smooth) the diversity of 
rocks and weathering processes at the surface of the 
Earth, but they provide first order information on the 
global input to the ocean and its control. Isotopic 
composition of solids transported by large rivers have 
been already published by our group [1]. We focus 
here on the dissolved load. 

We analysed about 30 large rivers providing a 
reasonable estimate of the water discharge to the 
ocean and covering both weathering-limited and 
transport-limited regimes. 

These data allow us to calculate a new estimation 
of the global riverine input to the ocean. Our estimate 
is 20‰, only slightly different from that of Huh et al. 
[2], based on a limited number of rivers. We also 
analysed monthly time series for the Siberian, 
Alaskan, Canadian and African rivers allowing us to 
estimate the temporal variability of large rivers. Our 
data show moreover interesting relationships with 
elemental ratios, in particular the Li/Mg ratio in the 
dissolved load or rivers, that we interpret as reflecting 
the main fractionating process of Li isotopes, i.e. the 
neoformation of secondary minerals in soils or 
floodplain systems. World rivers data therefore 
support the conclusions inferred from the Amazon 
basin [3]. 
These data are used in a simple model of ocean 
to show that, in order to explain the secular 
isotopic evolution of the ocean, the riverine 
dissolved Li released from the continents should 
have evolved towards a more important role of 
floodplains or pedogenetic processes at the 
global scale. 

[1] Dellinger et al., EPSL 401: 2014, [2] Huh et al., 
GCA. 62: 1998, [3] Dellinger et al., GCA. 164: 2015 

 



Goldschmidt Conference Abstracts 

 

890 

Comparison of organic 
temperature proxies (UK’37, 
LDI) in the East Sea (Sea of 

Japan) 
JONG-KU GAL1, JUNG-HYUN KIM1, DONG HUN 

LEE1, SU JIN KANG1, JEOMSHIK HWANG2, 
KYUNG-HOON SHIN*1 

1Department of marine science and convergence 
technology, Hanyang University, 15588, South 
Korea 

2School of Earth and Environmental Sciences, Seoul 
National University, South Korea 

1shinkh@hanyang.ac.kr 
  

UK’
37 and TEX86, which are based on alkenones 

and glycerol dialkyl glycerol tetraethers (GDGTs), 
respectively. Both temperature proxies are the 
commonly used organic biomarker for reconstruction 
of sea surface temperature (SSTs) last several 
decades.  

Recently, Rampen et al. (2012) introduced a new 
organic temperature proxy, long chain diol index 
(LDI) which is strongly correlated to SSTs. However 
this new potential paleothermometer needs to be 
further validated in various environments. In this 
study we applied the LDI proxy to the East Sea, by 
analysing sinking particles collected by sediment trap 
(EC1, from Mar 2011 to Jan 2012) as well as down-
core sediments (ES14-BC01, ES14-BC03).  

Alkenone fluxes were higher than diol fluxes. 
The flux weighted temperature of UK’

37 and LDI in 
the sediment trap were ca. 12.0 and 17.7℃, 
respectively. LDI based value was similar to the 
annual mean temperature (16.4℃), while UK’

37 based 
value was similar to the temperature in spring season 
(11.1℃) during which alkenone fluxes were 
especially high. Down-core temperature 
reconstructions suggest a strong corelation between 
LDI and UK’37. Although, the air and sea surface 
temperature records tend to increase last 30 years, the 
SSTs reconstructed with lipid biomarkers show the 
opposite trend, probably in response to the increase in 
upwelling-driven organic matter fluxes. 

 
Reference 
Rampen et al. 2012. Long chain 1,13- and 1,15-diols 
as a potential proxy for palaeotemperature 
reconstruction. Geochimica et Cosmochimica Acta. 
84, 204-216. 
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Currently, the petroleum geology postulated the 
existence of oil in the all the different genetic types of 
rocks: igneous, sedimentary, and metamorphic. 

Oil in igneous rocks. Oil and gas deposits are 
found in Vietnam in the area of the White Tiger and 
the other in the basement granitoids. . In Sicily there 
is oil and gas field Galliano and other fields around 
the volcano Etna. Oil reserves in Azerbaijan 
(Muradkhanli) and Georgia (Samgori) were found in 
volcanoes. 

Oil in sedimentary rocks . In Azerbaijan - Oil: Oil 
Rocks, Surakhani concentrated in the productive 
strata, folded alternating clay, sand and sandstone. In 
Japan, the oil fields are located on the island of 
Honshu, and the Sea of Japan in the Miocene and 
Pliocene rocks. Australia contains industrial reserves 
of oil in the Permian continental sedimentary basins - 
Gipslend. 

Oil in metamorphic rocks. In Venezuela, in the 
fields of La Paz and Mara in metamorphic rocks 
found deposits of oil. In the West Javanese basin of 
Indonesia revealed industrial gas accumulation in the 
metamorphic rocks of the pre - Tertiary crystalline 
basement. In Morocco in seven fields :  Baton - 
Tisserand, Ued - Mellac, Lower Sidi - Fili, Mers-el-
Karets, Bled – adl - Def and Lower Bled ad-Dum oil 
produced from the fractured shales and quartzites of 
the Paleozoic. 

Finding oil in the genetically diverse geological 
objects, and based on the primary magmatic 
processes that form the Earth's Crust propose 
magmatic model of genesis, location and existence of 
oil deposits in the Globe. 
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Waters and solutes trapped in soil nanopores 

provide for long-term storage of soil moisture and 
nutrients as well as long-term residence of pollutants. 
The application of molecular dynamics simulations 
has been widely adopted to investigate molecular 
diffusion in hydrated clay nanopores. Much attention 
has been devoted to the hydrodynamics of waters and 
cations in soil nanopores. However, little is known 
about the influence of the ubiquitous presence of 
organic molecules in soil nanopores on these 
hydrodynamic behaviors.  

Of special interest is the dynamics in hydrated 
mineral nanopores populated by sugars, which are 
common organic substrates secreted by plant and 
microbial biota. Here we present findings from 
molecular dynamics simulations of a montmorillonite 
clay interlayer nanopore with increasing amounts of 
adsorbed glucose molecules (Figure 1). We captured 
sugar-influenced dynamic perturbations both in the 
hydration of the mineral surface and in the water-
solute interaction networks. We interpreted these 
perturbations in light of resulting changes in water 
and solute diffusion determined in the simulated clay 
nanopore. 

Figure 1. Snapshot of molecular dynamics-
equilibrated systems with 0.1 M NaCl solution 
confined in a 20 Å-wide montmorillonite nanopore in 
the presence of 16 glucose molecules. Color legend: 
O (red), H (white), Si (yellow), dark green (Al), light 
green (Mg), Na (dark blue), water molecules (light 
blue). 
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Tectonic setting of the Neoproterozoic ophiolites 

is poorly understood. Because of extensive 
serpentinization/metamorphism in the mantle section, 
accessory chromian spinel has been used as an 
important geotectonic indicator. Here, we present 
petrological characteristics and variations in a 
serpentinite body from Wadi Alam in the Eastern 
Desert (ED) of Egypt, one of the Neoproterozoic 
ophiolites members. We especially focus on the 
effect of chemical modification by serpentinization 
on spinel compositions in serpentinized peridotites of 
residual harzburgite after partial melting. Our data 
suggest that spinel core compositions are affected by 
chemical modifications, which shift the Cr#= 
(Cr/(Cr+Al)) to higher than the primary 
compositions. According to the less modified 
compositions of chromian spinel in the studied 
serpentinite samples, although one shows arc-
signature, i.e., high in the Cr# (> 0.6), most of them 
(Cr# = 0.5) are overlapped with chemical range of 
those from mid-ocean ridge setting to arc setting. The 
data conclude that both mid-ocean ridge-type and arc-
type peridotites exist in the studied serpentinized 
massif, which is similar to those from the Mesozoic 
ophiolites, such as the Tethys ophiolites.  The results 
suggest that earlier works on tectonic reconstruction 
of the Neoproterozoic ophiolites based on spinel 
chemistry from serpentinite massifs might be 
carefully reexamined with the consideration of 
chemical modifications by 
serpentinization/metamorphism from the primary 
compositions.  

 
 



Goldschmidt Conference Abstracts 

 

894 

Nano-mineralogy & -
geochemistry of karst bauxites 
(Greece): Implications of the 

origin of the deposits 
P.N. GAMALETSOS1,2,3,*, A. GODELITSAS2, T. 
KASAMA1, J. GÖTTLICHER3, R. STEININGER3 

1 Center for Electron Nanoscopy, Technical 
University of Denmark, Denmark 
(*correspondence: plagka@dtu.dk) 

2 School of Science, University of Athens, Greece 
3 ANKA Synchrotron Radiation Facility, Karlsruhe 

Institute of Technology, Germany 
 

Recent research with respect to the nano-
mineralogy and -geochemistry of karst bauxites from 
Greece [1] is reviewed herein, while new insights into 
significant trace elements (including As, V, HFSE 
and REE) and the origin of these deposits are also 
presented [2]. 

The study of Fe-depleted (high grade) bauxite 
samples in microscale by SEM-EDS/WDS and 
Synchrotron Radiation (SR) measurements (μ -XRF 
& μ-XAFS) showed the presence of a Fe3+-Cr3+-
AlOOH (diaspore), while the study in nanoscale by 
TEM-EDS & EELS revealed the existence of Fe3+-
oxide nanominerals and TiO2 polymorph mineral 
nanoparticles [1]. It is argued that this Fe-Cr-diaspore 
(Fe3+-Cr3+-AlOOH) concerns a low-T authigenic 
phase, which was formed during diagenesis together 
with TiO2 mineral micro- & nano-particles. The latter 
phases remain rather stable during epigenesis related 
to iron mobility and the formation of Fe 
nanominerals. The observed Fe nanominerals may be 
associated to epigenetic processes. It is also implied 
that younger karstification/weathering processes had 
minimal effect to Ti and Fe mineral nanoparticles and 
nanominerals [1]. New μ-XRF and μ-XAFS 
investigations of Fe-rich (low grade) samples 
revealed that As5+ is associated to Fe-Cr-Ti in 
pisoliths but, remarkably, not to S attributed to 
sulfides. Vanadium (most likely as V5+, though 
contribution of V4+ cannot be excluded) is related to 
Ca, K, and possibly to Sc, whereas Ga is related to Al 
[2]. Detrital micro-sized chromite grains and positive 
anomalies of compatible elements (Ti, Cr, V, Ni, Sc) 
indicate a partial mafic-ultramafic origin (Tethys pre-
Cretaceous ophiolites). The presence of HFS 
elements (Zr, Ce) and actinides (U, Th), whereas 
discrimination diagrams of contrasting elements (e.g., 
Th/Sc vs Zr/Sc) and geochemical fingerprints 
(including REE anomalies, i.e. Eu/Eu* and Ce/Ce*) 
strongly support a major contribution of acidic to 
intermediate igneous rocks derived, most likely, from 
pre-Jurassic peri-Tethyan large volcanic provinces.	   

 
[1] Gamaletsos P.N. et al., Am. Mineral. (under 
review). 
[2] Gamaletsos P.N. et al., To be submitted to Ore 
Geol. Rev. 
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In contrast to the generally oxygenated conditions 
in the oceans today, the Oceanic Anoxic Events 
(OAEs) of the Mesozoic Era caused extreme 
perturbations to ocean chemistry and are commonly 
associated with biological turnover. OAE-2 (~94 Ma) 
represents the most severe and spatially extended of 
the OAEs. In particular, a number of studies indicate 
oceans deficient in oxygen in the Northern 
Hemisphere, although very few investigations 
address the extent of anoxia in the palaeo-Pacific 
Ocean. Here, we present the first high-resolution 
δ13Corg and total organic carbon (TOC) datasets for 
part of the palaeo-Pacific Ocean during OAE-2, 
sampled at two sites in New Zealand. 

The δ13C record reveals a broad positive carbon-
isotope excursion through OAE-2, allowing detailed 
correlation with sections from the Northern 
Hemisphere. The new records provide clear evidence 
of the onset of OAE-2 as well as the first 
documentation from the Southern Hemisphere of the 
carbon isotope expression of the ‘Plenus Cold Event’ 
(PCE),  widely inferred to represent a short-term 
return to globally oxygenated conditions during 
OAE-2. Moreover, the occurrence of black-shale 
facies, typical for the Tethyan, proto-North Atlantic 
and equatorial palaeo-Pacific Oceans, are absent in 
New Zealand where, instead, marine Fe-oxide-rich 
‘red beds’ were locally deposited. The generally low 
TOC values in the New Zealand sections is 
indicative, for this sector of the proto-Pacific Rim, of 
watermasses whose degree of oxygenation intensified 
into the PCE, coincident with a stepwise decrease in 
TOC. Relatively oxygeneated conditions at the sea 
floor were maintained throughout the OAE, 
suggesting an early recovery to pre-event conditions. 
Despite these findings, the New Zealand sections also 
reveal partial collapse of benthic ecosystems during 
OAE-2, an observation that remains unexplained. 
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Equilibrium isotope fractionation factors between 

minerals and solutions are important for the studies of 
low temperature systems. Mg isotope fractionations 
between carbonate minerals and Mg2+

(aq) have been 
investigated by several theoretical groups using 
different methods, e.g., Rustad et al. (2010) used 
cluster-model-based methods, Schauble (2011) used 
periodic boundary structures and Pinilla et al (2015) 
used path integral molecular dynamics and Car-
Parrinello molecular dynamics. Unfortunately, 
significant discrepancies exit among their results. 
Obvious disagreements also exit between their results 
and the experimental results.  

Here, a volume variable method (Liu, 2013) is 
used to improve the accuracy of cluster-model-based 
method. The Mg26/Mg24 fractionation factors are 
calculated between carbonates minerals (magnesite, 
dolomite, calcite, aragonite) and aqueous Mg2+ at 
both B3LYP/6-31G* and 6-311G* levels. The results 
show that the minerals prefer to enrich light Mg 
isotopes under equilibrium conditions. For calcite and 
aragonite, the results show significant deviations 
from experimental data, which maybe relative to the 
different mechanism of incorporating Mg2+ into 
minerals. For magnesite and dolomite, our results 
shows better agreements with experimental studies 
than previous studies, suggesting a reasonable 
method for the mineral vs. solution cases. 

Fig. 1 Calculated Mg isotopic fractionations between 
carbonate minerals and aqeous Mg2+ compared with the results 
of previous studies. (a) Magnesite. (b) Dolomite. (c) Calcite. (d) 
Aragonite. 
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The paper reports LA-ICP-MS U-Pb dating 
results of detrital zircons from the Hongshan and 
Heilonggong formations in the Lesser Xing’an Rang 
of NE China in order to constrain their formation 
timing and provenance. Most of detrial zircons are 
euhedral-subeuhedral in shape and display striped 
absorption or oscillatory zoning in CL images, 
implying their magmatic origin. The dating results on 
magmatic zircons indicate that 42 detrital zircons 
from clayslate stone in the Hongshan Formation yield 
age populations of 747 Ma, 807 Ma, 849 Ma, 903 
Ma, 956 Ma, 1167 Ma, and 1811 Ma, implying that 
the sedimentation of the Hongshan Formation could 
take place after 747 Ma. 97 detrital zircons from 
clayslate stone in the Heilonggong Formation from 
Yichun yield age populations of 805 Ma, 902 Ma, 
1764 Ma, 2446 Ma, and 2467 Ma, it suggests that the 
sedimentation of the Heilonggong Formation could 
take place after 805 Ma. Combined with the detrital 
zircon dating results (widespread occurrence of 
561Ma age population) from late Paleozoic strata in 
study area and adjacent area, we conclude that the 
formation ages of the Hongshan and Heilonggong 
formations are between 747 and 561 Ma and between 
805 and 561 Ma, respectively; i.e., Neoproterozoic 
rather than the late Paleozoic as previously believed. 
Based on the comparison between the age 
populations of detrital zircons from the two 
formations and geochronological data in the study 
area, it is suggested that the sediments of the two 
formations mainly soured fron the Neoproterozoic 
terrane. Furthermore, the Neoproterozoic magmatic 
zircons have identified in this study, providing 
evidence of Neoproterozoic magmatic events in the 
area. Meanwhile, the presence of detrital zircon with 
Meso-Paleoproterozoic ages reveals the existence of 
ancient Precambrian remnants at or near the surface. 

This research was financially supported by 
the Natural Science Foundation of China 
(41272075). 
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Anthropogenic emission of air pollutants 

enhanced nutrient and toxic substance inputs to 
oceans, which affect phytoplankton growth and 
modulate oceanic CO2 fixation and storage. 
Fertilization effects of dust aerosols on marine 
primary productivity (PP) has been determined in 
many areas of the global ocean, but the impacts of 
aged dust and anthropogenic aerosols, e.g., haze 
particles, on PP are less known. On-board microcosm 
experiments were conducted in different trophic-level 
regions including the Northwest Pacific Ocean 
(NWPO) and Yellow Sea (YS) during the spring 
cruise by R/V Dongfanghong 2. We found that the 
stimulation effect of artificially aged dust on 
phytoplankton growth was more pronounced in the 
oceans co-limited by multiple-nutrients (e.g., N and 
P, or N, P and Fe)  than those limited by a single 
nutrient (e.g, N, P, or Fe). Haze particles supplied the 
cultures with an order of magnitude higher N than in 
the artificially aged dust but with similar amounts of 
P and Fe. However, we observed a decrease in chl a 
concentration at day 2 and 3 after haze particle 
addition to the cultures, followed by a pronounced 
increase (comparing with control). This is in contrast 
to the continuous increase in chl a concentration in 
cultures treated with artificially aged dust. Overall, 
increase in Chl a in the cultures with haze particles 
was lower than those with artificially aged dust (all at 
2 mg L-1) during the 9/10 day period cultures. These 
results suggest that haze particles have a potential 
inhibition effects on phytoplankton growth, e.g., by 
copper (Cu), at least in the short time scale (e.g., 2-3 
days) under the specific experimental conditions in 
our study. Furthermore, comparing to control, the 
addition of artificially aged dust led to a shift in 
phytoplankton size towards larger (> 2 μm) cells over 
the duration of the experiments, while treatment with 
haze particles  towards smaller sizes. In conclusion, 
fertilization effect of artificially aged dust and haze 
particles may be significantly different in the north-
western Pacific Ocean and Yellow Sea, with potential 
implications for their impact on oceanic carbon 
storage.  
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The traditional fluorination method and alkali 
fusion method have been widely used for silicon 
isotope measurements. The fluorination method is a 
well established routine method which could provide 
reliable data using traditional gas source IRMS, and 
the alkali fusion method is a relatively new method 
based on MC-ICP-MS, with no fluorinating agent 
used and a simple protocol. However, the comparison 
between these two methods were scarce. Here we 
present silicon isotope data of various samples 
measured by both methods in order to examine the 
consistency of the two methods (Table 1).  

Table1�The data comparison of 5 samples 
sample δ30Si(‰) ( MC-ICP-MS) δ30Si(‰) (SiF4) 

NBS-28 -0.07±0.10 (n=14) 0.01±0.12 (n=6) 
4422  -2.71±0.12 (n=10) -2.68±0.06 (n=12) 
4421 -0.09±0.13 (n=6) -0.01±0.24 (n=15) 

AGV-2 0.03±0.10 (n=11) 0.00±0.14 (n=2)  
BHVO-2 0.04±0.14 (n=12) 0.05±0.07 (n=2)  

*(n) stand for replicate number  
Five samples were analyzed with multiple 

replicates. The data showed that these two methods 
yield consistent and comparable results. Compared to 
SiF4 method, the advantages of alkali fusion method 
include to avoid using harmful chemical agent (BrF5, 
F2 and HF), an easier protocol, suitable for analyzing 
large batch of routine samples, with 1/5 to 1/10 
sample size needed. Despite the larger sample 
amount, the complexity of the operation process, and 
the use of toxic and relatively less purified 
fluorinating agents, the traditional SiF4 method is 
reliable and could provide a benchmark for silicon 
isotope determination. For most of the routine 
samples, either method could be used, but for 
samples which require extreme accuracy and 
precision, e.g., the determination of absolute isotope 
ratio, the traditional SiF4 method is irreplaceable. 
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Biotite and two-mica granites are common in 

continental crust. Although they are generally 
peraluminous in lithochemistry, their petrogenesis 
has been controversial. Because these peraluminous 
granites often show a negative correlation between 
P2O5 and SiO2 and a positive correlation between 
A/CNK and SiO2, they are commonly considered as 
I-type granites of metaigneous origin. However, such 
lithochemical consideration is not certain in view of 
their other geochemical characteristics.  

To constrain the source nature of peraluminous 
granites, we performed a combined study of in-situ 
U-Pb age, O isotope and trace element for 
synmagmatic and relict zircons from Triassic biotite 
and two-mica granites in the Nanling Range, South 
China. Zircon U-Pb dating yields concordant ages of 
230±3 to 237±3 Ma for synmagmatic zircons, and 
335 to 2379 Ma for relict zircons with two clusters at 
ca. 440 Ma and ca. 800 Ma, respectively. Both the 
synmagmatic zircons and the ~440 Ma relict zircons 
are characterized by high δ18O values of 8.8-11.4‰ 
and 8.6-10.3‰, respectively. In contrast, the majority 
of the other relict zircons show relatively low δ18O 
values of 5.1 - 7.9‰. The high δ18O values for 
synmagmatic zircons indicate that the Triassic 
granites were originated from metasedimentary 
sources. The two age clusters for relict zircons 
overlap with two episodes of granitic magmatism, 
respectively, in the early Paleozoic and the middle 
Neoproterozoic in South China, suggesting their 
inheritance from the metasedimentary sources. Thus, 
these Triassic granites were derived from partial 
melting of metasedimentary rocks rather than 
metaigneous rocks; they belong to S-type granite 
though their lithochemical relationships are akin to 
common I-type granites. Therefore, the zircon in-situ 
geochemical analyses have the capacity to unravel the 
source nature of controversial granites. Our data 
indicate that fractional crystallization of 
heterogeneous magmas is the possible mechanism for 
the decoupling between major element and stable 
isotope compositions in the peraluminous granites. 
Such heterogeneities are inherited from the 
heterogeneous metasedimentary source. 
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Magma genesis in prodcutive mantle plume may 
be largely influenced by recycled oceanic crust 
component involved in the mantle plume (e.g., 
Hawaii; Hauri et al., 1996; Takahashi &Nakajima., 
2002; Sobolev et al., 2007). Therefore, understanding 
the melting processes in the basalt/peridotite hybrid 
plume source is very important. In order to figure out 
the geochemistry of recycled component as well as 
their melting process in the plume, and study the 
density change of such recycled crust during 
upwelling process of plume, we conducted a series of 
high-P, high-T experiments.  

  Hybrid melting experiments were performed 
under 2.9 GPa with Boyd-England type piston-
cylinder (1300~1540°C for dry experiments, 
1400~1500°C for hydrous experiments), 5-8GPa with 
Kawai-type multi-anvil (1300~1650°C for dry 
experiments, 1350~1550°C for hydrous experiments). 
Spinel lherzolite KLB-1 (Takahashi 1986) was 
employed as peridotite component. Two basalts were 
used as recycled component: Fe-enriched Columbia 
River basalt (CRB72-180, Takahashi et al., 1998) and 
N-type MORB (NAM-7, Yasuda et al., 1994). 

  In dry experiments below peridotite dry solidus, 
melt compositions ranged from basaltic andesite to 
tholeiite. Opx reaction band generated between basalt 
and peridotite layer hindered chemical reaction. On 
the other hand, alkali basalt was formed in hydrous 
run products because H2O promoted melting process 
in both layers. Compaed with melts formed by N-
MORB peridotite runs, those layered experiments 
with CRB are enriched in FeO, TiO2, K2O and LREE 
at given MgO. In other words, melts produced by 
CRB-peridotite layered experiments are close to 
alkali basalts in OIB and tholeiite in Hawaii, while 
those by layered experiments with N-MORB are poor 
in FeO, TiO2 and LREE than tholeiite in Hawaii. 
Thus we propose that Fe-rich Archean or Proterozoic 
tholeiite (BVSP 1980) would be a possible candidate 
for recycled component in OIB and Hawaiian plume.  
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Nitrate in groundwater aquifers has represented a 
major environmental problem worldwide, and 
fertilizer use accounts for more than 50% of the 
nitrogen leaching into groundwater in China (Gu et 
al., 2013). However, the patterns, trends, and the 
associated causes of Chinese N leaching remains 
subject to large uncertainty. The primary sources of 
this uncertainty are conflicting estimates of nitrogen 
inputs and the associated environmental conditions, 
yet none of previous estimates are based upon large-
scale measurements and high-resolution activity data. 
Here, we quantify China’s N leaching from croplands 
from 1990 to 2012, using updated and harmonized N 
input data, high-resolution environmental factors 
data, and a comprehensive dataset of Chinese N 
leaching observation networks. Two main tasks have 
been performed in this study: i) the magnitude and 
spatiotemporal patterns of N leaching over China’s 
croplands from 1990 to 2012; ii) the drivers of the 
spatial variations, interannual variability and 
temporal trends of China’s N leaching from 
croplands.  
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A combined study of mineral inclusions, U-Pb 

ages, trace elements and Hf-O isotopes was carried 
out for zircons from a coesite-bearing jadeite 
quartzite in the Dabie orogen. The results provide 
insights into the action of ultrahigh-pressure (UHP) 
metamorphic fluids during continental deep 
subduction to a mantle depth and thus constraints on 
the origin of the jadeite quartzite in the continental 
subduction zone. The zircons show core-rim 
structures in CL images. The overgrown rims contain 
rare mineral inclusions, and exhibit concordant U-Pb 
ages of 225 to 246 Ma and flat HREE patterns with 
negligible Eu anomalies. In contrast, the relict cores 
contain UHP metamorphic mineral inclusions such as 
coesite, jadeite and rutile, and show discordant U-Pb 
ages (983 to 2045 Ma) and steep REE patterns with 
negative Eu anomalies. The U-Pb isotope data for the 
cores and rims define an apparent discordia line with 
upper and lower intercept ages of 2000±43 Ma and 
234±18 Ma, respectively. We interpret the rims with 
Triassic ages as the new growth of metamorphic 
origin and the cores with Paleoproterozoic ages as the 
protolith relics of magmatic origin. The relict 
magmatic zircons underwent solid-state and 
metasomatic recrytallization. There are relatively 
consistent δ18O values on all of the zircon domains, 
indicating not only that the metamorphic fluids are of 
internal origin from the deeply subducted continental 
crust but also that the O isotope composition of 
protolith zircons was reequilibrated with the 
metamorphic fluids of Triassic age. The metasomatic 
recrystallization of protolith zircons is indicated by 
the occurrence of UHP inclusion minerals in sealed 
microcracks. In this regard, the fluid metasomatism 
firstly took place along fractures of the relict zircons 
during prograde subduction of the continental crust 
and then experienced the metamorphic 
recrystallization to cause sealing of the fractures 
under the UHP conditions. The metamorphic fluids 
are enriched in Si, Ti, Na and Al and would be 
acquired through metasomatic reaction with 
metagreywackes overlying the granitic orthogneiss. 
Therefore, the jadeite quartzite would be precipitated 
from the UHP metamorphic fluids that were derived 
from dehydration of the underlying basement 
orthogneiss but reacted with the metagreywackes 
during the continental subduction-zone 
metamorphism.  
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New elemental and isotopic data are presented for 

the early Cretaceous felsic to mafic volcanic rocks in 
the North Huaiyang tectono-magmatic unit (NHY) of 
the Dabie Orogen, in order to investigate their 
petrogenesis and provide insights into the nature of 
the late Mesozoic lithosphere mantle beneath the 
region and its tectonic relationship with neighboring 
blocks. LA-ICP-MS zircon U-Pb dating reveals that 
volcanic rocks of the Jingangtai Formation erupted in 
a quite short interval about 5 Mys during the Early 
Cretaceous (128-123 Ma). The rocks have wide 
ranges of SiO2 (48-68 wt.%) and MgO (0.6-5.6 wt.%) 
contents. They are enriched in large-ion-lithophile-
elements (LILE) (e.g. Rb, Ba) and light rare-earth-
elements (LREE), and depleted in high field strength 
elements (e.g. Nb, Ta and Ti) with weak negative Eu 
anomalies (Eu/Eu*=0.71-0.94). Meanwhile, the rocks 
show relatively high whole-rock initial 87Sr/86Sr ratios 
(0.7074 to 0.7094), strong negative εNd(t) (-19.1 to -
15.8) and zircon εHf values (-20.7 to -14.1). Such 
typical “continental” geochemical characteristics did 
not result from crustal contamination during magma 
ascent, but from an enriched mantle source modified 
by materials from the subducted Yangtze Craton 
during the Triassic continental collision. We propose 
that the petrogenesis of the large-scale 
contemporaneous magmatism of Dabie Orogen 
including felsic to mafic volcanic rocks in the NHY 
reflects an intensive lithospheric thinning and 
extension during the early Cretaceous as a tectonic 
response to the change of plate motion of westward 
subducted Pacific Plate beneath the Eurasian 
continent.  
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Archaeal 16S rRNA gene clone libraries using 
PCR amplicons from six different layers of 
theMD06-3059 core were obtained from the tropical 
Western Pacific sediments. A total of 543 clones 
were randomly selected, and 195 valid clones and 
137 operational taxonomic units were identified after 
chimeracheck and C97% similarity analysis. 
Phylogenetic results showed that the archaeal 
diversity in the collected samples was very diverse, 
and the obtained OTUs were grouped into 
Crenarchaeota and Euryarchaeota, with the former 
dominated by Miscellaneous Crenarchaeotic Group ( 
MCG, 54% of total archaeal clones) and the latter 
dominated 

by Marine Benthic Group D ( MBG-D), South 
African Gold Mine Euryarchaeotic Group ( 
SAGMEG) and Marine Benthic Group B ( MBG-B). 
Phylotypes in this study shared high similarity with 
those in subsurface sediments from Peru Margin 
sites,which indicated that different geographical 
zones might host similar members of archaeal 
populations based on similar sedimentary 
environments. In our study, MCG seemed to 
dominate certain layers of the nonhydrate sediments, 
suggesting a wide ecophysiological adaptation than 
previously appreciated. The might vary with the 
different geochemical gradients of the environment. 
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In southeastern New York State, within the 

Mesoproterozoic Grenville Orogen, the Hudson 
Highlands inlier is metamorphosed to granulite 
facies, consisting primarily of locally migmatitic 
paragneiss, and is intruded by late tectonic granites 
and pegmatites. At a contact between the migmatite 
and paragneiss, there is a narrow vein-dike zone 
composed almost entirely of monazite and xenotime, 
and enveloped by a metasomatic biotite envelope. 
The mineralized zone contains up to 1.0% U, 3.0% 
Th, 25% total REE, and 13% Y, with Eu/Eu*=0.03 
and (La/Yb)CN=3.0. Previous U-Pb geochronology 
studies of this zone have shown that the vein-dike 
intruded at 1036±5 Ma, with a series of post-
metamorphic events generating mineral rims between 
1034-890 Ma. Vein-dike emplacement postdates the 
host paragneiss (2065-1270 Ma) and local granitic 
intrusions (1058±14 Ma).  

In this study, petrography, lithogeochemistry, 
biotite mineral chemistry, and monazite/xenotime 
trace element mapping are used to investigate 
metasomatism of the host paragneiss, as well as 
ascertain the source and nature of the mineralizing 
fluid. Based on trace element geothermometry, zircon 
and biotite in the vein-dike formed at 732 ± 16 °C 
and 542 ± 24 °C respectively. The system is 
extremely enriched in incompatible elements, and the 
Zr/Hf ratio is very low (4.5), indicating a large degree 
of fractionation. It contains large amounts of ligands, 
indicated by salt-saturated fluid inclusions, and 
extreme Cl enrichment in the metasomatic biotite 
surrounding the vein-dyke (2.3 wt.% Cl). There is 
also low Ca in the system which prevented apatite 
saturation. The vein-dike is probably derived from a 
highly fractionated, late tectonic NYF pegmatite with 
crustal A-type granite affinity. Monazite and 
xenotime REE signatures show characteristics of both 
hydrothermal and magmatic systems. Depending on 
the amount of water in the system, the mineralizing 
fluid derived from this pegmatite may have been a 
hypersaline hydrothermal brine or an immiscible 
hydrosaline melt. This unique mineralization could 
greatly increase our understanding of immiscible salt 
melts. 
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The reactivity of two fractured reservoir rocks 

(limestone composed of 100% calcite and sandstone 
composed of 65.7% calcite, 27.8% quartz and 6.5% 
microcline) in contact with a CO2-rich sulfate 
solution was examined.  

 Flow-through percolation experiments were 
performed using artificially fractured limestone and 
sandstone cores and injecting a CO2-rich sulfate 
solution under constant volumetric flow rate at P = 
150 bar and T = 60 ºC. Measurements of the pressure 
difference between the inlet and the outlet of the 
samples and of the aqueous chemistry enabled the 
determination of fracture permeability changes and 
net reaction rates. Additionally, X-ray computed 
microtomography (XCMT) was used to characterize 
changes in fracture volume induced by dissolution 
and precipitation processes.  
Results and discussion 

 In all reacted cores an increase in fracture 
permeability and in fracture volume was always 
produced even when gypsum precipitation occurred. 
The presence of inert silicate grains in sandstone 
samples favored the occurence of largely distributed 
dissolution structures in contrast to localized 
dissolution in limestone samples, and it promoted 
greater dissolution and smaller precipitation in 
sandstone than in limestone experiments.  

 As a result, in sandstone reservoirs, the 
larger increase in fracture volume as well as the more 
extended distribution of the created volume would 
favor the CO2 storage capacity. The different 
distribution of created volume between limestone and 
sandstone experiments led to a different variation in 
fracture permeability. The progressive stepped 
permeability increase for sandstone would be 
prefered to the sharp permeability increase for 
limestone to minimize risks related to CO2 injection, 
favor capillary trapping and reduce energetic storage 
costs. 
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Significant stable molybdenum (Mo) and 

uranium (U) isotope fractionations can be induced by 
redox processes at Earth’s surface. If oceanic 
sediments or altered ocean crust contain fractionated 
Mo or U, these surface signals may be either 
transferred to arc magmas at subduction zones or 
restirred into the deeper mantle. Here we examine the 
Mo and U isotope composition of mafic to 
intermediate lavas from Martinique in the Lesser 
Antilles arc and sediments from the downgoing plate 
in order to further explore whether these isotopic 
systems can be used as slab component tracers and 
assess whether Mo and U experience isotopic 
fractionation during subduction. Martinique is an 
ideal test case because the lavas are well 
characterized and the relative roles of slab fluids and 
sediment melts differ across the island. 

Lavas show a wide range of δ98Mo values (+0.09 
to -0.88‰, relative to NIST 3134) and show a 
systematic relationship between δ98Mo, age, and 
geographic location on the island. The younger 
sampled lavas (i.e. those < 2.1 Ma), which are also 
concentrated on the northwest side of the island (i.e. 
further from the trench) tend to have lighter Mo 
isotopic composition, with values significantly lighter 
than published results for MORB and other island 
arcs [1]. These lavas show relationships between 
δ98Mo and radiogenic tracers consistent with mixing 
between sediment melts and a MORB source. The 
older lavas, located closer to the trench, show a 
differing trend, suggesting either a different 
sedimentary endmember or the occurrence of Mo 
isotopic fractionation in either the slab-mantle wedge 
interface or the magma plumbing system of the upper 
plate.   

 δ238U values in the lavas show a large 
range, but the majority of samples are slightly heavier 
than chondrite  and show no correlation with age, 
location, or any other chemical or isotopic parameter. 
Both the range and the skew of values towards 
heavier compositions stand in contrast to data from 
other arcs [2], suggesting the potential for isotopic 
heterogeneity in U that is ultimately transferred from 
the slab to to arc.  
[1] Freymuth et al. (2015) EPSL, 432, 176-186. [2] 
Andersen et al. (2015) Nature, 517, 356-359. 
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Alkaline rocks from Khariar(India) were reported 
to possess  142Nd anomaly as low as -13 ppm [1], 
which was subsequently questioned [2].The latter 
study [2] was based on a 2-sequence multidynamic 
analysis on TIMS, of same samples, corrected for 
mass dependent fractionation using exponential law 
only, whereas the previous study had used power law 
normalized exponential law[1]. We revisited the issue 
by analyzing new samples from the same locations 
from Khariar using both the methods. In addition, we 
also used a simple exponential fractionation law to 
correct our 3-sequence data.  The results of our study 
not only confirm the observations made by Roth et al. 
[2] but also reveal that a simple exponential 
fractionation law correction to the 3-sequence data 
would yield similar result. This would mean that the 
data generated in a 3-sequence analysis need not be 
corrected for relative fractionation rate as prescibed 
in [2]. 
 

Fig.1 µ142Nd of alkaline rocks from Khariar relative 
to Ames Nd standard (142 Nd/144Nd = 1.1418373 with 
2RSD= 7.97; n=78) 
 
[1] Upadhyay et. al. (2009) Nature 459, 1118-1121. 
[2] Roth et. al. (2014) Chemical Geology 386, 238-
248.           
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Understanding the mechanisms that modify 
landscapes is essential for identifying feedbacks 
between climate, tectonic and topography. Because 
measurements of erosion rates are critical for 
quantifying landform evolution, the coupling of 
different techniques has often been used. However, 
different methods often estimate erosion rates over 
different time scales, and are sensitive to different 
erosion processes. 

In this study we estimate erosion rates of highly 
eroding drainage areas of Reunion Island. We 
compare and combine the results of  three methods: i) 
from cosmogenic 3He concentrations, ii) from river 
geochemistry and iii) from landforms reconstruction. 
Our aim is to derive, from this new approach, the 
message provided by each method in terms of 
chemical weathering, mechanical erosion and erosion 
processes. 

Helium concentrations and isotopic ratios were 
measured in olivine-rich sands from rivers and 
landslides products. Digital elevation model and K-
Ar geochronological data were used to reconstruct 
basins initial topographies and to calculate the 
volumes of material eroded over the past ~65Ka. 
Finally, dissolved and suspended loads and river 
sediments were analyzed for their major and trace 
elements contents, and a geochemical mass balance 
was built in order to quantify both chemical and 
mechanical erosion rates. Results show a good 
agreement between long-term erosion rates derived 
from topography reconstructions and so called short-
term erosion rates from the geochemical mass 
balance. The cosmogenic method underestimates 
erosion rates, but comparison with the geochemical 
mass balance helps to show that episodic landslides 
dominates erosion of the basins. Finally a new 
approach of the geochemical mass balance with a 
systematic study along the range of river sediment 
grain size shows an anti-correlation between 
weathering and grain size allowing to depict 
weathering vs genesis and transport of sediments. 
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Defined as fossil remains of higher plants, 

rhizoliths are the best fingerpost for studying 
terrestrial ecosystems changes. Rhizoliths with their 
related features are also indicators of incidence of 
palaeosols and subaerial vadose environments in 
ancient successions. Because of the ability to provide 
important information on paleogeography, 
paleoclimate, and plant paleoecology, rhizoliths have 
important significance. In recent decades, the 
classification, genesis, geochemistry and significance 
of rhizoliths have been widely researched at 
environments such as loess, coastal zone and saline 
lake. 

Rhizoliths are prevalent and exposed on the 
surface of Badain Jaran Desert. These cylindrical 
rhizoliths, with diameters between 0.6cm and 3.6cm 
and length from 1.8cm to 19.2cm, are mainly 
composed of calcite and quartz. The δ13C values of 
rhizoliths range from -4.74‰ to -1.55‰, indicating 
that the carbon source for rhizoliths is certainly 
prodominated by root and microbial respiration, 
rather than the oxidative decomposition of plant. The 
δ13C values should reflect more C3 plants as the main 
vegetation, which may be the bush-like plant. The 
oxygen isotopic compositions (-9.45‰~ -3.31‰) 
show that the rhizoliths are possibly formed in 
equilibrium with groundwater or lake water.  

From our data, it is obvious that rhizoliths are 
excellent materilas for studying the terrestrial 
ecosystem. The carbon and oxygen isotopic 
compositions of rhizoliths can be used to indicate 
information on carbon source, plant paleoecology, 
and formation mechanism. 

This research is funded by the National Science 
Foundation of China (Grant No. 41203021) and the 
Fundamental Research Funds for the Central 
Universities of China (Grant No. 2014B17514). 
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Introduction 
The electrochemical nature of the uranium-60 

nanocluster (U60), a fullerene cluster of uranyl 
polyhedra, has yet to be fully characterized since its 
first synthesis in 2005 [1]. While our initial studies on 
U60 and its naturally-occurring analogue, studtite, 
focus on monitoring the redox behavior in differing 
solutions and concentrations in order to characterize 
redox switching in both compounds (U6+ to U5+ and 
U4+), we have recently studied local structural 
changes as a function of redox state using x-ray 
absorption spectroscopy (XAS, i.e., XANES and 
EXAFS) [2]. 
Purpose 

Our hypothesis is that we can measure and 
calculate the thermodynamics and redox potential of 
the redox switching of the U oxidation state, 
including its kinetics and reversibility (i.e., switching 
within the cluster without destroying it) in U60 
clusters and studtite as a function of pH, solution 
chemistry, and pe/Eh. In addition, changes in the 
kinetics of growth, structural, and electronic changes 
are monitored by a combination of electrochemical 
XAS and computational treatment of activated 
complexes. Syncrotron XANES/EXAFS allows us to 
determine the oxidation state of U as a function of the 
applied potentials and elucidate the structure and 
changes on U60 clusters found on the electrode. 
Results 

Electrochemical results describe the proton-
coupled nature and similarity of U60 and studtite 
U6+/U5+ and U5+/U4+ redox behavior (peaks within 0.1 
V of each other) in addition to the alteration of 
(UO2)2+ in the presence of uranyl peroxides. In situ 
electrochemical XAS results support our reversible 
peak characterizations, purity of our synthetic 
samples throughout cycling, and the design of our in 
situ cell. 

Ex situ experiments were performed in tandem to 
obtain oxidation state, electronic configuration, 
vacant orbitals, coordination environment, nature of 
scattering atoms, interatomic distances, and the 
Debye-Waller factor. 

Such information is essential to any experiment 
concerning sorption, precipitation, diffusion, surface 
complexation, and solid solution formation. 
 
[1] Sigmon et al. (2009) JACS 131, 16648-49. [2] 
Gebarski & Becker (in submission) GCA. 
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There are many ocean circulations: for example, 

the circulation of various seawater properties and the 
circulation of mass, which may all be distinct. The 
connection between the different "circulations" can 
be made explicit by applying inverse methods 
developed in the modern-day context to the past. In 
this talk, we consider the constraints imposed on the 
Last Glacial Maximum circulations from recent 
compilations of benthic foraminiferal observations 
(d13C, d18O, and Cd/Ca) that have nearly 500 points. 
Even with a numerical model that simply balances 
tracer fluxes, inverse methods produce self-consistent 
scenarios including a suite of global 3D tracer 
distributions, the effect of remineralization, and the 
pathways of water movement. Large-scale ocean 
tracer quantities, such as the LGM Atlantic-Pacific 
difference or the LGM global mean, can be estimated 
with relatively-small error bars that unambiguously 
show changes from the modern-day conditions. 
Geochemical property gradients, however, do not 
necessarily represent the interface between waters 
originating from different sources, as is usually 
assumed in interpreting LGM d13C. Also, minor 
changes in the circulation of mass may produce large 
changes in water-mass distributions, provided the 
circulation is persistent for long time periods. We 
suggest that progress will be made when rate 
constraints can be improved.    
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The mobility of uranium (U), a radioactive 

element, is one of the major concerns in safety risk 
assessments of sites exposed to mining and 
reprocessing. Leaching of U from the contaminated 
tailings may result in aquifer pollution in absence of 
bio-reductive immobilization. Therefore, effective 
remediation practices require mechanistic 
understanding of the long-term behaviour of U in 
porous aqueous media. 

 
Here, we present experimental and modeling 

results of thermodynamic and kinetic properties of 
U(VI) sorption on two natural carbonated substrates: 
chalky soil and pure chalk. Batch experiments were 
performed using a system of reactors at controlled 
temperatures of 5°C, 12°C, 21°C, and 30°C. The 
equilibrium constants of calcium-carbonate-uranium 
complexes [2] were used to update the database 
adapted from Guillaumont et al. [1] and calculate U 
speciation using PHREEQC. The model indicates the 
key role of carbonate ions in U complexation and 
mobility in studied suspensions. 

 
Calibration of the experimental data on U(VI) 

sorption as a function of temperature and time was 
performed according to the modified multi-reaction 
model of Zhang and Selim [3]. Results were used to 
compute thermodynamic properties, such as, 
distribution coefficients, activation energy, enthalpy, 
and entropy of reactions. The output of this 
experimental and modeling work will be used in a 
reactive transport model HYTEC for better 
estimation of U migration through soil and carbonate 
aquifer. 

 
 

[1] Guillaumont, R.; Fanghanel, T.; Fuger, J.; 
Grenthe, I.; Neck, V.; Palmer, D.; Rand, M. H. 
Update on the Chemical Thermodynamics of 
Uranium, Neptonium, Plutonium, Americium and 
Technetium. (2003) Elsevier: Amsterdam.  
[2] Dong, W.; Brooks, S.C. (2006) Environ. Sci. 
Technol., 40, 4689-4695.  
[3] Hua Zhang and H. M. Selim. Environ. Sci. 
Technol., 39, 6101-6108. 
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Given the intensive production and incorporation 

of engineered nanomaterials in virtually all industrial 
fields, important concerns exist regarding their 
potential impact to ecosystems. However, toxicity 
mechanisms associated to nanomaterials are not fully 
understood, partly because of an incomplete physico-
chemical characterization of these objects during 
toxicity tests, but also  because of an unsuficient 
genotype description of the strains used.  

In this study, the gram-negative bacteria 
Escherichia coli were used as a prokaryotic model for 
testing the toxicity of ZnO nanoparticles (nano-ZnO), 
which toxicity is often refered to Zn2+ released from 
nanoparticles in the culture medium. Two model E. 
coli strains MG1655 and W3110, showing slight 
differences in their genome, were submitted to nano-
ZnO or Zn2+ in order 1) to refine the nano-ZnO 
toxicity mechanisms to E. coli as a function of their 
genotypes, and 2) to investigate whether toxicity 
resulted from a real “nanoparticle” effect or from the 
release of Zn2+ in solution.  

To do so, both strains were submitted to various 
concentrations (0.1 to 1 mM) of nano-ZnO or Zn2+ in 
Luria Bertani (LB) medium. These toxicity studies 
take into account the nano-ZnO solubility in the 
culture medium by specifically monitoring the Zn2+ 
released in our experimental systems. A real “nano” 
effect is here clearly demonstrated by comparing the 
overall toxicity to the toxicity resulting only from 
Zn2+ released during nano-ZnO dissolution. Also, in 
our experimental conditions, differences in tolerance 
to nano-ZnO or Zn2+ between both strains was clearly 
evidenced. W3110 is generally more tolerant to metal 
than MG1655, the latter showing no real difference in 
its sensitivity to the two zinc added forms unlike 
W3110. The differences in behavior between both 
strains could be attributed to differences in the two 
genomes as a mutation named “amber” in W3110.  
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 Water, or trace H incorporated in mantle 
mineral defects, could be a key player in the 
evolution of continental lithosphere because of its 
influence on melting and deformation of the mantle 
[1]. Minerals from peridotite xenoliths are being 
analyzed for water by FTIR and for major elements 
by electron microprobe. The Alligator Lake 
xenoliths, representing mantle beneath the 
Phanerozoic belt of Western Canada, comprise 
lherzolites and harzburgites with contrasting trace 
element patterns, and are found in alkali basalts [2-3-
]. Their orthopyroxene (opx) and clinopyroxenes 
(cpx) contain 27-150 and 46-361 ppm wt H2O 
respectively. These concentrations are at the low end 
of the worldwide range of off-craton peridotite 
xenoliths [4]. Slave craton peridotite xenoliths, 
representing deeper mantle lithosphere beneath an 
Archean craton, ascended in kimberlites [5]. The cpx 
of the Lac de Gras suite from central Slave craton 
have similar water contents to those of Alligator Lake 
but those of the opx extend to 225 ppm H2O [6]. 
Olivine water contents are low (< 5 ppm H2O) at 
Alligator Lake which may be due to H loss during 
xenolith ascent, while olivines at Lac de Gras contain 
30-85 ppm wt H2O. Xenoliths from Jericho 
kimberlites in the northern Slave craton will also be 
analyzed to assess the role of water in cratonic roots 
and surrounding belts in cratonic root longevity. 
 
[1] Peslier et al. 2010 Nature 467, 78-81. [2] Francis 
1987 JP 28, 569-97. [3] Eiche et al. 1987 CMP 95, 
191-201. [3] Shi et al. 1997 CMP 131, 39-53.[4] 
Peslier et al. 2015 GGG 154, 98-117. [5] Kopylova et 
al. 2004 JP 45,1045-1067 [6] Peslier et al. 2014 Fall 
AGU 
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The New Horizons spacecraft has found 
elongated dark areas in the equatorial region of Pluto, 
which were informally called “the Whale” or Cthulhu 
Region [1]. Here we examine the possibility that the 
dark areas on Pluto were formed by thermal 
alterations and polymerization of interstellar volatiles 
caused by a Charon-forming giant impact. 

Pluto is one of the largest Kuiper belt objects, 
which is highly likely to contain various interstellar 
volatiles, including aldehyde and ammonia. The 
previous study [2] shows that these interstellar 
volatiles are thermally polymerized in solutions at 
high temperatures, forming complex insoluble 
organic solids. Given the satellite-to-planet mass 
ratio, the Pluto-Charon system is suggested to be of a 
giant impact origin [3]. Impact-induced heating on 
Pluto could have converted these volatile into 
complex organic matter in solution near the surface, 
which may explain the presence of dark areas in the 
equatorial region of Pluto. 

Here, we produce complex organic matter for 
various temperatures by thermal polymerization of 
formaldehyde and ammonia in solutions. By 
measuring the UV-VIS absorption spectra of the 
produced organic matter, we found that the color of 
the solution changes to be dark if the temerature is 
above 50oC for months or more. This duration 
corresponds to the cooling timescale of a water pond 
with 500-km thickness. 

By using SPH code [4], we carried out many 
simulations of a giant impact, and we found that a 
molten hot pond with > 500-km thickness is formed 
around the equatorial region of Pluto by a Charon-
forming giant impact, if the water/rock mixing mass 
ratio is less than 1 or if the pre-impact interior 
temperature is ~150 K. Both the dark equatorial 
region and a Charon-sized moon are formed when the 
pre-impact Pluto is undifferentiated. To keep a rock-
rich Pluto undifferentiated at time of the giant impact, 
Pluto may have been formed >100 Myrs after CAIs, 
and the giant impact may have occurred <100 Myrs 
after the Pluto’s formation. 

 
[1] Stern, S. A. et al. (2015) Science 350, id.aad1815. 
[2] Cordy, G. D. et al. (2011) PNAS 108, 19171-
19176. [3] Canup, R.M. (2005) Science 307, 546-550. 
[4] Genda, H. et al. (2015) ApJ 810, 136 (8pp). 
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The abundance of tropospheric oxidants 

determines the lifetimes of most reduced trace gases 
in the atmosphere.  High reactivity of oxidants 
precludes their direct preservation in geological 
archives, inhibiting our understanding of if and how 
they have varied in the past, with implications for our 
understanding of the budgets of reduced trace gases 
such as methane.  We present observations of the 
oxygen-17 excess of nitrate from a Greenland ice 
core over the last glacial-interglacial cycle and over 
two Dansgaard-Oescher (D-O) events during the last 
glacial period that show a high sensitivity to climate 
change.  We use results from a global chemistry 
climate model to investigate the cause of the 
observed change in oxidant abundances over past 
climate transitions.  Based on our analysis, we 
hypothesize that the large observed changes in 
oxidant (O3/HOx) abundances is likely driven by 
changes in the large-scale Brewer Dobson Circulation 
of the atmosphere, with a smaller influence from 
changes in surface emissions.  As the BDC has 
implications for the oxidation capacity of the global 
atmosphere and the stratospheric thermal and mass 
balance, the coupling of climate and the BDC may 
thus represent an important feedback mechanism 
during major climate transitions. 
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Sulfur and oxygen mass-independent-
fractionation (MIF) processes (i.e., Δ17O, Δ33S and 
Δ36S) in atmospheric sulfate provide information on 
SO2 oxidation pathways, which constrains the 
atmospheric conditions, e.g., levels of oxygen, ozone, 
cloud fraction, etc. [1-2] at the time of sulfate 
formation. The oxidation processes responsible for 
the O-MIF are in general well-known [3], yet that for 
the S-MIF are not unambiguously identified [4-5]. 
The MIF signals in atmospheric sulfate depend on the 
relative importance of SO2 oxidation pathways (e.g., 
OH oxidation versus photo-oxidation). Simultaneous 
analysis of S- and O-MIF in a sulfate sample would 
potentially provide better constraints on the origin(s) 
of S-MIF. We are developing a new fluorination line 
complementary to the existing Ag2SO4 pyrolysis 
method, for determination of multiple sulfur and 
oxygen isotope compositions of sulfate in the same 
sample. While O2 produced by the pyrolysis is 
induced into a MAT-253 mass spectrometer for O-
MIF analysis in a continuous flow system, the co-
produced SO2 is collected and converted back to 
sulfate. An improved and optimized Thode’s 
reducing solution is used to reduce sulfate to H2S 
offline. Using CoF3, H2S is then converted to SF6, 
which is purified and collected in a glass vessel and 
analyzed for multiple sulfur isotope composition by a 
MAT-253 mass spectrometer using a dual-inlet 
system. This method will be used to measure sulfate 
samples created in a large environment chamber, 
which simulates atmospheric environments similar to 
those in which S-MIF was discovered. Performance 
of the new fluorination line and preliminary data 
from the chamber experiments will be presented at 
the conference.  

 
[1] H. Bao, Chem Geol 395, 108 (2015). [2] J. 
Farquhar, B. A. Wing, Earth Planet. Sc. Lett. 213, 1 
(2003). [3] J. Savarino, C. C. W. Lee, M. H. 
Thiemens, J. Geophys. Res. 105, 29079 (Dec 16, 
2000). [4] Y. Endo et al., J. Geophys. Res. 120, 
2014JD021671 (2015). [5] S. Ono, A. R. Whitehill, J. 
R. Lyons, J. Geophys. Res. 118, 2444 (2013).  
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Mount Etna is a complex magmatic system 
characterized by a continuous variability both in 
terms of eruptive style and composition of erupted 
products. Currently, its volcanic activity is marked by 
high gas fluxes (of above all SO2), both during 
eruptive and non-eruptive periods. 

In this study, we have studied the volatile 
contents and Fe speciation of olivine-hosted melt 
inclusions from 6 eruptions of the last 15 ky, mainly 
to investigate the behavior of S during ascent and 
differentiation of Etnean magmas.  

Samples selected come from the FS 
eruption which is the most primitive (picritic 
composition, Fo91), Mt Spagnolo (the oldest) and 
from more recent eruptions: 2002/3, 2006, 2008, and 
2013. 

S concentrations in glass inclusions are 
extremely variable, from a few hundred ppm in recent 
lavas up to 4000 ppm in the older Mt Spagnolo 
products (Fo88). This variation broadly correlates with 
the degree of differentiation of the melt, as expressed 
by the major element (SiO2, K2O) chemistry. 
However, both degassing and variations in redox 
conditions influence the S behavior, as revealed by 
variations in volatile concentrations, sulfide 
saturation and Fe speciation in melt inclusions. 

Fe3+/ΣFe spectra in some glass inclusions 
were collected by XANES synchrotron radiation. 
Results span a large range of Fe3+/ΣFe ratios, 
generally decreasing from the most primitive (FS) to 
the most recent (2013) melts. Fe3+/ΣFe ratios were 
used for estimating the redox conditions of Etnean 
magma, yielding quite oxidizing and fairly variable 
fO2.  

Interpretation of the glass inclusion data 
(notably S content and Fe speciation) uses hydrous 
and S-bearing basaltic experimental glasses 
synthesized in the range of conditions (P, T, fO2) 
relevant to the Etnean system. Results corroborate an 
important control of fO2 and of the melt Fe 
concentration on the S concentration of Etnean 
glasses. 
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The Prony Bay Hydrothermal Field, south of 

New Caledonia, is an analogue of the Lost City 
Hydrothermal Field (mid-Atlantic ridge) with 
discharge of H2-rich and low temperature (40°C) 
hyperalkaline (pH 11) waters. The Prony Bay was 
explored and mapped during the 2011 
HYDROPRONY Cruise [1] and 12 hydrothermal 
edifices were sampled over the lagoon. The waters 
are of meteoric origin [2] and discharge through the 
serpentinized ultramafic substratum of the lagoon. 
The different springs dispersed in the lagoon drive 
the edification of carbonated chimneys and 
hydroxides needles with various morphologies related 
to the activity of the hydrothermal system.  
The paragenesis observed is Mg hydroxides for the 
youngest and active needles. With ageing the 
chimneys mineralogy evolves towards a dipolar 
trend: Mg hydroxides and Ca carbonates. These 
mineralogical trends are in agreement with saturation 
indexes [2]. The construction of the hydrothermal 
edifices is mediated by organomineralization 
processes with an initial Mg hydroxides precipitation 
phase. Then, the compaction of the chimneys occurs 
via Ca and Mg carbonates encrustation of the firstly-
mineralized biofilaments. In the regions of the lagoon 
where hydrothermal circulation declines, the 
chimneys are encrusted by marine macrofauna: 
mineral neoformations indicate a pure seawater 
geochemical environment. 
The mineralogy and geochemistry of active chimneys 
differentiate coastal and lagoon hydrothermal sites 
and may highlight heterogeneities in the 
serpentinized substratum. 
 
[1]Pelletier et al. (2011), 
http://dx.doi.org/10.17600/11100060  
[2] Monnin et al. (2014), Biogeosciences, 11(20): 
5687-5706;  
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The former uranium mine Königstein (Saxony, 

Germany) is currently in the process of remediation. 
The underground is flooded in a controlled way, and 
the flooding water is cleaned up in a dedicated waste 
water treatment plant. Despite high U concentrations 
up to 13 mg/L and a low pH of 2.9, these waters 
contain a high microbial diversity as detected by 
culture-independent methods. Microorganisms are 
known to interact with metals and radionuclides in 
different ways [1]. Anaerobic bacteria which are able 
to gain energy from the reduction of several metals, 
are known to change the redox state of metals and 
radionuclides. For instance, anaerobic sulfate-
reducing bacteria (SRB) reduce U(VI) to U(IV) and 
thus change the migration behavior from the more 
soluble U(VI) into the less soluble U(IV) [2]. 
Genomic sequence analysis of the flooding water 
revealed the presence of such anaerobic SRB. By 
culture-dependent methods it was possible to isolate 
anaerobic microorganisms from the flooding water. 
They were incubated with 10 mM glycerol using the 
flooding water as background medium. During an 
incubation time of six weeks the redox potential  
decreased from 660 mV to 300 mV. After four and 
six weeks of incubation, the cells were separated 
from the incubation medium by centrifugation and 
than analyzed by U-LIII edge EXAFS (extended X-ray 
absorption fine structure) and XANES (X-ray 
absorption near edge structure) measurements. By 
Iterative Target-Factor Analysis (ITFA) we 
determined that 100 % of U(VI) was reduced to 
U(IV). Simultaneously, investigations of the 
supernatant with UV-vis resulted in the same 
findings. The results show that naturally occurring 
anaerobic microorganisms within the flooding water 
of the former uranium mine Königstein are able to 
reduce U(VI) to U(IV). 

 
1.Lloyd, J.R.M., L. E. , Interactions of 

microorganisms with 
radionuclides. Elsevier Science. 2002. 2 Lovley, 

D.R., et al.,  
Enzymatic Iron and Uranium Reduction by Sulfate-

Reducing  
Bacteria. Marine Geology, 1993. 113(1-2): p. 41-53. 
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The U-Pb isotope system is widely applied for 
dating crystallization and re-crystallization of mineral 
assemblages during HT events in earth history. 
Alongside with improvements on instrumentation 
over the last decades, considerable efforts have been 
spent to develop and refine methods for dating single 
crystals or even individual growth domains of high-U 
(>30 ppm) accessory phases.  

Whereas in general these methods are very 
successful to date magmatic and metamorphic events, 
there are rocks and processes that often cannot be 
dated as appropriate accessory minerals are absent 
and temperatures were below the closure temperature 
of common thermo-chronometers. Examples for such 
rocks can be found in many shear zones, e.g. 
mylonites and tectonic carbonates but extend to high- 
P/low-T metamorphic rocks, ore mineralsiations, 
diagenetic minerals/ cement, and sedimentary rocks 
as well as to different alteration assemblages. 

This study focus on the application of in-situ U-
Pb isotope analyses of low-U (e.g., 0.001 to 5 ppm) 
minerals in thin/thick sections by laser ablation ICP 
sector-field mass spectrometry (LA-ICP-SFMS). For 
this rock forming minerals and mineral assemblages 
that (re-)crystallised and equilibrated during an event, 
containing low but variable amounts of U and µ 
(238U/204Pb) will be analysed. Instead of dating 
domains of single accessory phases, multiple analyses 
with variable U/Pb within mm- to cm-areas of a rock 
section will form a linear array in the 207Pb/206Pb vs 
238U/206Pb space; the lower intercept with the 
Concordia is interpreted as crystallisation age and the 
Y-intercept as the initial Pb isotope composition.  

Over the last year this method has been applied at 
Goethe University to various rock types (e.g., 
mylonites, cataclasites, carbonatites, calcite 
slickenfibres, cherts, shales, calc-silicates, calcite 
veins and altered MORB) formed during Archean to 
Neogene time. Small scale isochrones (SSI) ages 
generally agree surprisingly well with the known age, 
if available, of these rocks and geological processes. 
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We recently completed a field-scale 

demonstration of the biomineralization sealing 
technology validating that microbially-induced 
calcium carbonate precipitation can be used to seal 
fractures in sandstone surrounding wells.  

This presentation will focus on the successful 
field demonstration completed in a well at the Gorgas 
Powerplant in Alabama (USA) but will also provide 
an overview of the experimental and modeling efforts 
completed prior to the demonstration.   

The field demonstration consisted of the creation 
of perforations and fractures around the well at 
around 1116 ft below ground surface.  Subsequently, 
a bailer delivery system was used to deliver the 
biomineralization sealing agents through 2 7/8” well 
tubing and fluids were injected using a pulsed 
injection strategy over 4 days. On day 5, no 
significant amount of fluid could be injected anymore 
below the original fracturing pressure.  Finally the 
formation was re-fractured at a higher pressure than 
during the initial fracturing event. 

Overall, the results indicated that the biofilm-
induced mineralization technology, reduced 
injectivity, increased the re-fracturing pressure and 
reduced the ability to inject fluids after re-fracturing. 
The rationale and success of the laboratory and 
modeling work leading up to the field demonstration 
will be summarized in the context of the field 
demonstration.  This work consisted of micro- to 
meso-scale reactors, packed sand columns and core 
samples of up to 70 cm diameter operated at ambient 
and elevated pressures (>75 bar).  Darcy, pore 
network, and pore-scale reactive transport models 
were developed and guided the experimental and 
field-demonstration efforts.   
 
Phillips, A.J.; Cunningham, A.B.; Gerlach, R.; Hiebert, 

R.;  
Hwang, C.; Lomans, B.P.; Westrich, J.; Mantilla, C.; 

Kirksey, J.;  
Esposito, R.; Spangler, L. (2016): Fracture Sealing with  
Microbially-Induced Calcium Carbonate Precipitation: A 

Field  
Study. Environmental Science and Technology. 

manuscript es- 
2015-05559s.R1. Accepted. February 24, 2016 
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Lithospheric plates growth in modern 

geodynamics is critically driven by subduction and 
plate tectonics, however how this tectonic regime 
started and what geodynamic regime was before 
remains controversial. Based on 2D and 3D 
magmatic-thermo-mechanical numerical experiments 
we suggest that a distinct Venus-like plume-lid 
tectonics regime operated on Earth before plate 
tectonics, which was associated with widespread 
tectono-magmatic heat and mass exchange between 
the crust and the mantle. This regime was 
characterized by the presence of weak internally 
deformable highly heterogeneous lithosphere with 
low topography, massive juvenile crust production 
from mantle derived melts, mantle-flows-driven 
crustal deformation, magma-assisted crustal 
convection and widespread development of 
lithospheric delamination and eclogitic drips. Both 
proto-continental and proto- oceanic domains were 
formed in this regime by a combination of eclogitic 
drips and ultra-slow proto-oceanic spreading. Proto-
continental domains were characterized by the 
growth of hot internally convecting moderately-
depleted chemically buoyant eclogite-rich proto-
continental mantle layer. Later, this layer could be 
rapidly cooled by internal convection and 
consolidated to form eclogite-rich sub-continental 
lithospheric mantle (SCLM) domains. Proto-oceanic 
lithospheric mantle was colder, more depleted and 
poorer in eclogite inclusions compared to its proto-
continental counterpart, due to higher degree of 
decompression melting within proto-oceanic 
spreading centers localized atop hot mantle 
upwellings. Numerical models show feasibility of 
short-lived deep subduction of such ultra-depleted 
eclogite-poor proto-oceanic lithosphere. Subsequent 
rising and accretion of these chemically buoyant 
ultra-depleted mantle rocks to the bottom of unrelated 
heterogeneous crustal terrains may offer a feasible 
way for Archean cratonization associated with 
eclogite-poor SCLM formation. Numerical models 
also suggest that plume-induced subduction may 
likely played a crucial role for making transition from 
global plume-lid tectonics to global plate tectonics. 
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Modern plate tectonics is critically driven by 

subduction and oceanic spreading, however how this 
tectonic regime started and what geodynamic regime 
was before remains controversial. Most present-day 
subduction initiation mechanisms require acting plate 
forces and/or pre-existing zones of lithospheric 
weakness, which are themselves the consequence of 
plate tectonics. Here, we focus on plume-lithosphere 
interactions and spontaneous plume-induced 
subduction initiation, which does not require pre-
existing lithospheric fabric and is viable for both 
stagnant lid and mobile/deformable lid conditions. 
We present results of 2D and 3D numerical modeling 
of plume-induced deformation and associated crustal 
growth resulting from tectono-magmatic interaction 
of ascending mantle plumes with oceanic-type 
lithosphere. We demonstrate that weakening of the 
lithosphere by plume-induced magmatism is the key 
factor allowing for its internal deformation and 
differentiation resulting in continental crust growth. 
We also show that plume-lithosphere interaction can 
enable subduction and embrionic plate tectonics 
initiation at the margins of a crustal plateau growing 
above the plume head. We demonstrate that three key 
physical factors combine to trigger self-sustained 
subduction: (1) a pre-existing strong, negatively 
buoyant oceanic lithosphere; (2) focused magmatic 
weakening and thinning of lithosphere above the 
plume; and (3) awailability of surface water enabling 
lubrication of the slab interface by hydrated crust. We 
furthermore suggest that a distinct Venus-like plume-
lid tectonics regime operated on hotter early Earth 
before plate tectonics, which was associated with 
ultraslow oceanic spreading, lithospheric 
delamination, eclogitic drips, and widespread 
tectono-magmatic heat and mass exchange between 
the internally convecting crust and the mantle.  
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 A case-study of the Black Rock Mine skarn 

(BRMS; Jurassic portion of the Sierra Nevada 
volcanic arc, eastern California) demonstrates the 
utility and effectivness of a new LA-ICP-MS based 
U-Pb geochronologic method for grossular-andradite 
skarn garnets [1]. Skarn grossular-andradite garnets 
are commonly rich in U (1 to 100 ppm); micron-scale 
common-Pb heterogeneities permit construction of 
robust discordia lines on a Tera-Wasserberg diagram. 
Directly dating skarn garnet provides a formation age 
independent of an assumed causative pluton 
crystallization age, and is important because skarns 
are hypothesized to form quickly despite pluton 
emplacment taking several million years. Although 
others have dated skarn accessory minerals (e.g., 
molyebdinite, titanite, vesuvanite, allanite), garnet U-
Pb dates are especially powerful because garnet 
resists alteration, and its growth is early and nearly 
ubiquitous in most skarns.   

The BRMS, is located in the Benton Range on the 
eastern flank of the Sierra Nevada batholith. Regional 
intrusions of multiple plutons have been shown to 
range from ~220 to ~150 Ma. Ambiguous surficial 
field relations complicate accurate determination of a 
causative pluton. A robust skarn garnet U-Pb age of 
172.0 ± 2.8 Ma, based on 6 garnets and 180 analytical 
spots, confirms the middle Jurassic formation age for 
the BRMS. Investigation of two potential causative 
plutons yield zircon U-Pb ages of 168 ±3 Ma, and 
221 ±6 Ma. Although the former plutonic zircon age 
confirms local magmatic activity at the time of skarn 
formation, assuming the later pluton age would result 
in an inaccurate skarn age.    

 U-Pb data were collected using the 
UTChron ThermoFisher Element II, single collector, 
magnetic sector ICP-MS fitted with a 
Photonmachines Analyte G2 193nm ArF excimer 
laser with a two-volume Helex cell. Additional 
successful grossular-andradite garnet U-Pb laser 
ablation dates have been obtained on two Jurassic 
skarns from the Mojave Desert, California, with 
future analyses planned for a number of Sierra 
Nevadan skarns. 
 
[1] Seman, et al. U-Pb geochronology of grossular-
andradite garnet; in prep.  
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The apatite fission track (AFT) ages for twenty-

one samples collected from the transect between the 
cities of Rio de Janeiro and Três Rios (22°54’S, 
43°12’W and 22º 07'S, 43º 12' 33"W, respectively) 
range between 98.5±11.9 and 54.1±4.2 Ma. Ages are 
younger towards the coast and increase progressively 
towards inland. Highest samples (around 1500 m 
above sea level) have older AFT ages. However, a 
wide amplitude of age distribution has not been found 
on the area. This contrasts with the large AFT age 
range found by other studies in adjacent portions of 
the Brazilian continental margin, where age ranges up 
to about two hundred million years from the coast to 
the innermost sample in the continent have been 
reported. Corrected apatite He ages for two of the 
samples along the section help further constrain the 
low temperature thermal history of the area. Sample 
JG-01, on the coast, shows an AHe age of 72.9±5 Ma 
(AFT age 70.1±2.5 Ma), while the the furthest sample 
inland (200 km from JG-01), RJ-37, has AHe age of 
81.6±4 Ma (AFT age 95.0±3.6 Ma). 

Samples with more than 50 confined track 
lengths were modelled using software QTQt and 
HeFTy, to find a simple thermal history for the area. 
Most of the cooling trajectories show a rapid uplift 
starting between 100 and 76 Ma and a significant 
reduction of the cooling rate between 60 and 40 Ma. 
The Late Cretaceous cooling event is attributed to a 
rapid uplift linked to rifting and break up of the 
Atlantic Ocean. The Paleogene inflections in the 
cooling trajectories may be related to the tectonic 
reactivation and formation of the Cenozoic Rift 
System of Sourtheastern Brazil. Models made using 
combined AFT and AHe data support such an 
interpretation. 

The low temperature record of the Rio de Janeiro 
- Três Rios section of the Brazilian southeastern 
continental margin implies a straight-forward thermal 
history of the area’s rift and post-rift evolution. This 
contrast with those found for surrounding areas. The 
observed variability of thermal histories and low T 
age distributions throughout the continental margin of 
SE Brazil are accordingly attributed to the strong N-
NE/S-SW structural compartimentalization of 
Neoproterozoic basement rocks and extensional rift 
related transfer zones. 
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We conduct first-principles calculations to 

determine the relative stability field and elasticity 
contrast of serpentine polymorphs at pressure and 
temperature conditions relevant to the oceanic 
lithosphere and subduction zone. At high pressures (> 
4 GPa), the corrugated form of serpentine polymorph 
(antigorite, Atg) plus brucite (Brc) assemblage is 
thermodynamically more favorable compared to its 
planar counterpart (lizardite, Liz). The phase 
boundary between Liz and Atg + Brc exhibits a 
negative slope in the whole P-T range, indicating that 
this transition can be driven by increasing either 
pressure or temperature. Near 0 GPa, the slope is 
about −33 K/GPa. As pressure exceeds 1 GPa, the 
transition temperature starts to decrease more rapidly. 
Because of the corrugated nature of its constituent 
layers, Atg is more susceptible to intralayer 
deformations (7 to 36% smaller C11, C22, C12, and C66 

at ambient conditions) while more resistant to 
interlayer shear deformation (25% larger C44, 36% 
larger C55) than Liz. In contrast, their responses to the 
interlayer compressive deformation (C33) are similar. 
For isotropic polycrystalline aggregates at pressures 
between 0 and 4 GPa, Atg exhibits a smaller bulk 
modulus (12 to 15%) and a larger shear modulus (6 to 
11%) than Liz, while their density contrast is within 
1%. Accordingly, a Liz/Atg transition is accompanied 
by a decrease in Vp (2 to 3%), an increase in Vs (3 to 
5%), and a more pronounced drop in Vp⁄Vs (6 to 8%). 
These results may help to identify and characterize 
serpentine polymorphs produced under various 
geological settings. 
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We present results of a first application of our 

“Combined Vacuum Crushing and Sieving (CVCS)” 
system (e.g., a device to crush the stalagmite samples 
to defined grain size under vacuum condition) to 
stalagmite samples grown under cool climatic 
conditions during the last glacial-interglacial 
transition. 

Concentrations of dissolved atmospheric noble 
gases on stalagmite samples have been used to 
reconstruct and to determine past ambient 
temperatures and hydrological condi-tions in 
terrestrial environments as speleothems exist in all 
continental regions and grow over time intervals up 
to 105 a [1]. To reconstruct paleo-temperatures from 
noble gases (‘noble gas thermometry’) in water-filled 
inclusions, we processed samples from stalagmites 
M2 and M6 from Milandre cave (Switzerland) by the 
CVCS system.  

Optical investigation of thin sections of 
stalagmite M6 show that most fluid inclusion seem to 
be of primary origin and to preserve the original drip 
water from which the stalagmite grew and which was 
trapped by precipitating calcite. As air-filled and 
water-filled inclusions are different in size, the CVCS 
allowed to separate the small water inclusion from 
the large air inclusion by selectively crushing the air 
inclusions. This separation is key, as only noble gas 
concentrations of water-filled inclusion can be 
interpreted in terms of paleoclimate information. 

Noble gas analysis shows that the annual mean 
temperatures in Milandre Cave were 2.2 ± 2.0 °C 
during the late Allerød, and dropped to 0 ± 2 °C at the 
onset of the Younger Dryas. Such temperatures close 
0°C indicate that drip water supply stopped due to the 
formation of permafrost condition around the cave 
which prevented further stalagmite growth. Our study 
makes an argument that noble gas thermo-metry is 
applicable also to stalagmites that grew under cool 
climatic conditions.  

 [1] Vogel N. et al. (2013) Geochemistry, 
Geophysics, Geosystems, 14, 2432-2444. 
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Since the early work on U-series disequilibrium 
by α spectrometry during the 1960s and ‘70s, the 
development of spectrometric (TIMS and MC-ICP-
MS) determinations of U and Th isotopes, which are 
more precise and accurate, have opened new 
applications for U-series. This analytical progress, 
allowing the use of smaller samples, increases the 
dating limit from 350-400 ka by α spectrometry to 
~600 ka by MC-ICP-MS. Here we present U-series 
data, obtained by the analytical methods mentioned 
above, from pure CaCO3 hydrothermal travertine 
deposits from southeast Morocco.  The results from 
outcrop sections and a 12 m core show that calculated 
230Th/234U/238U for all outcrop sections, as well 
samples from the upper 5.5 m of the core, yield 
230Th/U ages between 10 to 500 ka, depending on 
their stratigraphic positions. In addition, the 
calculated initial (234U/238U)0 activity ratio for all 
these samples indicate a relatively high (~5) and 
constant initial excess of 234U. Below 5.5 m all 
samples show 230Th/U at radioactive equilibrium, 
when taking into account the analytical errors, while 
234U/238U indicates disequilibrium and thus the 234U 
excess decay method can be applied. For these 
samples, an age based on the decay of 234U excess can 
be calculated assuming that the initial (234U/238U)0 
activity ratio prevailed for the period older than 500 
ka. Using this approach we calculate ages up to 1000 
ka in the lower part of the core. A paleomagnetic 
inclinations record of the core can be used to validate 
these calculated ages. The results show a transitional 
change from about -50° at 8m depth to +50° at 10 m 
depth. This change to a reverse polarity was 
attributed to the B/M transition. Ages of samples at 
these depths varies from 724±48 to 784±48 ka, this is 
in good agreement with the age of the B/M transition. 
In conclusion, the combination of 230Th/U dating with 
the decay of initial 234U excess allow, in our case, to 
extend the range of applicability of U-series dating. 
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Many dissolved organic compounds in 

groundwater have an adverse effect on human health 
and are regarded as micropollutants due to their 
presence at low concentration levels. Carbon and 
nitrogen isotope fractionation of these compounds at 
their natural isotopic abundance can provide a 
concentration-independent line of evidence of their 
biodegradation in natural subsurface environments 
and improve our understanding of their fate and 
transport. Nevertheless, isotope fractionation in 
reactive aqueous environments may potentially also 
result from physical processes such as diffusion [1] or 
transverse dispersion, as recently suggested based on 
experiments with isotopically labelled compounds 
[2,3].  

To investigate this possibility with organic 
micropollutants at their natural isotopic abundance, 
the present study investigated (i) diffusive 
fractionation of the pesticide metabolite 2,6-
dichlorobenzamide (BAM) in aqueous solutions 
using gel diffusion tubes and (ii) effects of transverse 
dispersion in a 2D sediment tank with narrowly 
spaced inlet (and outlet) ports mimicking a 
homogeneous sandy aquifer [2,3]. For the first time, 
we generated a consistent dataset (a) comprising data 
on pure diffusion as well as transverse dispersion, (b) 
working at natural abundance, (c) targeting isotopes 
of more than one element (15N/14N and 13C/12C) and 
(d) performing experiments at several flow velocities 
to allow an improved characterization of the terms 
contributing to transverse dispersion.  

A sophisticated 2D numerical model was 
developed for the simulation of the fate and the 
transport of the contaminant inside the experimental 
systems above and to determine the isotope 
fractionation effects due to each individual process. 

 
[1] Jin et al. (2014) Environ. Sci. Technol. 48(11), 
6141-50. [2] Bauer et al. (2008) J. Contam. Hydrol. 
96, 150-68. [3] Rolle et al. (2015) Environ. Sci. 
Technol. 44(16), 6167-73. 
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The Upper Eocene volcanic rocks of Mohammad 

abad Khonesorkh area, in south-west of Rayen, are 
under the pyroxene-andesite rocks of Eocene volcano 
complex, which is a part of Uromieh-Dokhtar 
Volcanic Belt. The pyroxene-andesitic rocks consist 
of porphyritic textures with plagioclase, amphibole 
and pyroxene as the main mineral constituents. 
Secondary minerals such as chlorite, calcite, sericite 
and epidote exist in both types of rocks. Plagioclase 
as dominant mineral in these rocks generally display 
oscillatory zoning; sieve or dusty, cores are usually 
Ca-rich. Petrographic evidence and varying anorthite 
content (10 to 90%) of plagioclase and temperature 
estimates of clinopyroxene indicated fractional 
crystallization condition later than hydrothermal 
alteration and partial metasomatism occurred. 
Investigation of the results of geochemical data, and 
tectonic discrimination diagram indicates that: the 
volcanic rocks have characteristics of metaluminous, 
calk-alkaline, I-type granitic rocks and derived from a 
rich mantle. Moreover, they were formed in a 
volcanic arc setting in an active continental margin 
environment. 
Key words: Geochemistry, Mohammad abad 
Khonesorkh, Kerman, Iran 
 
Richards, J.P., 2005. Cumulative factors in the 
generation of giant calc-alkaline porphyry Cu 
deposits, in Porter, T.M., (ed.), Super porphyry 
copper and gold deposits: A global perspective, PGC 
Publishing, Adelide, I, 7-25. 
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The H2O-CO2-mixed-fluid saturation model of 

Ghiorso and Gualda [1] has been incoporated into 
MELTS [2], resulting in the ability to model phase 
relations in magmatic systems containing carbon-
bearing minerals, fluids, and melts.  This combined 
thermodynamic modeling tool is used to explore the 
process of carbonate assimilation into crustal 
magmas.  Model outcomes reproduce experimental 
studies by Iacono-Marziano et al. [3] on limestone 
assimilation into hydrated alakli-basaltic magma and 
verify the plausibility of the Daly [4] hypothesus.  
Magma-carbonate assimilation scenarios are 
investigated for three systems: (1) a high-silica 
rhyolitic magma, (2) the parental magmas of the Colli 
Albani in the Roman Magmatic Province [5], and (3) 
the late-stage interaction between crustal limestones 
and the magmatic system at Merapi volcano, 
Indonesia [6].  Simulations are constructed to 
examine carbonate titration under constraints of (1) 
constant temperature and pressure, (2) constant heat 
content with temperature variation between 
assimilant and magma, and (3) constant volume 
during the assimilation process.  The last constraint 
scenario permits a quantitative examination of 
maximum overpressure associated with liberation of 
fluid in the reacting magma system.  As illustrated for 
the case of high-silica rhyolite, assimilation at 
constant volume generates over-pressures of several 
hundred MPa for modest addition of carbonate, due 
mainly to the insolubility of CO2 in the melt phase.   

 
 
 
 
 
 
 
 
 

Similar results for Colli Albani and Merapi 
demonstrate that carbonate assimilation has the 
potential to trigger explosive activity if rates of 
assimilation are rapid in comparison to rates of 
deformation or fluid loss. 

 
[1] Ghiorso & Gualda (2015) Contr Mineral Pet 169, 
53. [2] Gualda et al. (2012) J Petrol 53, 875-890; 
melts.ofm-research.org. [3] Iacono-Marziano et al. 
(2008) Contrib Mineral Petrol 155, 719-738. [4] 
Daly (1910) Geol Soc Am Bull 21, 87-118. [5] Cross 
et al. (2014) Lithos 190-191, 137-153. [6] Deegan et 
al. (2010) J Petrol 51, 1027-1051.  



Goldschmidt Conference Abstracts 

 

935 

New Break seal method for high 
precision clumped isotope 

analysis of carbonate reference 
material 

PROSENJIT GHOSH1,2, PRASANNA K1, YOGRAJ 
BANERJEE1, AMRITA SARKAR1, BENJAMIN 

RICHARD FOSU1, KATHIRAVAN M1 
11Center for Earth Sciences, Indian Institute of 

Science, Bangalore-560012, India 
22DivechaCenter for Climate Change, Indian institute 

of Science, Bangalore -560012, India 
pghosh@ceas.iisc.ernet.in 

 
Recent investigations on clumped isotope 

analysis on carbonate cast doubt on various factors. 
The two popular methods in practise suffer from the 
effect of leak through joints and connections. In order 
to circumvent this we showed here a new break seal 
method where we can confine the carbonate powder 
in an isolated tube and surrounded by 3ml of H3PO4 
(100%) acid. The entire setup made with pyrex glass 
is sealed after high vacuum evacuation (10-3 mbar). 
The reaction can be initiated by gentle shaking of 
entire assembly. Several such break seal with Cararra 
carbonate powder (used as internal standards 
MARJ1) were reacted at 25°C for 12 hours in a batch 
comprising of 4 replicates. NBS-19 standard was also 
analysed using the same protocol. The result was 
obtained based on repeated analysis of MARJ1 and 
NBS-19 standards suggest a reproducible (1σ) δ18O 
and δ13C values of 0.09‰ and 0.04‰ respectively, 
whereas the Δ47 value for carbonate was reproducible 
at a level of 0.02‰. The new method is now been 
experimented to revisit the calibration of carbonates 
at a temperature range of 10-70°C and to understand 
the effect of reaction temperature on Δ47. 
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Isotopic signature in the mollusc shell growth 

bands revealed seasonal temperature and oxygen 
isotopic composition. These samples originated from 
late cretaceous and modern estuarine settings. 
Modern shell, of species Villorita Cypronides was 
collected from the back water of Cochin Estuary. 
Whereas well preserved fossil shell of oyster was 
recovered from the Kallankuruchi Formation of 
Ariyalur region of Cauvery basin. Clumped isotopic 
composition allowed determination of water 
temperatures at seasonal time scale while 
conventional stable isotope was used for deducing the 
water isotopic composition. We identified warm and 
cold period and estimated the freshwater discharge 
using oscillating isotopic ratios in the growth band. 
Our measurement showed seasonal temperature 
ranging between 20 to 32°C obtained from the 
modern samples. We extended the thermometry to 
understand the seasonal temperature range of 37 to 
44°C during Late Cretaceous and also determined the 
fresh water fluxes at seasonal time scales. Our 
observation showed winter time high supply of fresh 
water in the region and minimal precipitation during 
dry summer time with minimal precipitation. The 
observation is firsts of its kind where we documented 
effect of storm events in the growth bands which is 
consistent with the sedimentary record documented 
from the region. 
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The appearance of C4 plant during the late 

Miocene time was considered as major ecological 
change which attracted attention of workers for the 
past few decades.  The existence of C4 plant was first 
documented from different Siwalik sections of Indian 
sub-continent using δ13C values of soil carbonate, soil 
organic matter and fossil tooth enamel. Initially the 
appearance and expansion of C4 plant during the late 
Miocene time was linked to low atmospheric pCO2 
and strengthening of Asian Monsoon intensity. 
However, the appearance and expansion of C4 plant 
was asynchronous globally as well as regionally 
which suggest regional factors controlling the C4 
plant abundance.  

In this study, NW Indian Siwalik paleosol derived 
long chain n-alkane δ13C and δD values along with 
fluvial architectural analysis has been used to 
understand the triggering factors for appearance and 
expansion of C4 plant during the late Miocene time. 
Considering the end member δ13C values of modern 
C3-C4 plant surviving in the Gangetic floodplain, 
paleosol derived n-alkane δ13C values from 
Naladkhad and Ranital sections of Kangra sub-basin 
indicate presence of ~ 20 % C4 plants at ~11 Ma 
suggest early appearance of C4 plants compared to the 
previously published data. In Kangra sub-basin, 
Jabbarkhad section showed a gradual increase in C4 
plant abundance whereas Ranital section showed 
patchy occurrence of C4 plant. The C4 plants 
abundance showed large fluctuation in Haripur Khol 
section of Subathu sub-basin. The n-alkane δD 
measured from the same samples indicate two 
episodes of summer monsoon intensification at ~9 
Ma and ~3.5 Ma. The co-relation between n-alkane 
δD and δ13C values varies in different sections. It has 
been observed that the C4 plant abundance variation 
can be linked to the variable channel/overbank of 
different studied section. The variable response of C4 
plant abundance with monsoonal intensity along with 
fluvial architectural relationship in different sections 
of Kangra and Subathu sub-basin suggest along with 
summer rainfall nature of substrate played important 
role in controlling C4 plant abundance in Siwalik 
floodplain during the late Miocene time.   
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High precision δ17O-δ18O measurements of silica 

can be used as an empirical single mineral 
thermometer in Δ17O-δ18O space[1], constraining the 
Δ17O and δ18O values of the water from which the 
sample precipitated. The silica geothermometer is 
tested using amorphous silica samples accumulated 
over 6 months from water in the Hellisheidi 
hydrothermal power plant in Iceland. Four silica 
samples and two water samples were collected from 
temperatures ranging from 60°C-118°C.   

The oxygen istope composition of the 60°C and 
118°C water sample was the same, as expected 
(Table).  The negative Δ17O value is outside the 
average meteoric water Δ17O value of 0.03‰[3], 
suggesting fluid-rock interaction has altered the 
composition of the meteoric fluid towards the Δ17O 
value of basalt (~-0.06‰).   

The triple oxygen isotope analyses of the silica 
show that the silica precipitated in equilibrium with 
the water and the single mineral thermometer can 
estimate the temperature of formations to ±10°C.  

The following data were obtained: 
The Δ17O fractionation changed by 0.03‰ between 
the 60°C and 118°C sample, significantly greater than 
our standard error of analysis (±0.007‰).  The single 
mineral thermometer was independently verified and 
suggests robust applications in geochemistry 
thermometry. 

 
[1] Sharp et al. (2015), GCA, in review. [2] Meier et 
al. (2014) Mineral Mag 78, 1381-1389. [3] Luz & 
Barkan (2010) GCA 74, 6276-8286. 

Sample δ17O' 
(Silica)

δ18O' 
(Silica)

δ17O' 
(Water)

δ18O' 
(Water)

Temp 
(Measured)

Temp 
(Calc)

R.9 11.97 22.87 -2.85 -5.45 60 63
R.5 11.73 22.40 n.d n.d 70 65
R.10 11.49 21.92 n.d n.d 75 80
F.1 7.48 14.30 -3.03 -5.77 118 95
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Western Sangilen is a part of the Tuvino-

Mongolian Massif (TMM). The TMM has been 
considered as a Precambrian continental block within 
the Central Asian Orogenic Belt (CAOB). However, 
recent zircon U-Pb geochronology of the TMM 
demonstrated that the earliest magmatic and 
metamorphic events occurred at ca. 530 Ma [1]. On 
the other hand, in-situ Re-Os dating of sulfides in 
mantle peridotite xenoliths gave a major peak at 1.1 
Ga (Gibsher et al., unpubl. data).  

Paleozoic lamprophyric dykes of Western 
Sangilen represent natural “drill holes” that have 
captured mantle and crustal materials derived from 
disaggregated mantle–crustal section. Fifty-three 
zircon grains were extracted from lamprophyres and 
were dated U-Pb ages using a LA-ICPMS.  

Based on internal texture of zircons, U-Pb ages, 
Th/U ratios, we define three age populations: 432-
446 Ma, 448-477 Ma, and 489-532 Ma. The youngest 
population can be interpreted as a timing of magmatic 
zircon crystallization in a lamprophyric magma, 
according to our previous results of Ar-Ar age of the 
lamprophyric dykes [2]. The older age populations 
were attributed due to magmatic disaggregation of 
zircons from their parent gabbroic/granitic basement 
which lamprophyric rocks intruded. New zircon U-Pb 
results do not show any finger prints on the 
Mesoproterozoic continental basement beneath 
Western Sangilen. Thus, our data confirmed that 
there is no simple lithospheric mantle and overlying 
crust relationship in the TMM [1].  

This work was supported by RFBR#15-05-05615, 
RSF #16-17-10193, and JSPS KAKENHI#26610163, 
15K17777. 

 
[1] Salnikova et al. (2001) Precambrian 

Research 110, 143–164. [2] Gibsher et al. (2012) 
Russian Geology and Geophysics 53, 763–775. 
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Polycyclic aromatic hydrocarbons (PAHs) have 

been detected within interstellar medium (ISM), 
where they are formed in situ [1], and in 
carbonaceous chondrites (CCs) [2]. The largest PAH 
extractable from CCs has 24 carbon atoms (coronene) 
[3], whereas PAHs in ISM can have up to 400 carbon 
atoms (cluster) [1]. If we assume that PAHs in CCs 
originated in the ISM [4] why are only small PAHs 
detected in these meteorites? To investigate this we 
have explored whether aqueous alteration of 
minerals, observed in CCs [5], can induce the 
breakdown of PAHs.  

In this study we have run batch reactor 
experiments with four different PAHs (naphthalene 
C10H8; fluoranthene C16H10; coronene C24H12; 
hexabenzocoronene C48H24) in the presence of olivine 
(Fo90), an analogue for a reacting meteoritic matrix. 
Experiments were carried out at 21 ˚C and 150 ˚C for 
70 days under anoxic conditions. The reacted solids 
were analysed using Raman spectroscopy and 
scanning electron microscopy. The resultant fluids 
were analysed by high-pressure liquid 
chromatography. Additionally, melting experiments 
(40-150˚C) were performed to investigate the melting 
behaviour of the four different PAHs in water.  

Our results show that naphthalene and 
fluoranthene alter solely as a result of melting and are 
not influenced by the aqueous alteration of olivine. 
Moreover, coronene and hexabenzocoronene do not 
exhibit any modifications upon exposure to aqueous 
alteration conditions. Thus we conclude that PAH 
breakdown to form small organic compounds is not 
promoted by aqueous alteration of the meteorite 
mineral matrix. However, thermal metamorphism due 
to e.g. heat released during radiogenic element decay 
may alter PAHs. 
[1] Tielens (2008) Ann. Rev. of Astronomy and 
Astrophys 46, 289-337 . [2] Basile et al. (1984) Org 
Geochim 5, 211 . [3] Sephton (2002) Nat. Prod. Rep. 
19, 292-311 . [4] Plows et al. (2003) Geochim 
Cosmochim Ac 67, 1429-1436 . [5] Brearley (2006) 
Meteorites and the early solar system II, edited by 
Lauretta D. and McSween H. Y.Jr. Tucson: 587–624 
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Distinguishing hydrocarbons produced through 

non-biological processes from those derived from 
biology has implications for understanding Earth 
biogeochemistry [1] and for tracing biogenic and 
non-biogenic organic matter for extraterrestrial 
exploration and early Earth geological record [2,3].  

 We recently implemented an apparatus 
dedicated to the measurement of position-specific 
isotope analysis (PSIA) of short-chain hydrocarbons. 
The site preference SP of propane −	 namely the 
relative concentration of terminal 13C-isotopomer vs. 
central one − can be determined with a precision 
better than 1‰ and with a sample amount as low as 
50 nmol [4].  

We tested this device by analyzing field samples 
(including samples from the hydrothermal system 
Hakuba-Happo, Japan [5]), as well as samples 
synthesized in the lab simulating thermogenic and 
abiotic processes (thermal cracking of organic matter 
and CH4 polymerization, repsectively). We show that 
there is a systematic difference of intramolecular 
isotope distribution between thermogenic and abiotic 
samples. While the former show 13C-depletion on the 
terminal C-atom position −	 consistent with thermal 
cracking kinetic models [6]	 − abiotic samples show 
little or no preference for terminal or central 13C-
isotopomer. These results reinforce the potential of 
PSIA to trace organic molecules and interrogate their 
biogeochemical origin.  

 
[1] Sephton & Hazen, 2013, Rev. Mineral. Geochem. 
75, 449; [2] McCollom et al., 2006, EPSL, 243, 74; 
[3] Telling et al., 2013, Astrobiology, 13, 483; [4] 
Gilbert et al., 2016 GCA 177, 205; [5] Suda et al. 
2014 EPSL 386, 112 [6] Tang et al., 2000 GCA 64, 
2673  
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We propose a novel approach to predict CO2 

solubility using the concentration of electrostricted 
water per kg of water, (ha) based on the hydration 
number of the dissolved electrolytes.  We evaluated 
the energy (ΔGhydr) required to remove water from 
hydrated ions to form the characteristic water cage 
around CO2.  The resulting model can be used to 
predict CO2 solubility in both single salt and complex 
solutions.   

We measured CO2 solubility in water and NaCl, 
CaCl2, Na2SO4 and NaHCO3 solutions and correlated 
CO2 solubility to ha (R2 = 0.96) at 60°C and 6.7MPa 
CO2 fugacity (f).  CO2 solubility is also correlated to 
ΔGhydr ( R2 = 0.91).   

We evaluated over 500 CO2 solubility data points 
from literature combined with our own 
experimentally-determined data and used moderated 
multiple regression to generate a predictive CO2 
solubility model with only 4 variables: ha, ΔGhydr, f, 
and T.  The resulting model uses literature available 
parameters, making it easily extensible with added 
electrolytes, unlike other typical solubility models 
such as the Pitzer model.  In predicting CO2 solubility 
in 3 mixed brines our model produced equalivalent or 
lower errors than the Pitzer equation.    
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Biominerals provide chemical proxies for 

temperature (T).  However, chemical proxies are 
sensitive to diagenetic alteration and may not be 
reliable in fossil shells that underwent partial 
dissolution and re-crystallization long after the death 
of the animal. We recently found that the physical 
structure [1] of unaltered modern and ancient mollusk 
shell nacre [2], and specifically nacre tablet thickness 
(TT), correlates with formation temperature. 

Here we test the nacre TT proxy in Jurassic Pinna 
shells,  and find temperature estimates consistent with 
previous observations obtained with different proxies 
for similar locations [3]. Specifically, we measured 
nacre TT in transects from the two Jurassic Pinna 
shells with major diagenesis, but sporadically, the 
nacre structure was still intact. The good agreement 
of T estimates with previous estimates for the early 
Jurassic confirm that highly diagenetically altered 
fossils that still contain some intact nacre structure 
provide a reliable T proxy alternative to chemical and 
isotopic measurements. 
 
[1] Olson et al. (2012) J. Am. Chem. Soc. 134, 7351-
7358. [2] Gilbert et al. (in prep). [3] Rosales et al. 
(2004) Palaeogeogr. Palaeoclimatol. Palaeoecol. 
203, 253-275. 
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Exposures of the Danish Basin have long been 

recognized as important archives for global events 
across the Cretaceous-Paleogene (K-Pg) transition. 
On the Stevns Peninsula (Denmark), the 
Maastrichtian upper Sigerslev Member comprises 
white coccolith chalk mudstone intercalated with sub-
parallel flint bands. The transition between the 
Sigerslev and the overlying Højerup Member is 
marked by a series of incipient hardgrounds and a 
facies change to grey wackestone containing benthic 
fossils (bryozoan, bivalves, echinoderms) in a 
coccolith mud matrix intercalated with wavy, meter-
high, asymmetrical flint bands. The flint bands mimic 
sea-bed topography and their geometry suggests the 
development of bottom currents in the latest 
Maastrichtian. The top of the Højerup Member is 
marked by the K-Pg boundary Fish clay, above which 
lies bryozoan-rich limestone mounds of Danian age. 
Although these sedimentological features have been 
well-documented, the significance of the Sigerslev-
Højerup facies transition and its calibration against 
K-Pg events remains unclear in terms of Chalk Sea 
dynamics and chemistry. Here we present new 
geochemical data from the Maastrichtian to early 
Danian of the Stevns Peninsula, as well as data from 
a new section near Hunstrup, northern Jutland 
(Denmark). Our analyses include C, O, and Sr 
isotopes, rare-earth elements, and Cr-isotope data that 
have the potential to record ancient redox and 
oceanographic conditions. Data from the Stevns 
Peninsula record a major shift in Cr-isotopes from 
+0.7 ‰ to ~0 ‰ across the Sigerslev-Højerup 
transition, followed by an increasing trend to +0.4 ‰ 
and a subsequent decline to ~0 ‰ coincident with the 
K-Pg boundary. Although the Cr-isotope system is 
sensitive to changes in redox conditions and 
hydrothermal input, a consistently negative Ce-
anomaly and a relatively stable Sr-isotope signal 
argue against either of these hypotheses to explain 
Cr-isotope trends in the Maastrichtian. Instead, we 
propose that observed trends are associated with 
regional mixing of water masses with distinct Cr-
isotope signatures. These results imply that dynamic 
oceanographic changes occurred in the Chalk Sea 
prior to the K-Pg event. 
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Analytical methods range from those that 

examine a limited number of individual particles to 
those that analyze bulk samples.  

Over the last decade, our groups have developed 
a framework for examining single particle 
measurements and combining detailed measurements 
to provide insight into atmopsheric processing of 
aerosols. Sample collection is co-located with a broad 
range of other experiments and instrumentation that 
aid in selection of samples for detailed 
measurements. Then thousands to tens of thousands 
of particles are examined using scanning electron 
microscopy with elemental analysis to provide a 
statistical analysis of particle types. This allows us to 
develop a strategy for more detailed scanning 
transmission X-ray microscopy (STXM) experiments 
which explore the chemical bonding and oxidation 
state information. By collecting samples at multiple 
locations along the air trajectory, changes in the 
particle type distributions as well as changes in 
bonding of a particular particle type is determined. 
These results can then be incorporated into models. 
During this presentation, results focused on sea salt 
aerosols from several field locations will be 
presented. These include fresh sea salt aerosols from 
Pt. Reyes in California, sea salt aged by deposited 
organic material during transport to an inland location 
(Sacramento, CA). Complimentary laboratory 
experiements provide support for the proposed aging 
mechanisms. These results are contrasted to sea salt 
aging in Antarctica where the absence of organic 
aerosol sources result in disimilar aging processes. 

Developing methods that allow us to take the 
detailed information such as composition, 
morphology, and sample heterogeneity, and infer 
properties of the bulk or ensemble are essential to 
fully expoit the strengths of these methods.  
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Iron plays important roles in ecosystems, as part 

of the soil and colloid matrix; as a sorbent for 
nutrients, carbon and trace elements; and as a 
mediator of electron-transfer reactions. Fluctuations 
in oxygen concentration control the biogeochemical 
cycling of Fe through dissolution and co-precipitation 
of iron-oxide minerals. Our recent work on soils from 
the Luquillo Critical Zone Observatory in Puerto 
Rico explores how fluctuations in redox conditions 
influence Fe reduction rates and mineralogy. We 
imposed systematic redox oscillations to soil slurries 
and examined the dynamic behaviour of Fe in the 
aqueous and dilute acid extractable phases. We 
constrained these oscillations using three fundamental 
parameters: (1) The oscillation frequency, (2) the 
amplitude of those fluctuations; and (3) the length of 
time that oxic or anoxic conditions persist. We show 
that Fe-reduction rates increase dramatically over 28 - 
56 days when high amplitude (0 - 21% O2) redox 
oscillations are imposed across frequencies ranging 
from 3.5 to 14 days. The stimulation of iron reduction 
coincides with the formation of an iron(III) phase that 
can be rapidly reduced in microbial Fe reduction 
assays. We also present results from sequential 
extractions targeting different Fe pools, mineral 
composition based on Mössbauer and XAFS, and a 
numerical model describing Fe(II) behaviour in the 
system. These results highlight how the dynamics of 
redox conditions can constrain rates of Fe reduction 
and influence ecosystem processes that depend of 
iron behaviour. 
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Mafic-ultramafic complexes offer a unique 

opportunity to study how intrusions of mantle-
derived melts growth into the deep crust and interact 
with the country rocks. The Cana Brava and 
Niquelândia complexes are two mafic-ultramafic 
bodies which outcrop within the Brasilia Belt (Goias, 
central Brazil) and that intruded the metavolcanic-
metasedimentary sequences of Palmieropolis and 
Indaianopolis during a Neoproterozoic continental 
rifting. The two complexes are parts, together with 
the Barro Alto complex, of a ~350 km NNE-trend 
belt of layered bodies which were exhumed during 
the Gondwana formation. 

New field, geochemical and isotopic data give 
new constraints on the model of growth of these 
complexes and the interactions between parent melts 
and the lower crust. 

Field evidences suggest that the complexes grow 
via multiple-melt intrusions under hyper- to sub-
solidus shear conditions. During the complex growth, 
the upper metavolcanic-metasedimentary sequence 
was delaminated and xenoliths were incorporated and 
deformed within the crystal mush. The increase of the 
87Sr/86Sr(790) along the complex stratigraphy, coupled 
with a decrease of the εNd(790), provides evidences of 
strong crustal contamination by the embedded 
xenoliths. The enrichment in most incompatible 
elements (e.g. K, Ba and LREE) and hydrous phases 
(biotite and amphibole) in rocks containing more 
xenoliths supports also the crustal contamination. The 
almost linear trend of isotopic contamination suggests 
that this process involved all the magma colum, 
similarly to AFC. However, the increase abundance 
of incompatible elements and H2O contents toward 
xenoliths-rich bands provide for a local effect of 
contamination. 

Acknoledgments: We thank the FAPESP for the 
financial support (project 2013/19519-6). 
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Shallow-water hydrothermal vents are ubiquitous 

but poorly studied geothermal environments. The 
active hydrothermal emissions of the Milos 
hydrothermal system support complex microbial 
mats, which are fundamental in engineering the 
environmental niche in which extremophiles thrive. 
Because of the shallow depth, the mat community is 
wiped out during every major storm, when swell and 
wave action increase, and then it reconstitutes itself 
over a brief period of time (days). Here we report the 
results of a joint geochemical and microbiological 
survey of the microbial mats of Milos Island, and 
analyze the spatial and temporal evolution of the mat 
community following a major storm. Our results 
show that Epsilonproteobacteria dominate the mat 
community, although significant variability is present 
within the system. The observed variability correlates 
with spatial profiles and in situ measurement of 
temperature and sulfide carried out over a 6 days 
periods, showing that tides, winds, and abrupt 
geodynamic events generate intermittent mixing 
conditions lasting for several hours to days. 
Microbiological analyses and computer models show 
that the fine scale spatial variability of the microbial 
community is ultimately controlled by the 
geochemistry of the hydrothermal fluids and the 
physical interaction of the seawater with the benthic 
boundary layer. Diversity and metagenomic analyses 
of the mature mat provide further information on the 
metabolic potential of the community and on the 
influence of environmental factors on ecosystem 
functioning. 
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The Dharwar Supergroup rocks are represented 

by extensive greenstone belts such as Chitradurga, 
Shimoga and Bababudan schist belts. These volcano-
sedimentary rock sequences were formed and 
metamorphosed between 2.9 and 2.6 Ga ago. The 
Shimoga greenstone belt is an extensive basin 
consisting of metavolcanic and metasedimentary rock 
associations which include basal polymictic 
conglomerate, quartzite, pyroclastic rocks, 
carbonaceous rocks, greywacke-argillite sequences 
and a thick pile of mafic and felsic metavolcanic 
rocks. All the rocks of the Shimoga greenstone belt 
have suffered greenschist to amphibolite grade of 
metamorphism. While geochemical and 
geochronological studies exist on the felsic volcanic 
rocks of the Shimoga greenstone belt, there is a 
dearth of detailed geochemical and isotope studies on 
the mafic volcanic rocks. The mafic rocks are 
predominantly basaltic to andesitic in composition 
and composed of metamorphosed chlorite-carbonate 
schists, talc-chlorite schists, hornblende schists, 
massive metabasalts, amphibolites and minor 
serpentinized ultramafic rocks. Preliminary 
geochemical studies on these rocks show significant 
differences in the trace element distribution. While 
some show significant negative Nb anomaly with 
respect to primitive mantle others show negligible 
anomalies, indicating multiple petrogenetic processes 
involved in their genesis. All the samples show 
prominent positive Pb anomaly. The chondrite-
normalized rare earth element (REE) patterns show 
moderate to high contents of REE with a fractionated 
pattern. Some samples show slight negative Eu 
anomaly and some do not show any significant 
anomaly. These again indicate different petrogenetic 
processes involving melting with either plagioclase or 
garnet or both in the unmelted residue. The 
geochemical data are suggestive of subduction related 
slab melting processes in the generation of the 
magmatic precursors for the metamorphosed mafic 
rocks. Further studies involving Sm-Nd isotopes are 
being undertaken to understand the geodynamic 
processes for the formation of the rocks of the 
Shimoga greenstone belt and also to constrain the 
timing of their emplacement. 
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The effusive six months long 2014‒2015 

Bardarbunga eruption (31 August-27 February) 
released 11.8 Mt of SO2 gas to the atmosphere, 5.6 
Mt of CO2, about 0.1 Mt of HCl and some HF [1].  
The SO2 gas flux was more than the anthropogenic 
flux from Europe in 2011 and similar to the annual 
average SO2 gas emission from all the Earth’s 
volcanoes. The ground level concentration of SO2 
exceeded the 350 µg m−3 hourly average health limit 
over much of Iceland for days to weeks. 
Anomalously high SO2 concentrations were also 
measured at several locations in Europe in September 
2014 when magma effusion rates were highest. The 
lowest pH of fresh snowmelt at the eruption site was 
3.3, and 3.2 in precipitation 105 km SE from the 
source. Elevated dissolved SO4, Cl, F, and metal 
concentrations were measured in snow and 
precipitation.  Continuous monitoring of average 
daily dissolved constituents with osmotic samplers 
and discharge of a direct runoff river 100 km east of 
the eruption site for March to July 2015, covering the 
early and late snowmelt within the catchment, shows 
that the median riverine H+ concentration were 61% 
higher in the 2015 than the years before the eruption, 
dissolved median Cl 65% higher, and the median 
2015 SO4 concentration was 34% higher than the 
control year’s concentrations. These observations 
suggest that; 1) the dry westerly-wind transporting 
the volcanic plume over the catchment, 2) the 
relatively high wind speed and 3) limited light in the 
winter time at the high latitude, all resulted in minor 
SO2 oxidation. In general at high latitude, during 
winter there is perhaps greater environmental and 
human health risk from SO2 gas than from SO4 
aerosol particles due to reduced conversion 
efficiency, whereas in summer the aerosol particle 
effects may dominate [1]. 

 
[1] Gislason et al. (2015), Geochemical Perspective 
Letters 1, 84-93. 
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Much of the security risk associated with 

geologic carbon storage stems from its buoyancy, 
which can be eradicated by dissolving CO2 into water 
prior to or during its injection, thus allowing injection 
into fractured rocks [1]. We have demonstrated the 
dissolution of CO2 into water during its injection in 
less than 5 minutes and mineral storage within basalt 
in two years at 20–50°C at the CarbFix field injection 
site in SW Iceland [2, 3]. 

This method requires substantial water, therefore 
the cost of storing and transporting a tonne of CO2 via 
the CarbFix method is about twice that of geologic 
storage via “supercritical” CO2 injection. However, 
the cost of carbon capture and storage is still 
dominated worldwide by capture and gas separation 
[1]. This cost could be lowered by capturing and 
injecting gas mixtures into rocks as is now being 
tested at the CarbFix–Sulfix site in SW–Iceland at the 
Hellisheidi geothermal power plant. Since June 2014 
we have injected 8000 tonnes per year of a 60% CO2 
and 40% H2S gas mixture, which is dissolved in 
condensation water from the turbines at 20°C and co–
injected with waste water (60–120°C) into the 
basaltic rock at 700m depth where the temperature is 
250°C.  After more than one and a half years of near 
continuous operation, the transmissivity of the 
injection well is still stable and monitoring data 
suggests significant mineralisation of the injected gas 
mixture during this period of injection. 

 
[1] Gislason & Oelkers (2014), Science 344, 373–
374. 
[2] Sigfússon et al. (2015), International Journal of 
Greenhouse Gas Control 37, 213–219 
[3] Matter et al., 2016, Science (in review). 
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Arsenic-containing lipids are natural products of 
marine animals and algae. Their biosynthesis and 
possible role in organisms is currently unknown. We 
investigated the formation of arsenolipids by the 
unicellular alga Dunaliella tertiolecta under batch 
culture conditions with varying arsenate/phosphate 
regimes. We monitored by HPLC/mass spectrometry 
the formation of the various arsenic metabolites – 
both water-and lipid-soluble species but focussing on 
the latter.  Two of the major known arsenolipid 
classes (arsenic hydrocarbons and arsenosugar 
phospholipids) were identified in the alga; both 
increased with increasing arsenate exposure, with the 
arsenosugar lipids becoming the more dominant of 
the two classes at higher phosphate exposure. The 
major lipid in the alga, however, was from a new 
arsenolipid group as revealed initially by HPLC 
behaviour and by mass fragmentation patterns. The 
new lipid constituted >90% of the total arsenic-lipids 
at control arsenic exposure, but this dominance 
decreased to ca 50% of total arsenic-lipids at high 
arsenate & phosphate exposure. We report 
investigations into the structure of this novel 
arsenolipid by using a combination of high-resolution 
electrospray mass spectrometry, chemical 
conversions of the natural product, and chemical 
synthesis of model compounds. The significance of 
this new lipid class in the biotransformation and 
cycling of arsenic is discussed.  
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Although the widespread occurrence of arsenic-
containing lipids (arsenolipids) in marine organisms 
is now well established, the possible role of these 
unusual compounds in organisms and in the cycling 
of arsenic in marine systems is unexplored. We report 
the first results of arsenolipids in plankton collected 
from subsurface marine waters of low and high 
phosphate content collected along a transect spanning 
the Gulf Stream. Samples were collected during the 
the Blatz II cruise on the RV Knorr in April/May 
2012 by filtering (0.7 µm glass fibre) large volumes 
of water continuously pumped from 5 m below the 
surface at various sites along the transect. The 
retained biomass was subsampled and analysed for 
total carbon content, and then the arsenolipids were 
extracted from the filters and measured by reversed-
phase HPLC/mass spectrometry. By splitting the 
HPLC effluent post-column, and directing the two 
effluent streams to an elemental (plasma ionsiation, 
ICPMS) and a molecular (electrospray) mass 
spectrometer, we obtained simultaneously both 
quantitative (based on arsenic content) and structural 
information on the arsenolipids. Previously reported 
arsenic hydrocarbons and arsenosugar phospholipids 
were present in samples from both low and high 
phosphate waters, but the major arsenolipids were 
from a previously undescribed class of arsenolipids. 
The results are briefly discussed in terms of the 
hierachy of arsenic species formation by algae and 
their phosphate requirements. 
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Reactive Fe(III) minerals can reduce CH4 
emissions by inhibiting microbial methanogenesis 
and stimulating anaerobic CH4 oxidation. Thus, it is 
puzzling how ferruginous Archean oceans supported 
high CH4 fluxes that warmed the early Earth under 
the Faint Young Sun. In this study, we examined the 
effects of Fe(III) speciation on CH4 cycling in month-
long anoxic incubations of ferruginous sediment from 
the Archean ocean analogue, Lake Matano, 
Indonesia, amended with 13CH4 and ferrihydrite or 
goethite. Initially, an endogenous crystalline Fe(III) 
mineral was reduced, and headspace CH4 
concentrations declined (4-8 Fe(III) reduced per 1 
CH4 consumed). After four days, the native reactive 
crystalline phase was depleted, and reduction of 
endogenous and/or synthetic ferrihydrite began, along 
with CH4 production (20x higher with endogenous vs. 
synthetic ferrihydrite). The offset between the initial 
period of CH4 consumption and subsequent 
appearance of 13C label in DIC suggests that CH4 was 
initially assimilated into biomass and subsequently 
remineralized. 16S rRNA sequences with highest 
similarity to Bathyarchaeota (Miscellaneous 
Crenarchaeota Group), with recently discovered 
methylotrophic methanogenic capacity, were most 
abundant in the sediment used to inoculate the 
incubations. After two weeks, 16S rRNA sequences 
with highest similarity to Fe(III)-reducing 
Deltaproteobacteria (Desulfuromonadaceae and 
Geobacteraceae, in ferrihydrite vs. goethite 
enrichments, respectively) became dominant. The 
decline in Bathyarchaeota 16S rRNA sequences 
during the incubation as well as the presence of mcrA 
sequences with highest similarity to Euryarchaeota in 
two metagenomes from day 15 suggests that 
methanogenesis in the enrichments was likely 
performed by Euryarchaeota. The rapid shift from 
CH4 consumption to production based on availability 
of endogenous Fe(III) oxides suggests that Fe(III) 
phase and aggregate size could have exerted 
important controls on CH4 fluxes from Archean 
oceans. This research was funded by NASA 
Exobiology grant NNX14AJ87G, the NASA 
Astrobiology Institute (Alternative Earths team 
NNA15BB03A), and a small research grant from the 
Center for Dark Energy Biosphere Investigations (C-
DEBI). 
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Titanite (ttn) is an important accessory phase in 

igneous rocks owing to its affinity for REE and U. 
Ttn crystals in volcanic and plutonic rocks show 
extreme REE contents (103-104 times chondrite) and 
intense oscillatory zoning (Fig. 1B), with measured D 
values (crystal/glass) on the order of 103 for MREE. 
Experiments in mafic systems, however, yield D~10. 
We have performed experiments doped with Y 
(MREE analog) and La in the systems ttn-albite and 
ttn-basalt under static, declining, and oscillatory T 
conditions in order to understand uptake of REE and 
the origin of zoning. 

Surprisingly, Y and La are barely compatible in 
ttn in the ttn-albite system (D~1), but are more 
strongly compatible (D~10) in ttn-basalt. This 
suggests that the coupled substitution is more 
complicated than Ca2+ + Ti4+ = 2(REE,Y)3+ and 
involves another cation; e.g., 2Ca2+ + Ti4+ = 
2(REE,Y)3+ + Fe2+. In thermally cycled experiments 
in ttn-basalt, oscillatory rims grow on low-REE seed 
crystals, with the number of zones equal to the 
number of thermal cycles (Fig. 1A). Constant-T or 
linear cooling experiments do not produce oscillatory 
zoning. 

Thermal cycling promotes annealing and growth 
of crystals, including crystals that begin growth late 
in the crystallization sequence. Such cycling, which is 
likely unavoidable in magmatic systems, may 
promote coarsening of ttn and production of 
oscillatory zoning, and exert strong control on trace-
element uptake. 

Figure 1: Backscattered electron images of ttn; 
brightness scales with (REE,Y) concentration. (A) Y- 
and La-enriched 10-cycle rims grown on ttn seeds in 
10-cycle ttn-basalt experiment (T=1220±10 °C, 48-
min. period). (B) Complex oscillatory zoning in 
natural ttn in Half Dome Granodiorite. 
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Volatile fatty acids (VFAs) are key intermediates 

in the subsurface microbial metabolism. They are 
generated by fermentation or by abiotic hydrolysis 
from sedimentary organic matter (OM) and represent 
important substrates for the terminal processes of 
anaerobic OM mineralization. Usually VFAs are 
generated and consumed in the same sediment 
horizon. By using a newly developed analytical 
approach employing 2D IC-MS [1], we have found 
that VFA pore water concentrations are closely 
balanced at low concentrations as the result of a rapid 
turnover by the anaerobic microorganisms. Typical 
acetate pore water concentrations are ~5 µM for 
sulfate reducing sediments (e.g. Greenland shelf, [2]) 
and ~15-20 µM for methanogenic sediments (e.g. 
Baltic Sea, IODP Exp. 347, unpubl.). Turnover times 
of the pore water acetate pool increase strongly with 
depth, from a few hours to a few years. In deep 
sediments, the ongoing maturation of 
macromolecular OM (i.e. the kerogen) provides 
significant amounts of VFAs by the release of ester-
bound moieties [3]. Thus, OM rich lithologies, e.g. 
the deeply buried coal beds off Shimokita (IODP 
Exp. 337) [4] provide a subsurface source of VFAs 
(unpubl.). Because pore water VFAs are usually kept 
at low concentrations by the microbial consumers, the 
reactivity of the macromolecular OM controls 
microbial activity in the subsurface. At geological 
interfaces, or when microbial respiration is limited by 
other factors, e.g. increased temperature or the 
availability of electron acceptors, VFA 
concentrations can be elevated, suggesting that the 
tight coupling of production and consumption is out 
of balance. We will highlight the importance of VFAs 
as key intermediates for subsurface microbial life, 
using both published and new unpublished results. 

 
[1] Glombitza et. al. (2014) Limnol. 
Oceanogr.:Methods 12, 455. [2] Glombitza et. al. 
(2015) Front. Microbiol. 6:856. [3] Glombitza et. al. 
(2009) Org. Geochem. 40, 175. [4] Inagaki et al. 
(2015) Science 349, 420. 
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Diagenetic carbonates are frequently found in 
petroleum reservoirs and are associated with 
significant changes in petrophysical properties. It is 
therefore critical to constrain their timing of 
formation and establish absolute ages when possible. 
Most carbonates are hardly datable due to their 
overall low concentration of uranium. However at 
sub millimeter scale, uranium concentration can vary 
by orders of magnitude making specific zones more 
suitable for dating than the bulk sample, provided that 
these zones behaved as closed systems over time. The 
LA-ICP-MS technique provides a very useful tool for 
rapid identification of such suitable zones, prior  to 
analyses by isotope dilution method. 

We report here the first U/Pb and Th/Pb dating of 
a fracture-filling low-Mg calcite sampled from a 
Mesozoic carbonate petroleum reservoir. Prior to 
dating analyses, this sample was characterized by 
LA-ICP-MS using matrix-matched (relatively to an in 
house synthetic calcite standard) quantitative analyses 
and mapping of trace element distribution. Large 
variations of trace element concentrations were 
illustrated along cleavage planes of the crystals. 
Although the cause of the variable segregation of 
uranium, thorium and other traces elements along 
cleavage planes is unclear, this resulted in variable 
238U/204Pb and 232Th/204Pb ratios allowing the selection 
of appropriate sub samples of this calcite for dating 
by ID-MC-ICP-MS. Very precise and consistent 
U/Pb and Th/Pb ages of 112.6±1.9 Ma and 110.9±1.6 
Ma respectively were obtained on this sample, giving 
great confidence in the measured absolute age of this 
calcite fracture-fill and the associated event of fluid 
circulation. This lower Albian age is consistent with 
the occurence of volcanic intrusions that are believed 
to have affected the reservoir through 
hydrothermalism. 
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In ecological studies, sulfur isotope compositions 

(δ34S) of soft tissues (e.g. hair, skin, nail, collagen…) 
allow the determination of both past and present-day 
living environments of organisms. However, 
technical limitations have prevented so far reliable 
sulfur isotope analyses of minerals with a low sulfur 
content, such as bioapatite, which is the crystalline 
component of skeletal tissues. The development of 
“purge and trap” technology in elemental analysers 
recently demonstrated new possibilities to solve those 
technical difficulties[1]. Using a VarioPYROcube 
Elemental Analyser (EA) interfaced in continuous 
flow mode to an Isoprime 100 Isotope Ratio Mass 
Spectrometer (IRMS), we have first measured the 
low-S bearing phosphorite BCR32 against the two 
δ34S Reference Calibrated Material (RCM) NBS127 
and IAEA-SO5. We measured a δ34SV-CDT of 18.3‰ 
(1sd = 0.4; n = 20) in agreement with that published 
by Fourel et al. (2014)[2]. Using BCR32 as a 
compositional and isotopic reference material, we 
have then measured the δ34S of various bioapatite 
tissues (bone, dentin and enamel) from both modern 
and fossil vertebrates living in different environments 
(marine, freshwater and terrestrial). Our results 
demonstrate the capacity of this analytical setup to 
measure the δ34S of low-S bioapatite samples (0.14 to 
1.19% wt%) with excellent analytical precision (1sd 
= 0.3; n = 23). Our results also show that δ34S values 
of bioapatite allow the discrimination between 
modern and fossil vertebrates living in marine 
environments from those living in freshwater and 
terrestrial ones. Sulphur isotope analysis of bioapatite 
has therefore a great potential to track the living 
environment of extinct vertebrates for which only 
fossilized bones or teeth have been preserved. 
 
[1] Fourel et al. (2014) Rapid Commun. Mass 

Spectrom. 28, 2587-2594 
[2] Fourel et al. (2014) Geostandards and 
Geoanalytical research. 39, 47-53 
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It has been proposed that volcanic hotspots and 

the reconstructed eruption sites of large igneous 
provinces (LIPs) are preferentially located above the 
margins of two deep mantle large low shear-wave 
velocity provinces (LLSVPs), beneath the African 
continent and the Pacific Ocean. This spatial 
correlation has been interpreted to imply that 
LLSVPs represent long-lived, dense, stable thermo-
chemical piles, which preferentially trigger mantle 
plumes at their edges and exert a strong influence on 
lower-mantle dynamics. Here, we re-analyse this 
spatial correlation, demonstrating that it is not global: 
it is strong for the African LLSVP, but weak for the 
Pacific. Moreover, Monte-Carlo based statistical 
analyses indicate that the observed distribution of 
African and Pacific hotspots/reconstructed LIPs are 
consistent with the hypothesis that they are drawn 
from a sample that is uniformly distributed across the 
entire areal extent of each LLSVP: the stronger 
spatial correlation with the margin of the African 
LLSVP is expected as a simple consequence of its 
elongated geometry, where greater than 75% of the 
LLSVP interior lies within 10° of its margin. Our 
results imply that the geographical distribution of 
hotspots and reconstructed LIPs does not indicate the 
extent to which chemical heterogeneity influences 
lower-mantle dynamics. 
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Limited insight is available about dynamics of 
shallow crustal magma reservoir as its mostly 
acquired from expelled volcanic products or by using 
seismic tomography. Microfluidics can significantly 
contribute in understanding the dynamics of such 
magmatic systems. We have illucidated application of 
flow instabilties in deciphering geodynamics of a 
rhyolite magma chamber intruded by basaltic magma 
from the Proterozoic Chotanagpur Complex (CC) of 
Eastern India. 

The Ghansura Rhyolite Dome (GRD) of CC 
preserves a variety of magma mixing zones. The first 
zone consists of basalt containing rhyolite ocelli. The 
second zone depicts mingled rocks where viscous 
folding is observed. The third zone represents hybrid 
rock displaying emulsion texture. The fourth zone is 
composed of hybrid andesite displaying synneusis. 
Major-oxide mixing tests and Sr-Nd isotopic 
signatures confirm the hybrid nature of the mixed 
rocks.  

GRD was a zoned magma chamber having 
temperature induced physical boundary layers with 
varying viscosities when basaltic magma intruded it. 
The outermost zone was completely solid now 
preserved as ocelli in basalt. The innermost zone was 
completely melt, having least viscosity, that 
interacted with the basaltic magma forming hybrid 
andesite displaying synneusis. The compositions of 
plagioclase involved in synneusis are similar to that 
of the basalt. Between these two zones, there were 
two transitional zones- the High-Viscosity Outer 
Transitional Zone (HVOTZ) that was in contact with 
the solid zone and the Low-Viscosity Inner 
Transitional Zone (LVITZ) that was in contact with 
the melt. When mafic magma, containing phenocrysts 
of augite, came in contact with felsic magma, 
diffusion of cations like H+ and Al3+ occurred from 
the felsic to the mafic system. These cations reacted 
with the augite phenocrysts in the mafic magma to 
form amphibole (actinolite) crystals that show 
pargasite and tschermakite substitutions. Formation 
of amphibole crytals in the mafic system greatly 
increased the viscosity of the system, allowing 
amphibole crystals to flow into the adjacent felsic 
magma as veins. Depending upon the  viscosity 
regime, the veins underwent viscous folding in the 
HVOTZ, while in the LVITZ formation of emulsions 
was favoured to facilitate the mixing process. 
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The Troodos ophiolite preserves one of the best 

undeformed on-land sections of oceanic crust. It is 
Turonian in age (91.6 ± 1.4 Ma), but was subaerially 
exposed only at the late Miocene. Unlike other 
ophiolites there is no exposed metamorphic sole. In 
SW Cyprus Troodos rocks are juxtaposed against the 
older Mamonia Complex along a high angle 
serpentinite-filled fault zone. Caught in this shear 
zone are ≤ 500 m sized slivers of rutile-bearing 
amphibolite, the Agia Varvara formation, which 
might hold information on the initial emplacement of 
the ophiolite.    

13 Rutile grains from the Ayia Varvara 
amphibolites yielded an average (U-Th)/He age of 86 
± 7 Ma independent of grain-size (Req of 45-90 μm) 
and an isochron age of 89 ± 3 Ma.  

Metamorphism of Agia Varvara was thus nearly 
synchronous with the igneous crystallization of the 
Troodos oceanic crust at late –Turonian – early 
Coniacian times.  The hot spreading ridge and newly 
formed supra-subduction crust were probably the heat 
source for metamorphism when juxtaposed against 
the older protoliths of the amphibolites.  Similar 
horbblende 40Ar-39Ar ages (90-83 Ma; Spray and 
Roddick, 1981) and the lack of age – grain size 
correlation in rutile indicate fast cooling from peak 
metamrphic conditions to <220°C. This  rapid 
cooling may  delineate the cessation of spreading 
activity in Troodos due to initial emplacemt against 
the Mamonia continental margin.  
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Subduction erosion, crustal exhumation and 

erosional unroofing have been affecting the western 
Mexican continental margin since at least the Early 
Miocene [1]. Evidence indicates that most of the 
eroded crust has been subducted, but it is currently 
unknown whether these materials are lost to the deep 
mantle or recycled in the form of arc magmas. The 
diverse nature of volcanism in western Mexico, and 
the relatively simple geology exposed along the 
forearc region, provides a unique opportunity to test 
these hypotheses. 

Mafic volcanoes in western Mexico are arranged 
in two parallel volcanic chains with the unusual 
characteristic of being potassium-rich at the front and 
intraplate-like at the rear, with calc-alkaline andesitic 
volcanoes a common occurrence in both chains. 
Intraplate magmas have not been modified 
significantly by slab additions, and thus best reflect 
the composition of the background mantle wedge. 
Andesitic volcanoes and potassic rocks have strong 
subduction signatures, but differ significantly from 
each other in the relative abundance and fractionation 
of key incompatible trace elements, presumably as a 
result of interactions with chemically distinct 
subduction agents [2]. Interestingly, while the 
isotopic compositions of potassic and andesitic rocks 
unequivocally indicate contributions from a 
preexistent continental crust, rocks in both chains 
become gradually enriched westwards, indicating 
derivation from a common source that is independent 
from melt evolution or the thickness and composition 
of the underlying crustal basement. We thus interpret 
that crustal recycling must be occurring deep in the 
subduction zone, either by the re-melting of 
subducted oceanic sediments, or most likely, of 
plutonic/volcanic forearc rocks introduced into the 
mantle by subduction erosion. Furthermore, since the 
subducted slab lies ~150 km below the frontal 
potassic chain but >300 km below the rear arc, arc 
volcanoes could represent partial melts of discrete 
rising diapirs made by mixtures of hydrous mantle, 
sediments and eroded crustal blocks that detached 
buoyantly from the downgoing slab. 

 
[1] Clift & Vannucchi (2004) Rev. Geophys 42, 
RG2001; [2] Gómez-Tuena et al. (2011), Geochim. 
Cosmochim. Acta 75, 213-241 
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Uranyl phosphate minerals are important phases 

in weathered U ore deposits. The Nisa deposit is one 
example showing different stages of replacement 
reactions among the uranyl phosphates of the autunite 
group. The cations in these minerals can be indicators 
of the local geochemical environment. In zones of U 
mineralization hosted in granite, the main mineral is 
torbernite (Cu) [1], and in metamorphic contact 
schists, saleeite (Mg) and in lesser amounts autunite 
(Ca) prevail [2]. However, later replacement 
reactions favour the partial/total substitution of the 
first stage uranyl phosphates by uranocircite (Ba) 
followed by an increased acid-leaching and formation 
of cation-depleted phases - phosphuranylite [1, 2]. 
Not all domains of the weathered mineralized zones 
show these features. Some show pristine torbernite 
crystals with little or no sign of alteration. 

Mineral replacement reactions are usually 
considered as the result of dissolution/precipitation 
mechanisms [3], but the substitution in uranyl 
phosphates is rather akin of a cation-exchange 
mechanism. Laboratory experiments with natural 
torbernite/autunite samples have shown to react with 
Ba solutions at ambient temperatures displaying 
similar substitution features as in natural 
environments. However, in spite the Ba phase being 
thermodynamically favoured as shown it hardly 
crystallizes jointly with torbernite although affecting 
torbernite crystal growth [4]. These results while 
lending support to field observations are ambiguous 
in establishing the phase relations between uranyl 
phosphates. Nevertheless, they may provide an 
invaluable geochemical indicator of a weathering 
profile development important both to mineral 
exploration and the environmental behavior of U. 

Acknowledgments: Project 
UID/GEO/50019/2013 – Instituto Dom Luiz, funded 
by FCT. 

 
 [1] Pinto, A.J., Gonçalves, M.A., Prazeres, C., 
Astilleros, J. M., Batista, M. J. (2012) Chem. Geol., 
312-313, 18-24. [2] Prazeres, C., Pinto, A.J., Batista; 
M.J., Gonçalves, M.A. (2016). Submitted to J. 
Geochem. Explor. [3] Putnis, A. (2002). Min. Mag., 
66, 689-708. [4] Andrade, M. et al. (2015). Cong. 
Iberico Geoquimica, 129-132. 
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Batch Experiments 
 Stock Co2+ solution was prepared by 

dissolving appropriate amount of CoCl2·6H2O in 
distilled water. Batch adsorption isotherm 
experiments were conducted under the conditions: pH 
7.5, initial Co2+ concentrations (10-300 mg/L), and 
contact time 30 h. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: The adsorption isotherm of Co2+ by 
APTES-Mts.  
 

Results and Discussion 
 As evidenced by the correction coefficient 

R2, the Langmuir model could describe the adsorption 
process better than Freundlich model with R2 > 0.90, 
which is similar to the adsorption behavior of heavy 
metals by organic montmorillonite in our previous 
studies [1]. The adsorption capacity Qe (mg/g) 
followed the order: APTES4.0CEC-Mt ≈ APTES3.0CEC-
Mt > APTES2.0CEC-Mt > APTES1.0CEC-Mt. APTES has 
entered into the layer causing an exchange with Ca2+ 
to weaken the physical adsorption, and chemisorption 
complexation (mainly coordinating adsorption) lead 
to an apparent increase in adsorption capacity [2]. 
[1] S. Li et al. (2010), Appl. Clay Sci. 50, 330-336. 
[2] P. Wu et al. Chem. Eng. J. 191, 288-296. 
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After analyzing the compositions of low 

molecular weight hydrocarbons (LMWHs) in 8 oil 
samples from the Baka oil field, Northwest China, we 
observed that the biodegradation resistance for C6–C7 
LMWHs in this area follows the series DMB > CH > 
MCP > 2MP > 3MP; DMP, 11DMCP and 12DMCP 
> MCH > 13DMCP > 2MH > 3MH, respectively, 
which is different from previous works in several 
aspects. Since the Baka oils are seriously 
biodegraded, biodegradation extent could not well 
explian this inconsistency. We subscribed it to the 
different strains of bacteria which may have different 
specificities for individual isomers of the LMWHs.  

 
Fig 1: Evolution trend of LMWHs with greater 
biodegradation. 
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Recently, researchers gradually found that the 
drastic volcanisms in Late Ordovician may have been 
responsible for the mass extinction events in 
Ordovician-Silurian boundary. However, the 
triggering mechanism for this great biocrisis has long 
been debating, with various hypotheses proposed. 
Meanwhile, growing evidence shows that Hg can be a 
proxy for volcanism. Here, we use the Hg element to 
verify the hypothesis of whether the intense 
volcanisms caused the mass extinction events through 
the Ordovician-Silurian boundary. 

The samples including the whole Ordovician and 
early Silurian have been systematically collected 
from three sections in Yangtze region (platform), 
south China and formed a complete Ordovician 
succession. In the laboratory, fresh parts of clean 
samples were powered in a Retsch® MM400 
oscillating mill. Hg was measured by 
a LECO® AMA254 mercury analyzer, and total 
organic carbon (TOC) content by a Elementar® vario 
Macro cube. 

The data show that overall Hg concentrations 
varied from 0.001 to 0.233 μg/g throughout the whole 
Ordovician and Early Silurian. Hg concentrations 
have a long-term trend of low value (0.001 to 0.005 
μg/g), which is the background value before late 
Katian. In Hirnantian there is a slight shift to higher 
value about 0.2 μg/g. In general the Hg data have 
closely parallel trends with total organic carbon 
(TOC) content. The Hg/TOC ratio dramatically 
increased at the Katian-Hirnantian boundary, near the 
biotic extinction horizon, and then decreased to the 
background level. The results suggest that the 
anomalous Hg/TOC ratio levels may be attributed to 
the significant natural atmospheric emissions of Hg 
caused by catastrophic volcanic eruptions in Late 
Katian, which produced global Hg positive anomalies 
and may cause the mass extinction events in the 
Ordovician-Silurian boundary.  
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In a typical stable water column, nitrate exhibits a 

strong vertical gradient in the euphotic zone, 
conventionally referring to as the nitracline. Depth, 
steepness and thickness of the nitracline are important 
measurable parameters that can be related to the 
vertical transport of nitrate into the euphotic zone. 
The subsurface chlorophyll maximum layer (SCML) 
commonly emerges near the bottom of the euphotic 
zone, regulating the supply of nitrate to the euphotic 
zone and hence affecting new primary production. 
The correlation between the SCML and the nitracline 
has been widely reported in the literature, but the 
analytic solution for the relationship between them is 
not well established. By incorporating a piecewise 
function for the approximate Gaussian vertical profile 
of chlorophyll, we derive the analytical solutions 
from the system of phytoplankton and nutrient: 1) the 
thickness of SCML is positively related to the 
nitracline thickness, and a thinner SCML corresponds 
to a steeper nitracline; 2) the nitracline depth is 
deeper than the SCML depth, shoaling with an 
increase in light attenuation coefficient and a 
decrease in surface light intensity; the light level at 
the nitracline depth is positively correlated to the 
maximum rate of new primary production, an 
indicator of the rate of new primary production; and 
3) the nitracline steepness is positively related with 
vertical nitrate gradient below the nitracline depth, 
but is negatively related to vertical diffusivity in the 
stratified deep layer. 
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Barium (Ba) is a mobile element during continent 

weathering. Ba isotopes are fractionated during Ba 
transporting between minerals and aqueous solutions 
[1]. However, the machanisms for Ba isotope 
fractionation are still not clear. Here we report Ba 
isotope composition of a laterite profile from 
Zhanjiang, Guangdong Province, China. As products 
of strongly weathered basalts, laterites are oxidized 
Fe-rich soils with signficant loss of alkaline earth 
elements during the  weathering.  

Ba isotopes were analyzed on a Neptune Plus 
MC-ICP-MS at the University of Science and 
Technology of China (USTC). The long term 
precision of δ137/134Ba is better than 0.05‰ (2SD) [2]. 
Ba was strongly lost during weathering based on the 
lower Ba/Th of soils than the bed rock. The surface 
soils have the heavest δ137/134Ba (0.04±0.05‰) and 
almost the lowest Ba/Th in the lateites, which might 
be due to by growth of plants [3]. The subsurface 
soils have a large variation of δ137/134Ba from 0.01 to -
0.23‰, lighter than the base rock (0.04±0.031‰) and 
river water (-0.01‰ to 0.31‰) [4]. Particularly, the 
160-170cm horizons have the lightest δ137/134Ba  (-
0.23±0.04‰) with the highest Fe content, suggesting 
that heavy Ba isotopes were preferentially removed 
during Ba lost, leaving a residue enriched with light 
Ba isotopes. The negative correlation between 
δ137/134Ba and Fe contents indicates that the Fe 
(oxyhydr)oxides may prefer lighter Ba isotopes. 

 
[1] von Allmen, K. et al. (2010). CG. 277. 70-77; 

[2] Nan, X. et al. (2015). J. Anal. At. Spectrom. 30. 
2307-2315; [3] Bullen, T. and Chadwick, O. (2016). 
CG. 422. 25-45; [4] Cao, Z. et al. (2015). EPSL. 434. 
1-9 
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Subduction of heterogeneous lithologies carry a 

mixture of volatile components into the mantle. 
Volatiles can then be mobilized during metamorphic 
breakdown of hydrous and carbonate phases at 
shallow forearc depths followed by flux and 
carbonattite melting at subarc depths and beyond. 
While H2O in subduction environments is studied 
extensively, processes resutling in CO2 removal from 
the slab remain poorly constrained.  

Mechanical removal of carbonated sediments via 
diapirism is hypothesized as an efficient mechanism 
to recycle CO2 into the arc and mantle wedge. 
Therfore, we examine subduction decarbonation and 
sedimentary diapirism by employing a coupled 
petrological and thermomechanical numerical 
modeling approach. We modify the thermodynamic 
look-up tables [1] using Perple_X [2] to account for 
stable mineralogy and H2O-CO2 fluids within the 
following subducting lithologies: GLOSS average 
sediments (H2O: 7.29 wt% & CO2: 3.01 wt%), 
carbonated MORB (H2O: 2.63 wt% & CO2: 2.90 
wt%), and carbonated peridotites (H2O: 1.98 wt% and 
CO2: 1.5 wt%). Our parametrizations include: 1) 
changing convergence velocity (1-6 cm year-1; 1 cm 
year-1 intervals) between a subducting oceanic plate 
and a continental plate and 2) thermal age of the 
subducting oceanic plate (20-80 Ma; 20 Ma 
intervals). 

59 numerical models were run illustrating three 
geodynamic regimes that show extensive 
decarbonation. 1) Sedimentary diapirism acts as an 
efficient mechanism as it advects into the hot mantle 
wedge. CO2 fluid is produced on the inner side of the 
advecting diapir. 2) If subduction rates are slow 
enough, mechanical coupling between the subducting 
oceanic plate and the continental plate results in a 
large mélange of fluid producing MORB and 
sediments. 3) During slab rollback and back-arc 
extension, interaction between hot asthenosphere and 
subducting mélange at shallow depths result in small 
windows (~12.5 Ma) of high integrated CO2 fluxes 
(205 kg m-3 Ma-1). 
[1] Gerya et al. (2006)  PEPI 156 59-74. [2] 
Connolly JAD (2009) Geochem. Geophys. Geosyst. 
10:Q10014. 
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Extensive fields of Co-rich Mn nodules and 
polymetallic stratabound Mn deposits were 
discovered and sampled on the southern edge of 
Galicia Bank (NE Atlantic Ocean) [1]. Nodules cover 
the seafloor in patches and form mound structures 
with internally chaotic acoustic structure as seen on 
multichannel seismic profiles. Co-rich Mn nodules 
are composed of romanechite and todorokite 
concentric laminae around a nucleus. Mn-rich layers 
(up to 58% MnO) contain up to 1.8% Co and 
moderate to high contents of other metals, V, Ni, Cu 
and Mo. The REY patterns show strong positive Eu 
and Ce anomalies and little fractionation between 
LREY and HREY. Brecciated phosphorite pebbles 
and slabs are related to seismic-delineated dipiric 
structures that breached late Oligocene and early 
Miocene depositional sequences. The phosphorite 
shows thick basal stratabound layers consisting 
mainly of todorokite and goethite with up to 27% 
MnO and 15% Fe2O3, which impregnated and 
replaced the phosphorite. The REY patterns of 
stratabound Mn show enrichment in HREY, negative 
Ce anomalies and Y/Ho ratios varying over a wide 
range. Sr isotopes in CFA from brecciated 
phosphorites are strongly radiogenic (up to 
0.714808). Co-rich Mn nodules and brecciated-
replaced phosphorites exhibit hydrothermal 
characteristics: uncommonly high Co contents, 
positive Eu anomaly and Sr isotopes. We propose that 
the mineralization was driven by geothermal 
hydrothermal fluid circulation along fractures, 
promoting transport of metals for mineralization at 
and near the seafloor, during regional tectonic 
reactivation in the early and middle Miocene.  
1González et al. (2016) Geochem. Geophys. Geosyst., 
17 (2), doi:10.1002/2015GC005861. 
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The ultramafic rocks hosted in the Paleozoic 
Coastal Accretionary Complex of Central Chile host 
small meter-size pods of chromite ores within in 
shear zones filled by schistose antigorite (±talc) that 
isolate blocks of non-deformed olivine-lizardite 
dunites.  The chromite ores appreciable amounts of 
the platinum-group elements (up to 347 ppb total) 
and gold (up to 24 ppb), which has its expression in 
the mineralogy by the presence of specific phases of 
the six platinum-group elements (i.e., platinum-group 
minerals, PGM) as well as native gold. The PGM 
identified include native osmium, laurite (RuS2), 
irarsite (IrAsS), osarsite (OsAsS), omeiite (OsAs2), 
Pt-Fe alloy (possibly isoferroplatinum) and a suite of 
inadequately identified phases such as PtSb (possibly 
stumpflite), PdHg (possibly potarite), RhS, Ir-Ni and 
Ir-Ni-Ru compounds. Only a few grains of osmium 
and laurite were identified in unaltered cores of 
chromite and therefore considered as magmatic 
formed during the high-T event of crystallization of 
the chromitite in the upper mantle. The other PGM 
were located in porous chromite associated with 
chlorite or the base-metal minerals (BMM) that often 
fill the pores of this secondary chromite or are 
intergrowth with antigorite in the host serpentinized 
ultramafic rock. The assemblage of BMM identified 
in the studied rocks include sulphides [millerite 
(NiS), polydymite (Ni3S4), violarite (FeNi2S4), galena 
(PbS), sphalerite (ZnS), chalcocite (CuS)], arsenides 
[(nickeline (NiAs), orcelite (Ni5-xAs2), maucherite 
(Ni11As8)], the sulpharsenides gersdorfitte (NiAsS), 
and native bismuth. We suggest the origin of these 
PGE-Au) ± Ni-S-As-Sb-Pb minerals  as a result of 
the  reaction of magmatic PGMs with fluids rich in 
metalloids such as As, Sb, Pb, Zn and Hg emanated 
from the country metasediments that have penetrated 
the ultramafic rocks through active shear zones. This 
secondary mineralization took place coevally with the 
formation of prograde antigorite within the shear 
zones once the ultramafic bodies became tectonically 
mixed with the host metasediments. During this a 
secondary gold mineralization was produced in the 
studied rocks. 
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The spatial distribution and time evolution of 
radiocesium (rCs) contamination in the densely 
forested territories of the Fukushima area have been 
efficiently characterized by Japanese scientists, 
thanks to regional (in situ/airborne) surveys of 
gamma-ray radiations and monitoring of rCs contents 
in contaminated soil, water and vegetation samples at  
several forest sites. Unlike after Chernobyl, these 
surveys, some of which  started in the days or months 
following the accident, provided valuable insights 
into the short to mid-term dynamics (i.e. months to 
years) of rCs in forest ecosystems contaminated by 
atmospheric deposits. 

The purpose of our research project (2013-2019), 
funded by the French Agence Nationale de la 
Recherche and Electricité de France, is to develop a 
comprehensive understanding of: interception of 
dry/wet atmospheric fallouts by forest canopies, 
dissemination within the soil-tree subsystem (e.g. 
depuration of canopies, migration into soil profiles, 
root uptake, translocation within trees) and the impact 
of these mechanisms on ambient dose rates inside and 
above forests. The project relies on a review and 
process-based analysis of field observations in 
Japanese forests, including data acquired by IRSN at 
monitoring sites in Kawamata town (cf. Coppin et al., 
same issue). The analysis is performed with the help 
of selected assessment models that were originally 
designed for western European forests in the course 
of international research programs (RODOS, 1995-
1999; BIOMASS, 1997-2001; EMRAS, 2003-2007) 
and further customized to deal with the specificity of 
Fukushima forests. 

After giving an overall view of noteworthy 
monitoring surveys, we propose to evaluate to what 
extent the selected models explain the variability of 
the observations and to analyze the sensitivity of 
model predictions to the atmospheric deposition 
conditions and the characteristics of the forest stand. 
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Evidence from xenoliths have identified a 

stratigraphy of oxygen fugacity (fO2) in the sub-
cratonic lithospheric mantle, whereby a horizon of 
unusually oxidised mantle overprints the ambient 
trend of decreasing fO2 with depth [e.g. 1]. This has 
been attributed to the effects of metasomatism in the 
mantle. Observations have so far, however, been 
restricted to a small number of cratons (Kaapvaal, 
Slave, and Diavik). 

The recent discovery of a kimberlite in the 
Adelaide Fold Belt of Australia, containing a suite of 
well-preserved garnet-bearing xenoliths [2], provides 
the first opportunity to profile the fO2 beneath the 
Australian craton. The xenoliths contain garnet-cpx-
opx±chromite±amphibole, but no olivine, and span 
an estimated pressure range between 1.8 and 4.5 GPa. 

Fe3+/∑Fe for garnet was determined by Fe K-edge 
XANES spectroscopy from the intensity of the post-
edge minimum. Fe3+/∑Fe ranged between 0.040 and 
0.136 with concomitant estimates of fO2 (∆logfO2) 
ranging between -2.3 and 1.3. The data define a trend 
of decreasing fO2 with increasing depth with a 
gradient that is consistent with the results from other 
cratons (~1 log-unit per GPa). This represents the 
first fO2-depth profile of the upper mantle beneath the 
Australian continent. 

The trace element compositions of all phases 
were determined by LA-ICP-MS. The REEN profiles 
of garnet in most samples are normal to depleted. 
Where present, sinusoidal profiles coexist with 
enrichment of Ti, Zr and Y, consistent with 
established manifestations of metasomatism. There is 
no apparent correlation between metasomatism and 
fO2. 

No unusually oxidised samples were observed. 
This is consistent with results from other cratons 
where oxidation associated with metasomatism 
occurs in a spatially restricted horizon at greater 
depths (~ 150 km) than those at which these samples 
equilibrated. 

 
[1] Woodland and Koch (2003), EPSL 214, 295-310 
[2] Tappert et al. (2011), J. Pet. 52, 1965–1986 
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Greater Himalayan (GH) rocks represent the 

metamorphic core of the Himalayan orogen. How 
these rocks were exhumed during active convergence 
continues to be debated. Within the eastern Himalaya, 
the Kakhtang thrust (KT) is interpreted to structurally 
thicken and divide the GH into upper and lower units. 
In order to investigate the timing of metamorphism 
and exhumation, metapelite, migmatite, and 
leucosome samples were collected along two N–S 
transects that cross the KT in central and eastern 
Bhutan. P–T estimates reveal consistent T (from 
~720–620 ºC) and an upright P gradient, with P 
decreasing from ~10 to 5 kbar across the two 
transects. Within each transect, there are discrete 
increases in P ± T within the overall upright gradient. 
Split-stream LA-ICPMS monazite results from the 
GH in eastern Bhutan reveal a progressive younging 
of near-peak metamorphism within the GH, with 
dates of ca. 23–20 Ma for the structurally highest 
sample versus ca. 18–16 Ma for the structurally 
lowest sample. The central Bhutan transect reveals 
older near-peak metamorphic ages: ca. 48–46 Ma 
within the KT zone and ca. 25–22 Ma for the 
structrally highest sample. Trace elements suggest 
that the rocks underwent some decompression 
(garnet-breakdown) by ca. 16–14 Ma and ca. 26–17 
Ma in eastern and central Bhutan, respectively. This 
is consistent with zircon from leucosomes that 
indicate initial melt crystallization began at ca. 27 Ma 
for upper-GH samples versus ca. 15 Ma for samples 
within the KT zone. LA-ICPMS U-Pb rutile and 
titanite ages and 40Ar/39Ar muscovite ages from both 
transects reveal cooling through ~400 ºC by ca. 11–8 
Ma. The trend of older metamorphic and melt-
crystallization ages with increasing structural level 
suggest that the rocks underwent initial exhumation 
driven by ductile underplating along intra-GH shear 
zones beginning at ca. 27 Ma; the underplating 
constructed a composite GH unit, and the shear zones 
are marked by jumps in P within the overall upright 
gradient. After underplating, the rocks remained at 
high temperatures until ca. 11 Ma, when the 
composite GH was exhumed as a whole to shallow 
crustal levels. 
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Recent studies have shown that the chromium 

(Cr) isotopic composition of seawater is variable, 
with δ53/52Cr  values ranging from 0.4 to 1.6‰ [1, 2]. 
Although rivers are the principal source of Cr to the 
oceans, these values are considerably higher than 
continental crust (0.12±0.10‰; [3]). This has been 
attributed to fractionation of Cr isotopes during 
oxidative weathering, and it has been asserted that 
relatively high δ53/52Cr values in banded iron 
formations are indicative of elevated atmospheric and 
surface ocean oxygenation before the Great 
Oxidation Event [4].  

The processes that cause the variations in 
seawater δ53/52Cr are, however, as yet poorly 
understood. Studies of Cr speciation indicate that Cr 
oxidation state can vary substantially over the 
seasonal cycle, with strong positive correlations 
between Cr(III):Cr(VI) and both bacterial biomass 
and primary productivity [5]. To assess the potential 
importance of these redox transformations on the Cr 
isotopic composition of seawater, we have 
determined Cr concentration and δ53/52Cr for a suite 
of seawater samples collected over the course of a 
seasonal cycle from the Celtic Sea as part of the UK 
Shelf Seas Biogeochemistry Program. Preliminary 
results for the winter months (December and March) 
indicate that Cr concentrations range between 2.2 and 
2.6 nM. A speciation study for March indicates that 
3-54% of this is present as Cr(III). δ53/52Cr values are 
generally within the range of those reported for other 
coastal and shelf environments (1.0 - 1.2‰), although 
one sample taken from 25 m water depth has a value 
of 2.1‰. We will also present data for the same sites 
for April and July, revealing the extent of seasonal 
variations in seawater δ53/52Cr for the first time. 

 
[1] Bonnand, et al. (2013), Earth. Planet. Sci. Lett. 
382, 10-20. [2] Scheiderich, et al. (2015), Earth. 
Planet. Sci. Lett. 423, 87-97. [3] Schoenberg, et al. 
(2008), Chem. Geol. 249, 294-306. [4] Frei, et al. 
(2009), Nature 461, 250-253. [5] Connelly, et al. 
(2006), Deep Sea Res.  53, 1975-1988. 
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Long-chain n-alkanes have been widely 
employed as well-known biomarkers for exploring 
terrestrial vegetation in environmental studies. Their 
stable hydrogen and carbon isotope ratios (δD and 
δ13C) have also been used to trace the delivery of 
terrestrial organic matter to aquatic environments and 
to reconstruct the climate change in 
paleoenvironments. For compound-specific isotope 
analysis, however, we must purify n-alkanes 
preserved in soils, sediments, or sedimentary rocks, 
from branched/cyclic hydrocarbons and UCM 
(unresolved complex mixture) in the samples. 

Several conventional purification methods 
including molecular sieve and urea adduction were 
established for the isotope analysis. Molecular sieve 
method has been recognized to achieve high purify 
with physical mesh size separation. However, this 
procedure includes a great risk on the use of 
hydrofluoric acid (HF), which is very toxic and 
hazardous to our health. Therefore, many organic 
geochemists don’t like the use of molecular sieve 
method for n-alkane purification. 

In this study, we demonstrated a safer molecular 
sieve method for the n-alkane purification from 
branched hydrocarbons (e.g., pristane). n-Alkanes, 
which are trapped in the multi-holes of molecular 
sieve, are released by digestion of the molecular sieve 
cage with HF. As a new procedure, the hydrofluoric 
acid is then completely neutralized with sodium 
hydroxide (NaOH) to form sodium fluoride (NaF) 
and subsequently with calcium chloride (CaCl2) to 
precipitate fluorine as stable particles (CaF2).  n-
Alkanes are then extracted easily and safety with n-
hexane from the neutralized aquatic layer. 

In the improved method, n-alkanes are 
quantitatively separated from pristane, and their 
hydrogen and carbon isotopic compositions are 
identical with known values within 10‰ and 0.5‰, 
respectively. The improved method thus will be a 
safer method for the preparation and measurement of  
n-alkane isotope ratios. In the presentation, we would 
like to show details of the improved method, with the 
observed isotope data for the isotopic reference n-
alkanes and for  
n-alkanes in natural samples. 
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Molybdenum isotopic compositions (δ98/95Mo) in 

ancient Mn-rich sedimentary rocks are currently 
receiving attention in studies assessing ocean 
paleoredox conditions [1, 2]. However, variations of 
δ98/95Mo among modern Mn-rich sediments have 
been poorly investigated. 

To better undertand Mo isotope systematics of 
marine Mn deposits, we analyzed Mo isotopic 
compositions in a modern hydrothermal Mn deposit 
collected from the Ryukyu arc system [3]. The 
δ98/95Mo values ranged from –0.56 to –0.66‰ 
(against NIST SRM 3134). These values are ~2.7‰ 
lighter than the present-day seawater value, but 
smilar to those in modern hydrogenous Mn crusts [4]. 
The light values are consistent with the isotope offset 
observed during the adsorpition experiment of Mo 
onto Mn oxide, which was driven by coordination 
change of Mo from tetrahedral coordination to 
octahedral coordination [6]. As Mo in hydrothermal 
Mn crusts is octrahedrally coordinated [6], the 
observed light values can be explained by Mo isotope 
fractionation associated with a change in coordination 
number during the adsorption of seawater-derived 
Mo onto the Mn oxides, although the present data 
alone cannot rule out the possible contribution of 
hydrothermally derived Mo. 

 In the presentation, we will also report new 
δ98/95Mo data of other hydrothermal Mn deposits from 
different locations. 

 
[1] Canfield et al. (2013) PNAS 110, 16736-

16741. [2] Planavsky et al. (2014) Nat. Geosci. 7, 
283-286. [3] Goto et al. (2015) Mar. Geol. 369, 91-
99 [4] Siebert et al. (2003) EPSL 211, 159–171. [5] 
Wasylenki et al. (2011) GCA 75, 5019–5031. [6] 
Kuhn et al. (2003) Chem. Geol. 199, 29-43. 
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Seafloor massive sulphides (SMS) around 

seafloor hydrothermal active zone are attractive due 
to the general growth trend of global economical 
activities.  Since the SMS is located below the deep 
seafloor, which restricts a number of boreholes for 
land-based mineral explorations, deep seafloor 
geophysical surveys (e.g., electromagnetic, magnetic, 
gravity and seismic surveys) are conducted to image 
the detailed distribution of SMS below seafloor.  
However, the complicated lithological structure 
around SMS interrupts the good interpretation of sub-
seafloor structure by using sole geophysical 
technique. In this study, we try to include the physical 
properties (and amount of metal deposits) obtained 
from laboratory experiment using rock core samples 
to add better constraint to the inversion of gephysical 
data set.  The rock samples of SMS were obtained by 
ROV and submersible exploration around the 
hydrothermal active areas in the Okinawa Trough, 
Japan. From 21 core samples, resistivity, density, 
porosity, natural remanent magnetization (NRM) are 
measured.  The chemical components are obtained by 
X-ray fluorescence (XRF) analysis.  The result 
indicates a correlation between resistivity, NRM and 
concentration of metal.  We conclude that the higher 
conductivity of rock matrix and higher NRM are 
possibly relates to the high metal contents and can be 
a good index for mineral deposits. Based on the 
laboratory measurements, we carried out the 3D joint 
inversion to estimate the reasonable geological 
structures.  Two different physical parameters such as 
resistivity and magnetization can be modelled 
simultaneously with guide of known (initial) end-
members of parameters.  The joint inversion results 
show better accuracy and resolution than the 
individual inversions.  
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The stable isotopic composition of soluble and 

insoluble organic material in carbonaceous chondrite 
meteorites has been used both to gauge terrestrial 
contamination and to help deduce organic molecule 
provenance [1, 2]. Deuterium enrichment in 
meteoritic organics may be a residual sign from 
synthetic reactions occurring in the cold interstellar 
medium, or an indicator of hydrothermal parent body 
reactions [3, 4]. D/H ratios have been measured in 
carbonaceous grains and bulk samples in a wide 
range of meteorites [2, 5], however, these organic 
reservoirs are highly variable and subject to 
fractionation during subsequent thermal and aqueous 
alteration. The D/H ratio of polycyclic aromatic 
hydrocarbons (PAHs) may preserve information 
about both their formation environments and the 
influence of parent-body processes. This diverse class 
of compounds likely share common origins 
contemporaneous with parent-body formation [6]. 
While PAHs are abundant in carbonaceous 
chondrites, the hydrogen isotope composition of these 
compounds has only been measured in two CM2 
chondrites [7]. This work aims to begin to understand 
the D/H ratio in PAHs in a variety of carbonaceous 
chondrites representing a range of petrologic types 
and to investigate potential links between the 
molecular distribution and D/H ratio of PAHs, the 
D/H ratio of bulk meteorites, and the extent and type 
of alteration of the meteorite. A consideration of 
these isotopic values in the context of alteration 
history and the additional organic complement of the 
carbonaceous chondrite may indicate the reliability of 
these compounds as indicators of deuterium 
enrichment during formation.   
 
[1] Sephton & Gilmour (2001), Mass Spec Rev 20, 
111-120. [2] Alexander, Newsome, Fogel, Nittler, 
Busemann & Cody (2010), Geochim Cosmochim 
Acta 74, 4417-4437. [3] Sanford, Bernstein & 
Dworkin (2001), Meteorit Planet Sci 36, 1117-1133. 
[4] Nuth, Charnley & Johnson in Meteorites and the 
Early Solar System; Lauretta & McSween, Eds., Univ 
Ariz Press: Tucson, AZ, 2006. [5] Cronin & Chang in 
The Chemistry of Life’s Origins; Greenberg, Mendoz-
Gómez & Pirronello, Eds., Kluwer Acad Pub, 1993 
[6] Plows, Elsila, Zare & Buseck (2003) Geochim 
Cosmochim Acta 67(7), 1429-1436. [7] Huang, 
Aponte, Zhao, Tarozo & Hallmann (2015), Earth 
Planet Sci Lett 426, 101-108.  
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Cosmogenic nuclides in stream sediment are 
well-established for inferring basin-averaged erosion 
rates.  The same nuclides measured in sedimentary 
archives can be used to learn about erosion rates in 
the past, after correcting for radioactive decay.  The 
age of the deposit must be either known 
independently or solved by burial dating using a 
cosmogenic radionuclide pair such as 26Al/10Be.  
Accurate estimation of paleo-erosion rates requires 
consideration of several factors in addition to those 
normally considered for modern erosion rates.  These 
include (1) cosmogenic nuclide accumulation during 
sedimentation (2) production after burial, (3) 
variations in production rate through time, which can 
be especially significant at lower latitudes, and (4) 
changes in source area elevation due to uplift or 
subsidence.    

We will present a synthesis of paleo-erosion rates 
measured throughout the globe to address the role of 
climate change in erosion.  Over the past 15 years 
there have been conflicting interpretations of the role 
of climate in regulating physical erosion rates.  It is 
clear that climate can strongly influence erosion rates 
in extreme environments, for example by glaciation 
or by regulating landslide frequency in threshold 
landscapes.  The degree to which erosion rates vary 
in unglaciated soil-mantled landscapes has remained 
less certain, and can be measured with cosmogenic 
nuclides.  Most of our sites span the initiation of Plio-
Pleistocene climate change, and one preserves a 
detailed record across the last glacial maximum 
(LGM).  Erosion rates at our low latitude sites 
(Brazil, South Africa) are slow and have remained 
largely unchanged, despite periods of river 
aggradation and incision.  In contrast, erosion rates at 
most European and North American sites show a 
systematic increase in erosion rates associated with a 
much cooler and often periglacial regime.  The role 
of periglacial processes is highlighted at a site in 
Oregon where erosion rates increase markedly during 
the LGM, most likely due to frost-shattering of the 
bedrock.   
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To unravel the impacts of the thinning Arctic sea 
ice pack, a team of scientists set out on an expedition 
from January to June 2015 at 80 to 83°N north of 
Spitsbergen [1]. With the aim to advance our 
understanding of processes in the thinner ice and 
improve our capacity for future scenarios. We 
worked on a highly mobile and relatively thin sea ice 
with a snow cover that was thicker than expected. 
While thick snow modulated the greenhouse gas 
(GHG) flux to the atmosphere, newly formed sea ice 
with little snow acted as a GHG source. 

New sea ice with less or no snow supported ice 
algae growth but with detrimental effects from higher 
ultraviolet exposure forcing the algae to produce 
large amounts of Mycosporine-like Amino-Acids 
(>25μg l-1) as sunscreens.  

In older ice with thicker snow (up to 0.5 m) 
limited ice algae build-up occurred, except when the 
heavy snow load submerged the ice surface and 
formed a potentially new Arctic sea ice habitat at the 
bottom of the snow pack, where algae flourished. 
Surprisingly the thick snow load did not hamper 
formation of a massive under-ice phytoplankton 
bloom (>300 mg Chl-a m-2). The dynamic ice cover 
allowed openings between the ice floes that permitted 
enough sunlight to reach the ocean below. The 
bloom, dominated by the colony-forming haptophyte 
algae Phaeocystis pouchetii, caused near depletion of 
the nitrate inventory, a decline in dissolved inorganic 
carbon inventory by ~4 mol m-2 (48 gC m-2) and an 
increase in pH. Diatoms had a minor contribution to 
the bloom. There was a potential biophysical 
feedback on ocean heating due to increased light 
absorption by phytoplankton in the bloom.     

In this presentation we will summarize the findings 
from this unique campaign, and discuss potential 
consequences for the future Arctic. 

 
[1] Granskog et al. (2016) Eos Trans. AGU, 97, 
doi:10.1029/2016EO044097. 
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As a bioessential and redox-sensitive trace 
element, Mo has been the focus of numerous studies 
linking the rise of atmospheric oxygen with the 
evolution of early life. It is generally assumed that 
Mo is hosted in common igneous sulfides (e.g. pyrite) 
within the continental crust, and that these sulfides 
break down during weathering by atmospheric O2. 
Therefore, Mo will be sequestered within continents 
under a reducing atmosphere and will be enriched in 
oceans under an oxidizing one, as is observed after 
the Great Oxidation Event. Here we test the 
assumption that Mo is contained in common igneous 
sulfides using in-situ laser ablation ICP-MS to 
determine the mineralogical hosts of Mo in typical 
lithologies of the upper continental crust (UCC). 

Phanerozoic granitoids, Hawaiian basalts, and 
Archean Tonalite-Trondhjemite-Granodiorites were 
studied to determine where Mo resides. The average 
UCC [Mo] is ~1 ppm, yet the granitic rocks fell well 
below this (0.16 – 0.84 ppm) while the enriched 
Hawaiin basalts range from 0.56 – 4.6 ppm. 
Molybdenum concentrations in common igneous 
sulfides (pyrite, chalcopyrite)  frequently fell below 
the detection limits (~10 ppb) within granitoids. 
Immiscible sulfides within basaltic glasses contain  
<6 ppm Mo. In both granitoids and basalts, 
titaniferous phases such as titanite (CaTiSiO5) and 
ilmenite (FeTiO3) were the predominant hosts of Mo 
with concentrations ranging from 1 – 40 ppm. 
Basaltic glasses are also a volumetrically significant 
host of Mo. Thus, common igneous sulfides are not a 
significant host of Mo in the crust, while glass and 
titaniferous phases are. 

Titaniferous minerals are fairly resistant to 
weathering and their decomposition is not expected to 
vary with partial pressure of oxygen in the 
atmosphere. Therefore, Mo will remain sequestered 
in these phases in the continental crust regardless of 
the fO2 state of the atmosphere, requiring another 
mechanism of continental Mo release to deliver it to 
the oceans. Rare molybdenite (MoS2) deposits may 
provide a source of weatherable Mo from the crust, 
however the amount of atmospheric oxygen needed 
to break down MoS2 is unknown. Experimental 
studies are needed to determine the oxidation rates of 
glasses and minerals that host Mo. 
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Titanium is an element of particular interest in 
planetary sciences as, (i) it is refractory and cannot 
easily be lost by impact-induced vaporization, (ii) it is 
lithophile meaning that core partitioning is irrelevant, 
and (iii) it is fluid immobile, meaning that it is 
immune to parent-body alteration. Thus, the range of 
processes susceptible of fractionating Ti isotope 
ratios is rather limited and involves primarily nebular 
and magmatic/metamorphic processes. For example, 
in terrestrial magmatic systems, the Ti isotope 
composition (expressed as δ49Ti; deviation in ‰ of 
the 49Ti/47Ti ratio relative the OL-Ti standard [1]) 
correlates positively with SiO2 concentration [2]. This 
observation was interpreted to reflect preferential 
incorporation of light Ti isotopes in Ti-oxides during 
fractional crystallization [2]. To evaluate if Ti 
isotopes can be used to trace nebular and magmatic 
processes in meteorites, we have measured the δ49Ti 
values of several chondrites, eucrites and aubrites 
using the protocol of [1]. 

The δ49Ti values of all ordinary and enstatite 
chondrites are indistinguishable within uncertainty, 
ranging from -0.027 ‰ (Bald Mountain, L4) to 
+0.027 ‰ (Blithfield, EL6) with an average of 
+0.004 (n=11). This δ49Ti value is identical to that 
proposed for the BSE [1, 2]. 

Eucrites have fractionated δ49Ti values that are 
both heavier and lighter compared to the chondritic 
average. δ49Ti values are positively correlated with 
indices of magmatic fractionation such as FeO/MgO 
ratios, similar to trends observed in terrestrial 
systems. 

Preliminary results for aubrites indicate strongly 
fractionated δ49Ti values, ranging from around -
0.10 ‰ to +0.25 ‰. The Ti isotope compositions 
correlate negatively with the MgO concentration. 
Core formation and magmatic differentiation on the 
aubrite parent body occurred under extremly low fO2, 
allowing Ti to be present in the Ti3+ and Ti4+ 
oxidation states. Thus, the highly variable δ49Ti in 
aubrites might be caused by crystallization of Ti3+-
rich pyroxene or Ti-bearing sulfides. 

These results demonstrate that Ti isotope 
systematics are a valuable tool in deciphering 
magmatic and crust-mantle differentiation processes 
on planetary bodies. 

[1] Millet, M.A. and Dauphas, N. (2014) JAAS, 
29(8), 1444. [2] Millet, M.A. et al. (in review) Earth 
Planet. Sci. Lett. 
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After nearly seven years in operation, and well 
into its second extended science mission, the Diviner 
Lunar Radiometer (Diviner) continues to reveal the 
extreme nature of the Moon’s thermal environments, 
thermophysical properties, and surface composition. 
This presentation will focus on new observations and 
recent results and will highlight contributions from 
members of the Diviner Science Team addressing a 
diverse range of scientific questions relevant to lunar 
evolution. 

Diviner is the first multispectral thermal infrared 
instrument to globally map the surface of the Moon. 
Diviner was designed to accurately measure 
temperatures across a broad range from midday 
equatorial regions such as the Apollo landing sites 
(around 400K), typical nighttime temperatures of less 
than 100K, and extreme permanent shadowed regions 
colder than 50K. The coldest multiply-shadowed 
polar craters may have temperatures low enough to 
put constraints on lunar heat flow. Nighttime 
temperatures are driven by the thermophysical 
properties of the lunar surface, including rock 
abundance and soil thermal inertia, which are used to 
investigate impact crater and basin formation and 
evolution processes. Multichannel thermal infrared 
spectroscopy can constrain silicate mineralogy, 
including compositional heterogeneity in the lunar 
crust. 

To date, Diviner has acquired observations over 
twelve complete diurnal cycles and six partial 
seasonal cycles. Diviner daytime and nighttime 
observations (12 hour time bins) have essentially 
global coverage, and more than 80% of the surface 
has been measured with at least 7 different local 
times. The spatial resolution during the mapping orbit 
was ~200 m and now ranges from 150 m to 1300 m 
in the current elliptical “frozen” orbit. Calibrated 
Diviner data and global maps of visible brightness 
temperature, bolometric temperature, rock 
abundance, nighttime soil temperature, and silicate 
mineralogy are available through NASA’s Planetary 
Data System (PDS) Geosciences Node. 
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Radiocarbon measurements from foraminifera in 
marine sediment cores are widely used to constrain 
age models and the timing of paleoceanographic 
events, as well as past changes in ocean circulation 
and carbon cycling. However, in order to utilise 
radiocarbon for these purposes a knowledge of the 
surface ocean radiocarbon reservoir age and how it 
varies in both space and time is needed. Typically, to 
convert a planktic radiocarbon age into a calendar 
age, an assumed constant reservoir age is applied. 
However, there is mounting evidence to suggest that 
this assumption of constant reservoir age through 
time is an oversimplification, particularly for the high 
latitude oceans during intervals of rapid climate 
change. Here we present a new high-resolution 
radiocarbon record from ODP Site 983 together with 
230-thorium (230Th) constrained sedimentation rates 
between tie points to improve estimates of 
radiocarbon reservoir age in the Northeast Atlantic 
Ocean. We also use published grain size data to 
evaluate how changing sediment flux could affect the 
utility of 230Th normalisation to calculate 
sedimentation rates. With this new record we explore 
the impact of the calculated reservoir ages for both 
the age model at Site 983, as well as the 
palaeoceanographic implications of these reservoir 
age changes during intervals of rapid climate change 
over the past 40,000 years. 
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How the Earth and the terrestrial bodies of the 
inner solar system received water and volatile 
elements is currently debated.  Hydrogen isotopes 
may distinguish possible solar system reservoirs that 
could have been involved in this process, such as the 
Sun, chondritic meteorites, comets, trans-neptunian 
bodies, Kuiper-belt objects and interstellar organic 
matter1.  While chondritic material has long been 
favored for delivery of water to the Earth2, the role of 
cometary ices cannot be ignored3,4.   

Our studies of Apollo lunar rock samples show 
that there is a high D/H component of lunar hydrogen 
that is commonly carried by apatite5.  We have found 
abundant evidence that this high D/H is likely a lunar 
mantle signature, and that low D/H is likely due to 
later hydrogen isotope exchange with a D-poor 
component in the near lunar surface.  The source of 
the high D/H component could be comets5 or H 
isotope fractionation during the proto-lunar disk 
stage6, magma ocean stage6 or final lava degassing8,9 
of earth or chondritic water. 

The high D/H of apatite, carbonate and glass in 
ancient Martian meteorite ALH 84001 has long been 
ascribed to atmospheric loss processes10-12.  We have 
re-analyzed apatite in ALH 84001 and find apatite 
δD~+2000‰, similar to the most D-enriched glasses 
and carbonate in the 4.0 Ga veins of ALH 8400111,12.  
This is also similar to values of D/H measured by 
Curiosity at Gale Crater in  ~3 Ga clay minerals13, 
suggesting that the Martian surface had a constant δD 
of ~+2000‰ from 3.0-4.0 Ga.  We will explore if 
comets played a role in the high D/H of early Mars. 

 1Robert et al. (2000) Space Sci. Rev. 92, 201; 
2Alexander et al. (2012) Science 337, 721; 3Yurimoto et al. 
(2014) Geochem. J. 48, 549.; 4O’Brien et al. (2014) Icarus 
239, 74; 5Greenwood et al. (2011) Nat. Geosci. 
doi:10.1038/ngeo1050; 6Desch +Taylor (2011) LPSC 42, 
#2005; 7Hauri et al. (2015) EPSL 409, 252; 8Tartese+Anand 
(2013) EPSL 361, 480; 9Saal et al. (2013) ScienceExpress; 
10Greenwood et al. (2008) GRL; 11Boctor et al. (2003) GCA 
67, 3971; 12Sugiura+Hoshino (2000) Met. Planet. Sci. 35, 
373; 13Mahaffey et al., (2015) Science  347, 412.    
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Rapid pressurization due to late-stage volatile 

exsolution is often cited as a triggering mechanism 
for the eruption of shallow magma chambers. The 
relationship between the injection of new melt and 
volatile saturation during periods of prolonged 
crystallization has been illustrated in previous 
geochemical investigations and suggests a link to 
magma chamber pressurization that should be 
observable as ground surface deformation. However, 
there are many examples where eruption occurs 
without precursory deformation signal. As such, 
several critical gaps remain in our understanding of 
how volatile saturation impacts the eruption potential 
of long-lived magma systems, including: how 
pressures build-up and dissipate in time; how the wall 
rock responds to variations in magma reservoir 
volume promoting either storage or eruption; and 
how the resultant volume change due to volatile 
saturation is manifested in surface uplift, if it is at all. 
Thermal mechanical finite element models of an 
evolving magma reservoir are used to conduct a 
series of numerical experiments to test the predicted 
surface uplift and reservoir stability during magma 
injection and volatile saturation due to protracted 
crystallization. Specifically, we present a two-stage 
model that tracks the deformation signal due to the 
injection of new magma into a stable reservoir and 
then tracks the subsequent evolution of the system as 
it cools and becomes volatile saturated. To provide a 
first-order approximation of a complex, multi-phase 
system, an analytical approximation of reservoir 
volume change during volatile exsolution is used. 
Compressibility of the melt and volatile phases are 
estimated to provide end-member approximations for 
volume change. Brittle and ductile failure, as well as 
tensile failure along the reservoir boundary, are 
tracked to estimate reservoir stability as the system 
evolves. Our new approach provides a framework for 
coupling more complex magma chamber models with 
the thermomechanical models in future studies.  
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Trace element contents of whole rock [1] and 

pyrite [2] samples can be used in the reconstruction 
of geochemical conditions of the oceans through 
geologic time. However, currently the compostion of 
ancient pore waters and how they might have evolved 
over time is unknown. This is important because 
processes that occur deep within sediments can be 
essential in controlling paleoclimate and biospheric 
redox, as well as the early evolution of life. Pyrite 
nodules can form over a protracted period during 
diagenesis. We propose that trace element content 
and S isotope variation within nodules can give a 
qualitative understanding of changes in pore water 
trace element content during diagenesis.  

Here we report LA-ICPMS analyses across pyrite 
nodules from the 2629 ±5 Ma Jeerinah Formation, 
Western Australia. The data show distinctly lower 
trace element contents in the rims of the pyrite 
nodule. The coarser grained pyrite in the rims suggest 
they formed later, and a lack of alteration in the 
sample area precludes the possibility that the rims are 
from high T fluids/processes. Therefore, we suggest 
that a significant decrease in trace elements in the 
pore waters occurred during diagensis and that we 
can track those trends and their biogeochemical 
implicatons through time. Of particular interest is the 
two orders of magnitude drop in Ni content. Nickel is 
an important enzymatic cofactor for methanogenic 
bacteria, and a decrease in Ni via diagenetic uptake 
during burial, such as that suggested by the pyrite 
data, could significantly limit the depth at which 
methanogenesis could proceed. This subsurface 
deficiency might have reduced methane availability 
in the Neoarchean biosphere—despite suggestions of 
high seawater Ni and low sulfate that would 
otherwise favor methane production [3].  More 
generally, this technique may provide novel 
perspectives on factors controlling life in the deep 
biosphere. 
 
[1] Tribovillard et al.(2004) Chem. Geol. 213, 385-
401. [2] Gregory et al. (2015) GCA 149, 223-250 [3] 
Konhauser et al. (2009) Nature 458, 750-753. 
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The Iberian Pyrite Belt (IPB) is an extensive 

massive sulfide deposit rich in gold, silver, and 
copper. The deposit has been mined continuously 
since the third millennium BCE, resulting in one of 
the largest accumulations of mining waste in the 
world. We examined the geochemistry and microbial 
communities inhabiting an acidic pit lake at Peña de 
Hierro in the Huelva region, Spain. We found that the 
lake contains four distinct redox-clines and a strong 
oxygen gradient from near saturation at 4 meters 
depth to less than 1 mg/L by 20 m depth. Despite 
large vertical shifts in redox potential and dissolved 
oxygen concentrations, both iron-oxidizing and iron-
reducing taxonomic clades are abundant throughout 
the water column. Planktonic communities could be 
divided into two distinct types  above and below 7 m 
depth. Although no prokaryotic phototrophs were 
identified in gene surveys, the community shift is 
spatially correlated with the disappearance of 
photosynthetically active radiation (PAR), which is 
completely attenuated below 8 m depth. Archaeal 
populations increase in abundance with water depth,  
parallel with decreasing pH and increasing 
conductivity in deeper waters. Sequences 
representing known sulfur cycling taxa were rare in 
all planktonic communities, suggesting that 
prokaryotic primary production in the Peña de Hierro 
pit lake is largely driven by the oxidation and 
reduction of iron.  
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Global warming, attributed to emissions of CO2 

from the Siberian Traps Large Igneous Province 
(STLIP), is widely accepted as explaining the 
environmental changes associated with the Late 
Permian-Triassic mass extinction event and recovery. 
As temperatures and CO2 levels rose, a cascading 
series of warming-related environmental effects, 
including expanding shelf and oceanic anoxia, 
reduced ocean circulation and nutrient influx, have 
been invoked as triggering marine ecosystem collapse 
and controlling the pace and pattern of ecosystem 
recovery. The timing, patterns and magnitude of 
ecological recovery in the marine and terrestrial 
realm during the Early Triassic vary with depositional 
environment, paleolatitude and region. The northern 
extra-tropical regions were key biodiversity hotspots 
during the Early Triassic hothouse, yet there are no 
detailed biogeochemical records spanning the entire 
hothouse interval at these paleolatitudes. We will 
present the first expanded record using a highly 
integrated approach.  
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Oceanic anoxic events (OAEs) are sediments that 

contain high amounts of organic matter deposited 
under oxygen-depleted conditions. Often Concretions 
are often preserved in sediments associated with 
OAEs and can contain encapsulated fossil remains 
(e.g., bones, soft tissue). Concretions formed under 
highly reduced conditions allow for exceptional 
preservation of soft tissue and biomolecules (e.g., 
cholesterol). Concretions were formed over long 
geological time spans, but have never been studied in 
sufficient detail by organic–inorganic approaches that 
we have applied here. With access to concretions 
from several worldwide Lagerstätte locations (e.g., 
Lower Jurassic Posidonia Shale, NW Germany; The 
Devonian Gogo Formation, Western Australia) and 
the surrounding sedimentary shales- organic 
(biomarkers, biomolecules and stable isotopes, 
inorganic geochemistry and morphology) reveal the 
extent of preservation of cholesterol and the entire 
diagenetic continuum as-well as exceptionally well 
preserved cells from sediments deposited under 
photic zone euxinic conditions providing insights into 
the development and evolution of life (including 
highly important cellular remains).   
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Obtaining accurate and precise ages for late 

Quaternary basaltic eruptions by the 40Ar/39Ar method 
is analytically challenging because of the difficulty 
posed by the measurement of very small amounts of 
40Ar*. This is particularly true of Icelandic basalts, 
which are generally highly depleted in K along with 
other incompatible elements. An improved 
chronology for the Icelandic lava succession, 
however, would provide important information on 
secular variations in mantle melting at a mid-ocean 
ridge-centered hotspot, rift relocations, and the timing 
of reversals of the magnetic field with implications 
for the calibration of the Geological Time Scale. 

Here we explore the possibility of 40Ar/39Ar 
dating of incompatible-element enriched pegmatite 
segregations that are commonly developed in low 
viscosity Icelandic pahoehoe lava flows. Inflated 
frontal lobes to these flows attain thicknesses of up to 
15 m and it is here where both vertical and horizontal 
pegmatite segregations may form by processes 
decribed in Sigmarsson et al. [1]. We are in the 
process of characterizing the mineralogy of the 
pegmatite segregations found in a number of 
Icelandic Holocene basaltic shield lava flows on the 
Reykjanes Peninsula, using both a benchtop micro-
XRF and a SEM.  Initial work has revealed the 
presence of small alkali feldspar crystals (< 100 
microns) in the pegmatite segregations, which may 
possibly be amenable to 40Ar/39Ar dating. We will 
present preliminary 40Ar/39Ar results on one of the 
segregations and evaluate the potential usefulness of 
our approach in contributing to an improved 
chronology for Icelandic basaltic volcanism. 
 
[1] O. Sigmarsson et al. (2009) IAVCEI 2, 85-104. 
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Overview: The lunar crust provides a waelth of 
information about the early history and broad-scale 
petrogenesis of the Moon. Based on analyses of 
samples returned by Apollo and Luna missions, the 
current paradigm of the Lunar Magma Ocean (LMO) 
was developed [1], in which the LMO cooled and 
differentiated to a small dense core, an inner mantle, 
and an outer primary crust composed of plagioclase, 
which later was intruded by secondary magmatism 
[1-3]. However, it is now acknowledged that the 
returned Apollo and Luna samples may not represent 
the Moon’s global geological makeup.  

New perspectives: New datasets from 
experimental and computational studies, remote 
sensing of the lunar surface, new gravity data, 
geochronology, geochemistry, and new samples from 
the lunar meteorite collection have tested and built 
upon the foundation of the old lunar formation 
models [e.g., 2,4-10]. Many of the feldspathic 
meteorites contain fragments (clasts and mineral 
debris) of anorthositic rocks that can be divided into 
three distinct groups [6]: 1) 56% of them only contain 
magnesian anorthosites (MAN); 2) 19% of them only 
contain ferroan anorthosites (FAN); and 3) 25% of 
them contain anorthosites that span a coninuous range 
from hyperferroan to highly magnesian. Thus, MAN 
rocktypes seem to be characteristic of many 
feldpathic highland crustal areas [4,7]. However, it is 
currently hard to account for such rock types from the 
traditional LMO model [1, 6].  

We will summarize recent discoveries that 
constrain the old views and alternative lunar magma 
ocean models. These new assessments provide us 
with new views of the complexities of lunar 
evolution.  
 
[1] Wood et al. (1970) Proc. Lunar Sci. Conf. 1, 965-
988 [2] Shearer et al. (2006) Rev. Min. Geochem. 60, 
365-518 [3] Warren & Wasson (1977) Proc. Lunar 
Sci. Conf. 8th 2215-2235 [4] Arai et al. (2008) EPS 
60, 433-444 [5] Borg et al. (2015) MaPS 50, 715-732 
[6] Gross et al. (2014) EPSL 388, 318-328 [7] Takeda 
et al. (2006) EPSL 247, 171-184 [8] Zuber et al. 
(2013) Science 339, 668-671 [9] Elardo et al (2011) 
GCA, 75, 3024-3045 [10] Elkins-Tanton et al. (2011) 
EPSL 304, 326-336. 
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The oxygen isotopic trend for the Phanerozoic 

has been controversial, with low early-Paleozoic δ18O 
interpreted as extreme warmth, low seawater δ18O, or 
greater diagenetic alteration. We compare a 
compilation of oxygen isotope data for carbonate and 
phosphate micro- and macrofossils [1] with a dataset 
of new and existing clumped isotope data. 
Importantly, these data are curated with special 
consideration given to diagenetic screening, and 
tectonic and burial history. Burial history is critical in 
the preservation of carbonate clumped isotope 
temperatures, which can undergo solid-state 
reordering. We use a reordering kinetics model to 
screen clumped isotope data for solid-state burial 
alteration [2]. With minor exception (Late 
Cretaceous, Early Triassic), average δ18O values for 
post-Devonian fossils representing tropical-
subtropical surface ocean conditions yield average 
isotopic temperatures below 30°C (assuming an “ice-
free” seawater δ18O [-1‰ VSMOW]). In contrast, 
Ordovician to Devonian data show sustained isotopic 
temperatures of 35-40°C. Published isotopic 
paleotemperatures from conodont apatite, resistant to 
oxygen exchange, follow the same general pattern. 
Clumped isotope data derived from Paleozoic 
brachiopod shells that experienced minimal burial 
(<100°C) and reordering (<1%) according to our 
model yield typical temperatures of 25-30°C for the 
Carboniferous, and 35-40°C for the Ordovician-
Silurian. Inserting clumped temperatures and δ18O 
values into the 18O paleotemperature equation yields a 
mean seawater δ18O of -0.7 ± 1.4‰ for the 
Phanerozoic. These findings argue for extreme early 
Paleozoic warmth and constant seawater δ18O 
throughout the last ~450 m.y. 

 
[1] Grossman (2012) Geol. Time Scale, Elsevier, 195-
220. [2] Henkes et al. (2014) Geochim. Cosmochim. 
Acta 139, 362-382. 
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To explain the formation of an inverted 

metamorphic sequence we performed a study, which 
combined geothermometry with the 
thermochronology. The data are evaluated trough 
thermokinematic forward and inverse modeling to 
constrain the ranges of important geological 
parameters such as fault slip rates, the location and 
rates of localized crustal accretion, and the thermal 
properties of the crust. The case study was performed 
along a transect across the Lesser Himalayan 
Sequence (LHS) of the eastern Bhutan. The 
geothermometry included the Raman spectroscopy of 
carbonaceous material (RSCM) to determine the peak 
metamorphic temperatures and Ti-in-quartz 
thermobarometry to determine the deformation 
temperatures. The thermal kinematic modeling was 
performed with PECUBE software and as 
thermochronologic constraints we used apatite and 
zircon U-Th/He and fission-track data and 40Ar/39Ar 
dating of muscovite. The spatial pattern of peak 
temperatures across the LHS, acquired by RSCM 
indicates that there are two temperature field 
sequences separated by a major thrust. Internal 
temperature sequence shows an inverted temperature 
field gradient of 12 °C/km; in the external one the 
peak temperatures are same with the structural 
sequence. Thermo-kinematic modeling shows that the 
thermochronologic and thermobarometric data can be 
well fit by a two-stage evolutionary scenario: an 
Early-Middle Miocene phase of overthrusting of a hot 
hanging wall over a downgoing footwall and 
inversion of the synkinematic isotherms, followed by 
the formation of the external duplex developed by 
basal accretion. To reconcile our observations and the 
experimental data we suggest that the pervasive 
ductile deformation within the upper LHS and along 
the Main Central thrust zone at its top stopped at ~11 
Ma when the deformation shifted and focused until 
after ~ 6 Ma within the external duplex. 
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Mercury (Hg) sorption and redox transformation 
affect Hg speciation and thus control the rates of Hg 
uptake and methylation by certain anaerobic bacteria 
such as Geobacter bemidjensis, Geobacter 
sulfurreducens PCA, and its c-cytochrome deletion 
mutant, ΔomcBESTZ. Hg sorption, reduction, 
oxidation, and methylation are found to occur 
simultaneously on these bacterial cells under dark, 
anaerobic conditions. Cells are able to reduce Hg(II) 
at relatively low cell biomass:Hg ratios, but the 
reduction becomes inhibited and Hg oxidation 
commences at increasing cell:Hg ratios due to an 
increased surface complexation between Hg(II) and 
cell sulfhydryl (–SH) functional groups. Complexing 
ligands, such as cysteine and naturally dissolved 
organic matter (DOM), are found to compete with 
cells for Hg binding and decrease Hg sorption and 
methylation initially. Over time, cells appear to 
overcome the competition and resume uptake of Hg, 
leading to enhanced methylation even at a cysteine 
concentration of 1 mM. In contrast, cysteine is found 
to inhibit methylmercury (MeHg) production by the 
ΔomcBESTZ mutant, regardless the cysteine 
concentration and the reaction time. Furthermore, we 
studied the factors affecting MeHg export, sorption 
and distribution in cells, on cell surfaces, and in 
solution by the G. bemidjiensis Bem and G. 
sulfurreducens PCA strains. We found that thiols, 
such as cysteine, can greatly facilitate desorption and 
export of MeHg. These results highlight complex 
interactions among Hg/MeHg, complexing ligands, 
and bacterial cells that are likely important in 
controlling Hg cycling in anoxic water and 
sediments. 
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Soil is one of important resources for human 
beings. With the rapid social economy development, 
urbanization and population growth, lots of heavy 
metal elements exist in various forms in soil by 
physical and chemical pathways. The migration and 
harmful levels of heavy metal elements depend on 
morphology distribution in contaminated soil. 
Addition-ally, the speciation of heavy metals directly 
influence the harmfulness of soil microbial, 
biological activity and crops, as well as ecological 
and environmental quality. Heavy metal availability 
and speciation were researched in soil of Wuming by 
Tessier sequential extraction, of which lead(Pb), 
cadmium (Cd), chromium(Cr) and arsenic(As), 
mercury(Hg) respect-ively, were analyzed using 
Inductively Coupled Plasma Optical Emission 
Spectrometer (ICP-OES) and Atomic Fluo-rescence 
Spectrometer(AFS). 

Here, soil Pb, Cr, As and Hg mainly existed in 
residual form, and Cd in ion-exchangeable speciation. 
It indicates that Pb, Cr, As and Hg with minimum 
activity and toxicity can't be absorbed and utilized by 
plants under normal circum-stances[1]. And Cd is 
easily absorbed by organisms, and has strong 
migratory ability and activity. The contents of avail-
able Cd were 54.88% and 34.11% at Ningwu town 
and Jin-ling town, respectively, the highest content 
among all metal elements that has greater 
environmental harmfulness. The content of available 
Pb was 16.12%, suggesting greater po-tential 
ecological harmfulness because of soil acidification 
at Ningwu town. The activity coefficient and 
migration coeffi-cient of Cd element were the highest 
that achieved 0.54 and 0.45 respectively, showing a 
strong activity, instability and mi-gration capability. 
In conclusion, we should pay more and more 
attentions to availability and speciation of soil Cd and 
Pb.  
 
[1] Kabala C, Singh B R. (2001) Journal of 
Environmental Quality. 2, 485-492. 
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The Boluokenu metallogenic belt of the West 

Tianshan, Xinjiang, is dominant by skarn-porphyry-
hydrothermal vein Fe, Cu, Mo, Pb and Zn 
mineralization system and epithermal-porphyry Au-
polymetallic mineralization system associated with 
intermediate to acidic rocks, which formed during the 
southward subduction of the North Tianshan ocean 
under the Yili plate in the late Paleozoic. The ore-
related intrusions and volcanic-subvolcanic rocks 
were emplaced during late Devonian to early 
Carboniferous. They typically have geochemical 
characteristics of subduction-related arc magmatism. 
Skarn-type Fe-Cu deposits occur at the contact zones 
between intrusive rocks and Ordovician carbonates. 
Porphyry-type Cu-Mo deposits occur at the 
uppermost parts of intrusions and their contact zones 
with Silurian clastic rocks. Vein-type Pb-Zn-Ag 
deposits are normally distal to intrusions and hosted 
by fractured zones in Silurian clastic rocks. The 
epithermal Au deposits, including Axi (low-
sulfidation) and Jinxi-Yiermande (high-sulfidation), 
and Pb-Zn deposits (e.g., Tabei and Tulasu) are 
controlled by fracture zones and the stratigraphic 
horizons with high porosity and permeability in the 
Dahalajunshan volcanic rocks. The porphyry-type Au 
mineralization at Tawuerbieke is controlled by faults 
and fractures in porphyries and associated volcanic 
rocks and was probably overprinted or telescoped by 
epithermal Au mineralization. Isotopic geochemistry 
of S, Pb, C and O indicates that the ore-forming 
materials were derived from magma, magmatic 
hydrothermal fluids and/or the host volcanic-
subvolcanic rocks. The timing of mineralization is 
late Devonian to early Carboniferous, roughly 
coincident with that of the igneous rocks. 
 

The research was funded by the National Natural 
Science Foundation of China under grants of 
41572062 and U1303292. 
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Very large (>50 km3) to super (>450 km3) 
eruptions unambiguously reveal the Earth’s capacity 
to produce and store enormous quantities (>1,000 
km3) of crystal-poor, eruptible magma in the shallow 
crust, which are expelled to the surface in a matter of 
days to months in catastrophic events that have global 
impact. What are the mechanisms whereby the Earth 
produces and collects such giant pools of magma in 
relatively small areas and feed these eruptions? The 
Taupo Volcanic Zone (TVZ, New Zealand) is the 
most active supervolcanic region on Earth. Over the 
last 350 ka, more than 4,000 km3 of magma have 
erupted, predominately during 8 very large eruptions 
(>50 km3 of ejected material in each) concentrated 
over only ~70 ka – a remarkable ‘ignimbrite flare-up. 
We explore the interplay between crustal evolution, 
tectonics, and volcanism during a volcanic flare-up 
using a combination of quartz-feldspar-melt 
equilibration pressures calculated using rhyolite-
MELTS and timescales of quartz crystallization 
obtained from diffusion chronometry. We 
demonstrate that over the course of the flare-up, 
crystallization depths became progressively 
shallower, showing the gradual conditioning of the 
crust. Yet, crystallization times were invariably very 
short (<100 years), demonstrating that very large 
reservoirs of eruptible magma were transient crustal 
features. We conclude that the dynamic nature of the 
TVZ crust favored magma eruption over storage. 
Episodic tapping of eruptible magmas likely 
prevented a supereruption. Instead, multiple very 
large bodies of eruptible magma were assembled and 
erupted in decadal timescales.  
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Limestones JA-4, JA-5, JX-8 and BG-12 were 
collected from Southwestern Taiwan. Those 
limestones were supposed to form in anaerobic 
oxidization of methane (AOM), but the 
biogeochemical processes that occurred during the 
limestone precipitations are need to be confirmed, the 
sources of carbon and organic matter are still unclear. 
Here, a molecular and isotopic investigation of 
limestones was conducted to determine the 
biogeochemical processes, the sources of carbon and 
the organic matter. Lipid biomarkers diagnostic for 
AOM with 13C-depletion (as low as -109.8) were 
found in samples JA-4, JA-5 and JX-8, suggesting 
that those limestones were resulted from AOM and a 
significant input of biogenic methane. There are no 
characteristic lipid biomarkers for methanotrophic 
archaea in limestone BG-12, the short-chain and 
long-chain n-alkanes account for 30% and 45% of all 
hydrocarbons, respectively with CPI of 1.2 and Pr/Ph 
index of 2.5, which suggested that the n-alkanes 
mainly derived from leaf waxes of higher plants, and 
the limestone BG-12 formed at a suboxic condition. 
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Nanostructural HAP particles with a high surface 
area would be more desirable for their use in many 
fields8', e.g. HAP exists as nanorods in the bone. 
Hydrothermal reaction is a green and conventional 
method to prepare HAP materials, but usually with 
poor control on particle size and shape. 

 In the work, Hydroxyapatite (HAP) 
nanoparticles with uniform morphologies and 
controllable size have been synthesized successfully 
by molecular template hydrothermal approach. The 
organic alcohols including ethanol, glycol, glycerol 
and butanol are used as templates to regulate the 
nucleation and crystal growth.  The synthesized 
powders were characterized using X-ray diffraction, 
Fourier infrared spectrum and transmission electron 
microscopy. The results show that the obtained HAP 
particles are uniform rod-like crystals，and the 
template molecular structures have significant effect 
on the morphology and size of HAP particles. The 
template molecules with longer hydrophobic alkyl 
chains favor the HAP crystal growth along c axis of 
nanorods, resulting in a larger length and aspect ratio, 
the shorter hydrophobic alkyl chains or more 
hydroxyl groups are favor of rod-like HAP crystal 
growth along a axis of nanorods with smaller aspect 
ratio and shorter length. Compared with the 
concentration of template molecules, the template 
molecular structure shows larger influence on 
controlling the HAP morphology and size. 
Furthermore, the formation mechanism of these rod-
like HAP particles prepared by alkyl 
alcohol templates is discussed. Moreover, 
hydrothermal treatment temperature and time can be 
also used for controlled preparation of HAP 
nanoparticles. 

This work was financially supported by the 
Natural Science Foundation of China (Nos. 21171034 
and 21271040). 
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Increasing evidence suggests that the 

mobilization and redox state of arsenic in 
environments can be strongly influenced by microbial 
activity. Archaea and bacteria use multiple genes to 
carry out aerobic and anaerobic arsenite oxidation 
and arsenate reduction, both for energy aquisition and 
detoxification. Hydrothermal vents enriched in 
arsenic have been shown to host these arsenic-
transforming microbes, and 16S data indicate that the 
vents at Paleochori Bay (Milos Island, South Aegean 
Sea, Greece) are no exception. The vent fluid 
expelled at Paleochori is hot (~70oC) and acidic 
(pH~4), indicating a highly altered source that 
diffuses vertically and horizontally through the 
overlying sediment. The complex geochemical 
pattern shows that the profile is affected not only by 
seawater dilution and fluid convection but also by 
microbial regulation. Many of the 16S sequences are 
related to known arsenic, iron and sulfur-
transforming microbes. 16S data reflect the effects of 
submarine venting on sediment microbial 
communities, both vertically and horizontally in the 
predicted fluid flow path, and they provide the most 
comprehensive investigation of genetic potential for 
biogeochemical cycling of As-Fe-S. Metagenomic 
analysis of sediment-hosted communities at this site 
suggest insight into microbially mediated 
biogeochemical cycling, including the presence of 
genes that encode proteins involved in arsenite 
oxidation and arsenate reduction, sulfur and iron 
metabolisms, and autotrophic carbon fixation. The 
active hydrothermal emissions in Milos support 
complex microbial communities and functional 
metabolic capabilities. Combined microbiological 
and geochemical analyses are fundamental in 
providing insight into the functioning of the 
biogeochemical cycle in this dynamic systems.   
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Pharmaceutically Active Compounds (PhACs) 

are among the most concentrated and frequently 
detected organic micropollutants in both waste and 
natural waters, and are recognized to have significant 
toxic actions on numerous ecosystems. The 
understanding of both the dynamics of PhACs and 
their association with mineral phases in the 
environment is of first importance to apprehend their 
pollution in water resources. Among the mineral 
phases in suspension, clay minerals show reactive 
surfaces, which are frequently associated to PhACs. 
These adsorbents and their chemically modified 
organoclay derivatives with the use of surfactants 
show impressive adsorption properties for numerous 
organic pollutants and PhACs. 

In this present contribution, novel organoclays 
were synthesized by using alkylpoly(ethylene oxide) 
nonionic surfactants, characterized by self-assembled 
phases. The successful intercalation of the nonionic 
surfactants within the internal clay mineral structure 
enlarges its interlayer space and points out the close 
relationship between the surfactant state in aqueous 
solution and its aggregates on the mineral surface. 
Moreover, the adsorption data obtained by a set of 
complementary techniques reveal that, unlike 
conventional organoclays prepared by cationic 
surfactants or raw clay mineral, composite layered 
material made of nonionic surfactant represent the 
most polyvalent material for the adsorption of a wide 
range of PhACs showing different chemical nature. 
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High-pressure hydrous minerals are known to 
play an important role in the transfer of volatiles and 
fluid mobile elements from the subducted lithosphere 
to the mantle wedge in subduction zones, as well as 
in arc magma genesis. Hydrous mineral formation 
(e.g. chlorite and serpentine) at pressure and 
temperature conditions corresponding to the slab-
mantle interface is observed in experimental studies 
but has not yet been verified in natural high-pressure 
orogenic peridotites. However, there are few 
definitive tools to distinguish prograde high-pressure 
hydrous minerals from those formed during 
exhumation, aside from petrographic textrual studies. 
Here we investigate the utility of boron isotopes as a 
proxy for the depth of chlorite formation. The chlorite 
in this study is from ultramafic lithologies thought to 
represent an exhumed slab-mantle wedge interface, 
the Higashi-Akaishi (HA) peridotite body of the 
Sanbagawa metamorphic belt in southwest Japan. 
Garnet-orthopyroxene Al-barometry reveals garnet 
pyroxenites from the HA record a range of pressures 
and temperatures from 1.2-2.8 GPa, 581-744ºC  
according to our estimates. Secondary ion mass 
spectrometry of chlorite found in textural 
equilibirium with pyroxene and garnet overall record 
very light boron isotopic values (avg: −14.5±3.9‰) 
and relatively low boron concentrations (avg: 3.1 
μg/g). Orthopyroxene and garnet adjacent to chlorite 
with a boron isotopic composition of −7.1±1.0‰ 
yield a pressure estimate of 2.0 GPa, while those 
adjacent to a chlorite with a δ11B value of 
−20.7±2.9‰ record pressures of 2.6 GPa. These 
preliminary data suggest that boron isotopes show 
promise for quantitative determination of depth of 
hydrous mineral formation.  
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The global Zn cycle at the Earth’s surface is 

today well described [1]. Its is strongly impacted by 
interactions with biological and/or mineral 
constituents and unfortunately, mechanisms that 
control these interactions and consequently Zn 
transport in ecosystems like soils or rivers remain 
poorly documented. 

This study describes the Zn behaviour along the 
Negro River, the 7th world river according to its 
discharge. Its high amount of organic matter, its 
acidic pH and the highly weathered soils on which it 
runs make the Rio Negro a perfect candidate to 
examine Zn interactions and transport across an entire 
basin. To trace sources [2] and/or chemical processes 
[3,4] we have analyzed Zn isotope compositions, in 
river particles and colloids (5kDa-0.2 µm) from the 
Rio Negro and tributaries as well as in soil profiles 
during two hydrological periods. Two distinct Zn 
dynamic are observed. 

A/ In colloids, a constant δ66Zn signature in time 
and throughout the basin (0.15±0.05 ‰), reveals a 
lack of fractionation during Zn complexation on 
organic colloids whatever their origin. 

B/ In river particles, the δ66Zn signature is more 
variable and can reflect a mixing between: 1) waters 
draining podzol with a similar δ66Zn than in colloids 
due to the organic nature of the particles. 2) lateritic 
outputs providing light δ66Zn (-0.3±0.1 ‰) and 
inherited from crystalline Zn found in kaolinite clay 
derived from laterites. 

So, in the basin, Zn isotopes prove that altered 
soils are the direct Zn suppliers in the Negro River. 
As most of the Zn is transferred as organic colloids 
(95%), and independently of distinct weathering 
conditions, podzol and laterites provide a Zn colloidal 
material fairly constant in terms of concentration and 
Zn isotopic signature to the Amazon River. 
 
[1] Rauch et al. (2009) Glob. Biogeochem. Cy, 23(2), 
[2] Chen et al. (2008) ES&T, 42(17), [3] Jouvin et al. 
(2009) ES&T, 43(15), [4] Guinoiseau et al. (2016) 
ES&T, 50(4). 
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 The Archean-aged Western Dharwar craton 
(WDC; Southern India) has been studied extensively 
because it contains typical granite-greenstone 
associations, and displays a conformable crustal 
section from North to South. WDC’s oldest known 
lithologies are the 3352±110-Ma Sargur komatiites 
[1], and the 3342±6-Ma Hassan-Gorur TTG gneiss 
[2,3], although some detrital zircons with ages up to 
3450-3610 Ma have also been identified [e.g., 4,5]. 
The metasediments these zircons have been extracted 
from have depositional ages ranging from ca. 2100 to 
ca. 3100 Ma. Therefore, it is possible that the oldest 
detrital zircons originated from terranes accreted to 
an already formed WDC and do not necessarily 
represent the environment of WDC’s early growth. In 
order to bring some constraints on this issue, we have 
conducted a survey of WDC’s basement gneisses 
around the Holenarsipur schist belt. We will present 
zircon U-Pb ages coupled with Lu-Hf isotope data for 
a granitic and a granodioritic gneiss, as well as for a 
Bt-rich enclave found within the latter.  

 Zircons from the granitic gneiss form a 
simple population that indicates a crystallization age 
of 3411±4 Ma. Zircons from the granodioritic sample 
define two distinct populations based on Th/U ratios, 
internal structures, and U-Pb ages. We interpret this 
rock to have crystallized 3178±10 My ago, and to 
contain a significant number of inherited zircons, 
with ages up to 3455±24 Ma. The Bt-rich enclave 
yielded two zircons dated at 3499±29 and 3607±16 
Ma.  

 Our new results reveal the presence of crust 
older than ca. 3340 Ma in the WDC igneous record, 
which hence indicates that pre-existing continental 
crust likely played a role in the early growth of the 
WDC. The sources involved in this early growth will 
be discussed at the conference on the basis of the Hf 
isotope data.  
 
[1] Jayananda et al. (2008), Precam. Res. 162; [2] 
Beckinsale et al. (1980), Nature 283; [3] Jayananda et 
al. (2015), Precam. Res. 268; [4] Nutman et al. 
(1992), J. Geol. Soc. Ind. 39; [5] Lancaster et al. 
(2015), Gondw. Res. 28. 
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Zinc oxide (ZnO) nanoparticles (NP) in 

sunscreens provide protection against UV exposure. 
Most dermal penetration studies of NP concluded that 
the NP reside near the surface of the skin. Using a  
68Zn isotope (>99%) and MC-ICP-MS we detected 
small increases of 68Zn in the blood of human females 
following dermal and UV exposure over 5 days to a 
sunscreen containing 68ZnO NP (~30nm) compared 
with a sunscreen with larger 68ZnO particles 
(~100nm) ([1,2]. There was no difference in 68Zn 
concentrations in the blood of males exposed to either 
sunscreen. The overwhelming majority of applied 
68Zn was not absorbed, although blood and urine 
samples from all subjects exhibited small increases in 
levels of tracer 68Zn. The amount of tracer detected in 
blood after the 5-day application period was 
~1/1000th that of total Zn in the blood compartment. 
Tracer levels in blood continued to increase beyond 
the 5-day application phase in contrast to those in 
urine. In an earlier pilot study over 5 days of 3 adults 
with minimal UV exposure, employing 68ZnO 
enriched to only 51% in a different formulation, small 
increases in 68ZnO in blood were also detected [3]. A 
follow up investigation using the same samples and 
methods was carried out at Imperial College. There 
was excellent agreement between the data sets from 
the 2 laboratories [4]. 
 
[1] Gulson & Wong (2006), Environ. Health 
Perspect., 114, 1486-1488. [2] Gulson, McCall, 
Korsch, Gomez, Casey, Oytam, Taylor, McCulloch, 
Trotter, Kinsley, & Greenoak (2010), Toxicol Sci, 
118, 140-149. [3] Gulson,Wong, Korsch, Gomez, 
Casey, McCulloch, Trotter, Stauber, &  Greenoak 
(2012), Science Total Environ, 20, 313-318.[4]  
Larner, Gulson, McCall, Oytam, Rehkamper (2014), 
J Anal At Spectrom. 29, 471-477. 
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The Tumanpınarı mineralization is a volcanic 

rock-hosted hydrothermal deposit located in 35 km 
west of Dursunbey, Balıkesir.  The deposit constitutes 
one of the most important deposits of the Havran-
Dursunbey metallogenic sub-province in which 
numerous Early Miocene Fe-Mn-Ba deposits are 
distributed. The geology of the study area consists 
mainly of andesite that form a part of the West 
Anatolian calc-alkaline volcanism of Miocene age. 
The Mn-Fe-Ba deposits in the Dursunbey area 
associated with andesite. These rocks display a large 
variation of K2O from approximately 2 % to 6 %. 
SiO2 content ranges between 55 % and 63 %. These 
chemical results signify a high-K calc-alkaline 
spectrum. Early hydrothermal activity was 
responsible for three types of hypogene alteration in 
decreasing intensity: silicification, hematization and 
argillic alteration. The ore stage clearly postdates 
hydrothermal alteration, as indicated by the 
occurrence of ore minerals in vuggy cavities and 
fractures in silica bodies. The mineral assemblage 
includes pyrolusite, psilomelane, barite, hematite, and 
magnetite as well as minor manganite, poliannite, 
braunite, bixbyite, pyrite, limonite, and goethite. 
Mineralogical, it was recognized three ore types as 
dominant pyrolusite ore, pyrolusite + psilomelane 
ore, and psilomelane + hematite + barite+ limonite 
ore with pyrolusite. High As, Pb, Zn contents of the 
ore seem to be an important geochemical 
characteristic of the Tumanpınarı deposits. Average δ 
34S values for barite are  2,92 and 6,24 o/oo, 
respectively, suggesting an igneous source for both 
the sulphur and metals. Fluid inclusions in main-stage 
quartz and barite homogenize at 134o  to 417 oC with 
salinities ranging from 1.3 to 21,2 eq. wt % NaCl. 
The deposits formed during the interaction of two 
aqueous fluids: a higher-salinity fluid (probably 
magmatic) and a dilute meteoric fluid.  
 



Goldschmidt Conference Abstracts 

 

1009 

High-Resolution Quantitative 
LA-ICP-TOFMS Imaging 

ALEXANDER GUNDLACH-GRAHAM1, MARCEL 
BURGER1, GUNNAR SCHWARZ1, BODO 

HATTENDORF1, PAOLO S. GAROFALO2, DETLEF 
GÜNTHER1 

1ETH Zurich, Department for Chemsitry and Applied 
Biosciences, Vladimir Prelog Weg 1, CH-8093 

Zurich,  
(graham@inorg.chem.ethz.ch, 

burger@inorg.chem.ethz.ch,  
schwarz@inorg.chem.ethz.ch, 

bodo@inorg.chem.ethz.ch,  
guenther@inorg.chem.ethz.ch)  

2Univerisity of Bologna, Department of Biological,  
Geological and Environmental Sciences,  Piazza di 

Porta 
S.Donato 1, Bologna, Italy 
(paolo.garofalo@unibo.it) 
 

In this presentation, we describe advances in laser 
ablation (LA) inductively coupled plasma time-of-
flight mass spectrometry (ICP-TOFMS). In 
particular, recently developed low-dispersion LA 
cells have been shown to provide transfer of ablated 
aerosol within 10 ms. This fast aerosol transport 
minimizes the dilution of ablated aerosol, which leads 
to high instantaneous concentration of analyte in the 
ICP and improved signal-to-noise (S/N) ratios. When 
low-dispersion LA is combined with ICP-TOFMS 
instrumentation, a complete elemental mass spectrum 
can be measured for each LA shot. This technology 
enables shot-resolved elemental imaging at LA 
frequencies that are typical of continuous (steady-
state) LA-ICPMS. The speed and sensitivity now 
available with LA-ICP-TOFMS instrumentation 
enable the use of smaller LA spot sizes for improved 
spatial resolution without worsening time-of-analysis 
or multi-elemental measurement capabilities.   

We have developed a two-volume LA cell (“tube 
cell”) that delivers complete ablated aerosol transport 
to the ICP-TOFMS in less than 10 ms.  This cell is 
designed to allow elemental imaging of large samples 
(up to 50 x 75 mm) in at laser repetition rates >20 Hz.  
With this setup, we have achieved single-shot 
absolute detection limits down to 60 attograms (238U); 
this sensitivity enables the simultaneous detection of 
major, minor, and even some trace elements at LA 
spot diameters down to 1 µm with minimal sample 
consumption. Here, we describe the performance of 
our LA-ICP-TOFMS imaging setup and its 
application to the high-spatial-resolution, quantitative 
elemental imaging of heterogenous geological 
samples, including meteorite specimens and rock thin 
sections.  
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Selenium can be toxicant with high 

concentrations in aqueous solutions. 79Se isotope is 
also one of the radionuclide present in high-level 
nuclear wastes with long half life periods. Because of 
negative surface charge of  most minerals in earth 
crust. Selenate is quite mobile in ground waters. 

Ettringite (Ca6Al2(SO4)3(OH)12·26H2O)is known 
as one of products formed in an early stage during 
hydration of Portland cement and can also occur 
naturally. The structure of ettringite consisting of 
column parts with {Ca6[Al(OH)6]2･24H2O]} 6+and 
channel parts including tetrahedral SO4

2- and H2O. It 
has been reported that Ca2+, Al3+ and SO4

2- can be 
replaced with nuclide species. Selenate can also be 
partly and fully substituted with sulfate. 

In the present work, we have investigated on 
immobilization of selenate by co-precipitation with 
ettringite. resulting in different types of ettringite by 
mixing stoichiometric amounts of Ca(OH)2 and 
Al2(SO4)3, AlCl3 with Na2SeO4 in ultrapure water. 
Using Ca(OH)2 and AlCl3 as Ca and Al sources, 
selenate was substituted with sulfate in ettringite, 
providing the highest concentration of Se in the solid 
residues. The potential stability of selenate-
substituted ettringite has been assessed by exposing 
in aqueous solution under the different pHs. It was 
found that more than 90% of selenate was 
immobilized in the structure of ettringite under the 
initial pH value from 5 to 11.This suggests that 
selenate can be effectively immobilized in the 
structure of ettringite in wide range of pH.  
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Multicomponent diffusion in natural silicate 
melts plays an essential role in mass transport, such 
as mixing and contamination of magmas, double-
diffusive convection, and mineral growth or 
dissolution in a magma. The often-observed uphill 
diffusion profiles require a multicomponent diffusion 
treatment, which is not available yet. In this report, 
we investigate multicomponent diffusion in a 
haplobasaltic melt. 

Ten successful diffusion couple experiments were 
conducted in a 7-component haplobasaltic melt SiO2-
TiO2-Al2O3-MgO-CaO-Na2O-K2O (with average 
compositions SiO2~50wt%, TiO2~1.5wt%, 
Al2O3~15wt%, MgO~10wt%, CaO~19wt%, 
Na2O~3wt%, K2O~1.5%) at ~1500 °C and 1 GPa. In 
six experiments, the initial concentration gradients 
are in SiO2 vs. every other component, plus four 
experiments with initial concentration gradients in 
TiO2-MgO, Al2O3-MgO, MgO-CaO, and CaO-Na2O. 
After each experiment, at least two traverses were 
measured for concentration profiles. Effective binary 
diffusion coefficients (EBDCs) were fit by an error 
function for components with monotonic profiles. It 
shows that the EBDCs are dependent on its counter-
diffusing component. For example, the EBDC of 
SiO2 varies from 15.7 µm2/s when diffusing with 
Al2O3, to 102.9 µm2/s when diffusing with K2O. 
Multicomponent diffusion matrix was obtained by 
fitting simultaneously concentration profiles of all 
components in all ten experiments, as well as a subset 
of the experiments (six experiments). The resulting 
diffusion matrices are similar. Most features, for 
example the uphill diffusion profiles, are well 
captured by the fit, using a single diffusion matrix. 
The eigenvalues of the diffusion matrix range from 
16.5 to 310 µm2/s, and the eigenvectors of the 
diffusion matrix were examined when the dependent 
component is varied. The results show that the 
smallest eigenvalue is largely due to the exchange of 
Si and Al, and the largest eigenvalue is due to the 
exchange of Na with all other components. In order 
to test the validity of this diffusion matrix, an 
anorthite dissolution experiment was conducted in the 
same melt, and the calculated profiles in the melt 
match fairly well with the measured profiles. 
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The Dabaoshan Mine is a multi-metallic mine 
located in southeast China. The acid mine drainage 
(AMD) produced from this mine area is characterized 
by a relatively low pH (<3.0), high concentrations of 
SO4

2- (>2000 mg/L) and Fe3+ (>300 mg/L), and a 
number of heavy metals, which severely impacts 
on aquatic ecosystems and degrades the quality of 
surface water downstream. In this study, water, 
sediment and soil samples along the AMD-
contaminated watershed were collected for 
geochemical, mineralogical and microbiological 
analyses. Results revealed a spatial gradient change 
of physico-chemical conditions and mineral 
composition along the watershed. High-throughput 
Illumina Miseq sequencing further showed that a 
wide array of microorganisms survived and thrived, 
and a shift in microbial community composition was 
linked to the  spatial gradient of physico-chemical 
conditions. In particular, a number of Fe- and S-
metabolizing bacteria related to Fe and S 
biogeochemical cycling were found, including FeOB 
(Acidithiobacillus, Gallionella, Leptospirillum and 
Ferroplasma), FeRB (e.g., Acidiphilium, Geobacter 
and Geothrix), SOB (Acidithiobacillus,Thiomonas 
and Sulfolobus), and SRB (Clostridium and 
Desulfosporosinus), Higher abundance of 
acidobacteria (33.5%) were also detected in the 
paddy soil along the AMD-affected watershed. 
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The fundamental knowledge about hygroscopic 

properties of aerosols is of primary importance for 
modeling of the cloud droplet formation processes. 
Various types of aerosols (i.e. mineral/soil dust, 
insoluble organics, water soluble nitrates, sulfates and 
organics, black carbon and sea salt) are present in the 
atmosphere, in which complex chemical reactions 
take place and give rise to the chemical and 
morphological heterogeneity within individual 
aerosol particles. Therefore, it is necessary to 
investigate individually the hygroscopic properties of 
single aerosol particles as a function of its chemical 
compositions and heterogeneity. Using the laser 
trapping technique, metastable liquid state such as 
supercooled or supersaturated water droplets can be 
stably observed [1, 2]. Therefore, the laser trapping 
technique is a powerful means to study on the 
hygroscopicity of aerosol particles. In this study, we 
demonstrate a novel approach for in situ observation 
of the efflorescence and deliquescence processes of 
single aerosol particles levitated in air by means of a 
laser trapping technique. 

Single micrometer-sized aqueous droplets 
containing NaCl and NaNO3 were levitated in air by a 
focused 532 nm laser beam from a CW-Nd:YVO4 
laser introduced to an inverted optical microscope 
through an objective lens (×100, NA = 1.30). 
Chemical composition of individual droplets were 
determined by Raman spectroscopy. After trapping 
the droplets, the efflorescence and deliquescence 
processes of the droplets levitated in air were 
successfully observed by changing relative humidity 
(RH) of the surrounding gas phase. 
 
[1] S. Ishizaka, et al.(2011) Chem. Phys. Lett. 506, 
117-121. [2] S. Ishizaka, et al. (2014) Anal. Sci. 30, 
1075-1079. 



Goldschmidt Conference Abstracts 

 

1014 

Formation and destruction of a 
thickened lower continental 

crust: Evidence from the 
southeastern North China 

Craton 
JING-LIANG GUO*1, SHAN GAO1, WEN-LIANG XU2, 

PENG-YUAN HAN1, ZONG-QI ZOU1 
1 State Key Laboratory of Geological Processes and 

Mineral Resources, School of Earth Sciences, 
China University of Geosciences, Wuhan 
430074, China (J.L. Guo: jl.guo@cug.edu.cn) 

2 College of Earth Sciences, Jilin University, 
Changchun 130061, China 

 
Delamination of the dense arc root may have 

played a crucial role in cultivating the andesitic 
chemical composition of the continental crust as well 
as the continental MOHO[1]. However, possible 
delamination processes at the root of continental crust 
is still much less understood. A rare suite of lower 
crustal xenoliths (e.g., eclogites, garnet 
clinopyroxenites and garnet granulites) reported from 
the Xu–Huai region, southeastern North China Craton 
(NCC), have been suggested to represent an ancient 
dense lower continental crust, which was possibly 
foundered and recycled back into the mantle during 
the Mesozoic[2,3]. Nevertheless, it is still unclear the 
nature of this dense lower crust as well as when and 
how it was formed and delaminated. 

We carried out a detailed petrological, 
geochronological and geochemical study of the Xu–
Huai xenoliths. The results suggest that although 
these xenoliths were overprinted by Paleoproterozoic 
and/or Triassic high-grade metamorphism (up to 
high-pressure granulite- or eclogite-facies), the 
majority of them may still represent ancient igneous 
arc cumulates, with mineralogy and chemical 
compositions similar to those from the lowermost 
part of the Kohistan arc, Pakistan. Thus, the 
thickened lower continental crust in the southeastern 
NCC may have formed much earlier than we thought. 
The foundering of such a dense lower crust must have 
occurred in the Jurassic–Cretaceous in order to 
explain the present-day seismic velocity structure 
characterized by a sharp Moho, overall slow 
velocities in the lower crust, and a thin crustal 
thickness in the Xu–Huai area and other parts of the 
eastern NCC. We also suggest that the Jurassic–
Cretaceous foundering was related to the Pacific 
subduction, which provided the heat and water 
required for the growth of density instability in the 
lower continental crust. 

 
[1] Jagoutz, O., Behn, M.D., 2013. Nature 504, 131-
134. 
[2] Gao, S., et al., 2004. Nature 432, 892-897. 
[3] Xu, W.L., et al., 2006. Geology 34, 721-724. 
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Water samples were collected from southwestern 
Lake Michigan along a trophic gradient from the 
Milwaukee River estuary to open lake stations to 
examine variations in the abundance, composition 
and size spectra of dissolved organic matter (DOM) 
across the river-lake interface.  Ultrafiltration, UV- 
and fluorescence-spectroscopy, and flow field-flow 
fractionation (FlFFF) coupled online with UV-
absorbance and fluorescence detectors and offline 
with EEMs were used for the characterization of 
DOM.  Similar to absorption coefficient, 
concentrations of DOC decreased from 767±219 µM 
in mesotrophic Milwaukee River harbor to 152±6 
µM-C in oligotrophic open lake water.  Within the 
bulk DOC pool, the >1 kDa colloidal organic carbon 
comprised up to 71% in river water and decreased to 
52% in open lake water.  Four major fluorescent 
DOM components were identified, including three 
humic-like (C1, C3, C4) and one protein-like (C2) 
DOM components, with increasing C2/C1 ratio from 
river to open lake.  Chromophoric and humic-like 
DOM were mostly (>70%) partitioned in the 0.5-4 
nm size range, while the protein-like DOM was 
partitioned not only at the 0.5-4 nm size range but 
also at the 4-8 and >30 nm size ranges. Similar to the 
bulk DOM, the relative abundance of fluorescent 
humic-like colloidal organic matter decreased from 
river to lake waters and from surface to deep waters, 
while the abundance of protein-like COM increased 
slightly from river to lake waters. The relative 
abundance of larger sized protein-like DOM 
increased from surface to deep waters, likely 
resulting from the preferential degradation of smaller 
sized DOM or the production of larger sized DOM 
from benthic biogeochemical processes. Overall, 
there existed a dynamic change in the abundance, 
composition and size spectra of DOM across the rive-
lake interface and from surface to deep waters in 
Lake Michigan.  
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Deep saline aquifers are the most vastly available 
storage for anthropogenic carbon dioxide in terms of 
storage capacity. Although regulation requires no 
pressure-induced fracturing could take place, one of 
the two major types of sedimentary host rocks, 
sandstone formations, is generally associated with 
naturally existing fractures due to deformation or 
physical diagenesis. We have developed a 
compositional geochemical simulator, named 
Advanced Reactive Transport simulator (ARTs), 
based on control volume finite element discretization 
method and provides capabilities of simulating 
multiphase flow, transport and reactions in fractured 
medium in a fully coupled manner. Fractures add 
more complexity to all nonlinearly coupled processes. 
Control volume finite element method combines the 
physical intuition of control volume methods with the 
geometric flexibility of finite element methods. 
Discrete fracture network (DFN) modeling is 
implemented to explicitly describe the fracture 
locations and properties. Aqueous equilibrium 
reactions and kinetic mineral dissolution/precipitation 
reactions can be included. The global nonlinear 
equations are solved using Newton-Raphson method. 
The simulator is verified against analytical solution 
(flow in fractured medium without reactions) and 
widely used reactive transport simulator 
TOUGHREACT. Iron output from dissolution of 
iron-bearing minerals in sandstone formations has 
important implications on carbonate mineral 
formation downstream of injection well. The 
simulator is then applied to a synthetic case where 
supercritical CO2 is injected into a sandstone 
formation with an artificial fracture network. 
Mineralogy of iron-bearing BereaTM sandstone is 
applied. Fracture effect on CO2 migration and the fate 
of iron is investigated in this study. 
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Environmental and ecological problems in 
Beijing lakes have been serious. For this study we 
collected the surface sediments of 12 lakes and 2 lake 
sediment profiles in urban Beijing between 2012 and 
2013. We analysed the isotopic composition of 
organic carbon (δ13Corg) and organic nitrogen 
(δ15Norg) as well as the carbon and nitrogen ratios, 
total organic carbon (TOC) and total organic nitrogen 
contents (TON) in order to trace the sources and 
migration processes of the investigated compounds in 
the lake sediments. The results show higher contents 
of carbon and nitrogen in the surface sediments as 
well as in the sediment cores from lakes in the city 
centre and in the industrial area compared with lakes 
from the margin of Beijing. This implies that these 
lakes have been affected by urban pollution in the 
highly industrialized areas indicated by a higher level 
of initial productivity and nutrients, which increases 
the risk for eutrophication. The differences in 
productivity, nutrient level and organic matter source 
among the investigated lakes resulted from their 
geographical location and urban pollutions. 
Consequently, the results of this combined 
geochemical and carbon and nitrogen stable isotope 
study point to a critical status of the sediments in 
Beijing lakes, affected by the rapid growth of the city 
in the past decades. 

Acknowledgements: The research was financially 
supported by the National Basic Research Program of 
China (973 Program) (No.2014CB238906), Project of 
Chinese Academy of Sciences (No. XDB15020401) 
and the Feature Institute Program of the Chinese 
Academy of Sciences 
(Comprehensive Technical Scheme and Integrated 
Demonstration for Remediation of Soil and 
Groundwater in Typical Area). 
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Introduction 

In this research, spatial variation and pollution 
sources of shallow high-fluorine groundwater in 
Lower Liaohe River plain were evaluated by the 
means of multivariable statistical analysis. The 
hydrogeochemical behavior and the high-fluorine 
grounwater zones were analysed and obtained in a 
small-scale coastal area in this plain. 
Results 

The results indicate that the distribution of F-  in 
shallow groundwater is obviously diverse in the 
whole area with high spatial autocorrelation and low 
spatial randomness. The high-fluorine groundwater 
area is mainly located at high HCO3

- concentration 
region and has little proportional relation with Ca2+ 
affected by the solubility product. The high 
concentration of F- was derived from the local 
fluorine ore and soil. The fluoride contaminant 
transferred with the swift groundwater runoff and 
enriched under the condition of slow groundwater 
runoff and strong vertical evaporation condition. The 
evaporation and concentration effect, seawater 
intrusion and agriculture pollution has a little  
influence on the high-fluorine groundwater. 

According to the groundwater components 
balance calculation and calcite mineral saturation 
index in the small-scale area, the saturation index 
increases from negative value representing dissolved 
state in the northwestern part to the positive value of 
enrichment state benefiting for CaCO3 precipitate in 
the southeastern part. It reveals that the calcite 
controls the geochemistry evolutionary process in this 
region. Combination with the characteristic of 
groundwater flow, the solution and transfer zone of 
high-fluorine groundwater is located around BeiNing 
City and LingHai City in the northern area and the 
transfer and enriching zone is in the southern area.  
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A series of enclosed paleo-lakes occurred in the 
upper and middle reaches of the Huanghe (Yellow 
River) during the late Cenozoic, and the San-Men 
paleo-lake was one of the largest and latest ones. The 
development and outburst of San-Men paleo-lake as 
one of the most important events for the Huanghe 
river evolution, might have played an important role 
in shaping the geomorphology and constraining 
sediment source-to-sink process in the North China 
plain and surrounding Bohai and Yellow Seas.  

Here we present U and Nd isotopes of core 
sediments from CSDP-1 in the central south Yellow 
Sea in order to examine the infleucne of this lake 
burst event on sedimentation in the marginal seas. 
The U-series isotope (234U/238U) provides a way to 
determine the time scale of sediment source-to-sink 
process, defined as sediment “transport time”, while 
the Nd isotope (εNd) of detrial sediments can trace 
the sediment provenance. Calculated sediment 
“transport times” in core CSDP-1 vary from 200 to 
600 ky, displaying an abrupt increase at the depth of 
30 m (at about 0.26 Ma, coinciding with the 
beginning of rapid loess deposition at Mangshan 
section). This layer with extreamly long sediment 
“transport time” is also characterized by strikingly 
high εNd (up to -10.7), indicating a significant εNd 
feature of loess sediment (-11 to -10.5). It is 
hypothesized that the long transport times up to 600 
kyrs at this layer may imply a long storage or traping 
history of the Huanghe sediment in the San-Men lake 
before the outburst event resulting in the sediment 
delivery to the Yellow Sea. The other evidences from 
geomorphological, sedimentary stratigraphic and 
Quaternary geological observations all suggest that 
the lake burst and significant out-flowing of the 
Huanghe sediment occurred at ~0.26 Ma. The 
coupling process of tectonics and monsoon climate 
might trigger this lake burst event. 
 
Acknowledgement: This work was supported by 
National Natural Science Foundation of China (Grant 
Nos. 41225020 and 41376049). 
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Deep-seated carbon could be transported from 

Earth’s interior into atmosphere by volcanic 
activities, which play an important role in geologic 
carbon degassing and its effects on global climate and 
environment. In addition to volcanic eruptions, 
quiescent volcanoes could also release large amounts 
of magma-derived CO2 into the atmosphere. 
Therefore, quantitative studies on evaluating the 
contribution of volcanic activities to rising of 
atmospheric CO2 concentration are critical, especially 
in the context of global warming. During the past few 
years, we have estimated the fluxes of greenhouse 
gases released from typical volcanic-geothermal 
fields (e.g., Changbaishan, Tengchong, Wudalianchi 
and Yangbajing) in China using closed chamber 
method and gas-water chemistry methods. It is 
indicated that the total flux of greenhouse gases 
(referring mainly to CO2) from the studied volcanic 
fields is ca. 8.13 × 106 t a-1, taking up about 6% of the 
total CO2 flux from global volcanoes. Magma-
derived volatiles from Pacific tectonic domain 
(examplied by Changbaishan and Wudalianchi in NE 
China) and Thethys tectonic domain (examplied by 
Yangbajing and Tengchong in SW China) display 
different signatures on flux of greenhouse gases and 
gas geochemistry. In comparison with those from 
Pacific tectonic domain, the fluxes of greenhouse 
gases from volcanic field associated with Thethys 
tectonic domain are higher. In addition, volcanic 
gases from Thethys tectonic domain are characterized 
by higher degree of crustal contribution in mantle 
source and their trasportaion in crust than those of 
Pacific tectonic domain, indicating different tectonic 
settings and mechanisms of magma evolution 
between oceanic subduction zone and continental 
subduction zone. 
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The hygroscopic behavior of ambient aerosols 

collected at Gosan (33°29'N, 126°16'E), Jeju island, 
Korea were investigated on a single particle level. 
The changes in size and phase transitions of 
individual aerosol particles during either 
humidification or dehydration processes were 
observed using optical microscopy. The morphology 
and chemical compositions of the particles were 
determined by offline SEM/EDX. 61% of the 
particles studied are reacted (aged) sea salt aerosols 
(SSAs), supported by the observation of different 
degrees of Cl- depletion. Other particles are minerals, 
Fe-rich, and carbonaceous species, which are not 
hygroscopic except some reacted CaCO3-containing 
mineral particles showing very low continuous 
growth/shrinkage due to presence of amorphous 
Ca(NO3)2. However, SSAs showed multiple 
hygroscopic (deliquescence and efflorescence) phase 
transitions. Pure salt solutions of NaCl, MgCl2, and 
NaNO3 were mixed to generate particles with 
different ratios of Cl-:NO3

-. Calibration curves 
obtained by plotting the mole fractions, i.e., [X(Na, 

Mg)Cl] in these generated particles as a function of their 
X-ray intensity ratios, i.e., [Cl]/([Na] + 0.5[Mg]), 
were used to estimate the mole fractions in the SSAs 
from their respective X-ray intensities. During 
humidification, the mutual deliquescence transitions 
in Cl--rich particles were not clear (apparently at RH 
= 63.5−65.3 %), whereas clear second transitions at  
RH= 69.5−73.5 % were observed. During 
dehydration, these particles showed mostly single-
stage efflorescence at RH= 39.6−50.5 %, due to 
simultaneous crystallization of salts. On the other 
hand, Cl--depleted particles showed clear first and 
second transitions at RH = 63.8 % and 65.4−72.9 %, 
respectively, during humidification. During 
dehydration, Cl--depleted particles showed multiple 
efflorescence transitions at RH = 36.2−46.0 % and 
17.9−33.0 %, respectively. The hygroscopic growth 
factors seems to be affected by the presence of 
organic species. The phase diagrams obtained by 
plotting the deliquescence and efflorescence RHs 
(DRHs and ERHs) as a function of the mole fractions 
[X(Na, Mg)Cl] show that the hygroscopic behavior of the 
reacted SSAs are dominated by NaCl and NaNO3 [1], 
whereas contribution due to SO4

- seems to be minor. 
 

[1] Gupta et al. (2015) Atmos. Chem. Phys., 15, 
3379–3393. 
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Late Ordovician (Hirnantian) glacial deposits in 

the Central and Eastern Taurides (CT, ET) and South 
Anatolian Autochthone Belt (SAAB) (Turkey) are 
mainly composed of diamictites, rounded - 
subrounded granitic pebbles (dropstone), rounded - 
subrounded lonestone pebbles. The granitic pebbles 
are dated as 576.5±3.3 Ma, 576.7±5.7 Ma, 598.4±7.5 
Ma, 717.5±8.0 Ma, 789.5±3.7 Ma, and 964.6±4.6 
Ma, respectively. The geochemical signatures and 
dated granitic pebbles in the CT and ET are 
interpreted to have been derived from Late 
Neoproterozoic granitoids/meta-granitic rocks in the 
Sinai Peninsula (Southern Egypt). The youngest 
206Pb/238U ages in the diamictites (499.1±4.2 in the 
SAAB, 530.5±5.3 in the ET, 562.5±5.4 Ma in the 
CT) and in the lonestones (528.2±4.5 in the CT and 
530.8±5.2 Ma in the ET) indicate that detrital zircons 
were directly transported from the northern margin of 
Gondwana and/or Arabia than peri-Gondwanan parts 
of the European margin during the Late Ordovician. 
Kernel/probability density diagrams of zircon ages 
from the lonestone pebbles in the ET and CT are 
interpreted as evidence that they were derived from 
Late/Middle Cambrian siliciclastic rocks in the 
Israelean part of the Sinai Peninsula. The provenance 
of detrital zircon populations in the diamictites in the 
CT and ET is directly correlated with magmatic 
activity of the Elat-Feiran island arc, Sa’al island arc 
and the post-collisional magmatic suites in the Sinai 
Peninsula (Egypt), but the corresponding successions 
in the SAAB have more abundant late Cryogenian 
age components, suggesting the Ha’il / Afif terranes 
of the eastern Arabian shield as their provenance. The 
distinctive age patterns, limited Middle 
Paleoproterozoic - Neoarchean zircon ages and 
rounded / sub-rounded Kibaran-age zircon 
populations indicate that glacial successions in the 
SAAB have different palaeogeographic position than 
their equivalent units in the CT and ET during 
deposition of the Late Ordovician glacial units.  
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 The study presents the seasonal and inter-
annual monitoring of molybdenum (Mo) distribution 
and variability in humid tropical riverine and 
estuarine systems (Nethravati, Gurupur and Mandovi 
estuary), west coast of India. The study was intended 
to understand the geochemical behaviour of Mo in 
the riverine and estuarine environment, and their 
ultimate discharge fluxes. The riverine flux of 
dissolved Mo (DMo) to the Nethravati and Gurupur 
estuary is 1.8x 103 mols yr-1 (4.88 mols day-1) and 
195 mols yr-1 (0.53 mols day-1) respectively, and the 
particulate Mo (PMo) flux to Nethravati estuary is 
10.8 x 103 mol yr-1. DMo in the riverine environment 
is being lost to particulates by reversible scavenging 
under oxidized acidic water. Assuming the linear 
relationship between silicate weathering flux and 
DMo, the adsorptive loss of DMo is estimated at 30-
40% of total DMo. This has implications in marine 
DMo budgeting as the reversible scavenged oxidised 
particles (produced in the river) may release Mo on 
its entry to the sea.  
 In the lower salinity reaches of the 
studied estuaries, DMo is found to be 
sequestered during premonsoonal season. The 
DMo sequestration in the estuary is estimated at 
~2mols day-1 in the Nethravati estuary and is 
about 1.9 mol day-1 in the Mandovi estuary. The 
DMo sequestration in the estuary is higher than 
the riverine supply, indicating the sequestration 
of both marine and river borne DMo. However, 
the mechanisms involved in the removal process 
are distinct in these estuaries viz oxidative 
adsorption process in the Nethravati-Gurupur 
estuary and biological utilization in the 
Mandovi estuary.  At higher salinity (>20psu) 
region, there is a systematic gain in the DMo 
(~1 to 37nM L-1). Mo release from river borne 
particulate Mo could contribute up to 3nM L-1 to 
4nM L-1, which is not sufficient to balance the 
observed Mo excess. On the other hand, the 
reductive Mo remobilization from bottom 
sediments (Mo=4 mg kg-1) during sediment 
diagenesis and subsequent tidal activity could 
release up to 14 to 28 nM L-1 of DMo to the 
estuarine water. Mo release to water column is 
supported by the gradual enrichment of DMo 
with depth in the estuary. Therefore, diagenetic 
release of DMo could be the potential source of 
DMo excess in the estuary.  
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The Oligocene Creede mining district represents 
one of the most prolific intermediate sulfidation-state 
epithermal silver and base metal mining districts 
worldwide. The district is located in the Central San 
Juan Mountains of southwestern Colorado. The North 
Amethyst deposit consists of epithermal veins which 
filled dilatant zones of the Amethyst and Equity 
faults at or near the intersection of the two major 
structures.  

The mineralogical and textural characteristics of 
the vein stages were determined by optical 
microscopy and back-scatter electron imaging on a 
scanning electron microscope. Electron microprobe 
analysis was performed on sulfide minerals to 
determine the geochemical characteristics of the vein 
stages. Particular emphasis was placed on the 
compositional analysis of sphalerite to constrain the 
temperature and sulfidation state of the hydrothermal 
liquids which formed the various ore bearing vein 
stages.  

Four sulfide bearing vein stages were observed at 
the North Amethyst deposit and are each punctuated 
by a breccia or a gangue stage. The earliest of the 
four sulfide bearing veins is the Alpha stage which 
was observed from the deep to shallow elevations of 
the deposit. The hydrothermal liquids forming the 
Alpha stage are interpreted to have cooled as they 
ascended from deep to shallow levels of the deposit, 
acquiring a higher sulfidation state (1.3 to 0.24 mole 
% FeS). Following the Alpha stage, the precious 
metal (Au-Ag) bearing vein stage known as Beta 
stage was formed. The Beta stage is weakly 
mineralized at depth but is well developed in the 
shallow portions of the deposit. Beta stage veins are 
spatially associated with Alpha stage veins. 
Compositional variations in the sphalerite are less 
pronounced. However, the paragenesis of Beta stage 
indicates a shift from high to low sulfidation states 
through the transition from argentite-acanthite to 
native silver at the end of the mineral deposition 
sequence. The late base metal sulfide-rich Stage-1 
was observed in the deep part of the deposit and the 
Fe-poor Base Metal Sulfide stage was observed at 
mid-elevation of the North Amethyst deposit. These 
two base metal and silver stages correlate with those 
recognized in the central and southern parts of the 
Creede mining district.  
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The better understanding of the interaction 

between injected CO2 and reservoir fluids is a key to 
identify and quantify the mechanism by which the 
injected CO2 is stored. Large amount of CO2 have 
been injected in the Cranfield enhanced oil recovery 
(EOR) field (MS, USA) since July 2008 and 
significant amount of CO2 has been stored in the 
reservoir. Noble gases (He, Ne, Ar, Kr, Xe) are 
present as natural components in the injected CO2. 

Here a work is presented, which examines the 
role of reservoir fluids as CO2 sink by non-radiogenic 
noble gases (20Ne, 36Ar, 84Kr, 132Xe). Gas samples 
from injection and production wells were taken 18 
and 45 months after the start of injection. It will be 
shown that the fractionation of noble gases relative to 
36Ar is consistent with the different degree of CO2 – 
reservoir fluid interaction. The early injection 
samples indicate that the CO2 injected has been in 
contact with the formation water at different degrees 
throughout the field. Mass balance calculations, along 
with noble gas compositions allow the dissolved 
amount of CO2 into the formation water to be 
quantified. The later stage of the injection 
demonstrates that the CO2 - oil interaction has 
became more important than the CO2 – water contact. 
This has potential to estimate the oil displacement 
efficiency. 

The work shown here is a demonstration that 
noble gases can constrain CO2 storage mechanism, 
can quantify the amount of dissolved gas and show 
the spatial and temporal changes of the gas-fluid 
interaction in the reservoir with high resolution. 
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To understand physiological response of 

phytoplankton communities under various 
environments in the Amundsen Sea, we measured the 
particulate organic carbon (POC) and mycosporine-
like amino acids (MAAs; UV-absorbing compounds) 
at 16 stations (including re-visit 3 stations) on the 
Amundsen polynya and marginal sea ice zone (MIZ) 
using RV-ARAON from Jan. 1 to Jan. 15, 2014. 
Phaeocystis sp. dominated in Amundsen polynya 
center region, but diatom relatively dominated in 
MIZ. Carbon uptake rate showed the different values 
between polynya center and MIZ. The average 
carbon uptake rate ranged between 50.5 (±2.1) μgC 
L-1d-1 and 56.2 (±13.7) μgC L-1d-1 at Amundsen 
polynya center (st. 14) and MIZ station (st. 4), 
respectively. Because phytoplankton community 
(Phaeocystis sp.) have changed their metabolisms 
during phytoplankton bloom, the carbon uptake rate 
changed the value with a mean 60.8 (±5.5) μgC L-1d-
1 at polynya center by re-visit to station 4 after 12 
days. POC concentration showed the maximum 
values at surface chlorophyll maximum layer (SCM) 
with a mean 47.3 (±5.3) μM on the Amundsen 
polynya center which were occured the 
phytoplankton bloom. However, low values (mean= 
14 (±11.2) μM) of POC concentration was shown at 
MIZ stations which dominated the diatom (including 
some Phaeocystis sp.). The lower MAAs:chla ratio 
were found in the polynya center (11.4) but the 
higher were observed in the MIZ (41.9), respectively. 
The high MAAs:chla ratio of phytoplankton 
community in the MIZ have been stimulated by light 
availability and osmotic pressure due to the 
surrounding sea ice melt rather than polynya center 
where has more stabilized physical condition. After 
the peak season of phytoplankton bloom, the 
MAAs:chla ratio was increased upto 36.9 in polynya 
center which was dominated by phaeocystis sp. 
Therefore, phytoplankton bloom stage in Amundsen 
Sea seems to be influenced by physiological 
metabolisms change of phytoplankton community 
like their carbon uptake rates and secondary 
compounds synthesis in the phytoplankton cells. 
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Mesosiderites and iron meteorites are notoriously 

difficult to date because of their limited mineralogy. 
The 92Nb-92Zr decay system (T1/2 = 37 Myr) may 
provide a means to address this gap for samples, 
which contain rutile. The Nb-Zr decay system is a 
viable chronometer to constrain the evolution of 
planetary materials in the early solar system (e.g., 
[1]). Among the characterized minerals in meteorites, 
rutile displays the high Nb/Zr ratios with large 92Zr 
excesses [2, 3] and is therefore ideally suited for Nb-
Zr chronometry. In this study, we aim to develop an 
analytical method to determine Nb-Zr ages of 
meteoritic rutiles.  

Occurrence and chemical composition of rutiles 
in the Vaca Muerta and Estherville mesosiderites 
were examined using SEM and EPMA at National 
Institute of Polar Research (Japan). Rutile grains 
were hand-picked after dissolving the silicate part of 
the mesosiderites in a concentrated HNO3-HF 
mixture. Subsequently, the grains were dissolved in 
concentrated HNO3-HF using Parr® bombs. 
Terrestrial rutiles and a synthetic TiO2 powder (NIST 
SRM 154c) were also processed to validate the 
method. The analytical procedure of measuring 
93Nb/90Zr ratios and Zr isotope compositions followed 
[1, 4]. The Zr isotope analysis was performed using a 
Thermo Finnigan Neptune Plus MC-ICPMS coupled 
with an Aridus II introduction system at ETH Zurich. 

The EPMA analysis of rutiles yielded 
concentrations of ~400 ppm Zr and ~1200 ppm Nb in 
Vaca Muerta and ~1700 ppm Zr and ~300 ppm Nb in 
Estherville. Thus, the 93Nb/90Zr ratios of the rutiles 
considerably vary from 0.3–6. The terrestrial rutile 
and synthetic TiO2 samples yielded Zr isotope ratios 
identical to the bracketed Zr standard, NIST 3169. 
This demonstrates that our method yields accurate 
high-precision Zr isotope measurements of meteoritic 
rutiles using MC-ICPMS. In addition, we will also 
present new Nb-Zr data of rutiles separated from 
mesosiderites and discuss their implications for the 
chronology. 

[1] Iizuka et al. (2016) EPSL 439, 172–181. [2] 
Harper (1996) Astrophys. J. 466, 437–456. [3] Yin et 
al. (2000) Astrophys. J. 536, L49–L53. [4] 
Schönbächler et al. (2004) Analyst. 129, 32–37. 
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During formation of the solar system, the Sun 
produced strong solar winds, which stripped away a 
portion of the volatile elements from the forming 
planets. Hence, it was expected that planets closest to 
the sun, such as Mercury, are more depleted in 
volatile elements in comparison to other terrestrial 
planets [1]. However, the MESSENGER mission 
detected higher than expected K/U and K/Th ratios 
on Mercury’s surface, indicating a volatile content 
between that of Mars and Earth [2,3].  

Our experiments aim to resolve this discrepancy 
by experimentally determining the partition 
coefficients (Dmet/sil) of K, U, and Th between metal 
and silicate at varying pressure (1 to 5 GPa), 
temperature (1500 to 1900°C), oxygen fugacity (IW-
2.5 to IW-6.5) and sulfur-content in the metal (0 to 33 
wt%). Our data show that U, Th, and K become more 
siderophile with decreasing fO2 and increasing sulfur-
content, with a stronger effect for U and Th in 
comparison to K.  

Using these results, the concentrations of U, Th, 
and K in the bulk planet were calculated for different 
scenarios, where the planet equilibrated at a fO2 
between IW-4 and IW-7, assuming the existence of a 
FeS layer, between the core and mantle, with variable 
thickness. These models show that significant 
amounts of U and Th are partitioned into Mercury’s 
core. The elevated  superficial K/U and K/Th values 
are therefore only a consequence of the sequestration 
of U and Th into the core, not evidence of the overall 
volatile content of Mercury. 
 
1] Albarѐde et al. (2009) Nature, 461, 1227-1233. [2] 
McCubbin et al. (2012) GRL, 39, L09202. [3] 
Peplowski, et al. (2011) Science, 333, 1850-1852. 
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Biochar, i.e. charcoal produced by pyrolysis of 
biomass for applications in agriculture, is suggested 
as a beneficial soil amendment to increase crop yields 
and to tailor biogeochemical cycles in agro-
ecosystems to reduce both greenhouse gas emissions 
and nutrient leaching. Prior to soil amendment, 
biochar must be “loaded” with nutrients to avoid an 
initial plant growth reduction by e.g. nitrogen 
immobilization. Co-composting is suggested as a 
superior method, as co-composted biochar promoted 
plant growth and showed a desired slow release of 
nutrients like nitrate (“nitrate capture”, Kammann et 
al., 2015 SR5:11080). The slow release of nitrate was 
recently shown for earth-aged biochar, too (Haider et 
al., subm.), however underlying mechanisms are still 
not understood and nitrate capture has just been 
quantified for isolated biochars. 

For the first time, we quantified nitrate capture 
with repeated extractions not only for biochars, but 
also for biochar amended soil and compost. 
Additionally, we confirmed nitrate capture for 
pristine biochar after soaking in NH4NO3 solution in 
the absence of any additional organic carbon, too. 
However, assuming pseudo-first order kinetics for 
biochar nitrate release, we found differences in the 
affinity of pristine, co-composted and earth-aged 
biochars to nitrate.  Spectro-microscopical 
investigations (STEM-EELS, STXM) revealed the 
formation of a nano-porous organic coating on co-
composted biochar that might explain its distinct 
characteristics. These findings offer a roadmap for 
future research to design sustainable slow release 
nitrogen fertilizers based on biochar to reduce the 
environmental impact of agriculture by tailoring the 
biogeochemical fate of nitrogen in agroecosystems.  
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Despite more than fifteen years of research, the 
exact mechanism responsible for the production of 
mass-independent fractionation of sulfur isotopes (S-
MIF) in Archean sedimentary rocks remains unclear. 
There are strong indications that S-MIF production is 
related to photolysis of SO2 or other S-bearing 
molecules, but neither photolysis experiments nor 
calculations using the best available SO2 absorption 
cross-sections have been able to convincingly 
reproduce observed δ34S-Δ33S and Δ33S-Δ36S 
relationships. In addition, the geologic record of S-
MIF presents several unresolved phenomena, such as 
an apparent asymmetry between positive and 
negative Δ33S magnitudes, a net positive value of 
preserved Δ33S, and disagreement bewteen estimates 
of seawater sulfate Δ33S < 0 from barite and 
volcanogenic massive sulfide deposits, and Δ33S > 0 
from carbonate-associated sulfate. 

If interpreted in light of insight into the 
biogeochemistry of S-bearing compounds, and an 
understanding of the preservation potential of marine 
sedimentary environments, these complexities of the 
geologic S-MIF record may be turned around to 
constrain the S-MIF formation mechanism(s) and to 
resolve some of the outstanding questions outlined 
above. Analyzing the paleoenvironmental 
dependence of the properties of existing S-MIF data, 
and using a model that accounts for the 
biogeochemistry of the relevant S-bearing 
compounds in the water column and during early 
diagenesis, I will attempt to peel back these effects 
and provide constraints on the identity and fate of the 
carriers of S-MIF from the atmosphere to the ocean. 
Knowledge of the carrier identity importantly 
constrains the ongoing experimental and theoretical 
search for the mechanisms responsible for Archean S-
MIF generation. 

With constraints on the carriers, I will use 
independent knowledge about the preservation 
potential of sedimentary environments, together with 
constraints on how these environments evolved 
during Earth’s early history, to address some of the 
poorly understood observations arising from the 
geologic record of S-MIF. 

 



Goldschmidt Conference Abstracts 1031 

Extreme methane signals in a 
low sulfate world 

J.L.O. HALL1*, R.J. NEWTON1, J.D. WITTS1, J.E. 
FRANCIS2, E.M. HARPER3, J.A. CRAME2, A.M. 

HAYWOOD1 
1 School of Earth and Environment, University of 

Leeds, Leeds, LS2 9JT, UK (correspondence: 
eejlh@leeds.ac.uk) 

2 British Antarctic Survey, Cambridge, CB3 0ET, UK  
3 Department of Earth Sciences, University of 

Cambridge, Cambridge, CB2 3EQ, UK  
 

Marine sulfate has a major controlling effect on 
sedimentary carbon cycling; sulfate reduction 
accounts for the majority of organic carbon 
mineralization in the modern ocean, and consumes 
almost all biogenic sedimentary methane. However, 
modern sulfate levels are anomalously high in 
comparison to current estimates of past conditions. It 
is therefore expected that sulfate-dependent 
sedimentary processes will have operated differently 
during much of the phanerozoic, particularly during 
the late Mesozoic where sulfate concentrations may 
have been up to 50% lower than current levels.  

Exceptionally well preserved thick-shelled fossil 
bivalves collected from the Cretaceous/Palaeogene 
boundary sequence of Seymour Island, Antarctica 
(65°S) provide rare insights into the sub-annual 
behaviour of marine bottom-water conditions during 
this low sulfate interval. We present an extensive 
high resolution investigation of δ18O, δ13C and trace 
element composition in a number of individual fossil 
shells spanning several million years of geological 
time. δ13C records in particular show annual isotopic 
depletion unprecedented in modern shell material, of 
up to −34‰.  

These records are thought to provide evidence for 
periods of seasonal domination of bottom waters by 
methane-derived dissolved inorganic carbon. 
However, the magnitude of these annual fluctuations 
is difficult to reconcile with our current 
understanding of methane production and release in 
modern systems. This suggests methane release may 
have been operating under a more environmentally 
responsive mechanism during low sulfate regimes. 
We use simple mass balance calculations to discuss 
the mechanisms which may have produced this 
difference in behaviour. 
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The veins were observed in core samples from 

the shale formations of the Palaeozoic Peribaltic 
Syneclise in onshore Poland. The region is generally 
aseismic without present-day active deformation. 
Upper Ordovician and Lower Silurian rocks  are the 
most prospective gas bearing sequences. The rocks 
occur at depths of 2800-3970 m and spread out 
laterally for several hundred kilometers. According to 
Blatt’s classification, they include mudstones and 
claystones enriched in detrital quartz. The rocks are 
characterized by sufficient thermal maturity and 
average total organic contents around 1% [1]. 
Appearance of veins in the gas bearing mudstones 
and claystones is rather infrequent. Two types of the 
veins were identified in the rocks: sub-perpendicular 
or slightly oblique to the bedding, associated with 
fractures (type 1) and lenticular in shape, sub-
horizontal, parallel to lamination (type 2). Type 1 
veins dominate within the rocks and can be traced 
along several meter-long core intervals. The veins 
vary in width from 0.01 to 8 mm and they are 
predominantly infilled with calcite, only occasionally 
by quartz. Some of them reveal crack-seal textures 
[2] within blocky and elongated crystals. Part of the 
veins are arranged in en echelon arrays.  

Natural fracture networks are relevant elements 
that influence the effectiveness of extraction of 
unconventional gas from shales [e.g. 3]. They allow 
for recognizing of the mechanical properties of rocks 
and facilitate estimating the level of interaction 
between the induced fractures and the natural fracture 
network. The rocks studied commonly show open 
technological cracks along the vein boundaries, 
within the veins, and along the bedding or initial 
shear surfaces. All observed microstructures require a 
detailed description and origin assignment because 
they are crucial for further analyses.  

The study was supported by grant no.: 13-03-00-
501-90-472946, funded by the National Centre for 
Research and Development (NCBR) 

 
[1] Poprawa (2010) Biul. Państw. Inst. Geol. 439: 
159-172. [2] Ramsay (1980) Nature 284: 135-139. 
[3] Zhang et al. (2015) JUOGR; 11: 44-52. 
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Plagioclase is one of the most common 
phenocrysts in basaltic rocks and one of nominally 
anhydrous minerals (NAMs) that accomodates 
hydrogen up to around hundred wt. ppm H2O. 
Hydrogen diffusivity in volcanic plagioclase can be 
applied to estimate degassing process of erupting 
magmas. In addition to losing hydrogen from 
plagioclase, hydrogen may infiltrate into plagioclase 
from ambient hydrous magma. In this paper, an 
example of diffusive infiltration into plagioclase 
xenocryst taken by hydrouys arc basaltic magma is 
presented. 

Kuritani et al. (2013, Mineral. Petrol.) and 
Kuritani et al. (2014, Contrib. Mineral. Petrol.) 
estimated genetic condtions of primary arc magmas 
beneath Iwate volcano (a frontal arc volcano in NE 
Japan arc) and Sannome-gata volcano (a rear-arc 
volcano in NE Japan arc) based on geochemical 
analyses of volcanic rocks and numerical simulation. 
They estimated that H2O concentrations of primary 
melts are 4-5 wt.% beneath Iwate volcano and 6-7 
wt.% beneath Sannome-gata volcano, respectively. 
Their arguments mean that primary melts beneath 
frontal-arc volcanoes and rear-arc volcanoes are both 
H2O-rich, yet there has been no direct evidence to 
support their arguments at Sannome-gata volcano 
because volcanic rocks are either almost aphyric 
and/or almost no melt inclusions were found. 

 In this study, plagioclase xenocrysts were 
separated from scoria which erupted from the 
Sannome-gata volcano 20,000-24,000 years ago. 
Composition of the core is homegeneous and ranges 
from An30 through An35. The rim is 150 to 200-µm-
thick dusty zone whose composition is around An60, 
suggesting rapid crystallization from degassed 
basaltic melt. The profile of infrared absorption area 
pear unit thickness across the plagioclase core were 
obtained using Fourier Transform InfraRed 
spectrometer (FTIR). The inner core contains 
hydrogen about 30 wt. ppm H2O, and hydrogen 
concentration elevates at outer core. Hydrogen 
concentration at the outermost core of plagioclase is 
>100 wt. ppm H2O, suggesting that plagioclase 
xenocrysts were taken by  hydrous basaltic melt 
(H2O>5 wt.%) and hydrogen diffused into plagioclase 
before the eruption. These analytical results confirm 
that rear-arc primary magmas are H2O-rich as well as 
that of frontal-arc magmas at NE Japan arc. 
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In 2014, a triplet of IODP expeditions (Exp.350-
352) focused on the Izu-Bonin-Mariana (IBM) arc 
were conducted to comprehensively understand the 
evolution of oceanic island arcs and ultimately, the 
origin of continental crust. Exp.351 drilled Site 
U1438 in the Amami Sankaku Basin (ASB), about a 
100 km west of the Kyushu-Palau-Ridge (KPR), a 
remmant part of the IBM arc. While new oceanic 
igneous basement was formed during subduction 
initiation at about 52 Ma, the overlying volcaniclastic 
sediments record the temporal evolution of arc 
volcanism at the IBM arc. 

In order to unveil this magmatic evolution, we 
analyzed major and volatile elements (S and Cl) of 
more than 300 melt inclusions collected from top to 
bottom of Unit III (30-40 Ma based on onboard 
biostratigraphy) using electron probe microanalyzers. 
Unit III is composed of accumulated turbidetes, and 
therefore, it is expected to record magmatic evolution 
of the early IBM arc over 10 Ma.  

Most of the host minerals are clinopyroxene and 
plagioclase. Composition of melt inclusions are 
diverse, ranging from basalt through rhyolite, and 
also ranging from low-K through medium-K series. 
In terms of major elements, low-K series melt 
inclusions are consistent with the melt compositions 
reported from the volcanic front of the IBM arc. 
Major element compositions of medium-K series 
melt inclusions overlaps with the melt compostiions 
reported from the IBM rear-arc, such as volcanoes on 
the KPR and/or near the ASB. These observations 
suggest that the turbidites accumulated at Site U1438 
originate not only from the IBM rear-arc, but also 
from the IBM frontal arc. Generally, compositions of 
melt inclusions shift from evolved melts (higher SiO2 
and lower FeOt/MgO) to less differentiated melts 
(lower SiO2 and higher FeOt/MgO), suggesting 
refertilization of mantle at around 37 Ma. We will 
further investigate temporal evolution of arc 
volcanism by analyzing trace elements and isotopes 
in melt inclusions, which are sensitive to 
heterogeneity of the mantle wedge metasomatized by 
slab fluids. 
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Antimony (Sb) is a naturally occurring toxic 

element and is considered to be a priority pollutant of 
interest by the USEPA. Although the concentrations 
of Sb in soils are generally low, elevated levels of Sb 
have been released via anthropogenic activities due to 
its increasing industrial use. Antimony is commonly 
associated with arsenic (As) in the environment and 
both elements have similar chemistry and toxicity. 
Increasing numbers of studies have focused on 
microbial As transformations, while microbial roles 
in the geochemical cycling of Sb are still not well 
understood. In this study, soils from an old stibnite 
mine tailing area in Ehime prefecture, Japan, were 
characterized geochemically and examined for the 
presence of Sb-transforming microbial populations. 
Total concentrations of Sb and As were higher in the 
surface soil (0-3 cm: 2280 and 1240 mg kg-1, 
respectively) and decreased with depth (9-12 cm: 330 
and 130 mg-1 kg). After conducting aerobic 
enrichment culturing with SbIII (100 µM) in the 
presence of yeast extract as a carbon source, pure 
cultures of Pseudomonas- and Stenotrophomonas-
related isolates with SbIII oxidation activities were 
obtained. Furthermore, anaerobic enrichment cultures 
capable of reducing SbV (2 mM) in the presence of 
lactate were also obtained. Phylogenetic analysis of 
the SbV-reducing enrichment cultures showed the 
predominant presence of α- and β-Proteobacteria and 
Firmicutes-related populations. As previously 
reported with a dissimilatory antimonate reducing 
bacterium [1],  the precipitation of antimonite (SbIII) 
as antimony trioxide was confirmed in these 
enrichment cultures by X-ray absorption near-edge 
structure (XANES) and transmission electron 
microscopy (TEM). These results demonstrate that 
indigenous microorganisms associated with stibnite 
mine soils are capable of Sb redox transformations 
and potentially contribute to the geochemical cyling 
of Sb in situ. 
 
[1] Abin & Hollibaugh (2014), Environ Sci Technol 
48, 681-688.  
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Since the dawn of industrial and agricultural 

revolutions, the water bodies are always under severe 
stress due to excessive usage, climate change, and 
pollution by numerous chemical pollutants. Nitrate is 
one of such pollutants which can be discharged from 
domestic, agricultural, and industrial origins. Nitrate 
appearance in water bodies poses serious 
environmental problems, i.e. 1) it is toxic to human 
life thus making water unfit for human consumption, 
and 2) it can disturb global food chain due to the 
depletion of dissolved oxygen in water bodies by 
excessive algal growth. Global and local nitrate 
pollution problems demand rapid, stable, and 
efficient denitrification treatment methods. Recently, 
catalytic nitrate reduction by bimetallic catalysts has 
emerged as a feasible solution due to its high nitrate 
removal capacity and selective conversion of nitrate 
into eco-friendly nitrogen. Intensive research works 
have been carried out to improve the reactivity of 
bimetallic catalysts and their application to the real 
environmental problems. Satisfactory experimental 
results have been reported by focusing on the 
optimization in catalyst synthesis methods, catalyst 
compositions, and relevant reaction conditions. 
However, the selection of support material is still 
under development. To date, the support materials 
widely used and reported are mostly refined and 
synthetic ones. To the contrast, natural soil minerals 
and naturally originated materials have not been fully 
explored despite their huge potential reactivity, 
economical value, and abundance in environment. 
Here, we have reported use of natural soil mineral 
and soil, i.e. sodium montmorillonite and modified 
red mud as support materials for Sn-Pd-bimetallic 
catalysts to develop a reactive and selective nitrate 
reduction process. Two bimetallic catalysts i.e. Sn-
Pd-Na montmorillonite, and Sn-Pd-red mud were 
synthesized by developing synthesis methods. Sn-Pd-
montmorillonite showed 80% removal while Sn-Pd-
red mud showed 100% of (30 mg/L NO3-N) nitrate 
removal. Sn-Pd-red mud has shown fastest reaction 
kinetics (k=7.5×10-2 min-1) followed by Sn-Pd-Na 
montmorillonite (k= 0.75×10-2 min-1). The Sn-Pd-red 
mud catalyst also showed highest (81%) N2 
selectivity. The experimental study shows that natural 
soil minerals and soil can be used for a good support 
material of bimetallic catalyst having significant 
potential for the application to environmental 
remediation sites. 
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Carbon mineralisation is being investigated as a 

potential climate change mitigation strategy. This 
technology utilises the natural process of silicate 
weathering to remove carbon dioxide (CO2) from the 
atmosphere and store it in the structures of carbonate 
minerals.  

Ultramafic mine tailings are an ideal place to 
promote carbon mineralisation because of the 
abundance of fine grained, reactive minerals [1]. The 
current challenge is to accelerate carbonation rates at 
these sites, while minimising economic and energy 
costs of treatment. The mining industry also produces 
large amounts of acid generating materials, which 
have been investigated as a potential source of acidity 
to accelerate ultramafic tailings dissolution and 
carbon mineralisation [2]. There are several 
environmental and economic benefits to this 
approach: acid mine drainage is neutralised, dissolved 
metals are immobilised, and silicate mineral 
dissolution is enhanced, thereby accelerating CO2 
sequestration. Our research thus far demonstrates that 
divalent/trivalent cations such as Mn, Ni, Cu, Cr and 
Co are readily incorporated into the structures of Mg-
carbonate minerals, such that acid treatments are 
unlikely to generate metalliferous drainage. 

In a world-first field demonstration, we have 
developed and deployed an automatic treatment 
system to accelerate CO2 sequestration in mine 
tailings at Woodsreef Mine in New South Wales, 
Australia. Treatment options include using water or 
dilute sulfuric acid, with controls on tailings 
saturation in the vadose zone. Significantly, since 
these experiments make use of relatively inexpensive 
materials such as irrigation systems, the mining 
industry could incorporate these methods into 
existing tailings management practices.  

 
[1] Wilson et al. (2014) Int. J. Greenh. Gas Control, 
25, 121-140. [2] Power et al. (2010) Environ. Sci. 
Technol., 44, 456-462.  
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The rare earth elements (REE) are a chemically 

similar group of elements that have been used 
extensively to trace geochemical processes in natural 
systems. Basing on the storage of REE and SOM in 
soil, the competition of them may lead to the 
redistribution of REE in vertical soil profiles. The 
different land use and land cover of a given region 
can provide an environmental gradient of soil organic 
carbon (SOC) content to elucidate REE vertical 
transporting processes. The results indicated that 
there were significant and important differences of 
REE behavior with respect to the different types of 
vegetation cover. The fractionation pattern, in 
addition to a strong positive correlation between the 
middle REE enrichments and SOC, was consistent 
with soil organic matter (SOM) acting as a REE host 
phase. Samples under different land uses were 
unique: (1) a stronger enrichment of total REE 
concentrations in C4 plants dominated sites than that 
in C3 plants dominated sites; (2) the significant 
correlation between the magnitude of the positive 
δ13C and the magnitude of MREE enrichment 
revealed that the organic functional groups to adsorb 
REE changed with the stable isotope compositions of 
SOC. This observation demonstrates the utility of 
REE as tracers for natural influences in organic-rich 
soil profiles. 

This work was Supported by the National Natural 
Science Foundation of China (No. 41325010).  
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The Los Humeros geothermal field is located in 

the eastern portion of the Mexican Volcanic Belt, in a 
caldera complex resulting from ignimbrite eruptions 
which took place between 0.5 and 6.4 ka. According 
to the latest data measured in the producing wells, it 
is considered that there is one single reservoir, with 
several feeding zones defined by local structural 
conditions. The Paleozoic basement is mainly 
metamorphosed limestone. Since first exploration of 
the field was carried out in 1968 and production wells 
drilled in the beginning of the 90s, some conceptual 
models of the fluid circulation were done, although a 
recent actualization was not performed. With this in 
mind, an extended noble gas (He, Ne, Ar, Kr and Xe) 
survey was carried out in January 2015 in 22 
productive wells in order to obtain new information 
on the fluid circulation. Additional data such as stable 
isotope δ2H, δ18O, δ37Cl and 87Sr/86Sr data were also 
obtained. 

The δ2H and δ18O point to mixing between 
freshwater and andesitic water. 87Sr/86Sr ratios vary 
from 0.70406 to 0.70885 suggesting that besides the 
basalt-andesitic reservoir, the water also circulated in 
the limestone basement. 3He/4He ratios are relatively 
homogeneous, ranging between 6.25 and 7.62 Ra 
with a mean value of 7.03±0.40 Ra (where Ra is the 
atmospheric ratio of 1.384×10-6). This value is 
between that of sub-continental lithospheric mantle 
He (~6.5Ra) and the upper mantle He (8Ra). In the 
middle and southern part of the field, 21Ne/22Ne and 
40Ar/36Ar ratios range from 0.0319 to 0.0517 and 
from 507 to 865, respectively. These point to low 
impact in this area by recharge water. Homogeneous 
4He/40Ar ratios (~7.1) in the entire region points to 
relatively low K/U value (~7000) of a single magma 
source. The ratios of heavier noble gases Kr/Ar and 
Xe/Ar are fractionated compared to those expected in 
the liquid phase due to boiling and simultaneous 
phase separation throughout the field. 
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Calcium-aluminum-rich inclusions (CAIs) 

preserve records of processes and conditions in the 
earliest, high-temperature stages of Solar System 
evolution [1]. We conducted a coordinated study of 
mineralogy, petrology, microstructures, and O and 
Al-Mg isotopic compositions of a type B CAI from 
the Vigarano CV3red chondrite. The CAI was 
examined by scanning electron microscope, electron 
microprobe, transmission electron microscope 
combined with focused ion beam sample preparation 
technique, and NanoSIMS.  

The CAI examined from Vigarano is a 1,200 x 
750 μm fragment of a type B CAI. The CAI consists 
of a grossmanite core and a melilite mantle partially 
surrounded by a Wark-Lovering (WL) rim and an 
olivine-rich accretionary rim. The core grossmanite is 
compositionally heterogeneous with ~16-21 wt% 
Al2O3 and ~7-17 wt% TiO2. The melilite mantle, 
~250-450 µm in size, is reversely zoned grading 
outwards from Åk~60 at the interface with the core to 
Åk<1 in contact with the WL rim. Euhedral spinel 
occurs in the core and mantle, and is nearly pure 
MgAl2O4 with FeO <0.1 wt%. Combined with O and 
Al-Mg isotope measurements [2,3], the textures and 
compositions of the CAI suggest that it crystallized 
from a melt that had experienced some evaporation in 
multiple distinct oxygen isotopic reservoirs. 
Additionally, the core is surrounded by a thin layer of 
Al-Ti-rich pyroxene with local areas of perovskite-
melilite-Al-Ti-rich pyroxene symplectite, indicative 
of a later stage of short-lived, incomplete reactions 
between the core and mantle. Perovskite displays 
(101) twinning, consistent with relatively slow 
cooling rates (<50°C/hour) [4]. Collectively, these 
observations imply that the CAI formed by multi-
stage high-temperature processes under highly 
dynamic conditions.  

References: [1] MacPherson (2014) Treatise on 
Geo-chemistry II pp.139-179. [2] Needham et al. 
(2015) 78th MetSoc abstract #5014. [3] Needham et 
al. (2015) 46th LPSC abstract #2865. [4] Keller and 
Buseck (1991) AM 79, 73-79.   
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Introduction and methods 
Many studies have attempted to reveal the 

configuration of phosphates on iron (hydr)oxides; 
however, it is still controversal since iron oxides exist 
in various forms and under various environmental 
conditions [1-4]. We therefore identified the 
configuration of phosphates on maghemite (Sigma-
aldrich, USA) by changing the solution pH conditions 
using in situ ATR-FTIR (Shimadzu, Japan) equipped 

with DTGS detector and 45o ZnSe HATR (Pike tech., 
USA).  

 
Result and discussion 

The IR absorption bands appeared at 1230, 1101, 
1017 and 942 cm-1 at pH 4.5, and they correspended 
to P-OH bending, v(P=O), v(P-OFe) and P-OH 
shoulder, respetively [2-4]. The phosphate 
complexation on maghemite was readily transformed 
from the inner-sphere (IS) monodentate non-
protonated complex to the IS bidentate complex 
above pH 6. Bidentate complexation was the 
dominant mechanism of phosphate immobilization 
under the optimum pH for plant. 
 
[1] Carabante & Grahn (2010) J. Colloid Interface 
Sci. 351, 523-531. [2] Kubicki et al. Langmuir, 28, 
14573-14587. [3] Waiman et al. J. Colloid Interface 
Sci. 394, 485-489. [4] Yang et al. (2016), ESNT, 
accepted. 

Figure 1: ATR-FTIR spectra of complexed phosphates on 
the surface of maghemite at pH from 4.5 to 11.5. 
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It is widely recognized that Shewanella 

oneidensis MR-1 evolves an Mtr (i.e. metal-reducing) 
extracellular-electron-transfer pathway for iron 
reduction under anoxic conditions. The key electron-
transfer proteins in the Mtr pathway have been 
isolated and purified, however, the specific functions 
of each protein in reducing poorly crystalline hydrous 
ferric oxide (HFO) and concomitantly, influencing 
the process of biomineralization are still rarely 
reported. In this study, we investigated the effects of 
c-type cytochrome-deleted mutants of Shewanella 
oneidensis MR-1 on reduction of HFO and the 
following mineralization. The results indicated that 
while the reduction rate of HFO after knocking out 
MtrD, MtrF and OmcA retained at the similar level 
compared with the wild type (wt), HFO reduction 
capability by the strains lacking CymA and MtrA 
decreased dramatically. The secondary minerals of 
HFO were characterized using X-ray diffraction, 
Fourier transform infrared spectra and scanning 
electron microscopy. The results showed that goethite 
and hematite were the main forms of secondary 
minerals in the first two days in all the treatments, 
and then hematite was fully converted into magnetite 
after six days in the four treatments of wt, ΔmtrD, 
ΔmtrF and ΔomcA; for the treatment of ΔmtrC, 
magnetite began to appear from the sixth day; for the 
treatments of ΔmtrA and ΔcymA, no magnetite was 
observed at all times. The study correlated the 
geochemical processes (iron reduction and 
biomineralization) with the electron transfer chain of 
an iron reducing microorganism, which may help the 
understanding of the natural microbe-mineral 
interactive processes.  

 
This work was funded by the National Natural 
Science Foundations of China (41522105 and 
41571130052). 
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Biochar derived from agricultural residue has 

been widely applied in soil amendment and water 
remediation. Herein on the one hand, we focused on 
sulfonamides, a kind of ionized antibiotics, 
adsorption and leaching behavior in soils in the 
presence of biochar. We found that the biochar 
amended soil had a	   strong adsorption potential and 
retention ability (12-20% increase) for sulfonamides 
than untreated soil, which effectively prevents the 
sulfonamides transporting in the soils and infiltrating 
into groundwater. The results also showed the effects 
of soil type, pH value, humic acid and heavy metals 
such as Cu2+ on the sorption/desorption behavior of 
sulfonamides.  

On the other hand, we investigated on the heavy 
metal such as Cr(VI) removal by magnetic biochar in 
aqueous solution. In contrast to pristine peak shell 
biochar, magnetic biochar with γ-Fe2O3 significantly 
enhanced the adsorption capacity (77.54 mg/g) of 
Cr(VI) and it was also easily recycled by magnets. 
Besides, we discussed influencing factors including 
pyrolysis peak temperature, particle size, the surface 
area, and magnetic properties of biochar. It showed 
that high temperature, small size and low pH 
increased the capacity to adsorb Cr(VI). The results 
of our present study confirm that biochar effectively 
mitigate sulfonamides and Cr(VI) in soil and water, 
which could provide an important basis and guidance 
in details for development of farmland soils and 
water treatment． 
 

The study was supported by National Natural 
Science Foundation of China (41472232, 41272061), 
Fundamental Research Funds for the Central 
Universities and Open Program of State Key 
Laboratory of Biogeology and Environmental 
Geology (GBL21404). 
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    Silica in geothermal brines deposits as a scale 

in pipes and injetion wells at geothermal plant and 
redues the capacity of the injection rates of brines. 
This is due to depotion of excess silica (ca. 600mg/L) 
in the geothermal brines. Currently, a pH adjustment 
method by addition of sulfate into brines has been 
carried out in the world. However, there are some 
problems such as  corrosion of pipes and other scale 
generation such as anhydrite in the production well. 
In addition, most silica scales in Japan include a large 
amount of aluminum. The solubility of Al-containg 
amorphous silica is by 150 mg/L lower than pure 
amorphous silica. This means the pH adjusting 
method can not sufficiently inhibit scale precipitation.  

We examined a recovery method for the excess 
silica by addition of cationic flicculants into the 
brines to prohibit the silica scaling by checking the 
clarity of geothermal brine after the treatment and the 
economy. The experiments of silica recovery were 
carried out using geothermal brine in Sumikawa 
geothermal power plant (50MW), Akita, Japan. We 
examined several experimental conditions such as 
effect of  concentration of the cationic flocculant and 
retaining time of the brine before the addition of the 
flocculant. We measured the total silica concentration 
and turbidity of the brines. 

    Our results show that the cationic flocculant 
used in this study reacts with polymeric silica rather 
than monomer silica and that 50 mg/L of the cationic 
flocculants is enough to reduce the silica 
concentration to the solubility (ca. 380 mg/L) of 
amorphous silica at 95℃. At this treatment, the 
turbidity of the brine is low than 10mg/L. The 
sedimentation rates of precipitated silica by addition 
of cationic flocculants were also measured. The rate 
of precipitate reacted with monomer silica is faster 
than that with polymeric silica. 

The geothermal brine used in this study is 
characterized by the low Cl concentration (less than 
1,000 mg/L). To examine the application of our 
method to other geothermal brines, we also examined 
a salinity effect of our cationic flocculants to brines 
with different Cl concentrations. The result shows 
that the cationic flocculant can effectively remove 
silica in brines with higher Cl concentration.  
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The Miocene was a time of dramatic climate 

transitions that led to and coincided with major ocean 
circulation changes, intensification of upwelling 
regimes, and enhanced nutrient availability, all within 
a backdrop of increasing tectonic restriction of ocean 
gateways. These characteristics make the Miocene an 
ideal time for exploring the dynamics of nutrient 
delivery to surface waters and its effects on primary 
productivity, basin redox, and organic carbon 
deposition and burial. The Miocene Monterey 
Formation of California represents a significant locus 
of carbon burial deposited under an oxygen-minimum 
zone (OMZ) in a number of sediment-starved basins 
with varying sedimentological histories. This highly 
siliceous and organic-rich deposit spans the transition 
from greenhouse to icehouse conditions in the 
Miocene. The samples in this study were  collected 
from cores taken in the Santa Maria Basin, 
interpreted to have been on the outer shelf connected 
with the open ocean, and the San Joaquin Basin, a 
more landward, restricted basin with higher 
terrigenous input. Thus far, bottomwater redox 
conditions in these basins have been poorly 
constrained, and this study presents the first high-
resolution, multi-basin redox data, including iron 
speciation and trace metal concentrations. 
Preliminary molybdenum concentrations suggest 
periods of euxinia, though iron signatures diagnostic 
of euxinia are not always achieved. These 
relationships play out differently in these basins with 
different iron budgets. Nitrogen isotopes suggest 
extreme denitrification (δ15N range: +2 to +20‰) and 
potentially, at times, nitrogen limitation. This 
relationship is likely related to the high availibility of 
phosphorus in an intense upwelling regime, combined 
with the decreased oxygen solubility in a warmer 
ocean. Collectively, these data speak to primary local 
and regional controls on carbon cycling during one of 
the major climatic adjustments of the Cenozoic. 
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HIMU geochemical signatures observed in ocean 
island basalts are believed to be a manifestation of the 
recycled slab caused by the mantle-scale convection. 
However, a debate exists on the melting process of 
the recycled materials in the mantle plume. We 
present new geochemical data from the basalts on 
Raivavae in the Austral island chain in the South 
Pacific. Subaerial lavas are classified into radiogenic 
(HIMU) and less-radiogenic Pb groups, providing an 
opportunity to better understand the melting process 
by comparing geochemical characteristics of the two 
basalt groups. 

Our data and those from previous studies [1, 2] 
display clear differences in the chemical 
compositions between the two groups. The radiogenic 
Pb group shows lower Rb/Nb and K/Th than the less-
radiogenic Pb group, consistent with recycling of a 
dehydrated slab in the source. Relatively high 
incompatible element concentrations, La/Yb, and 
Nb/Zr in the radiogenic Pb group indicate that the 
HIMU signature appears more robust in the low 
degree melt. These basalts are also low in SiO2 down 
to 42 wt%, high in CaO, and have fractionated Nd/Hf 
(REE/HFSE). These suggest that the HIMU melts 
were produced by a low-degree partial melting of 
carbonated fertile peridotite or pyroxenite. As traces 
of carbonated melts have been recognized in the 
mantle xenoliths on the neighboring Tubuai [3], such 
melts would play a significant role in transferring the 
HIMU geochemical signature to the basalts. 
Carbonation of the source mantle cannot be a recent 
process occurred in the upwelling mantle plume, 
because Hf and Os are insoluble in a carbonated melt 
and thus the unradiogenic Hf and radiogenic Os 
typical of HIMU basalts cannot be overprinted in the 
source by recent carbonation. We propose that the 
source carbonation was ascribed to hybridization of 
the peridotitic mantle with the subducted carbonated 
slab material several billion years ago. 
 
[1] Lassiter et al. (2003) Chem. Geol. 202, 115-138. 
[2] Maury et al. (2013) Bull. Soc. Geol. Fr. 184, 557-
567. [3] Hauri et al. (1993) Nature 365, 221-227. 
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The interpretation of paleoenvironmental records 
in the late Archean (e.g. Banded Iron Formations) 
depends very strongly on an understanding of 
weathering and the resultant river water chemistry 
input to the oceans. Here, we report a geochemical 
modeling study of weathering in the late Archean 
atmosphere, leading to a detailed picture of world 
average river water (WARW) in the late Archean. We 
first simulated present-day chemical weathering of 
basalt and granite at PO2,g = 10-0.68 bar and PCO2,g = 
10-3.5 bar with the addition of calcite (which has a 
strong effect on present-day WARW). Weathering of 
10-4.0 moles of basaltic minerals (plagioclase, 
augite)+calcite produced hematite+kaolinite and a 
close match to WARW proportions of cations and 
anions. Results with granite (K-spar, plagioclase, 
biotite, muscovite)+calcite were less evolved. Quartz 
was suppressed owing to its lack of reactivity during 
weathering. 

For the late Archean, we modeled weathering of 
basalt+komatiite and trondhjemite-tonalite-
granodiorite (TTG) assuming (1) PH2,g = 10-5.0 bar 
and PCO2,g = 10-1.5 bar consistent with published 
atmospheric models; (2) Rainwater Na, K, Ca, Mg, 
Cl as in present-day rainwater; (3) Rainwater Fe 
equal to Mg; S equal to all the S from volcanic 
outgassing, which resulted in pH = 5.2. Weathering 
of 10-4.0 moles of olivine + basalt (plagioclase, 
augite)+calcite produced kaolinite. Weathering of 10-

4.0 moles of TTG minerals (K-spar, plagioclase, 
biotite)+calcite produced (Fe-II, Ca)-beidellite and 
chalcedony. Relative to present-day WARW, 
predicted Archean WARW has higher Mg+Fe 
/Na+Ca and much higher HCO3

-/cations + SiO2, and 
the pH was 6.4. Pyrite is thermodynamically stable in 
the WARW, consistent with detrital mineral records. 

Many trace elements can be included in the 
weathering model for late Archean WARW to predict 
their mobilities. Thus, we put chalcopyrite in the 
basalt-komatiite model to explore Cu mobility. Our 
calculations revealed trace amounts of chalcocite and 
bornite formed during weathering, depending on the 
extent of reaction. Decrease of the model PH2,g to 10-

9.0 bar could mobilize MoO4
2- to 10-8 m in WARW 

while MoS2,cr was still preserved. Such fluctuations of 
PH2,g could have occurred through changing volcanic 
outgassing rates before the GOE. Our new model 
enables an integrative approach to understanding 
riverine input to the oceans and the mineral evolution 
record on land during the late Archean. 



Goldschmidt Conference Abstracts 1048 

Regional heterogenity in the 
water content of the Cenozoic 
lithospheric mantle of Eastern 

China 
YAN-TAO HAO,1,2 QUN-KE XIA1,2, ZU-BING JIA2, 
QI-CHAO ZHAO2, PEI LI2, MIN FENG2, SHAO-CHEN 

LIU2 
1School of Earth Science, Zhejiang University, 

Hangzhou 310027, China. ythao@zju.edu.cn 
2School of Earth and Space Sciences, University of 

Science and Technology of China, Hefei 230026, 
China. qkxia@ustc.edu.cn 

 
The major and trace elements and H2O contents 

of minerals in peridotite xenoliths hosted by the 
Cenozoic basalts in Northeast China (NEC) were 
evaluated using electron microprobe, laser-ablation 
ICP-MS and Fourier transform infrared spectroscopy, 
respectively. Although a potential loss of H during 
the xenoliths’ ascent cannot be excluded for olivine, 
orthopyroxene (opx) and clinopyroxene (cpx) largely 
preserved the H2O contents of their mantle source in 
all of the samples, as inferred from (1) the 
homogenous H2O contents within single pyroxene 
grains, and (2) the equilibrium H2O partitioning 
between cpx and opx. No OH was detected for 
pyroxenes of peridotite xenoliths from the north part 
of NEC (NNEC). Combined with previously 
published data from the North China Craton (NCC) 
and the South China Block (SCB), the regional 
heterogeneity in the water contents in the Cenozoic 
lithospheric mantle beneath the whole Eastern China 
has been revealed. The lithospheric mantle beneath 
the NNEC is completely dry. The “bulk” water 
contents of the lithospheric mantle of the south part 
of NEC and the NCC have similar ranges and average 
values, whereas those of the SCB are much higher 
(12-195 ppm, average 90±45 ppm for whole rock). 
The regional variations in the H2O content of the 
Cenozoic lithospheric mantle of Eastern China cannot 
be caused by partial melting, mantle metasomatism or 
variations in redox state. We propose that the 
lithospheric mantle beneath the different regions of 
Eastern China may have distinct origins and may 
have undergone distinct geodynamic processes. 
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      Sugars and sugar-alcohols are important 

constituents of water-soluble organic carbon fraction 
in the ambient aerosols, which can be used as tracers 
for primary biological aerosol particles (PBAP). In 
the present study, five sugars and four sugar-alcohols 
have been measured in ambient aerosols from 
subarctic Alaska using solvent extraction/TMS-
derivatization technique followed by gas 
chromatography-mass spectrometry (GC-MS) 
determination.  

      The average concentrations of primary sugars 
such as xylose, fructose, glucose, sucrose and 
trehalose were found to be 1.18, 2.99, 12.0, 30.5 and 
4.11 ng m-3, respectively, where sucrose was 
dominant. We found higher levels of sucrose in 
spring (ave. 91.3 ng m-3) due to blossoming of plants 
and emission of pollen to the air. The average 
concentrations of sugar alcohols such as erythritol, 
arabitol, mannitol and inositol were also observed to 
be 1.82, 15.7, 17.0 and 0.38 ng m-3, respectively. 
They have been proposed as tracers for resuspension 
of surface soil, unpaved road dust, vegetation and 
pollen, which contain biological materials including 
fungi and bacteria. All primary sugars and sugar 
alcohols, except for erythritol and xylose, exhibited 
higher-levels in summer and spring. In contrast, 
erythritol and xylose showed higher concentrations in 
winter and autumn. Levoglucosan (biomass burning 
tracer) showed significant correlations with erythritol 
(r= 0.75, p<0.001) and xylose (r= 0.67, p<0.001), 
indicating that they originate from biomass burning 
activities. Positive matrix factorization (PMF) 
analysis also demonstrates that these compounds are 
mainly derived from airborne pollen, resuspension of 
surface soil, vegetation and biomass burning. The 
sugar compounds were found to contribute to 4.0% of 
water-soluble organic carbon (WSOC) and 1.8% of 
organic carbon (OC) in aerosols. 
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The southern Izu arc between the Aogashima and 
the Torishima Islands is characterized by basaltic 
islands and submarine felsic calderas associated with 
bimodal volcanisms. Intra-arc rifting between the 
volcanic front and the rear-arc knolls is also active in 
this region. Volcanic rocks were obtained from the 
rift zone by dredging during a research cruise of the 
R/V MOANA WAVE (Hawaii University, cruise 
MW9507) in 1995. These volcanics also show 
bimodal characteristics. Geochemical studied on the 
basalts and their magma genesis has been made (e.g. 
[1]). We here present the results of petrographical and 
geochemical analyses of the felsic rocks. We also 
compare them with the basalts and examine magma 
genesis of the felsic rocks in the rift zone. The results 
show that the intra-rac rift basalts show significant 
across-arc variation ranging from depleted volcanic 
front side to enriched rear-arc side. The origin of this 
variation is considered to be both different degree of 
mantle depletion and different degree of slab fluid 
contribution. Felsic lavas are mostly rhyolite and 
show a similar across-arc variations with that of 
basalts in the geochemical indicators of slab fluid 
flux such as Ba/Zr and Th/Zr. In contrast, the 
indicators of source depletion, such as Nb/Zr and 
La/Yb, show a different feature. The difference is 
shown by a compositional gap found between the 
volcanic front and the rear-arc rhyolites with a peak 
value occurring at ~50 km away from the volcanic 
front. Felsic magmas in the Izu arc was considered to 
have generated from partial melting of the middle to 
lower crust (e.g. [2]) We examine the origin of these 
geoghemical characteristics of rhyolites in association 
with the growth of the arc crust in this presentation.  
[1] Hochstaedter et al. (2001) Geochem. Geophys. 
Geosyst. 2: 1019, doi: 10.1029/2000GC000105 
[2] Tamura and Tatsumi (2002) J. Petrol. 43: 1029-
1047 
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We present the outcomes of studies into the 

behaviour of biologically induced mineralisation 
(BIM) of calcium carbonate for the purposes of 
contaminant sequestration and soil stabilisation. The 
implementation of BIM requires treatment of 
soil/aquifer material in situ through introduction of 
chemical precursors and potentially bacteria. 
However, natural subsurface heterogeneity causes 
preferential flow which may limit uniform delivery of 
such materials [1]. Incomplete contaminant 
biomineralisation or particle biocementation may 
therefore occur, with consequent implications for 
both achievement of the original engineering aim and 
long-term durability of the cemented / sequestered 
monolith due to excessive hydraulic conductivity.  

Experiments on homogenous model aquifer 
material demonstrate that rapid carbonate formation 
occurs, allowing rapid sequestration of cadmium as a 
model contaminant. However, in heterogeneous 
systems preferential flow leads to immediate 
treatment of only highly permeable media. Over time, 
we demonstrate that mineralisation sufficiently alters 
hydraulic conductivity to cause diversion of flow to 
less permeable regions, leading to more uniform 
treatment.  

 In the long term, a carbonate monolith may 
deteriorate, particularly if significant porosity 
remains [2]. Spores of the mineralising organism 
(Sporosarcina ureae) are shown to survive 
calcification, sterilisation and carbonate dissolution, 
with further mineralisation upon germination. This 
imparts a mechanism of self-healing to the monolith, 
similar to that employed in construction materials [3], 
with deterioration potentially leading to further BIM 
and healing of the damage. 

 
 [1] Jarvis (2007), European Journal of Soil 
Science 58, 523-546. [2] Colon et al. (2004), 
Geochimica et Cosmochimica Acta 68, 805-817. 
[3] Jonkers et al. (2010), Ecological Engineering 
36, 230-235. 
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The modern Baltic Sea is the world’s largest 
anthropogenically forced anoxic basin, with sub-
basins displaying increases in the degree (oxygenated 
< manganeous < euxinic) and frequency (seasonal < 
oscillatory < permanent) of anoxia with increasing 
distance from the sill at the Danish Straits1. Despite 
the large spatiotemporal range of water column redox 
conditions observed today1 and the known occurences 
of natural Baltic anoxia throughout the Holocene2, no 
study has examined the spatial distribution of varying 
anoxic regimes in the Baltic’s past. Here, using 
records from three Baltic sub-basins with increasing 
distance from the sill (Little Belt < Bornholm Basin < 
Landsort Deep), captured during IODP Expedition 
347, and a combined Fe-Mn-Mo-S approach, we 
specifically define the degree of past spatiotemporal 
anoxia through the Baltic Holocene. Similar to 
previous studies, we observe two prominent and 
contemporaneous sapropel units with evidence for 
anoxic conditions at each sub-basin, roughly 
overlapping with the Holocene Thermal Maximum 
and Medieval Warm Periods2. Our data from Mo and 
Fe geochemistry indicate that each past anoxic event, 
similar to today, is characterized by redox conditions 
progressively more reducing with increasing distance 
from the sill. Preliminary Mo isotope results provide 
evidence that the earliest anoxic period was the most 
widespread and most reducing—characterized by 
water column sulfide accumulation (euxinia) at all 
three sub-basins. However, the concentrations and 
frequency of euxinia amplified with increasing 
distance from the sill. The more recent anoxic 
sapropel unit displays the same general relationship, 
but the redox transect is characterized by relatively 
less reducing conditions ranging from euxinic to 
seasonally anoxic. Ultimately, our results indicate 
that periods more reducing than or similar to the 
modern Baltic have occurred naturally over the 
Holocene. However, extreme euxinic conditions 
approaching that of the Black Sea are not recorded in 
the past and are unlikely to occur in the future. 

 
1Carstensen et al., (2014) PNAS 111, 5628-5633. 
2Zillén et al., (2008) Earth-Science Reviews 91, 77-
92. 
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North Pond is an isolated sediment pond on the 

western flank of the Mid-Atlantic Ridge Kane area, 
where located on extinct spreading segments far from 
the current spreading axis and transform zone. IODP 
Expedition 336 cruise were conducted for 
understanding hydrology, microbiology and 
geochemistry drilled Site U1382 [1]. The peridotite 
and gabbro samples obtained from the sediment 
breccia zone of Hole U1382A. We collected six fresh 
peridotites and three gabbros for investigating the 
crustal and mantle structures beneath an extinct 
spreading segment. The peridotite samples were 
classified as spinel harzburgite (4 samples), 
plagioclase-bearing harzburgite (1), and vein-bearing 
peridotite with gabbroic veins (1), and none exhibited 
obvious macroscopic shear deformation. The gabbro 
samples consist of olivine gabbro (1), gabbro (1) and 
gabbro norite (1). Although olivine gabbro has no 
shear deformation, gabbro and gabbro norite show 
shear deformation such as mylonite. In peridotite 
samples, spinel harzburgites with protogranular 
texture are consistent with refractory peridotite. 
Plagioclase-bearing harzbugite could result from the 
gradual melt-rock interaction in the spinel 
harzburgite. Vein-bearing peridotite could also result 
from the progressive melt-rock interaction in 
plagioclase-bearing harzburgite. Our results in 
peridotite samples indicate that the melt–rock 
interactions refertilized the spinel harzburgite while 
in the uppermost mantle, possibly in the extinct 
spreading segment of the North Pond.  

In the presentation, we will also present details of 
the rock descriptions, mineral fabrics and mineral 
chemistry of the peridotite and gabbro samples 
recovered from Hole U1382A. 

[1] Edwards et al. (2014) Sci. Drill., 17, 13–18. 
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The impact of fossil fuel development on water 

resources has become a major public concern. Recent 
studies have highlighted isotope systems as effective 
tracers for fossil fuel-affected waters in the 
environment. [1,2] Lithium isotopes have the 
potential to be useful conservative tracers of  fossil 
fuel wastewater, especially when combined with the 
boron and strontium isotope systems. Lithium isotope 
ratios reported in Warner et al. (2014) and Harkness 
et al.  (2015) show that Marcellus shale flowback and 
produced water, and effluents from coal ash ponds 
have distinct Li isotope fingerprints (6 to 10‰ and -7 
to 12.8‰, respectively)  that can be used to quantify 
contamination in surface waters and distinguish 
between different sources of contamination. [1,3] 
This study aims to expand the Li isotope analysis of 
water associated with shale gas and coal combustion 
activities across different basins in the United States, 
including  unconventional and conventional produced 
water, flowback water, leachates of coal ash and 
contaminated water sources. Additionally, this study 
evaluates the Li isotopes of coal ash and produced 
water from exploration in China to assess potential 
global variations in Li isotope signatures of fossil fuel 
resources.  

 
[1] Warner, Darrah, Jackson, Millot, Kloppman and 
Vengosh (2014), Environ. Sci Tech. 48, 12552-
12560. 
[2] Ruhl, Dwyer, Hsu-Kim, Hower and Vengosh 
(2014), Environ. Sci. Tech. 48, 14790-14798. 
[3] Harkness, Ruhl, Millot, Kloppman, Hower, Hsu-
kim and Vengosh (2015), Procedia Earth and 
Planetary Sci. 13, 134-137. 
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In this study, specific areas of a natural Th-
absent, low U, xenotime [(Y+HREE)PO4] of uniform 
composition, are experimentally enriched in U + Si 
utilizing a NaF + H2O fluid plus UO2 and SiO2 under 
both reducing (graphite-CO/CO2 buffer) and 
oxidizing (Mt-Hm buffer) conditions. Charge and 
fluid were sealed in 2 cm long, 3 mm diameter Au 
and Pt capsules. In the reduced experiment the Au 
capsule was placed in the piston-cylinder apparatus 
(CaF2 assembly; graphite oven; 1000 MPa; 900 °C; 8 
days). In the oxidized experiment (500 MPa; 900 °C; 
4 days) the Pt capsule was packed with Hm + H2O 
into a 4 cm long, 5 mm diameter Pt capsule, which 
was placed in the gas apparatus. BSE imaging 
indicates that the altered areas occur as a series of 
curvilinear intergrowths with sharp compositional 
boundaries that extend from the edge of the xenotime 
grain into the interior. EPMA indicates that the 
altered areas from both experiments are enriched in U 
+ Si via the coupled substitution U4+ + Si4+ = 
(Y+HREE)3+ + P5+. WDS element distribution maps 
indicate that U + Si are concentrated close to the 
compositional interface between the altered and 
unaltered xenotime with corresponding depletion in 
Y+HREE. Across the altered region Y occurs as a 
series of concentric waves of relative enrichment and 
depletion with contrasting depletion and enrichment 
in HREE (see Y element map below).  

 
 
 
 

 

 
Element movement is interpreted as a consequence of 
fluid-mediated coupled dissolution-reprecipitation in 
some sort of a chromatographic column effect across 
the altered area.  Fluid-aided incorporation of U into 
xenotime has implications with respect to its 
utilization as a metamorphic geochronometer.    
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 The cosmochemical origin of Earth’s 

nitrogen is a piece to the puzzle of how habitability 
evolved. Earth’s 15N/14N isotopic ratios fall in-
between the extremes of the Sun, which is 14N-rich, 
and comets, which are enriched in 15N. The inner 
solar system, including asteroids, appears to 
constitute a third reservoir, which originated from yet 
poorly understood fractionation and mixing processes 
[1]. The study of primitive, chondritic meteorites can 
shed light on this [2]: 

Some primitve CM2 chondrites contain 
assemblages of chromium nitride (carlsbergite), 
sulfides, magnetite, and relict grains of Cr-bearing 
Fe,Ni metal. The physical characteristics of the 
nitride suggest that it precipitated from the Cr-bearing 
metal. The most plausible explanation for the high 
nitrogen enrichments in these assemblages (~1 wt% 
N) is the reaction of the metal grains with a hot gas 
containing metastable ammonia (NH3), water (H2O), 
and hydrogen sulfide (H2S).  

We explored a model, in which NH3- and H2S-
bearing ices are vaporized by the passages of 
planetesimal shock waves [3]. Thermodynamic and 
kinetic calculations show that the nitriding potential 
and the lifetime of metastable NH3 would have been 
sufficent to create the nitride assemblages on time 
scales compatible with the shock wave transition. The 
source of NH3 and H2S can be best explained by the 
presence of ice particles that had a composition of 
volatile species similar to cometary ices.   

Isotopic studies by NanoSIMS show that the 
nitrogen in the nitride-bearing assemblage has a 
δ15Natm of 49±15 ‰ and is similar to the bulk 
meteoritic isotopic composition and Earth’s 
atmosphere, but is distinct from cometary nitrogen. 
Hence, the inner solar system’s reservoir of 
moderately 15N-enriched nitrogen may be traced to 
NH3-bearing, compositionally comet-like, but 
isotopically Earth-like ices. These ices may have 
been brought to the inner solar system by the ‘grand 
tack’ [4], but were mostly lost after dissipation of the 
protosolar gas. However, some of them may be 
preserved in asteroids, e.g., (1) Ceres, which shows 
evidence for ices and ammoniated phyllosilicates [5]. 

 
[1] Füri & Marty (2015) Nat. Geosci. 8, 515-522. [2] 
Harries et al. (2015) Nat. Geosci. 8, 97-101. [3] 
Ciesla et al. (2003) Science 299, 549-552. [4] Walsh 
et al. (2011) Nature 475, 206-209 [5] De Sanctis et al. 
(2015) Nature 528, 241-244. 
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Understanding sources and forms of dissolved 
nitrogen is of critical importance to management of 
aquatic systems worldwide. Dissolved organic 
nitrogen (DON) often constitutes the largest portion 
of the dissolved nitrogen pool, yet is commonly 
overlooked as a nutrient source for aquatic foodwebs. 
This is mainly due to its bound nature within organic 
material and the non-specific methods by which it is 
measured.  

We conducted 24 hour leaching experiments 
using Eucalyptus camaldulensis; a common leaf litter 
species found along low-land rivers and wetlands of 
south-east Victoria, Australia. Leaching kinetics of 
dissolved organic nitrogen (DON), dissolved organic 
carbon (DOC) and dissolved inorganic nitrogen 
(DIN; oxides of nitrogen (NOx) and ammonia (NH4

+)) 
were coupled with FTIR microspectroscopy to 
determine the dominant nitrogen species released 
during the initial 24 hour period of inundation and the 
associated changes in leaf composition. The dissolved 
free amino acid (DFAA) and dissolved combined 
amino acid (DCAA; protein) contributions to DON 
were determined using HPLC. 

DON was found to be 100 times higher than DIN 
in leaf leachates and of this about 40% was in the 
form of DCAA.  FTIR microspectroscopy showed 
that proteinaceous material in the leaves was 
concentrated in fungal colonised palisade cells in the 
mesophyll, with evidence for depletion of this 
material after leaching. However, more than 90% of 
the DCAA remained in the leaves after 24 hours, 
suggesting that the leaf litter represents a long-term 
source of DON, likely released during successive 
flood events. 
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 Hydraulic fracturing is employed to help 
extract oil and gas from low permeability rock such 
as shale. It involves the injection of fluids into the 
subsurface that may react with shale minerals, 
potentially altering permeability and releasing 
contaminants. Yet, the complex mineralogy and pore 
structure of shales hinders prediction of reaction rate 
and progress upon injection of such fluids. A 
combined experimental, imaging, and modeling 
approach was employed to evaluate the impact of 
shale mineralogy on its physical and chemical 
alteration when exposed to fracture fluids.  
 Batch reactor experiments contained shales 
from four localities with unique mineralogical 
compositions that were exposed to simulated 
hydraulic fracturing fluid. While the availability of O2 
was found to be an important control on the reaction 
of Fe(II)-bearing minerals and precipitation of 
secondary phases, the dominant control on shale 
alteration was the buffering capacity, or carbonate 
mineral content, of the rock. In experiments with 
carbonate-rich shale, fluid pH was rapidly recovered 
to circum-neutral conditions, but remained acidic in 
reactors with carbonate-poor shales. X-ray computed 
micro-tomography data illustrated significant 
differences in reaction front propagation, with a 
calcite-rich shale exhibiting a much more uniform 
reaction front in contrast to a heterogeneous reaction 
distribution in relatively carbonate-poor shales. The 
capacity of the shale to buffer fluid pH is a key 
control on subsequent reactions including silicate 
dissolution and precipitation of secondary minerals, 
which can control the mobility of contaminants. 
These results provide important insight into the 
potential impacts of hydraulic fracturing on fluid flow 
and contaminant release in shales, and fundamental 
relationships between mineral distribution and 
porosity evolution in low-porosity media.  
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The Hawaiian-Emperor (HE) chain records ~82 

Myr of volcanism with two distinct geochemical and 
geographical trends, Kea and Loa, identified along 
archipelago [1]. The Northwest Hawaiian Ridge 
(NWHR) includes 51 volcanoes spanning ~42 Myr 
between the bend in the HE chain and the Hawaiian 
Islands. Lavas from only two NWHR volanoes near 
the bend have high-precision isotopic data prior to 
our study [1,2]. Only Kea compositions have been 
observed on Emperor seamounts (>50 Ma) [1,3], 
whereas the Hawaiian Islands (<~5 Ma) have both 
Kea and Loa type lavas [3,4]. We have analyzed 23 
samples of shield stage tholeiitic rocks from 13 
NWHR volcanoes for Hf, Nd, and Sr isotopic 
compositions to test if the Loa composition is present 
south of Diakakuji seamount [1]. New high precision 
87Sr/86Sr ratios are systematically lower than existing 
data due to greater accuracy afforded by acid 
leaching and age correcting measured isotopic ratios. 
The new analyses show a maximum 87Sr/86Sr of 
0.70380 directly after the bend at Diakakuji that 
gradually decreases along the NWHR in contrast to 
the previous data that showed scatter. Nd and Hf 
isotopes are at a minimum at Diakakuji (εNd = 5.7; εHf 
= 9.3) and West Nihoa (εNd = 5.9; εHf = 11.0)  and a 
maximum (εNd = 8.4; εHf = 14.8) at Gardner, where 
the magma flux of the NWHR is the highest. These 
observations suggest the Loa composition occurs 
ephemerally along the NWHR on a longer time 
interval than local periodicies in flux (1-2 and 10-15 
Myr timescales [5]). At a broader scale of the enitre 
HE chain, correlation between radiogenic isotopes 
and magmatic flux suggests source composition may 
influence large-scale increases in magma flux and 
volcanic propogation rate along the NWHR, and help 
explain why the Hawaiian mantle plume seems to be 
strengthening rather than waning like other mantle 
plumes and LIPs. 

 
[1] Regelous et al. (2003) J. Pet., 44, 1, 113-140. [2] 
Garcia et al. (2015) GSA Sp. Pap. 511. [3] Tanaka et 
al. (2008) EPSL 265, 450-465. [4] Weis et al. (2011) 
Nat. Geosci., 4, 831-838. [5] Wessel (2016) Geoph. J. 
Int. 204, 932-47. 



Goldschmidt Conference Abstracts 1060 

Glimpsing Hadean Earth 
T.MARK HARRISON 

Earth, Planetary & Space, UCLA, Los Angeles, CA 
90095 

 
The ubiquity of origin myths suggests that our 

species has an innate need to explain how Earth 
formed and came to its present state. Myth fabrication 
appears controlled by the technological capacity of 
the culture in question and the limitations of the 
available historical record. Despite our impressive 
technology and a western cultural bias to watery 
origins, when the scientific community encountered 
the limits of its historical record – there are no known 
rocks older than 4 Ga – it chose the paradigm of an 
early, desiccated, continent-free wasteland in which 
surface petrogenesis was largely due to bollide 
impact into a basaltic substrate. But the story 
emerging from geochemical investigations of >4 Ga 
Jack Hills zircons is of their formation in near-H2O 
saturated meta- and peraluminous magmas under 
relatively low (15-30°C/km) geotherms. These data 
are interpreted as reflecting chemical weathering and 
sediment cycling in the presence of both liquid water 
and plate boundary interactions shortly after Earth 
accretion. Given that life could not have emerged 
until water appeared at or near the Earth’s surface, a 
significant implication is that our planet may have 
been habitable as much as 500 Ma earlier than 
previously thought. Indeed, recent C isotopic 
evidence obtained from Hadean zircon inclusions is 
consistent with life having emerged by 4.1 Ga, or 
~200 Ma earlier that the hypothesized lunar 
cataclysm. Perhaps the most remarkable feature of 
the above observations is that none were predicted 
from theory. Rather, generations of models, 
essentially innocent of observational constraints, fed 
the longstanding paradigm. What compelled the 
scientific community to develop its own origin myth 
of a hellish beginning in the absence of direct 
evidence? While science is clearly distinguished from 
mythology by its emphasis on verification, its 
practitioners may be as subject to the same existential 
need for explanations as any primitive society. 
Perhaps the most constructive act we could now 
undertake is to expand the search for Hadean zircons 
in Archean quartzites and orthogneisses. It once 
seemed inconceivable that we might find terrestrial 
fragments as old as 4.1 Ga but we now know of 5 
locations on the planet with zircons this old or older. 
Concerns that the Jack Hills zircon record may be 
unrepresentative of Hadean Earth would be 
transcended by discovery of many geographically 
dispersed sites that simply await our commitment to 
their exploration. 
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Advances in the development of speleothem 

proxies have to some extent lagged behind advances 
in analytical technology, most notably in regard to 
trace elements. This in part reflects a paucity of 
information on the speciation of different elements in 
cave dripwaters and their modes of transmission, but 
also the mechanisms of incorporation in speleothem 
carbonate. Hence, while we can measure a great 
many trace elements at high spatial resolution in 
speleothems, we are constrained in making our 
interpretations for all but a few trace elements (e.g. 
Sr, Mg). 

Over the last four years, research into metal-
ligand interactions in cave waters has identified the 
common association of the first-row transition metals 
with natural organic ligands (NOL) in cave waters. 
The limited data from cogenetic carbonates suggest 
that these complexes partition to a large and variable 
extent, depending on the metal in question.  

Opportunities for the development of proxies 
based on the differential partitioning of metals from 
NOL complexes will be discussed in the context of 
the data currently available. 

 
Figure 1 Effect of the labile metal fraction on the 

calcite partition coefficient (kd) [1]. 
 
[1] Hartland et al. (2014) Geochim. Cosmochim. 

Acta 128, 29-43. 



Goldschmidt Conference Abstracts 1062 

River hydrochemical 
information for multi-scale-

analysis  
JENS HARTMANN1, RONNY LAUERWALD2, NILS 

MOOSDORF3 
1Institute for Geology, Univ. Hamburg, Hamburg 

Germany. Email: geo@hattes.de 
2DGES, ULB, Brussels, Belgium. 
3ZMT, Bremen, Germany. 
 

Over the last decade, the number of regional to 
global scale studies of river chemical fluxes and their 
steering factors increased rapidly, entailing a growing 
demand for appropriate databases to calculate mass 
budgets, to calibrate models, or to test hypotheses [1, 
2]. Research applying compilations of hydrochemical 
data may target different temporal and spatial scales, 
as for example the annual to centennial scale. The 
focus is often on the anthropogenic disturbance of 
land-ocean matter fluxes, in particular nutrient fluxes 
and their temporal evolution [2, 4], or the climate 
sensitivity of chemical weathering fluxes [3],.  

We present an overview of the GLObal RIver 
CHemistry database GLORICH, which combines an 
assemblage of hydrochemical data from varying 
sources with catchment characteristics of the 
sampling locations [1]. The information provided 
include e.g. catchment size, lithology, soil, climate, 
land cover, net primary production, population 
density and average slope gradient. The data base 
comprises 1.27 million samples distributed over 
17,000 sampling locations [1]. 

It will be shown how large assemblages of data 
are useful to target specific questions on land ocean 
matter transfers. An extension by isotopic data will be 
in the focus of future work [c.f. 5]. In addition, 
applications in climate change studies for 
understanding feedbacks in the Earth system will be 
discussed [6]. 

 
 [1] Hartmann, Lauerwald & Moosdorf (2014) 

Procedia Earth and Planetary Science, 10, 23-27. 
[2] Hartmann, Levy & Kempe (2011) Limnology, 12, 

63-73. 
[3] Hartmann, Moosdorf, Lauerwald, Hinderer & 

West (2014) Chemical Geology, 363, 145-163. 
[4] Hartmann, West, Renforth, Köhler, De La Rocha, 

Wolf-‐Gladrow, Dürr & Scheffran (2013) Reviews 
of Geophysics, 51(2), 113-149. 

[5] Bataille, Brennan, Hartmann, Moosdorf, Wooller 
& Bowen (2014) Chemical Geology, 389, 1-15. 

[6] Goll, Moosdorf, Hartmann, & Brovkin (2014) 
Geophysical Research Letters, 41(10), 3553-3558. 
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As the global economy transitions from an 

industrial base to the technology age, cities formerly 
dominated by heavy industry are undergoing renewal 
to accommodate new land uses. While some land 
parcels are often targeted for redevelopment and 
subsequently contamination assessment, legacy 
environmental contamination on land that does not 
undergo formal redevelopment poses a significant 
health risk. This paper examines an example of urban 
renewal and associated environmental health 
exposure risks adjacent to the former heavy industry 
(steel and coal production) city of Newcastle 
(450,000 residents), approximately 200 km north of 
Sydney, Australia. Soil samples collected from 
around the city in public and private spaces were 
examined for organic and in-organic contamination.  

Soil metal concentrations are highly elevated for 
lead (public spaces mean = 554 mg/kg, median = 280 
mg/kg, n = 103; private spaces mean = 1762 mg/kg, 
median = 1186 mg/kg, n = 59). The soil lead 
concentrations exceed the US EPA Hazard Quotient 
and Hazard Index, the standard international 
contamination health impact assessment 
measurement, values by five units for children 
exposed to soil via the ingestion pathway, indicating 
health risks are likely to occur in this environment. 
Soil organic contaminants, Polycyclic Aromatic 
Hydrocarbons, exceed the the Australian Guidelines 
carginogenic risk threshold (3 mg/kg) for the 
benzo(a)pyrene transformed concentrations (public 
spaces mean = 4.6 m/kg, median = 3.5 mg/kg, n = 
12). The data in this study demonstrate that the 
transition of an industrial city to an urban city 
environment is complex and challenging, requiring 
consideration of the health risks associated with the 
soil environment.  
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We have two practicals for geochemistry (one for 

primary and one for advanced) along with several 
lectures related to geochemistry (e.g., isotope 
geology, petrology, environmental sciences, etc.). 

The primary class includes  
1) Safety measure to treat chemicals 
2) Mineral separation 
3) Dissolution of minerals 
4) Air sampling and analyses 
6) Water sampling and analyses 
This practical is designed to learn handling of 

three types of samples from geosphere (rock), 
hydrosphere (liquid), and atmosphere (air).   

The advanced class mainly focuses on 
instrumental analyses.  They include   

1) XRF  
2) EPMA  
3) Cathode luminescence 
4) Raman spectroscopy 
Students learn how to prepare samples for each 

instrumental analysis, physical and chemical basics of 
instruments, and how to work on these instruments.  
This practical is linked to practicals for learning 
geological fieldworks, and samples analyzed here 
were collected by students themselves during the 
geological fieldworks. Students will learn not only 
techniques necessary for instrumental analyses but 
also the philosophy of analyses.  Students are 
encouraged to think why you need geochemical data, 
what kind of data is effective for your research 
purposes, and what is the requirement in choosing 
(collecting) samples for geochemical analyses, etc.  
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Iron is one of the essential micronutrients for 
algal growth, and can exist in two oxidation states in 
seawater, Fe(II) and Fe(III).  The thermodynamically 
stable form of iron, Fe(III), is sparingly soluble and 
remain at extremely low concentration in the 
oxygenated waters.  Mobility and bioavailability of 
iron are mainly correlated to the solubility of Fe(III), 
which is controlled by complexation with natural 
organic chelators in seawater.  The humic substances, 
which constitute 70 to 90% of dissolved organic 
carbon in wetland waters, contribute to keeping 
Fe(III) in the dissolved and colloidal forms in 
estuarine systems.  In this study, we investigated the 
effect of lignite humic substances on Fe uptake and 
growth of macro-algae in a laboratory-scale 
experiment.  

Humic substances were synthesized by acid 
degradation of lignite with nitric acid and produced 
using a modified IHSS recommended scheme.  The 
produced humic acids were fractionated by a 
tangential-flow ultrafiltration system using a 
Vivaflow 200 system (Sartorius Stedim, UK).  Algal 
cultures (coastal species) were grown in modified f/2 
or PES media at 20ºC under a 12:12 h L/D photo-
period at a light intensity of 180 µmol photon m-2 s-1 
provided by cool white fluorescent lights. 

In the algal growth experiments, the humic acid 
fractions (5–10, 10–30, 30–100 and >100 kDa) were 
used as an organic chelator in the medium instead of 
EDTA.  The Fe uptake to algae in the medium with 
the humic acid fractions was higher than with EDTA.  
The lower MW fractions, particularly 10–30 kDa, 
assisted in achieving a better algal growth rate, 
although the spectroscopic characterization showed 
that main chemical structure of all the humic acid 
fractions is almost similar.  The dissolution behavior 
of humic acid fractions in seawater indicated that the 
lower molecular weight fractions, such as 10–30 and 
5–10 kDa, were sustained for a longer time-span 
compared to the higher MW fractions.  The stability 
and solubility of dissolved and colloidal iron can be 
related to the corresponding bioavailability to coastal 
algae, which is mainly controlled by complexation 
with the lower MW chelators.  
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The mid-Cretaceous period is characterized by an 

extremely warm “greenhouse” climate, elevated 
atmospheric CO2 level,  and repetitions of Ocean 
Anoxic Events (OAEs); however, the response of 
terrestrial climate system against these marked events 
have been poorly understood. To evaluate interaction 
between the land and the ocean during the OAE 
interval, we investigated terrestrial paleoclimatic 
changes from lacustrine records at an intra-
continental site in southeast Mongolia. 

The Aptian lacustrine deposits (Shinekhudag 
Formation) are widely distributed in southeast 
Mongolia. The formation is about 250 m thick and 
composed of rhythmically alternating beds of dark 
gray shale, light gray dolomitic marl and yellowish 
dolomite. Based on the radiometric age dating, the 
formation is considered to be deposited between ca. 
123–119 Ma of the Early Aptian time, and the 
calculated sedimentation rate is ca. 6.3–12.5 cm/kyr. 

In order to obtain the paleoclimatic signals and 
their controlling factors from this record, we 
performed XRF and ICP-MS analysis for major and 
minor element compositions of the bulk samples. 
Based on the factor analysis of major and minor 
element compositions, several climatic signals (e.g., 
precipitation, weathering, redox condition of lake 
bottom) were obtained. Spectral analysis of each 
factor scores reveals cycles involving approximately 
2, 6, 20, 40, and 100 kyr, based on the average 
sedimentation rate of 10 cm/kyr. The latter three 
values are in accordance with orbital precession, 
obliquity, and eccentricity cycles, respectively. 
Therefore, the Shinekhudag lacustrine deposits are 
interpreted to record the millennial- to orbital-scale 
paleoclimatic and paleohydrologic changes during the 
Early Aptian time of OAE1a and post-OAE1a 
intervals.  
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Calcareous nodules are commonly observed in 

mudstone sequences, however, paleodepositional 
condition including paleothermometry have never 
been discussed based on its chemistry without 
exceptional case such as methane seepage. It partly 
owes to their complicated deposional history. We 
characterized dark grey muddy carbonate nodules 
collected from Cretaceous strata in Hokkaido, Japan 
with carbon, oxygen, sulfide sulfur and sulfate sulfur 
isotopes, and demonstrated the syndepositional 
formation of some nodules. It is notable that initial 
formation of carbonate “precursor” for all muddy 
nodules studied here were syndepositional near 
oxic/anoxic boundary at shallower depth of muddy 
sea floor. 

Some outcrop observations demonstrate 
calcareous nodules can be formed just below the sea 
bottom (JBSB). Structure suggesting consolidation 
JBSB includes burrows that eject calcareous 
precursor material from nodule. JBSB origin of the 
nodules consolidated associated with anaerobic 
oxidation of methane (identified by carbon isotope 
(δ13C) values) with sulfate reduction are also 
demonstrated with oxygen isotope (δ18O) and sulfur 
isotope (δ34S) values. Such nodules show the exactly 
same δ18O values with that of benthic foraminifers. A 
bivalve fossil found on one of the methane seep 
nodules preserved aragonite of the shell and yielded 
close δ18O paleotemperature with that of host nodule.  

The cross-plot of the δ13C and δ18O data can 
emerge “upper limit line” of δ18O values showing 
syndepositional formation. On the other hand, 
nodules from the Oyubari area characterized with 
δ34S(sulfate) lower than -18 permil indicating JBSB 
formation had conflicting δ18O values.  It can be 
ascribed to the difference of burial depth between 
sediments of the Haboro and Oyubari areas. Even if 
precursor of the nodules initially crystalized JBSB, 
strong compaction during burial would have caused 
permeation of pore water into the incomplete 
nodules. Carbon dioxide or bicarbonate ions derived 
from decomposed organic matter would have caused 
recrystallization of calcite with δ18O as low as -10 
permil in the nodule. 
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We measured compositions of plagioclase and 
pyroxenes and their melt inclusions from the 
precursory eruption products of 89 ka Aso-4 
pyroclastic eruption.  Aso-4 was the last and the 
largest (VEI=7) of the four caldera-forming eruptions 
in central Kyushu island, southwest Japan. Precursory 
eruptions include Omine pyroclastic cone and 
associated Takayubaru lava flows erupted <1,000 
years before Aso-4, and Aso-ABCD tephra erupted 
9,000 years before Aso-4.  Tephra units of ABCD 
have no soils between the four, thus are considered as 
a series of continuous eruption. 

Despite similar compositional trends observed in 
bulk rock chemistry, melt inclusions from Aso-
ABCD tephra, those from Omine cone, and those 
from Aso-4 main eruptions show compositional 
trends distinct from all the others.  Silica content of 
melt inclusions varies from 70-72 wt.% for Aso-
ABCD, 67-70 wt.% for Omine, and 73-74 wt.% for 
the earliest subunit of Aso-4, followed by 71-74 wt.% 
for the next subunit.  Melt inclusions from Aso-
ABCD tephra show similar composition to 123 ka 
Aso-3 tephra [1]. 

Plagioclase also shows distinct compositions 
between Aso-ABCD, Omine, and Aso-4.  
Orthopyroxene and clinopyroxene often show a 
disequilibrium relationship in terms of Fe-Mg 
exchange. 

When all the data are considered, a remnant of 
Aso-3 magma reservoir was possibly still active 9000 
years before Aso-4 eruption.  Magma reservoir for 
Omine was similar to Aso-4, however different 
compositional trend indicate a subsidiary reservoir to 
Aso-4 main one.  Eruption of Aso-4 started from the 
top of most silica-rich part of a reservoir, followed by 
mixing products of layers from a compositionally 
zoned large reservoir. 
 
[1] Kaneko et al. (2015) JVGR 303, 41-58. 
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Organic materials are one of the important 
starting materials of solar system, and are preserved 
in primitive extraterrestrial samples. Many studies 
have reported significant isotopically anomalous 
organic materials with deuterium (D)- and/or 15N 
enrichments in primitive meteorites [e.g. 1-3]. They 
are believed to be primitive organic materials. Their 
H and N isotopic compositions are heterogeneous, 
thus, investigation of characteristics of each of them 
provides us important information of origin and/or 
evolution history of the extraterrestrial organic 
materials [2, 3]. 

We surveyed isotopically anomalous organic 
materials in polished thin sections of Murchison 
(CM2) and Northwest Africa (NWA) 801 (CR2) by 
in situ H and N isotope ratio imaging using HokuDai 
isotope microscope system [4]. Then, identification 
and observation of the organic materials were 
performed using FE-SEM-EDS.  

Organic materials with significant D- and/or 15N-
enrichments were identified in the matrix of 
Murchison and NWA 801. They occur as a 
submicron-sized globule or aggregate of several 
globules or particles. Maximum value of their D- and 
15N-enrichments of were 2,920‰ and 2,620‰ for 
Murchison, and 7,920‰ and 2,150‰ for NWA 801, 
respectively. In both meteorites, the D- and 15N-
enrichment are uncorrelated in a organic material. 
Proportion of D-rich organic materials in Murchison 
is smaller than that in NWA 801. These results show 
that the D-enrichments are easily modified during 
aqueous alteration processes on the parent body 
compared with 15N-enrichments. We also concluded 
that the heterogeneous H and N isotopic composition 
of the organic materials are result from various origin 
of the isotope anomaly and secondary alteration. No 
obvious correlation between the morphology and the 
H and N isotopic compositions of the organic 
materials were shown, suggesting that their 
morphology might have been formed before and/or 
during accretion of the parent bodies of these 
meteorites. 
 

[1] Nakamura-Messenger et al. (2006) Science 
314, 1439-1442. [2] Hashiguchi et al. (2013) GCA 
122, 306–323. [3] Hashiguchi et al. (2015) Geochem. 
J. 49, 377–391. [4] Yurimoto et al. (2003) Appl. Surf. 
Sci. 203-204, 793–797.  
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Large amounts of C and N are well known by 
metallurgical studies to be accomodated in metallic 
iron. We examined here if C and N may exhibit 
siderophile behaviors in conditions applicable to Core 
formation stage of early Earth. The situation 
experimentally simulated here is the partitions of C 
and N between small metallic particles and silicates 
at shallow depths (~100Km) of the magma ocean. 

Partition experiments were performed between 
Fe-Ni metal and synthetic silicates consisting of 
SiO2-MgO-FeO-CaO-ZrO2. Mixtures of metal, oxide 
powder, graphite and ammonium salt, encapsulated in 
a zirconia cell, pressed by a cubic anvil type high-
pressure apparatus, were heated by a graphite heater 
to temperatures enough to achieve total melts of both 
metal and silicate. The peak temperatures were kept 
for 2, 4 or 8 minutes to confirm equilibration of C 
and N partition. The cell was then quenched to room 
temperature by a rate of 500oC/sec. Dependences of 
the partition coefficients (D(C) = [C]metal/[C]silicate and 
D(N) = [N]metal/[N]silicate) on the following parameters 
were examined in this study: (1) pressure between 3 
to 6 GPa; (2) oxygen fugacity ranging between -1.8 < 
log(fO2/fO2,Iron-Wustite) < -0.6; (3) silicate composition 
with 1.8 < Non-Bridging-Oxygen (NBO) 
/Tetragonal-network-formers (T) < 2.6; and (4) total 
carbon in the system that corresponds to 0.6 < [C]metal 

< 3.1wt%.  
The results are as follows: (1) At 3 GPa, D(C)=4 

and D(N)=70, whereas at 4-6 GPa, D(C)=30 and 
D(N)=500. Both C and N exhibited stronger 
siderophile behavior at higher pressure. (2) D(C) and 
D(N) both showed negative correlations with fO2 at 3 
GPa. (3) No dependence of D(C) and D(N) 
attributable to NBO/T variation was confirmed at 3 
GPa. (4) When the metal approach saturation with C 
([C]metal=3.1wt%), D(C) and D(N), as low as 1 and 6, 
respectively, were observed at 3 GPa. A particularly 
worth-to-note relationship was observed between 
D(C) and D(N), common to all runs in this study 
examining various parameters: D(N) always 
exhibited ~10x higher values compared to D(C), 
suggesting that N constantly exhibit siderophile 
characteristics stronger than C. 

Preferential N absorption, relative to C, by 
metallic iron during Core formation may have 
significantly elevated the C/N ratio in silicates from 
the starting primitive chondrite value (~30). We 
discuss if the geochemical record attributable to C & 
N absorption to Core could be found in the present 
silicate portion of Earth.  
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Balerang and Rajabasa are Quaternary volcanic 
complex located in the Sunda arc where the Indo-
Australian plate is currently subducting beneath 
Eurasian plate. The Sunda arc is well known as an 
active volcanic region. Balerang and Rajabasa 
volcanoes are located along the same north-south 
volcanic lineament with the most active Krakatau 
volcanic complex. This volcanic lineament is an 
extensional fractures zone which Great Sumatran 
Fault terminates at this lineament due to change of 
subduction angle from nearly perpendicular to 
oblique. This highly dynamic zone is estimated 
giving a substantial influence to the magmatic 
activity within Balerang and Rajabasa volcanoes. As 
minerals respond texturally and compositionally to a 
changing magmatic environment, we investigate the 
mineral textures and zoning to decipher these 
processes. For whole rock analysis, silica contents 
range from 55.19 to 66.24 wt.% indicating a chemical 
heterogeneity of magma. Some plagioclase crystals 
consist of highly sieve core and clear rim regions, and 
overgrowth on the plagioclase and pyroxene crystals, 
indicating a magmatic recharge event. Reverse 
zoning and resorption textures associated with 
compositional step zoning or progressive zoning are 
quite common as well in clinopyroxene and 
plagioclase crystals. By considering to those 
evidences, we conclude that injection of a hotter 
basaltic magma into colder and more felsic magma 
occurred beneath the volcanoes. Furthermore, we also 
investigate the evolution of these volcanoes by 
integrating field observation, geochemical study, and 
detailed volcanostratigraphy. Then we elucidated that 
this volcanic complex has sequentially erupted from 4 
different vents of which the shifting was strongly 
influenced by active dextral Great Sumatran Fault. 
Balerang magma has undergone a reversal evolution 
from dacite to basaltic andesite. On the other hand, in 
late Holocene Rajabasa magma is nearly constant 
between andesitic to dacitic. 
Keywords: balerang, rajabasa, petrology, 

magmatic process, volcanic evolution 
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Hydrogen is an efficient and flexible energy 
carrier and can be produced from the surplus of 
renewable energy. It has been claimed to be an 
appropriate alternative to fossil fuels especially in the 
area of transportation. Storage of hydrogen in 
geological formations would provide the required 
capacity for a hydrogen-based energy supply. 
However, there are many open questions to be solved 
with regards to the chemical interactions between 
hydrogen and reservoir rock formations. 

Here we present a kinetic modeling study on the 
interactions between injected hydrogen and the 
reservoir brine that might further affect the integrity 
of the reservoir or the purity of recovered hydrogen. 
The study was carried out using the brine 
composition of the target reservoir and using 
Geochemist’s Workbench (GWB) as modeling tool.   

Not much is known about effective reaction rates 
between hydrogen and reservoir brines. Our study is 
focusing on the sensitivity of reaction rates to the 
effective rate constants and gas fugacity.  

Our results indicate that if hydrogen comes in 
contact withbrine, it partly dissolves and get 
consumed in solution. Also changes in pH towards 
alkalinity and changes in the aqueous species 
concentrations were observed. We further show the 
reduction of complexions such as HCO3

- and SO4
-
 

into CH4 and HS-. To complete the analysis, 
sensitivity of reaction rates of these redox couples 
have been investigated.  

This work is part of a research project 
(Underground Sun Storage) funded Austrian 
Research Promotion Agency (FFG) and “Klima- und 
Energiefonds”.  
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Traditional core plug tests for optimising water 

enhanced oil recovery (EOR) have limitations. Each 
test requires a fresh sample, sophisticated and 
expensive equipment and several months because 
cores must be cleaned, restored and aged before the 
tests can begin. It is also difficult to compare data 
from one core with results from another because no 
two cores are identical, making it difficult to 
distinguish between effects resulting from different 
conditions and effects resulting from different cores. 
Thus, our aim was to explore the possibility of a 
cheaper, faster alternative.  

We have developed a method that uses atomic 
force microscopy (AFM) to investigate the 
relationship between the wettability of pore surfaces 
and water salinity. We bring our “oil” wet AFM tip 
close to the pore surface and measure the work of 
adhesion between the tip and the solid. Repeated 
probing of the surface with the tip produces data that 
can be converted to maps of adhesion and we can 
estimate contact angle. Small changes of the contact 
angle is know to produce more oil. We have verified 
our technique by studying the low salinity response in 
sandstone where we found the threshold values for 
the onset of the low salinity response is 5,000 to 
8,000 ppm, which benchmarks remarkably well with 
observations from core plug tests.  

The AFM experiments can be done relatively 
quickly on very little material, it gives the possibility 
of testing other water EOR techniques on large 
sample suites from many locations throughout a 
reservoir and for gathering statistics, cheaply and 
quickly. The generation of statiscially robust data can 
then be used to screen conditions to maximise the 
value of the core plug testing and to provide extra 
data (such as surface charge etc.) that can only be 
recorded with AFM. Thus AFM force mapping is an 
excellent complement to traditional core plug testing. 
Here we show how to apply the method to test for 
low salinity EOR in sandstone and limestone and  
surfactant flooding in chalk and limestone. 
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Lake Cadagno is a 21 m deep alpine meromictic 

lake that is permanently stratified. It has two 
chemically distinct water layers; an oxic mixolimnion 
and an anoxic monimolimnion with a narrow 
chemocline separating the two. The chemocline is 
located across a narrow band between 10 to 13 m 
with a large chemical gradient in dissolved oxygen, 
redox potential, nutrients (nitrate, ammonia), 
dissolved and particulate trace elements (iron, 
manganese, vanadium, chromium, copper etc), and 
sulfur species. The reaction series for changes in 
nutrient and trace metal concentrations associated 
with the tansition from oxic to anoxic conditions 
follow the “classical” sequence seen for meromictic 
lakes and sediment porewaters.  

Iron isotope analysis of both dissolved (δ56DFe) 
and particulate (δ56PFe) iron revealed at very sharp 
transition between 11.5 and 12 m with heavier δ56DFe 
values above (~0.75 ‰) and lighter δ56DFe values 
below the ferrocline (-0.61 ‰).  The isotope 
composition of δ56PFe was opposite with lighter 
δ56PFe  values (relative to δ56DFe) above and heavier 
δ56PFe values below the ferrocline. Our results 
indicate that δ56DFe fractionation is under kinetic 
control with the rate of reduced iron diffusion across 
the chemocline, and its subsequent oxidation, being 
the key steps in setting δ56DFe. 
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Bioactive metals, especially Fe, are essential 

components for biological activities in the surface 
ocean.  The high-resolution distribution of dissolved 
Fe along with other metals such as Al and Mn helps 
us to understand the mechanisms responsible for their 
distributions within the ocean.  During the US Arctic 
GEOTRACES expedition from August 9th to October 
12th, 2015, dissolved Al, Fe, Mn were determined 
shipboard on seawater samples collected throughout 
the water column from 60˚N to 90˚N along 170˚W-
180˚E (Northbound) and from 90˚N to 65˚N along 
150˚W (Southbound) in the Arctic Ocean.  Samples 
were collected using the dedicated GEOTRACES 
trace element rosette with Teflon-coated, GO-FLO 
bottles, and samples were filtered using a 0.2μm 
AcroPak filter.  In addition, water samples were 
collected at nominal depths of 1, 5 and 20m from 
under the sea ice, using a portable pumping system.  
At these same stations, samples of melted snow, sea-
ice, and where available melt ponds, were also 
obtained.  These latter samples were also filtered 
through the 0.2μm AcroPak filter.  A total of 411 
trace metal samples were collected at 28 
GEOTRACES water column and 6 sea-ice stations, 
and dissolved trace metals were determined using 
shipboard Flow Injection Analysis.  In general, across 
the Arctic Ocean the greatest Fe enrichments (5-
10nM) were seen in the shelf waters of the Chukchi 
Sea as a result of remineralisation processes.  This 
shelf water also shows the greatest Mn enrichments 
(18-54nM).  At the shelf edge, the halocline 
spreading out from the shelf between 100-200m 
showed enriched nutrient concentrations (silicate and 
phosphate) as well as advection of the Fe (~2nM), 
Mn (~7nM) enriched shelf waters.  Lower 
transmissometer signals at the shelf edge correspond 
to Mn enrichments, suggesting that this signal is 
probably associated with coastal reducing sediments 
that have been resuspended and advected offshore.  
Small Al enrichments (2-5nM) are seen on the shelf, 
but no maxima within the halocline waters at the 
shelf edge (~2nM).  However high Al values (4-8nM) 
and Mn (1-7nM) are seen in the bottom water at the 
shelf break corresponding to a strong 
transmissometer signal.  Surface water Fe values over 
much of the cruise track are generally ~1nM but a 
region of elevated values (2-7nM) are seen north of 
85˚N on both the northbound and southbound tracks, 
coincident with the presence of ice cover. 
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Recent developments in inductively coupled 

plasma mass spectrometry technology have extended 
its application range quite significantly. Notably the 
improvements in time-of-flight mass spectrometers, 
providing signal acquisition at rates of 10s of kHz, 
allow for a comprehensive analysis of ion signals of 
less than 200 ms duration at significantly higher 
sensitivity. This enables the analysis and 
differentiation of nanomaterials or individual cells, 
diagnostics of plasma-particle interaction, 
charaterization of individual airborne particles and 
laser ablation signals of ms duration obtained from 
latest generation ablation cells.  

Additionally, enhanced detection efficiencies of 
recent sector field instruments provide a means for 
assessing even lower analyte concentrations for 
example in spatially resolved analyses by LA and 
limits of detection below the ng/g range can be 
achieved in an optimized setup. 

This presentation will discuss characteristics of 
these new developments in the context of 
geochemical applications and cirtically evaluate the 
capabilities of these instruments. 
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Anthropogenic activities have increased 
emissions of nitrogen and sulfur from land to the 
atmosphere. By recent increase of the anthropogenic 
pollutants in the atmosphere, atmospheric oxidative 
capacity can be changed in the east Asia. An 
understanding of changes in the oxidizing capacity of 
the atmosphere is also relevant for air quality 
managers, but it is not easy bacause of oxidant’s 
unstability and multiple competing effects. The 
magnitude of 17O enrichment (Δ17O) in atmospheric 
nitrate and sulfate are unique tracers for the 
apportionment of different oxidation pathways [1]. 
Thus, based on Δ17O in atmospheric nitrate and 
sulfate, it is possible to predict oxidizing capacity (i.e. 
relative importance of oxidants) in the atmosphere. In 
this study, we present seasonal variations of Δ17O 
values in atmospheric nitrate and sulfate collected at 
at NOTO Ground-based Research Observatory 
(NOTOGRO) (37.5◦N, 137.4◦E) located at the north 
coast of Noto Peninsula, Japan. 
 The Δ17O values of nitrate showed the clear 
seasonal variations with summer minimum and 
winter maximum. This trend is resulted from the 
seasonal changes in the O3 / HOX ratios decreasing in 
summer by ozone destruction and HOX production 
(e.g. OH, HO2 radicals) via UV irradiance. For the 
Δ17O values of sulfate, on the other hand, did not 
show clear seasonal variation and ranged around 0.7 
to 1.5‰, being slightly higher than those observed in 
Wuhan, central China [2]. This small seasonality 
indicates that SO2 oxidation by O2 catalyzed by 
transition metal ions is dominant pathway producing 
sulfate, but higher Δ17O values of sulfate indicates the 
relative importance of oxidation process via O3 in 
long transportation from the continent. Additionaly, 
the drop of Δ17O values of sulfate was observed at the 
period of the tropospheric volcanic eruption occurred 
in Kyushu area.  
 
[1] Alexander and Mickley (2015) Curr. Pollution 
Rep. 1, 57–69. [2] Li et al. (2013) Atmos. Environ. 
81, 591-599.  
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Phthalate esters (PAEs) are widely used in the 

manufacturing and processing of plastic products as 
plasticizers. They are endocrine disrupting chemicals 
and their environmental behavior has attracted 
considerable attention due to their potential impacts 
on the ecosystem and on public health. PAEs were 
studied in seawater, sediments and mussels (Mytilus 
galloprovincialis) collected from various marine sites 
in Greece, including the major estuaries, 
industrialized areas, sites directly influenced from big 
cities (Athens and Thessaloniki) and also deep open 
sea sites. Eight PAEs, belonging in the priority 
organic contaminants lists, were determined (DMP, 
DEP, DBP, DnBP, BBP, DEHP, DnOP, DNP) using 
GC-MS technique.  

In seawater, the highest concentrations were 
measured in sites affected from urban and industrial 
activities, whereas DEHP was the most abundant 
compound in all cases, followed by DnBP. The 
distribution of each PAE between dissolved and 
particulate phases seems to depend on the log Kow 
values. 80-86%  of the lower molecular weight PAEs 
(DMP, DEP, DnBP, BBP), having also the lower log 
Kow values, were found in the dissolved phase, while 
52-83% of DEHP, DnBP and DNP were bound to the 
particulate phase.  

In sediments, the most contaminated site with 
ΣPAEs concentrations above 100 mg/Kg was close to 
Athens sewage outfall, while in deep open sea 
stations PAEs values were similar to those found in 
estuarine systems, indicating that atmospheric 
deposition plays an important role in transferring 
PAEs into the marine environment. DEHP was again 
predominant in all sediment samples. 

All PAEs were detected in mussel samples and 
the bioaccumulation factors (BAF) were calculated. 
Although the highest BAF values (~1000) were found 
for DEHP, DnBP and DNP, when these values were 
normalized to the lipid content of the mussels, it 
seems that DMP and DEP had the greatest 
bioaccumulation potential.   
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 Silica sinter developed on the northern 

shore of Lake Usoriyama in the Osorezan geothermal 
field was examined for the occurrence, texture, and 
crystallinity of silica minerals, and the concentrations 
of trace elements and oxygen isotopes. The silica 
sinter of this study consists of two parts, a thick 
eastern mound (layer A) and a thin western part 
(layer B). Layer A’s maximum thickness is 150 cm, 
and it consists of alternating white to light gray layers 
about 1 cm thick interspersed with yellowish and 
reddish layers. A red to reddish gray layer with a 
unique stromatolitic texture, having aggregates of 
stratified concentric layers extending upward, appears 
in the middle of layer A. Layer B is characterized by 
alternating loose white layers about 1 mm thick. The 
mineralogical constituents of the sinter are dominated 
by silica minerals. Layer B consists of opal-A, while 
layer A contains opal-A and opal-CT. 

 We measured trace elements such as Au, 
Hg, As, and Sb. Au content ranges from 5 to 310 ppb, 
and Hg content is between 0.8 and 30.1 ppm, with 
high concentrations observed in the colored layers of 
layer A. The concentration of As varies between 40 
and 201 ppm, and an exceptionally high 
concentration of As, 650 ppm, was observed in newly 
formed white silica sinter around an active vent. 

 The δ18O of the silica minerals in layer A 
vary between 13 and 26‰, while those of layer B are 
higher, from 19 to 33‰. The δ18O of the water 
estimated from the δ18O of the silica sinter is heavier 
than that of local meteoric water, but approximately 
overlaps with the δ18O range observed in present-day 
hot spring waters. This overlap suggests that the 
origin of the water from which the 150 cm thick silica 
sinter of this study is not different from present day 
hot spring water. 
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Traditionally, sea ice was considered to act as a 

barrier for gas exchange between the atmosphere and 
the ocean. However, recent field work has indicated 
that sea ice could play an active role in atmosphere-
snow-ice-ocean gas flux. Furthermore, biological 
processes within sea ice can contribute substantially 
to the biogeochemical cycling in polar marine 
environments. To address the role of sea ice 
biogeochemistry in air-ice-ocean exchange of 
climatically important gases (carbon dioxide and 
dimethylsulfide (DMS)) in the Arctic under present 
and future climates, we have developed a 
biogeochemical model that simulates the lower-
trophic level polar marine ecosystem and associated  
carbon and sulfur cycles. The model has been tested 
in 1-D and successfully reproduced the observed 
variability of chlorophyll a, carbon, and 
dimethylsulfoniopropionate. We are currently 
implementing the biogeochemical model developed 
in 1-D to an existing coupled 3-D pan-Arctic sea ice-
ocean physical-biogeochemical model. We plan to 
discuss the preliminary results of model simulations 
including: simulated CO2 and DMS fluxes, spatio-
temporal variability, model-data comparison, 
parameter sensitivity analysis, and contribution of sea 
ice biogeochemistry to these fluxes. 
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Framboidal pyrite, an important carrier of trace 
elements, is preserved in rocks from high pressure, 
low temperature terrains. Knowledge of the 
distribution of these trace elements, in particular Cu, 
and how they behave within the subduction zone 
environment may have implications for movement of 
ore-forming elements within subduction zones.    

Here, energy-dispersive X-ray spectroscopy, 
electron backscatter detection (EBSD) and 
microprobe observations of framboids and their 
recrystallisation products from blueschist facies 
metasediments of the Schistes Lustrés in Alpine 
Corsica are reported. 

EBSD analysis shows that undeformed framboids 
were randomly orientated and showed little internal 
deformation whereas with increasing recrystallisation 
crystals internal deformation increased. This lack of 
deformation is unexpected at blueschist facies but 
may be linked to deformation being accomodated for 
by weaker host minerals or a lack of fluid 
availability. Fluid flow drives recrystallisation and is 
closely linked to deformation and recrystallisation.  

Despite the presence of framboids of both pyrite 
and it’s precursor mineral greigite there is evidence 
of fluid flow within these rocks. As pyrites 
recrystallise, interstitial pore spaces are filled by 
chalcopyrite crystals which are subsequently lost in 
the latter stages of recrystallisation. Evidence for 
transport of elements during different stages of 
recrystallisation is also observed in arsenic and lead 
data. Arsenic concentration is highest within the 
recrystallising framboids indicating either a late 
influx of arsenic or dissolution of an arsenic-bearing 
mineral or loss of sulphur from the system. 
Conversely Pb is progressively lost from the system 
or enters another phase as recrystallisation occurs.  

Preservation of framboids in high P/low T 
environments records the transport of Cu, Pb and As 
deep into the subduction zone. Trace element 
movement acts as a proxy for fluid flow within the 
subduction zone and may provide further insight into 
fluid migration and element transfer within 
subduction zones.  
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Do humans play a significant role in Earth’s 

recent mineral evolution? In the earlier analyses of 
Earth’s changing mineralogy through deep time [1-5] 
the influences of human activities received only 
peripheral mention. The 10 stages of mineral 
evolution proposed by Hazen et al. [4] relate only to 
natural (i.e., pre-technological) physical, chemical, 
and biological processes. Nevertheless, questions 
related to human influences on Earth’s mineralogy 
are of potential interest and importance. Are we now 
in “Stage 11”—a time when mineral diversity and 
distributions are experiencing a punctuation event 
owing to the pervasive impact of human activities on 
Earth’s near-surface environment? 

Though yet to be confirmed by the International 
Union of Geological Sciences, there is growing 
advocacy for formal recognition of a post-Holocene 
“Anthropocene Epoch” to characterize the time 
within the Quaternary Period when human activities 
began to have a significant effect [6]. Anthropogenic 
inorganic mineral-like compounds include both (1) 
purposely synthesized, e.g., compounds in cement, 
metal alloys, carbide abrasives, laser crystals, and 
battery components, and (2) formed inadvertently 
though human activities, such as incrustations in 
mines and pipes, corrosion phases on ancient 
artefacts, and combustion by-products. Some of the 
latter had been approved as valid minerals by the 
IMA Commission before a rules change. 
Anthropogenic compounds are likely to be preserved 
as distinctive stratigraphic markers far into the future 
[7].  
 
 1. Zhabin (1979) Dok. Akad. Nauk 247, 
199-202; 2. Yushkin (1982) Zap. Vses. Mineral. Obs. 
116, 432-442; 3. Hazen et al. (2008) Am. Mineral. 
93, 1693-1720; 4. Hazen & Ferry (2010) Elements 6, 
9-12; 5. Krivovichev (2013) Min. Mag. 77, 275-326; 
6. Waters et al. (2016) Science 216, 6269-137; 7. 
Zalasiewicz et al. (2013) Geol. Soc. Spec. Pub. 395, 
109-117. 
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More than half of all known mineral species 

(2715 of 5106 species as of 15 February 2016; 
rruff.info/ima) incorporate one or more of the first-
row transition elements (Sc through Zn). Mineral 
ecology studies examine the diversity and geographic 
distribution of these minerals collectively, as well as 
for mineral species that incorporate these individual 
elements. We find that most of these minerals are 
rare, and their frequency distributions conform to 
Large Number of Rare Event models that facilitate 
predictions of the numbers of minerals that exist on 
Earth but have not yet been discovered and described 
[1-6]. We find that >20%, or at least 550 species of 
minerals incorporating first-row transition metals, 
have yet to be found. 

Mineral evolution studies of the minerals of Cr, 
Mn, Co, Ni, and Cu document the distribution of 
primary transition metal mineral species through deep 
time. These minerals display patterns of episodicity 
associated with supercontinent assembly—patterns 
that have been demonstrated for other mineral 
groups, as well as [7-9]. We also find significant gaps 
when few minerals form, as well as a sharp increase 
associated with ephemeral minerals of the past few 
millions of years. Of special note are systematic 
changes in the transition metal oxidation states 
through time: more reduced forms dominate minerals 
formed at >2.2 Ga, whereas the most oxidized forms 
dominate <0.5 Ga. 
 
1. Hazen et al. (2015) Canadian Mineralogist, 53, 
295-323; 2. Hazen et al. (2015) American 
Mineralogist 100, 2344-2347; 3.Hystad et al. (2015) 
Mathematical Geosciences, 47, 647-661; 4. Hystad et 
al (2015) Earth and Planetary Science Letters, 426, 
154-157; 5. Hazen & Ausubel (2016) American 
Mineralogist, in press: Hazen et al. (2016) American 
Mineralogist, in press; 7. Golden et al. (2013) Earth 
and Planetary Science Letters, 366, 1-5.; 8. Grew & 
Hazen (2014) American Mineralogist, 99, 999-1021; 
9. Hazen et al. (2014) Economic Geology, Special 
Publication 18, 1-15. 
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The Siberian Traps are widely considered to be a 
potential trigger of Permo-Triassic Boundary (PTB) 
mass extinction mainly based on synchroneity 
between the Siberian Traps and the extinction. 
However, this temporal link is indirect and only 
constrained by absolute radiometric dating on both 
volcanic ashes around the PTB in South China and 
intrusives of the Siberian Traps. This study elucidates 
direct relative temporal relationship between PTB 
extinction and the Siberian Traps, based on newly 
acquired mineralogy, whole-rock geochemistry, PGE 
and in-situ zircon U-Pb and Hf-O isotopic data of the 
clay layers around the PTB at ten sections in South 
China.  

Results show that clay layers around the PTB in 
South China are mainly altered volcanic ashes. In 
terms of geochemistry, the PTB claystones are 
divided into two groups. Group 1 is pure acidic 
volcanic ashes, which are distributed below and 
above the PTB mass extinction interval. Group 2 
claystones are mixture of acidic ashes and basaltic 
tuffs, which are exactly distributed in the PTB main 
extinction interval.Modeling calculation shows the 
Group 2 comprises of acidic volcanic ashes (70%) 
and basaltic substance (30%). This substantial input 
of basaltic mass to Group 2 claystones can not be 
explained by change of volcanic nature, the 
geological settings, depositional environment and 
terrigenous clasts. Instead, it is most likely from 
basaltic ashes of the Siberian Traps for voluminous 
tuffs occur in the lower part of volcanic succession in 
the Siberian Traps. It is thus direct evidence for 
temporal coincidence between the Siberian Traps and 
the PTB main extinction. Our study supports that the 
Siberian Traps may have been responsible for the 
PTB mass extinction, as a consequence of 
voluminous greenhouse gases 
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SiC and associated ultra-reduced minerals are 

reported in various geological settings; however, the 
genesis of SiC, the origin of the extremely low δ13C 
value (−18‰ to −35‰) [1] of SiC and the 
preservation mechanism of the ultra-reduced phases 
in their host rock are poorly understood at present. 
We discovered a SiC dominated ultra-reduced 
mineral assemblage, including SiC, TiC, native 
metals (Si, Fe, Ni) and iron silicide, from carbonatitic 
xenoliths in Dalihu, Inner Mongolia. Most of the 
ultra-reduced minerals were identified in-situ in 
polished/thin sections, except several SiC grains 
separated for in-situ C isotope analysis. The in-situ 
SiC was 20-50 μm in size, blue to colorless in color, 
and usually identified in the micro-cavities within the 
carbonatitic xenolith. The in-situ SiC grains have four 
types of polytypes, dominated by β-SiC (3C 
polytype) and 4H polytype followed by 15R and 6H. 
The Dalihu SiC has significant 13C-depleted isotopic 
composition (δ13C = -13.2‰ to - 22.8‰, average = -
17.7‰) with obvious spatial variation. 

We provide a numerical modeling method to 
prove that the C isotope composition of the Dalihu 
SiC can be well-yielded by shallow degassing. Our 
modeling results showed that the very low δ13C value 
of the Dalihu SiC can be readily produced by the 
reaction between graphite and silicate with degassing, 
and the spatial variation in C isotope composition 
could have been formed in the progressive growth 
process of SiC. The detailed in-situ occurring 
information was beneficial for our understanding of 
the preservation mechanism of the Dalihu ultra-
reduced phase. The Dalihu SiC occurs predominantly 
in micro-cavities that result from the exsolution of the 
volatile phase during the diapir rising process of 
carbonatitic melt. Filling of CO and/or CO2 in the 
micro-cavities could have buffered the reducing 
environment and separated SiC from the surrounding 
oxidizing phases. The fast cooling of host rock, 
which would leave insufficient time for the complete 
elimination of SiC, could have also contributed to the 
preservation of SiC. 
[1] Trumbull et al. (2009) Lithos 113, 612-620. 
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Clay minerals are ubiquitous in the Earth’s crust 

and they may transform from one to another under 
natural and anthropogenic conditions. Thus, 
understanding clay transformation is of fundamental 
importance to unraveling geological processes and to 
synthesizing clay-based materials. To date, two 
pathways have been identified, i.e., the 
transformation among 2:1 type clay minerals (e.g., 
illitization of smectite) and from 2:1 type to 1:1 type 
(e.g., kaolinization of smectite). However, the 
transformation of 1:1 type to 2:1 type has not been 
reported except the case that smectite might form 
from serpentine and/or chlorite, but the 
transformation mechanism was unidentified.  

Our results demonstrate a transformation 
mechanism from 1:1 to 2:1 clay type under 
hydrothermal condition, where individual or 
polymers of Si-O tehrahedra attach to the octahedral 
sheet of precursor 1:1 clay minerals to form 2:1 
smectite. The transformation from dioctahedral 
kaolinite and halloysite to smectite was much easier 
than the one from trioctahedral serpentine to smectite. 
The presence of Al3+ in solution accelerated the 
growth of smectite and improved its crystallinity, 
implying that the size matching between tetrahedra 
and octahedra was a key factor in controlling the 
transformation. Such a transformation mechanism 
can well explain a “polar layer” structure in 2:1 type 
phyllosilicates, i.e., the two tetrahedral sheets across 
the octahedral sheet have different composition and 
layer charge. Furthermore, our finding provides a 
mechanism for synthesizing valuable swelling 
smectite from inexpensive 1:1 clays. By optimizing 
hydrothermal conditions, different types of smectites 
may be synthesized to meet these diverse demands. 
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There is no doubt that the development of the 
world and our society is in an increasing demand of 
metals. While intensive mineral prospecting, 
exploration and mining activities are being carried 
out, million tons of municipal waste are generated 
every day leaving huge amount of metals unrecycled 
in disposed waste and the resulting incineration slag. 
Metal extraction and recovery from incineration slag 
could be one solution to metal resource depletion and 
the existing mismatch between metal supply and 
demand. Conventional biohydrometallurgy is mainly 
used to recover certain metals from sulfide ores 
which are physico-chemically different from 
incineration slag. The goal of this study therefore is 
to investigate the feasibility of biotic leaching of 
metals from municipal waste incineration slag by 
using microorganisms and to evaluate combined 
abiotic and biotic extraction procedures to increase 
metal extraction efficiency.  

In collaboration with a waste incineration plant 
and governmental authorities, we investigate the 
extraction of basic metals, strategically important 
precious metals, Rare Earth Elements and heavy 
metals from household waste incineration slag. A 
two-step extraction procedure was applied: i) the 
alkaline incineration slag was firstly treated abioticlly 
with industrial hydrochloric acid that is provided as a 
cost-free waste product by the incineration plant; ii) 
different bacteria that are well-known for 
biometallurgical applications as well as microbial 
consortia enriched from sediments of the highly 
acidic and metal-contaminated river Rio Tinto in 
Spain were added to increase and maximize the 
leaching efficiency. We found that in particular the 
addition of the Rio Tinto microbial consortia 
improved the metal leaching efficiency significantly 
compared to abiotic leaching or leaching with single 
bacterial strains. This study suggests that we can 
benefit from incineration slag as profitable source of 
metals economically by applying bioleaching 
technique using  microbial gifts from nature. 
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Because the significance of geochemical 

anomalies is affected by certain stochastic factors, 
such as the differences of geological backgrounds and 
micro-geochemical landscapes of ore deposits from 
those of geochemical anomalies, some mineral 
deposits have been found away from geochemical 
anomalies. Nevertheless, mineral deposits and 
geochemical anomalies exhibit intrinsic relations. To 
quantitatively capture the variations in physical 
variables at various scales, the proposed 
renormalisation theory was derived from the quantum 
field theory. Similar to the fractal theory and chaos 
theory, the quantum field theory is attributed to 
nonlinear theory and has become an important 
application in the study of asymptotic behaviour of 
high energy. To clarify this, the dimensional 
quantitative relation between mineral bodies and 
different scales of geochemical anomalies are 
discussed. First, the relation was deduced from 
theory. Mineralisation probability at level  n : 

234 683 nnnn pppp +−= . The correlation 
length, υ−−= |2324.0|)( 0 pLpL , for scales of 
1:200,000, 1:50,000 and 1:10,000, was calculated as 
v =1.087. Under the probability of 0.05 of anomalous 
data, the impact sphere or renormalisation boundaries 
of geochemical anomalies in the scales of 1:200,000 
and 1:50,000 should be extended outward by 5 and 
0.13 km, respectively, from the anomalies delineated. 
Then, the correlation lengths for different scales or p 
for the Daijiazhuang Pb-Zn deposit reveal that scale 
plays an important role in the calculation of 
correlation lengths when the frequency of anomalous 
data is less than 10%. The renormalisation boundary 
implies that there could be undetected anomalies 
aside from those delineated by the renormalisation 
boundary. This should not be neglected in 
prospecting for ore deposits. 
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Arsenic commonly occurs in both low- and high- 

temperature conditions including aquifers, 
sedimentary rocks and hydrothermal ore deposits. It 
can readily combine with various metals (e.g., 
Cu/Ag/Au/Pb/Zn/PGE) to form As-containing 
mineral deposits. Meanwhile, Arsenic is well known 
for its acute toxicity to human health, from the use of 
As-bearing water. As usually bonds with oxygen and 
sulfur to form aqueous species, such as arsenites, 
arsenates, (oxy)thioarsenites and (oxy)thioarsenates.  
Thus, knowledge of arsenic speciation under various 
conditions is crucial for better understanding the 
behaviors of arsenic in nature.  

In this study, the structures and acidity constants 
(pKa) of oxy- and thio- arsenites (H3AsSxO3-x, 
x=0,1,2,3) are investigated using first principle 
molecular dynamics (FPMD) method. The results 
suggest that from ambient temperature to 573 K, 
H3AsSxO3-x  have a trigonal pyramidal shape with As 
atom at the top of the pyramid. Moreover, the FPMD 
based vertical energy gap method was applied to 
calculate the acidity constants. Aqueous species 
distributions of H3AsSxO3-x versus pH are quantified 
at the three temperatures. As temperature increases, 
these pKa trends and comparisons for H3AsSxO3-x are 
also discussed. 
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To seek the unusually 18O-depleted  magmatism 

in the Neoproterozoic, zircon in-situ O and U-Pb 
isotopes were analyzed for granitic gneisses from the 
Sulu orogen in east-central China. Zircons exhibit 
complex core-rim structures and variable degrees of 
metamorphic overgrowth and recrystallization. 
Zircon U-Pb dating yields protolith ages of 753±15 
Ma to 780±13 Ma and metamorphic ages of 209±9 to 
240±30 Ma. The Neoproterozoic cores with 
concordant U-Pb ages exhibit a wide range of δ18O 
values from -11.0 to 5.8‰, which is nearly the same 
as those for Neoproterozoic cores with discordant U-
Pb ages. Oxygen isotope compositions are very 
homogeneous for rims of Triassic U-Pb ages in some 
samples, with δ18O values of around -10‰. Rims of 
the other samples show a wider range with both 
negative and positive δ18O values. The δ18O values as 
negative as -11.0‰ for zircons with concordant 
Neoproterozoic U-Pb ages are reported for the first 
time, representing the primary record of 
Neoproterozoic negative δ18O magmas. Theoritical 
calculations and core-rim differences both support the 
preservation of primary O isotopes in the cores of 
concordant U-Pb ages. A conservative estimate 
suggests that the hydrothermal fluid involved in 
water-rock interaction should have a δ18O value lower 
than -9.2‰, corresponding to the meteoric water of 
cold paleoclimate or the meltwater of local 
continental glaciation in the Middle Neoproterozoic. 
The spatial variation in the O isotope compositions of 
Neoproterzoic zircons is a manifestation of the O 
isotope heterogeneity in the fossil magmatic system. 
In addition, the hydrothermal alteration on rock-
forming minerals during the Neoproterozoic was 
incongruent, which is lately recorded by the wide 
range of δ18O values for the Triassic metamorphic 
zircons. The extensive O isotope exchange between 
the surface water and the deep rock requires high 
temperature and high water-rock ratios. This is 
ascribed to continental rifting in response to breakup 
of the Rodinia supercontinent. Heat from the mantle 
may enhance the extent of hydrothermal alteration 
and subsequent partial melting of the hydrothermally 
altered rocks. 
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Lower-Middle Devonian and Lower 

Carboniferous marine shales distribute widely in the 
central Guangxi depression, SW China [1], and 
commonly have a thickness of more than 30m. The 
shales have high TOC values, commonly more than 
2.0% (Figure 1); the organic matter is mainly Type II; 
the vitrinite reflectance (Ro) values mainly range 
from 1.0%~3.0%, most benefit for shale gas 
exploration.  

Figure 1: TOC values distribution of the middle 
Devonian shales in the central Guangxi Depression, 
SW China 

The shales are composed of quartz, clay minerals, 
and poor in carbonates, and have the total porosity 
between 0.79% and 27.3%. The pores are mainly 1 to 
100nm in size and dominated by mesopore (2-50nm). 
The Langmuir volumes of the shales range from 1.7-
3.81m3/t, which is similar to those of the lower 
Silurian Longmaxi Formation shales in China[2] and 
the Marcellus, Fayetteville shales in USA[3]. Gas 
adsorption amounts show positive relationship to 
TOC but not to clay mineral content, indicating that 
organic pores may be the main reservoir space for 
adsorbed gas. Thus, we conclude that the shales have 
good hydrocarbon-generation conditions, reservoir 
conditions and gas adsorption capacities, and may 
have good potential for shale gas exploration. 

[1] He et al. (2011) Acta Petrolei Sinica 32, 273-
279. [2] Sun et al. (2014) Special Oil and Gas 
Reserviors 21, 63-66. [3] Chalmers et al. (2012) 
AAPG bulletin 96,1099-1119. 
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Clinopyroxene (cpx) plays an important role in 
controlling trace elements in magmatic systems. 
Although it is well known that cpx/melt partitioning 
of REE, Sr and Ti is related to melt structure[1], melt 
composition effect on partitioning of the first-row 
transitional metals (FRTM) (Sc, V, Cr, Mn, Co, Ni, 
Cu and Zn) and HFSE (Nb, Ta, Zr and Hf) between 
cpx and silicic melts is still not clear.     

Trace elements partitioning experiments between 
cpx and silicic melts (66-69 wt% SiO2) was 
performed with a high-temperature furnace at 1atm 
and 1080-1100 oC. Run products consist of diopsidic 
cpx coexisting with silicic, aluminous, and alkaline 
melts with NBO/T ranging from 0.09 to 0.21. 
cpx/meltDREE (e.g., DLa = 0.31-0.40, DSm = 1.64-2.22, 
DYb = 1.59-2.00), DSr (0.20-0.32) and DTi (0.60-0.88) 
are elevated relative to the results from cpx-basalt 
system, which is consistent with previous studies [1, 
2].  

DSc (3.90-6.13), DCr (11-36), DMn (1.83-2.97), DCo 
(3.02-5.42), DNi (13-48), DCu (0.11-0.23) and DZn 
(0.50-0.97) increase with NBO/T of the melt, while 
no correlation is observed between IVAl of cpx and 
cpx/meltD. A strong correlation between molar 
Ca2+/（M++M2+）of the melts and optimum D (Do) 
for Sc, Cr, Co has been observed. These observations 
indicate melt composition can affect cpx/meltDFRTM. In 
contrast to FRTM, DNb (0.01-0.03), DTa (0.03-0.08), 
DZr (0.20-0.35) and DHf (0.37-0.53) are within the 
range from literature and show no correlations with 
NBO/T, indicating negligible effect of melt 
composition. 

Knowing cpx/melt partition coefficients of FRTM 
and HFSE may help us better understand 
compositional evolution of felsic magma with cpx 
crystallization, and furthermore, related crust-mantle 
processes from a new perspective.  

 
[1] Huang et al. (2006) AM. 91, 1385-1400. [2] 
Gaetani (2004) CMP. 147, 511-527.  
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Interest in the influence of mineral chemistry on 
soil organic matter cycling has been steadily growing, 
with the role of iron and aluminum oxyhydroxide 
phases garnering a great deal of attention. Empirical 
evidence from both lab and field based studies 
suggest that the interactions of oxyhydroxide and 
colloidal mineral phases are unique from the 
interactions of the soil mineral matrix as a whole and 
may have a disproportionate influence on soil organic 
matter. However observations of naturally formed 
soils have yet to identify or define a consistent 
difference between interaction of soil organic matter 
with less crystalline oxyhydroxides and more 
crystalline phases. To explore the influence of 
mineral surface chemistry on soil organic matter 
properties, a suite of soils was subjected to selective 
dissolution, quantitative mineralogical analysis, and 
organic matter characterization. Stability of organic 
matter associated with different mineral types was 
estimated through radiocarbon abundance 
measurements. Selective dissolution data indicated 
that colloidal organo-mineral complexes comprise a 
significant pool of soil organic matter which cycles 
on a shorter-term basis across a variety of ecosystems 
types, while surface sorption, even on crystalline 
phases, confers a greater stability to the sorbed 
organics. Sequential density separation combined 
with x-ray diffraction imply concentration and long-
term preservation of N-rich organics on Fe-bearing 
crystalline mineral surfaces, with Fe-bearing phases 
also conferring the greatest stability to associated 
organics in the majority of cases. Our results explore 
the unique and multifaceted roles of the mineral 
matrix in regulating organic matter transformation 
and preservation in a range of soil types.  
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Fervidibacteria (OctSpA1-106) is a candidate 

phylum of Bacteria that appears to be found 
exclusively in terrestrial geothermal systems. 
Fervidibacteria are found in North America and Asia 
and may be discovered on other continents with 
continued exploration. However, they are only 
abundant in a small number of circumneutral, 70-
80°C hot springs and comprise a high degree of 
phylogenetic coherence, possibly comprising only a 
single genus including "Candidatus Fervidibacter" 
and close relatives. Here, we report near-complete 
genomes representing several species-level groups of 
Fervidibacteria from springs in the USA and China. 
Phylogenomic analysis support the distinctness of 
Fervidibacteria from other phyla and the phylogenetic 
coherence of Fervidibacteria into a single genus. 
Gene content suggests a heterotrophic lifestyle, 
including metabolic capacity to degrade cellulose and 
other polysaccharides, and a facultatively aerobic 
metabolism, with species-specific capacity for 
respiration of nitrogen oxides. The phylogenetic 
distinctness of Fervidibacteria, along with their 
patchy distribution in geothermal systems and 
phylogenetic coherence, suggest the extant genus 
"Candidatus Fervidibacter" may be an evolutionary 
relict of a previously diverse microbial lineage that 
may have been more abundant and widely distributed 
on a hot, primitive Earth. 
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Fe-Mn crusts dredged from the Chukchi 

Boarderland, a continental fragment located north of 
Alaska in the Arctic Ocean, show high concentrations 
of the rare metal scandium (Sc) [1]; bulk sample 
concentrations range from 38-60 ppm Sc. Such high 
enrichments of Sc have not been found in deep-ocean 
mineral deposits recovered elsewhere in the global 
ocean. Sc concentration averages about 15 ppm in the 
Earth’s crust and is rarely found in high enough 
concentrations to form an ore deposit. Scanning 
Electron Microscopy-Energy Dispersive X-ray 
spectroscopy data for the Arctic samples show that Sc 
is disseminated throughout the matrix of the Fe-Mn 
crusts (up to 400 ppm) and is also concentrated in a 
large variety of detrital and biogenic grains that were 
incorporated into the Fe-Mn crusts via settling during 
crust hydrogenetic growth: Example concentrations 
are: ferromagnesian minerals (0.11-0.14 wt.% Sc), 
apatite (0.17-0.41% Sc), zircon (0.08-0.28% Sc), 
titanite (0.13-0.16% Sc), dolomite and calcite (0.44-
0.66% Sc), and foraminifera (0.54-0.78% Sc). Mass-
balance calculations indicate that these detrital 
minerals cannot account for the Sc concentrations in 
the bulk Fe-Mn crusts, which is supported by 
correlation coefficients. Sc in bulk samples and crust 
layers has positive correlations (>95% confidence 
level) with Al, P, LOI, H2O-, As, Be, Ga, and Hf and 
negative correlations with Mn, Si, Mg, Ca, Ag, Co, 
Cu, Nb, Ni, Pb, Ta, Te, Th, Tl, and Hg.  Sc does not 
correlate with Fe, K, or the rare earth elements. The 
correlation coefficients indicate that Sc is likely 
associated with a hydrated phase within the Fe-Mn 
oxide matrix, possibly a phosphate, an idea that is 
being further tested. Multiple working hypotheses are 
being developed to determine the ultimate source of 
the Sc, but data needed to constrain some of these 
ideas are not commonly available for the Arctic 
Ocean. Similar Sc-rich deposits have been found to 
the NW of the Chukchi Borderaland, on the 
Mendeleev Ridge [2], which attests to the widespread 
occurrence of these characteristic deposits in the 
western Arctic Ocean. 

 
[1] Hein, J.R., et al. (2013), AGU Annual Fall 

Meeting, Abstract OS12B-O6. [2] Konstantinova, N. 
et al. (2015), Goldschmidt 2015, Prague, Abstracts, p. 
1655.   
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Calcite is a ubiquitous mineral in the earth’s 

crust. Its capacity to incorporate guest ions with 
similar ionic radius as Ca2+ (e.g. Eu3+, Pu3+, and 
Am3+) makes it interesting for various environmental 
issues as well as for safety assessment of nuclear 
waste disposal sites. Here the trivalent later actinides 
with long half-lives (like Am and Cm) comprise the 
most of the long-term radiotoxicity. 

For our experiments we used Eu as homologue 
because of its similar ionic charge and radius and its 
preferable luminescence properties [1]. We 
conducted batch studies with three calcite powders, 
which differ in their specific surface area (SSA) and 
recrystallization rates (Rr) (Fig. 1). The speciation of 
the incorporated Eu(III) was then investigated by site-
selective time-resolved laser fluorescence 
spectroscopy. With increase of the recrystallization 
rate incorporation occurs faster and the speciation 
comes to be dominated by one species with its 
excitation maximum at 578.9 nm. Previous 
investigations of this process under growth [2] and 
phase transformation conditions [3] had not identified 
this species. A long lifetime of ~ 3000 µs 
demonstrates complete loss of hydration [4], 
consequently Eu must have been incorporated into 
the bulk crystal. 

The results show a strong dependence of the 
incorporation kinetics on the recrystallization rate of 
the different calcites. The predominance of the newly 
identified species seems to be independent of this 
kinetic effect, however. 

 
Fig. 1: Excitation spectra of calcite C1, C2 and C3 at 
different contact times 
[1] Binnemans (2015) Coord. Chem. Rev. 295, 1-45 
[2] Schmidt (2008) Angew. Chem., Int. Ed. 47, 5846-
5850 
[3] Schmidt (2010) J. Colloid Interface Sci. 351, 50-
56 
[4] Horrocks (1979) J. Am. Chem. Soc. 101, 334. 
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Understanding the behavior of radionuclides at 

mineral-water interfaces is important to make reliable 
statements for the safety assessments of nuclear waste 
disposals. Here, the interaction of UVIO2

2+ and 
PuVIO2

2+ with muscovite mica were investigated 
using a combination of surface X-ray diffraction 
(crystal truncation rods, CTR, and resonant 
anomalous X-ray reflectivity, RAXR), alpha 
spectrometry and Grazing-incidence X-ray adsorption 
near-edge spectroscopy (GI-XANES). The interfacial 
behavior highlights the effect of the actinides’ 
different redox properties on their environmental 
mobility.  

The interfacial structures obtained by CTR 
measurements, on the muscovite (001) basal plane 
after reaction with PuO2

2+ exhibit a large, broadly 
distributed electron density, which must be related to 
Pu uptake. This observation could be confirmed by 
RAXR and alpha spectrometry. In contrast, no 
significant uptake of UO2

2+ is evident by CTR or 
RAXR. 

GI-XANES identifies Pu on the surface as 
Pu(IV). The oxidation state of Pu in the reaction 
solution had been adjusted electrochemically, and 
was controlled by UV/vis spectroscopy, hence a 
reduction must have occurred during the experiment. 
In consequence of this reduction, obviously formation 
of Pu(IV)-oxo-nanoparticles occurred. We attribute 
the difference in the observed reactivity to the greater 
stability of low oxidation states for Pu relative to U, 
in combination with the increased “hardness” of the 
Pu4+ cation, relative to U4+. Once a threshold of 
[Pu4+]interface is reached, oligomerization may occur, 
and Pu4+ is removed from the redox equilibrium [1]. 
The reaction then becomes “auto-catalytic”. The 
results demonstrate how redox behavior strongly 
influences the sorption behavior of hexavalent 
actinides. 

 
[1] Hellebrandt, S. et al. (2016), J. Phys. Chem. C. in 

preparation. 
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Until now, probing chemical weathering 
mechanisms of minerals and glasses has relied in 
large part on solid-state investigations of the 
interfacial region that characterizes the fluid-solid 
interface. Typical state-of-the-art analytical tools with 
high spatial and/or high mass resolution that have 
been used include advanced transmission electron 
microscopy techniques (STEM-HAADF, HRTEM, 
EFTEM, EELS), atom probe tomography (APT), and 
nano- and time-of-flight secondary ion mass 
spectrometry (nanoSIMS and ToF-SIMS) (see, e.g., 
[1, 2]). However, the use of these techniques is based 
on dry postmortem samples that are typically 
subjected to high vacuum conditions within the 
instrument(s) during the analyses. Such conditions 
may have a deleterious effect on surface altered 
layers, which in general are very hydrated. Of 
particular importance is the fact that the altered 
surfaces that form during chemical alteration are no 
longer in contact with the aqueous fluid that led to 
their creation in the first place. The drying out 
process may in fact change the physical and chemical 
properties of altered surfaces, and thus may influence 
the analytical results that are measured. The use of a 
new technique, liquid cell TEM (LC TEM), 
represents a new frontier in the study of dissolution 
(and precipitation) processes. In fact, there is 
probably no better technique for studying dynamic 
reactions in situ between a solid and liquid at nm-
scale resolution [3]. Using LC TEM, we have 
measured surface dynamic processes on wollastonite 
in deionized water at ambient temperature. Our 
preliminary results indicate that step edge and terrace 
movement are not constant with time, but rather show 
complex behavior. In addition, there is evidence for 
ephemeral precipitation processes occurring, even 
though the liquid cell volume was completely 
undersaturated with respect to secondary phases, such 
as amorphous silica.  
 
[1] Hellmann et al. (2015) Nature Mater. 14, 307-
311; Hellmann et al., Chem. Geol. 2012.  [2] 
Hellmann et al. (2012) Chem. Geol. 294-295, 203-
216. [3] de Jonge and Ross (2011) Nature Nanotech. 
6, 695-704. 
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K/Ar provenance ages (using the method of 

Hemming et al., 2002, Chem. Geol.) are presented for 
terrigenous sediments from core CD154-10-6P 
(31°10.36′ S, 032°08.91′ E, 3076 m water depth) 
from the Natal Valley, SW Indian Ocean. This core is 
near the beginning of the Agulhas Current, and the 
sediments were deposited in a drift from NADW. The 
K/Ar ages of carbonate-free <63µm sediments 
(assumes 2%K; element analyses are in progress) 
were determined for 43 samples for this pilot study. 
A previous in-depth study of the core, including 
XRF-scanning (Simon et al., 2015, Sci. Rep.) 
demonstrated a variation in the Fe/K ratio with a 
precessional pacing.  K/Ar ages from intervals around 
50 and 150 ka range from 180 to 316 Ma with older 
provenance ages corresponding with higher Fe/K, 
inferred to be times of greater rainfall in the nearby 
river catchments. Our interpretation is that the data 
reflect changing sources from the nearby African 
continent through a combination of variations in sea 
level, runoff and weathering. The local river 
catchments (most importantly Tugela) are short and 
transect a range of geology, and sediments from the 
Limpopo and Zambezi catchments to the north 
integrate larger regions with generally older ages. 
Contributions from southern sources, delivered by the 
northward flowing undercurrents such as NADW, 
could also contribute. The systematic co-variation 
with precession suggests that improved understanding 
the provenance will lead to a greater understanding of 
the processes linking climate and ocean in this region. 
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Speleothems have become firmly established as 

archives of continental palaeoclimate.  They provide 
some of the best-dated climate records available for 
the Pleistocene, and can be subsampled at resolutions 
as high as seasonal, offering potential to assess long-
term climate changes at unprecedented resolution.  A 
major goal of paleoclimate reconstruction in general 
is to assess past temperature, but speleothems also 
have potential to reconstruct rainfall patterns.   This 
talk will overview approaches to such rainfall 
reconstruction; using chronology alone, with trace 
elements and with novel isotope systems. 

Formation of speleothems requires liquid water 
and is not possible in particularly dry or cold 
environments.  We will use examples from North 
Africa (Morroco) and Siberia as examples of the use 
of chronology alone to reconstruct periods of aridity 
and freezing respectively.  The development of U-Pb 
approaches to date speleothems allows these 
reconstructions to be extended beyond the U-Th age 
limit into the Pliocene and older periods. 

Trace element ratios in cave drip-waters are 
strongly influenced by water residence time in the 
karst, and therefore sensitive to precipitation rate.  
Mg/Ca ratios have been most successfully used for 
this approach, and are increased in dry periods due to 
exclusion of Mg from calcite as it forms in the 
overlying karst.  Cd, on the other hand, is 
preferentially incorporated into calcite, so that dry 
period should lead to low Cd/Ca.  We will show 
laboratory and field data that indicate the potential 
use of Cd/Ca as a rainfall indicator.  

Stable isotopes of oxygen and carbon have been 
the most widely used tracers of paleoenvironment in 
speleothems, with δ18O frequently used as a tracer of 
rainfall amount.  The wide range of controls on δ18O 
in both the atmosphere and the cave, however, make 
this a difficult tracer to interpret.  Isotope ratios of the 
third major element in speleothems – calcium – have 
recently been shown to respond to rainfall.  We will 
discuss the application of δ44Ca, and of other 
potential novel isotope tracers in speleothems. 
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Dissolved silicon, silicic acid, is an essential 

nutrient for several marine organisms that contribute 
to carbon uptake and cycling in the oceans. Silicic 
acid is released from the weathering of terrestrial 
rocks and soils, processed through land plants, and 
flows into the oceans largely through riverine and 
groundwater inputs. The major oceanic sink of silicic 
acid is the production of biogenic silica (opal) by 
diatoms, which are photosynthetic algae that make 
their intricate shells from amorphous silica that 
contribute towards a significant proportion of the 
export of organic carbon out of the surface waters 
into the deep-ocean. However, diatoms efficiently 
take up nutrients from surface waters, and rely on 
upwelling supplies of silicic acid for growth. As such, 
understanding and quantifying deep ocean silicic acid 
concentrations and supply mechanisms are essential 
for understanding diatom productivity in the past, and 
the interaction between marine biological uptake of 
carbon dioxide, climate and ocean circulation.  

The development of silicon isotope analysis in 
seawater and biogenic opal has led to advances in our 
understanding of the silicon biogeochemical cycle. 
Here, I will be exploring some of the new 
developments in the use of sponge spicule silicon 
isotopes as archives of nutrient cycling. I will present 
some new case studies to illustrate that combined 
downcore isotope records hold great promise for the 
reconstruction of water column silicon cycling in the 
past, constraining not only silicon input and 
availability but also uptake and utilisation in surface 
waters. Such reconstructions can shed light on 
changes in marine ecology and carbon uptake that 
occur during periods of climatic change.  
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Microbial oxidation of organic matter in the 

water column is associated with the precipitation of 
particulate barite, which subsequently dissolves in 
barite-undersaturated seawater. Dissolved Ba 
distributions in seawater are thus a function of barite 
cycling superimposed atop ocean circulation. 
However, disentangling the relative proportions of 
either process is challenging using existing methods. 
Stable Ba isotopes in seawater hold the potential to 
shed light on the importance of these two processes 
and their spatial variations. We present multiple new 
depth profiles of dissolved Ba concentrations and Ba 
isotopes from the tropical North Atlantic obtained 
using double spike MC-ICP-MS. We observe Ba 
isotope heterogeneity in water masses from the 
twilight zone, in contrast to the homogeneity 
observed at similar depths in the South Atlantic. We 
hypothesize that this Ba isotope heterogeneity results 
from insufficient penetration of the mixer layer to the 
probable depths of barite formation (100-200 m), 
such that barite precipitation is able to impart 
significant Ba isotope variation to water masses in the 
immediate subsurface. This heterogeneity is not 
communicated to deeper waters, whose Ba isotope 
systematics are consistent with existing profiles 
suggesting that Ba isotope variations are inherited 
only during ventilation. Our results highlight the 
potential of Ba isotopes to understand Ba cycling in 
seawater, particularly for quantifying the interplay 
between large-scale ocean circulation and local scale 
processes in setting zonal and meridional gradients in 
Ba distributions across the Atlantic Ocean. 
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CA magmatism at the early Paleozoic Gondwana 
margin was active between about 520-495 Ma and 
resulted in abundant granitoid intrusions and related 
basic igneous rocks (GHI; Granite Habour 
Intrusives). In Northern Victoria Land at the Pacific 
margin of the TAM, the GHI are dominated by 
granitic rocks of I-type tonalitic to S-type evolved 
granitic composition. They mostly intruded low- to 
high-grade clastic metasediments whose zircons 
record U-Pb ages and ε(Hf) values indicative of a 
provenance from distal and isotopically very 
heterogenous sources of Cambrian to Archean age. 
Two of the investigated GHI (I-type) show a largely 
bimodal U-Pb zircon age distribution with maxima at 
about 515 Ma and 495 Ma. The  ε(Hf) values of these 
zircons are homogeneous at c. +8 - +6 and -3 - -6 for 
the two samples, respectively. Their is only very 
minor evidence of zircon inheritance indicating that 
AFC processs involving country rock type crustal 
materials were not dominant in these GHI. 

The majority of GHI samples (n=4) including an 
I-type tonalite from an outboard position of the 
former active continental margin, however, contain 
very heterogenous zircon populations without distinct 
evidence of a GHI-type magmatic component. The 
zircons are indicative of isotopically very 
heterogeneous late Precambrian to early Paleozoic 
sources (c. 800-500 Ma;  ε(Hf) +12 - -48), juvenile 
arc(s) and evolved sources οf Grenville-age (ε(Hf) 
+14 - -21), and cratonic sources with ages up to 3.3 
Ga and ε(Hf) close to 0. In their age and  ε(Hf) value, 
zircons in these GHI very closely match those of the 
metasedimenry country rocks indicating that 
formation of these granitoids is dominated by crustal 
recycling. 
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The west Antarctic Peninsula shelf is a high 
productivity region of the Antarctic sea ice zone, 
where sea ice dynamics play a key role in modulating 
surface ocean phytoplankton blooms. Primary 
production can also be pronounced within the ice 
matrix itself, accompanied by intense biogeochemical 
cycling of carbon, nitrogen and other elements. 

Here we use the nitrogen isotopic composition of 
nitrate (δ15NNO3) and particulate nitrogen (δ15NPN) and 
ancillary biogeochemical data to examine nitrogen 
cycling processes in landfast sea ice and surface 
waters in Ryder Bay, west Antarctic Peninsula, 
between 2004 and 2006. Concurrent surface water 
measurements were taken to examine the exchange of 
nutrients and organic matter between sea ice and the 
underlying surface ocean. 

High δ15NPN and low δ15NNO3 in sea ice indicate 
intense nitrogen recycling within the semi-closed ice 
matrix. In situ remineralisation of organic matter was 
extensive and ammonium-based production played a 
significant role alongside algal uptake of nitrate 
supplied from underlying waters. We also found 
evidence for nitrification as an important source of 
regenerated nitrate. The implications of such nitrogen 
recycling for production of the greenhouse gas 
nitrous oxide and its potential release to the 
atmosphere, and for surface ocean biogeochemistry 
and ice-ocean exchanges will be discussed. 

This study adds to a growing body of evidence 
for intense nitrogen cycling in Antarctic sea ice and 
its effects on large-scale biogeochemical cycles. 
These findings improve our understanding of the 
complex role of sea ice within Earth’s climate system 
and must be incorporated into biogeochemical 
models predicting future ice-ocean-atmosphere 
interactions  in a changing climate. 
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The occurrence of copper oxides, secondary 

copper sulphides and native copper is a common 
feature in copper-bearing supergene deposits. 
However, the processes contributing to the formation 
of native copper in these environments are not fully 
understood. Native copper has been observed in core 
samples of the oxidised zone of the E1-North Mine, 
Mt Isa, North-West Queensland, Australia. Field and 
hand specimen observations showed that native 
copper occurs as micrometre- to millimetre-scale 
minerals within the supergene weathering horizon. 
The present study investigates the contribution of 
biogeochemical factors to the formation of native 
copper and other copper-bearing minerals. Structural 
and chemical characterisation of polished thin 
sections using light microscopy and high-resolution, 
scanning electron microscopy (SEM) with energy 
dispersive spectroscopy (EDS) revealed micrometre-
scale copper-bearing iron-oxide structures that were 
spatially associated with native copper and were 
interpreted as microfossils. Whole mount, SEM 
micrographs of weathered material from the deposit 
demonstrated that the iron-oxide minerals possessed 
an acicular texture, comparable to jarosite mineral 
assemblages produced by Acidithiobacillus 
ferrooxidans. The occurrence of native copper in 
potentially biogenic jarosite suggests a 
biogeochemical contribution to copper 
immobilisation and native copper formation. 
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Introduction: The application of the 87Rb-87Sr 
chronometer to determine the timing of volatile 
addition to the Earth requires an accurate estimation 
of Earth’s initial 87Sr/86Sr ratio. In this study, 
primitive 87Sr/86Sr ratios were measured in Archaean 
barites. They provide an upper limit for the Archaean 
mantle from which an initial 87Sr/86Sr for Earth can be 
calculated using a multi-stage Sr evolution model. 
This value provides constraints on Earth’s precursor 
material and its early volatile depletion history. 

Samples and Methods: Nine barites were 
analysed; two from the Dresser formation, Pilbara 
(3.49 Ga) Australia and seven from Barberton (3.26-
3.23 Ga) South Africa. Ion exchange chromatography 
was used for Sr separation and isotopic analyses were 
performed by TIMS at ETH Zürich. Five-hundred ng 
of Sr were loaded onto rhenium filaments and run 
with a signal intensity of 20V on 88Sr. Eleven 
replicate measurements of USGS BCR-2 give an 
external reproducibility of 17 ppm.   

Results and Discussion: Of all barites, the Dresser 
sample DB2 yielded the most primitive 87Sr/86Sr ratio 
(0.700546 ± 0.000008 (2SE), corrected for in situ 
87Rb decay). It lies on the depleted mantle trend 
defined by other barites from the Dresser formation 
[2] and Neoarchaean pyroxenes [3]. Our model 
predicts an initial terrestrial 87Sr/86Sr ratio of 0.69954 
± 0.00001 at 4.47 Ga, supporting results of [2]. 
Assuming a terrestrial accretion period of 80-100 Ma, 
this indicates terrestrial precursor materials with 
average Rb/Sr ratios of ~ 0.4. The Barberton barites 
lie on a steeper 87Sr/86Sr evolution, indicating their 
sampling of an Archaean reservoir with higher time-
integrated Rb/Sr. Possible explanations invoke 
distinct enriched mantle reservoirs or weathering of 
the Archaean continent [4]. Differences in 87Sr/86Sr 
ratios between primary and detrital barite from the 
same bed translate to tens of millions of years, 
reflecting the complex and varied origin of the barite.   
 
[1] Heinrichs & Reimer (1977) Economic Geology 
72, 1426-1441. [2] McCulloch (1994) Earth Planet. 
Sci. Lett. 126, 1-13. [3] Machado et al., (1986) GCA 
50, 2335-2348. [4] Roerdink et al. (2015) 
Goldschmidt Abstracts #2663.  
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The objective of this research project is the 
physicochemical evaluation of hydrogeothermal 
regions in Germany. The results are essential for the 
design and optimisation of power plants. The 
physicochemical properties quantified here are 
chemical composition, gas content, specific isobaric 
heat capacity, kinematic viscosity, density, thermal 
conductivity, pH-value and redox potential. They are 
experimentally determined with a specifically 
designed mobile testing unit.  

In-situ measurements (operational conditions) are 
conducted to determine the dependency of the 
physicochemical properties on temperature, pressure 
and salinity. Such measurements are necessary, since 
the solubility under ambient conditions is 
significantly lower than in-situ. The in-situ 
measurements are used to characterise the geothermal 
brines and to calibrate lab test series. In these 
systematic test series, multiple mixtures of purified 
water and selected salts (including the main cations 
[Na, Ca, K, Mg] and anions [Cl, SO4, HCO3, CO3]) in 
the appropriate amount (based on in-situ 
measurements) will simulate the previously 
encountered in-situ conditions. The test series will 
show the possibilities of artificial brine mixtures in 
comparison to real geothermal brines. A series of 
measurements will be performed to create a 
comprehensive data base. 

As yet, geothermal brines at five sites have been 
investigated in-situ and in the lab, with the result that: 
With significant salinity, the physicochemical 
properties differ considerably from pure water values. 
And at low salinity the lab measurements reflect the 
in-situ values.  
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Recent mineral physics models support the 
existence of up to ~1 wt.% hydrogen in the Earth’s 
core. This requires a wet magma ocean during core 
formation and H-incorporation via a reaction like 
H2O+Fe->2H+FeO. Some of the FeO produced by 
this reaction remains as residue in the silicate, such 
that the Earth’s mantle would have a larger FeO 
content than observed. This discrepancy can be 
reconciled if the proto-Earth atmosphere accreted 
sufficient amounts of hydrogen gas to drive reactions 
like H2+FeO->H2O+Fe atop a magma ocean surface, 
thus consuming excess FeO and replenishing H2O in 
the magma. Earth should have accreted more H2 than 
Mars, thus consuming more FeO and possibly 
providing an alternative explanation for differences in 
iron content between the mantles of these differently-
sized planets. While accreted H2 gas has been 
proposed as an important actor in planets larger than 
Earth, such a role has not been considered for Earth-
sized and smaller planets, and opens the possibility 
for more extensive interactions between disk gas and 
planetary interiors during the early stages of planetary 
accretion. 
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The Bolaven volcanic field is a 6000 km2 basaltic 
complex emanating from a plateau of flat-lying 
Mesozoic bedrock. It is among the largest of dozens 
of isolated intracontinental volcanic centers in SE 
Asia collectively forming what has been termed a 
“Diffuse Igneous Province” [1] attributed to either 
localized extension [2] or a mantle plume [3]. Our 
preliminary assessment of Bolaven volcanism, 
however, suggests absence of extensional tectonics or 
regional uplift. Its 16 million year history of episodic 
volcanism is a unique recorder of volcanic and 
broader geological history in the region. We combine 
geochemistry, petrology, and field relations with 
40Ar/39Ar geochronology to exploit this record. Lavas 
range from olivine-nepheline foidites to tholeiitic 
basaltic andesites. Alkaline magmas were primitive 
(7-12 wt% MgO) low-degree partial melts generated 
within the garnet stability field at depths ≥85 km [4], 
implying that the keel of continental lithosphere 
beneath the Khorat Plateau of eastern Thailand [5] 
extends into southern Laos. Alkaline lavas yield 
40Ar/39Ar plateau ages of 15.81±0.05 Ma, 12.41±0.08 
Ma, and 204±9 ka. Onset of volcanism coincided 
with cessation of eastward extrusion of the Sunda 
block from Indian-Asian collision [6]. Tholeiitic 
volcanism was coeval with alkaline volcanism insofar 
as ages range from 7.55±0.08 Ma to 215±41 ka. 
Major and trace element systematics indicate >10% 
melting at depths <70 km [7], suggesting persistent 
shallow mantle dynamicism lacking obvious tectonic 
expression. No fault offsets of volcanics are apparent 
and elevations of dated lavas constrain local mean 
incision rates of the Mekong and tributaries to <0.05 
mm/yr for the past 16 Ma, precluding regional 
incision >800 m. 

 
[1] Hoang & Flower (1998) J of Petr 39, 369-

395. [2] Fedorov & Koloskov (2005) Petrology 13, 
352–380. [3] Wang et al. (2013) EPSL 377, 248–259. 
[4] Wood et al. (2013) Elements 9, 421-426. [5] Yang 
et al. (2015) Geophys J Int 200, 1582–1595. [6] 
Tapponnier et al. (1986) GSL Spec Pub 19, 115-157. 
[7] Lee et al. (2009) EPSL 279, 20-33. 
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Gypsum (CaSO4 · 2H2O) typically forms in 

evaporitic environments. The stable isotope 
composition of gypsum hydration water (GHW) 
forms in equilibrium with ambient water. Respective 
isotope fractionation factors (Dαeq, 18αeq) are 
temperature independent [1]. GHW can be preserved 
over millions of years, making gypsum a powerful 
paleoenvironmental proxy for evaporitic water bodies 
[2]. 

Recent gypsum was sampled from a series of 11 
ponds with increasing salinities located in the Salar 
de Llamara within the Atacama Desert in Chile. 
Extracted GHW was converted to O2 using CoF3 and 
analysed by dual-inlet IRMS. Reproducibility of 
17Oexcess = δ’17O – 0.528 · δ’18O was ± 8 per meg, 
similar to the prcision of pure water samples. 

GHW data plot on a parallel curve to the pond 
water samples  in triple oxygen isotope space. The 
offset is due to equilibrium isotope fractionation. 
Respective fractionation factors (17αeq, θ) have been 
determined experimentally. Stratification of the 
ponds is apparent from variable oxygen isotopic 
compositions of gypsum sampled at the water line vs. 
gypsum sampled from the bottom of the ponds. 
Groundwater recharge from below results in more 
depleted bottom waters in the low salinity ponds, 
while isotopic exchange with atmospheric vapor 
becomes more important for surface waters of highly 
saline ponds. The individual ponds are close to a 
steady state with more or less constant in and 
outflow.  

Understanding the triple isotope systematics of 
evaporitic water bodies such as those investigated 
here is crucial to intepret GHW and other chemical 
sediments. Isotope fractionation theory is well 
established for the classic isotope systems δ18O and 
δD and is now extended for δ17O [3, 4]. The novel 
17Oexcess parameter is far less sensitive to temperature 
and salinity than the classic dexcess parameter, making 
17Oexcess a simpler proxy that is mostly sensitive to 
relative humidity [4]. Our results on GHW 
demonstrate that evaporation systematics of 17Oexcess 
are in principle recorded in gypsum and may become 
a useful proxy for palo-humidity. 

 
[1] Gonfiantini and Fontes (1963) Nature 200, 

644-646. [2] Evans et al. (2015) Earth Planet. Sci. 
Lett. 430, 499-510. [3] Surma et al. (2016) this 
conference, [4] Surma et al. (2015) Geophys. Res. 
Lett. 42, 8456-8462. 
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As sediments are successively buried, geothermal 

heating potentially influences the turnover of organic 
matter, the mineralogical and geophysical properties 
of sediments, and the composition and activity of 
microbial communities in the subseafloor. While 
temperature activation of organic matter and minerals 
potentially helps to sustain the deep biosphere [1], 
temperatures above ~80°C are thought to limit life in 
the deep nutrient-depleted realm [2]. Here, we 
investigate the impact of temperature on the deep 
biosphere in the Nankai Trough subduction zone off 
Japan, where IODP Sites C0011 and C0012 target the 
incoming sediments, geothermal gradients are over 
~90°C km-1 [3], and in situ temperatures are ~80°C at 
the maximum penetration depth of 881 and 576 
meters below seafloor, respectively. At both sites, the 
concentrations of microbial cells drop sharply and the 
lipid composition of their cell membranes changes 
markedly once temperatures exceed 40°C. 
Concurrently, metabolites such as acetate accumulate 
in the pore-waters, and in the bulk dissolved organic 
matter pool (characterized by Excitation Emission 
Matrix Spectroscopy) the protein-like fraction 
increases. During incubation of sediments at in situ 
temperatures, we observed complete turnover of 13C-
labeled glucose under sulfate reducing conditions at 
~37°C, but not under methanogenic conditions at 
higher temperatures, at which 13C-labeled metabolites 
accumulated. Together, our findings suggest that 
microbial activity, community size and composition 
change markedly at temperatures above ~40°C. 
Higher temperatures go along with incomplete carbon 
turnover, but cultivation-independent data and 
incubation experiments point to microbial activity at 
all temperatures below 80°C. 

 
[1] Head, I. M., Jones, D. M., Larter, S. R., 2003. 
Nature 426, 344-352. 
[2] Henry, P., Kanamatsu, T., Moe, K., and the 
Expedition 333 Scientists, 2012. Proc. IODP, 333: 
Tokyo (Integrated Ocean Drilling Program 
Management International, Inc.). 
[3] Parkes, R. J., Wellsbury, P., Mather, I. D., Cobb, 
S. J., Cragg, B. A., Hornibrook, E. R. C., Horsfield, 
B., 2007. Org. Geochem. 38, 845-852. 
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Colloidal U(VI) nanoparticles have been 

observed and characterised in a high pH (pH > 13.1) 
cement leachate [1]. Thermodynamic modelling and 
X-ray absorption spectroscopy analysis shows these 
systems are supersaturated with respect to a number 
of calcium and sodium uranate phases. This study 
investigates the stability of these U(VI) colloids in a 
range of single minerals and cement sorption systems 
run under high pH conditions relevant to the disposal 
of intermediate level radioactive wastes in cement 
containing engineered barrier systems. The U(VI) 
colloids were found to be stable and remained in 
solution in the presence of quartz and orthoclase for 
periods of at least 2.5 years. By contrast, when 
contacted with Nirex Reference Vault Backfill 
(NRVB), significant (> 95 %) amounts of the added 
uranium was retained on solids after 1 month. X-ray 
absorption spectroscopy of the NRVB system 
confirmed the formation of a uranate-like phase 
associated with the solids. Interestingly, after one 
month of reaction with the cement system, U was 
present at levels which were supersaturated with 
respect to a number of U(VI) phases according to 
solubility calculations. This suggests that intrinsic 
U(VI) colloids are poorly reactive with pure mineral 
phases, but that significant reactivity occurs with 
NRVB.  

 
[1] P. Bots, K. Morris, R. Hibberd, G. T. W. 
Law, J. F. W. Mosselmans, A. P. Brown, J. Doutch, 
A. J. Smith, S. Shaw (2014) Langmuir 30, 14396 – 
14405. 
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NWA 6704 is an ungrouped primitive achondrite 

found in 2010. This achondrite, with its ancient U-Pb 
age of 4563.75 ± 0.41 Ma [1], provides a unique 
opportunity to study the differentiation of 
planetesimals in the very early stage of solar system 
evolution. To better understand its formation 
processes, we have conducted a mineral-chemical 
study using SEM-EDS-EBSD and EPMA. 
Furthermore, we have determined ε50Ti using MC-
ICP-MS to investigate genetic relationship of this 
meteorite and other grouped meteorites. 

The texture is represented by aggregates of 
orthopyroxene (opx) megacrysts up to 1.6 cm in 
length (Fs41En56Wo3) with interconnected hollows 
filled with finer interstices including olivine (Fa53), 
chromite (#Cr~0.93), awaruite, feldspar (Ab92An5Or3) 
and whitlockite. Some Fe-rich olivines occur as 
vermicular inclusions in one place of each opx 
megacryst. The vermicular olivine is considered to be 
a relict decomposition product of the precursor 
pyroxene through abrupt heating to cause incongruent 
melting (ca.>1300°C; [2]) followed by rapid cooling, 
which is most plausibly realized by impact. On the 
other hand, later slow cooling is suggested from the 
geospeedometry based on Mg-Fe exchange between 
chromite and silicate phases [3, 4].  

Ti as well as Cr was successfully extracted from 
NWA 6704 chromites with a new five-step column 
chromatographic procedure. The obtained ε50Ti = 
2.28 ± 0.23 is plotted within the range of 
carbonaceous chondrites. This finding, together with 
the Δ17O and ε54Cr values of NWA 6704 [5,6], 
strongly suggests its genetic link with carbonaceous 
chondites. Collectively, our results suggest that NWA 
6704 was formed by impact-induced melting of a 
carbonaceous chondrite-like asteroid at about ≤ 3.55 
Ma (after CAI formation; U-Pb age). This and the 
inferred thermal history suggest that a high internal 
temperature of the parent body owing to 26Al decay 
was augmented by impact to have achieved abrupt 
heating up to above liquidus, followed by rapid 
cooling and later slower cooling by blanketing effect 
of impact ejectas piled up on the parent body. 

 
 [1] Iizuka et al. (2013) LPSC 44, #1841 [2] 
Tsuchiyama et al. (1986) JVGR 29 245-264 [3] 
Fabriès (1979) CMP 69 329-336 [4] Ozawa (1984) 
GCA 48 2597-2611 [5] Irving et al. (2011) MetSoc 
74, #5231 [6] Sanborn et al. (2013) MetSoc 76, #5220 
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Most lunar meteorites have complicated cosmic-

ray exposure histories with relatively longer exposure 
times than the other stony meteorites, although they 
have been generally known from the analyses of the 
cosmogenic radionuclides that their transfer times 
from moon to earth are generally quite short [1]. 

In this study, cosmic-ray irradiation histories of 
six lunar meteorites, Dhofar 489, Northwest Africa 
032 (NWA 032), NWA 479, NWA 482, NWA 2995, 
and NWA 5000, were characterized from neutron-
captured isotopic shifts of Sm and Gd, and from the 
abundances of long-lived cosmogenic radionuclides 
like 10Be, 26Al, 36Cl and 41Ca.  Sm and Gd isotopic 
data of all of six meteorites show significant isotopic 
shifts of 149Sm-150Sm and 157Gd-158Gd caused by 
accumulation of neutron capture reactions due to 
cosmic-ray irradiation, corresponding to the neutron 
fluences of (1.3 to 9.6)x1016 n cm-2.   In particular, 
very large Sm and Gd isotopic shifts of NWA 482 are 
over those of a lunar regolith 70002 having the 
largest isotopic shifts among the Apollo regolith 
samples [2], corresponding to cosmic-ray exposure 
duration over 800 million years in the lunar surface 
(2π irradiation).  Meanwhile, the concentrations of 
cosmogenic radionuclides for individual six 
meteorites show the short irradiation time less than 
one million years as their bodies in space (4π 
irradiation).  Our data reveal that most of lunar 
meteorites have long exposure ages at shallow depths 
on the Moon and short transit times from the Moon to 
the Earth. 

 
[1] Nishiizumi et al. (1996) MAPS 31, 893-896. [2] 
Hidaka and Yoneda (2003) GCA 71, 1074-1086.  
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Winonaites are primitive achondrites that are 

defined as the partial melting residues of asteroids 
and might share the same parent body with IAB irons 
[1]. IAB irons have several subgroups according to its 
Au and Ni abundances [2]. In this study, we have 
performed in-situ chemical analyses of metal grains 
in winonaites and found relationships between 
winonaites and IAB irons, and among IAB iron 
subgroups.  

We have analysed thick sections of winonaites Y-
8005,51-4 and A 10077,51-1. Y-8005 metals have 
nearly chondritic composition. On the other hand, 
highly siderophile elements, W, Ge and Ga 
abundances of A 10077 metals are severely depleted 
(~0.1 in (X/Ni)CI).  

Y-8005 metal composition is consistent with 
those of IAB-sLL (subgroup low-Au, low-Ni) and A 
10077 metal composition with those of IAB-sLM 
(subgroup low-Au, medium-Ni) in a Ge/Ni-Au/Ni 
diagram. When we use IAB-sLL metal as the starting 
material, metallic partial melting model calculation 
[3,4] could explain the chemical compositional 
difference between Y-8005 metal (IAB-sLL) and A 
10077 metal (IAB-sLM). In this calculation, A 10077 
metal and IAB-sLM are indicated as partial melt 
liquid, and IAB-MG (main group) is indicated as 
partial melt residue. However, volatile siderophile 
element (like Ge and Ga) compositions of A 10077 
and IAB-sLM show severe depletion relative to 
model calculated partial melt liquid. We thus suggest 
there was evaporative loss of these volatile 
siderophile elements at the timing of melting or 
during cooling of parent metallic liquid. The presence 
of evaporative loss strongly suggests that a shallow 
metallic melt pool was the origin of IAB-sLM.  

 
[1] Clayton R. N. and Mayeda T. K. (1996) GCA, 

60, 1999-2017. [2] Wasson J. T. and Kallemeyn G. 
W. (2002) GCA, 66, 2445-2473. [3] Chabot N. L. and 
Jones J. H. (2003) Meteorit. Planet. Sci., 38, 1425-
1436. [4] Chabot N. L. et al. (2009) Meteorit. Planet. 
Sci., 44, 505-519.  
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   Recently, there are many studies focusing on 
the origin and evolution of water in the Earth and 
solar system based on hydrogen isotopic 
compositions of apatite (e.g., [1] [2]). However, it is 
unclear whether the hydrogen isotopic compositions 
of apatite correspond to the magmatic water in the 
apatite crystallization or the diffused hydrogen from 
external water after apatite crystallization. H–
diffusion in Durango apatite (H2O: ~1000 ppm) has 
been recently reported that hydrogen diffusion is 
caused by hydrogen exchange reaction between the 
original OH and the diffused hydrogen from water 
[3]. In this study, H–diffusion experiment using 
natural Imilchil apatite (H2O: ~10000 ppm)  is 
performed, in order to estimate the H–diffusivity of 
apatite with higher H2O content. 

   Apatite crystal from Imilchil, Morocco was 
used for H–diffusion experiment. Samples were 
annealed under the same conditions of [3]. H–
diffusion coefficients were determined using depth 
profiles of 2H concentration obtained by Cameca ims 
4f-E7 secondary ion mass spectrometry (SIMS) at 
LPS Kyoto University. 

   H–diffusion coefficients of Imilchil apatite are 
higher than those of Durango apatite by a factor of 
about 2 and its activation energy is consistent with 
that of Durango apatite [3]. H diffusivities of apatite 
are several orders of magnitude faster than those of 
other elements. As results, this study indicates that 
the effect of hydrogen diffusion in apatite during 
hydrothermal events should be considered to discuss 
about the hydrogen isotopic compositions of apatite 
crystals. 
[1] Greenwood et al. (2011) Nature Geosci., 4, 79-82. 
[2] Usui et al. (2015) Earth Planet. Sci. Lett., 410, 
140-151. [3] Itoh et al. (2015) Goldschmidt abstract, 
1394. 
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Behaviour of zircon (Zrn), hosting most of the 
bulk rock Zr, is a matter of interest to discuss mass 
transfer, because Zr is often used as ‘immobile 
element’ in estimating relative mass addition/loss 
[e.g., 1]. In the Sør Rondane Mountains, East 
Antarctica, about 1 cm-thick garnet-hornblende (Grt-
Hbl) vein discordantly cuts the gneissose structure of 
the wall rock. With distance from the vein center, Cl 
contents of Hbl and biotite (Bt), K content of Hbl, as 
well as the development of Na-richer rims of 
plagioclase decrease and become constant at a few 
cm away from the vein. These compositional changes 
possibly imply that the Grt-Hbl vein was formed by 
NaCl-KCl-bearing fluid or melt infiltration [2]. The 
P-T conditions for the vein formation is estimated 
using geothermobarometers to be ca. 700°C and 0.7 
GPa. 

With distance from the vein center, 1 cm-thick 
slices were prepared parallel to the Grt-Hbl vein, and 
bulk rock Zr concentration of each slice was 
determined by ICPMS. The bulk rock Zr 
concentrations stayed almost constant from the vein 
to the wall rock beyond the distance where Cl 
concentration of Hbl and Bt becomes constant. Every 
Zrn grain preserves the same zoning profile as 
recognized by cathodoluminescence images. Grain 
size of Zrn, and U-Pb ages and REE concentrations 
of Zrn rim are constant with distance from the vein. 
The rim age is consistent with the timing of peak 
metamorphism in this area within error [3]. 
Therefore, it is concluded that Zrn is not significantly 
dissolved or overgrown during the Grt-Hbl vein 
formation in this sample and that the timing of the 
vein formation is not recorded in Zrn. This suggests 
that Zr is an appropriate immobile element for 
analysing relative mass addition/loss around the vein. 
In addition, using elemental partitioning between 
fluid, melt, and mineral [4], we discuss whether 
NaCl-KCl-bearing fluid or melt infiltrated. 

 
 [1] Ayers & Watson (1991) [2] Higashino et al. 
(2015) [3] Adachi et al. (2013) [4] Keppler (1996) 
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Geochemical monitoring in earthquake-prone 

regions aims to document changes in 
volatile/chemical parameter(s) which either precede 
and/or result from seismic events. However, many 
monitoring programs in seismically-active areas (e.g., 
Long Valley Caldera, USA [1]; the North Anatolian 
Fault, Turkey [2]) have showed little or no changes in 
monitored species (e.g., 3He/4He; δ13C) even over 
extended time periods. Whereas the magnitude of 
particular events and proximity to monitoring sites 
are key factors in generating anomalous chemical 
signals, high sampling frequency is also critical as it 
improves the likeihood of capturing transient signals 
induced by localised seismicity. To this end, we 
developed the continuous monitoring instrument, 
SPARTAH [3], to capture, store, and time-stamp 
groundwaters and geothermal fluids for periods of 6 
months or more in a single deployment thereby 
preserving a time record in samples for laboratory 
analyses. 

SPARTAH has been deployed on the San Jacinto 
Fault, California and at the Yun-shui (YS) monitoring 
station in central Taiwan producing a quasi-
continuous record of He- and C-isotopes and 
associated concentrations. Both regions were 
characterised by significant seismic events (M = 4-5) 
over the SPARTAH deployment period allowing 
direct comparisons between the timing of events and 
variations in the volatile record. We discuss these 
temporal records which permit insight into how 
volatiles respond to discrete and sudden changes in 
the local crustal stress regime as well as the factors 
controlling the isotope and concentration 
characteristics of He and CO2 in crustal aqueous 
fluids.     

 
[1] Hilton (1996), Chem. Geol. 127, 269-295; [2] 

de Leeuw et al. (2010), Appd. Geochem., 25, 524-
539; [3] Barry et al. (2009), G-cubed 10, doi: 
10.1029/2009GC002422. 
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    Determining factors that limit the biomass, 
diversity and activity of subseafloor microbial 
communities is one of the major scientific goals to be 
addressed by scientific ocean drilling. In the 
International Ocean Discovery Program (IODP) T-
Limit Project, we will drill and core at new boreholes 
using the drilling vessel Chikyu in the immediate 
vicinity of the Ocean Drilling Program (ODP) Sites 
1173 and 1174 off Cape Muroto in the central Nankai 
Trough, Japan, where anomalously high heat flow 
regimes observed at both sites result in in-situ 
temperatures up to 110 to 130°C at the sediment-
basement interface. While the upper temperature limit 
of cultured microbes appears well constrained at 
relatively energy-rich hydrothermal vent systems at 
around 120°C, it remains unknown in energy-starved 
sedimentary subseafloor settings but is generally 
presumed to be lower, and thus expected to be 
covered by the target sites. Due to their location in 
the trench outer margin (Site 1173) and landward 
protothrust zone of the Nankai Trough accretionary 
prism (Site 1174), the selected sites have different 
geotectonic and thermal histories that resulted in 
contrasting biogeochemical modes of hydrocarbon 
gas production and consumption.  

    During the T-Limit Project, we aim to 
comprehensively study (1) the factors that control 
biomass, activity and diversity of sedimentary 
microbial life in a temperature window that likely 
encompasses the biotic-abiotic transition, the so-
called “biotic fringe”, (2) the relationship between 
geogenic release of water and potential substrates that 
support microbial activities, and (3) to determine the 
chemical and physical characteristics of sediments 
that define habitable conditions for deep subseafloor 
life.  
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Cellular lipids serve as valuable indicators of the 
size and composition of microbial communities in the 
deep biosphere. As part of our efforts to understand 
the geomicrobial and geochemical processes that 
shape the inventories of microbial lipids in marine 
sediments, we have systematically examined 
sediment samples from eight sediment stations in the 
Western and Eastern Mediterranean Sea, Mamara Sea 
and Black Sea. These sites represent diverse 
environmental systems with varying inputs of 
terrestrial material, contrasting seafloor redox 
conditions and sedimentation rates, and encompass a 
sediment age range from current to 170 kya. Using 
state-of-the-art analytical protocols, we quantified 
786 distinct microbial lipids in the sample set, of 
which 162 are shared between all samples. 
Accordingly this is one of the most comprehensive 
datasets of microbial lipids in environmental samples 
ever acquired. We analyzed this dataset together with 
microbial diversity data based on the V6 region of the 
16S rRNA gene, the molecular composition of 
dissolved organic matter, sedimentological 
parameters, an extensive set of geochemical 
parameters and concentrations of microbial cells. Our 
analyses show that broad-scale changes in lipid 
classes across environments are multifactorial and not 
a simple proxy for microbial community 
composition. The depositional regime strongly 
influenced lipid inventories, suggesting that microbial 
adaptation and/or allochthonous sources shape 
sedimentary lipid profiles in addition to the 
composition of resident microbial communities. Age-
dependent patterns in taxon distributions are apparent 
across the entire sample set and identify taxonomic 
units which appear dominant in the deep biosphere, 
irrespective of site-specific characteristics. Our lipid 
data revealed the pervasiveness of diether-based 
glycerolipids in more deeply buried sediments, 
suggesting that these compounds may be widely 
distributed among bacterial members of the deep 
biosphere, despite their rarity in cultured bacteria. In 
this lecture, we will identify factors shaping the 
microbial lipidome in marine sediments and decode 
information regarding the lifestyles and adaptive 
mechanisms utilized by members of this vast 
microbial habitat.  
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We present a novel and promising idea of a 
reactive fluid dynamics modelling approach verified 
by data of a previously described mineral 
precipitation experiment [1]. In our experimental 
setup, both ends of a compacted and water-saturated 
sand column were each connected to a reservoir 
containing either SrCl2 or Na2SO4 solution at equal 
concentrations. A sharp precipitation front of less 
soluble celestite (SrSO4) developed in mid of the sand 
column under counter-diffusion controlled 
conditions, but did not clogg the pore space even 
after 4 weeks. Computed micro-tomography (µCT) 
imaging was used before and after the precipitation 
reaction to quantify the thus changed porosity and 
permeability. Our model workflow used the µCT-
generated (real) pore space geometry as input and 
coupled a robust solver for diffusive particle transport 
with a geochemical calculator. The GeoDict software 
package (Math2Market, Germany) was used to 
simulate particle diffusion paths applying its 
AddiDict module. The virtual nanoparticles generated 
in AddiDict (100,000 at each end of column) were set 
at a limited volume (minimum one order of 
magnitude smaller than µCT voxel size), which was 
filled up with the counter-diffusing solutes. The two 
virtual solute particle swarms in the saturated pore 
space represent thereby the counter-diffusing solutes 
chemistry. The geochemical equilibrium code 
PHREEQC (USGS, v3) was coupled to simulate the 
probability of pore cement precipitation wherever it 
can be expected on basis of an appropriate SI 
developing once individual solute particles hit each 
other in the pore space. In our workflow, MATLAB 
(MathWorks, v2013a) scripts automatically access 
GeoDict control data files, and Python scripts 
(Python Software Foundation, v2.6.6) embed both the 
transport and geochemistry codes into a time loop for 
sequential simulation of pore-scale reaction and 
transport parameters. First simulation runs on a MPI-
HPC platform successfully reproduce the 
experimental development, shape and thickness of the 
precipitation front as well as the concomitantly 
changing HTO tracer transport. 
 
[1] Chagneau et al. (2015) Geochem. Transactions 
16, 1-13. 
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There is much concern about a potentially 

“accelerated” hydrologic cycle, with associated 
extremes in weather and climate-related phenomena. 
Whether this translates into wetter or drier conditions 
across arctic landscapes remains an open question. 
Arctic ecosystems differ substantially from those in 
temperate regions, largely due to the interactions of 
extremes in climate and land surface characteristics.  
Ice-rich permafrost prevents percolation of rainfall or 
snowmelt water, often maintaining a moist to 
saturated active layer where the permafrost table is 
shallow. Permafrost may also block the lateral 
movement of groundwater, and act as a confining unit 
for water in sub- or intra-permafrost aquifers. 
However, as permafrost degrades, profound changes 
in interactions between groundwater and surface 
water occur that affect the partitioning among the 
water balance components with subsequent impacts 
to the surface energy balance and essential ecosystem 
processes. 

Most simulations of arctic climate project 
sustained increases in temperature and gradual 
increases in precipitation over the 21st century.  
However, most climatic models do not correctly 
represent the essential controls that permafrost exerts 
on hydrological, ecological, and climatological 
processes.  If warming continues as projected, we 
expect large-scale changes in surface hydrology as 
permafrost degrades (Hinzman et al., 2013).  Where 
groundwater gradients are downward (i.e. surface 
water will infiltrate to subsurface groundwater), as in 
most cases, we may expect improved drainage and 
drier soils, which would result in reduced evaporation 
and transpiration (ET).  In some special cases, where 
the groundwater gradient is upward (as in many 
wetlands or springs) surface soils may become wetter 
or inundated as permafrost degrades.  Further, since 
soil moisture is a primary factor controlling 
ecosystem processes, interactions between 
ecosystems, GHG emissions, and high-latitude 
climate must also be considered highly uncertain.  
These inter-dependent processes will exert primary 
controls on several important feedback processes and 
vary across space and time in some as yet, unknown 
way. 
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Coral calcium carbonate skeletons are widely 

utilized in paleoclimatology such as reconstruction of 
sea surface temperature in the past. Radiocarbon (14C) 
is not only used for a dating method but for as a 
tracer of ocean circulation. 14C in coral skeletons 
record dissolved inorganic carbon (DIC) of ambient 
seawater thus reflecting the changes of water masses. 
Before 1950 (Pre-Bomb period), it is known that 
regional 14C offset existed between atmosphere 
(IntCal13) and DIC, known as the local marine 
reservoir effect (ΔR). This offset is resulted from the 
regional oceanography such as vertical mixing. Thus 
it is important to determineΔR when 14C ages are 
determined. 

In this study, we measured high-resolution 14C 
record of corals from Luzon in the Philippines, 
Ishigaki and Kikai islands in Japan located in the 
western Pacific using the accelerator mass 
spectrometry (AMS) at the Atmosphere and Ocean 
Research Institute, The University of Tokyo (YS-
AMS) to explore the seasonal-annual mass change of 
Kuroshio Current. We also compared them with 
published Δ14C data in the western Pacific. The 
results showed that Δ14C along the Kuroshio Current 
have been constant since 1950, whereas Pre-Bomb 
period data showed that Δ14C in 1940s were different 
from Δ14C in 1900s that were previously reported. 
Thus sea surface Δ14C seems to fluctuate over a short 
period of time (less than 50 years) in the western 
Pacific. This variability would affect to derive 
radiocarbon dates usingΔR. 



Goldschmidt Conference Abstracts 1124 

Geochemical variations in 
Japan Sea back-arc basin 
basalts formed by high-

temperature adiabatic melting 
of mantle metasomatized by 

sediment subduction 
components 

Y. HIRAHARA1, J.-I. KIMURA2, R. SENDA2, T. 
MIYAZAKI2, H. KAWABATA3, T. TAKAHASHI4, Q. 

CHANG2, B. S. VAGLAROV2, T. SATO5, S. 
KODAIRA5 

1 Chiba Institute of Technology, Chiba, Japan 
(*correspondence : yuka8685@wine.ocn.ne.jp) 

2 Department of Solid Earth Geochemistry, 
JAMSTEC, Yokosuka, Japan 

3 Research and Education Faculty, Multidisciplinary 
Science Cluster, Interdisciplinary Science Unit, 
Kochi Univ., Kochi, Japan 

4 Department of Geology, Niigata University, Niigata, 
Japan 

5 Research and Development Center for Earthquake 
and Tsunami, JAMSTEC, Yokohama, Japan 

 
The Yamato Basin in the Japan Sea is a back-arc 

basin characterized by basaltic oceanic crust that is 
twice as thick as typical oceanic crust. Two types of 
ocean floor basalts, formed during the opening of the 
Sea of Japan in the Middle Miocene, were recovered 
from the Yamato Basin during Ocean Drilling 
Program Legs 127/128. These can be considered as 
depleted (D-type) and enriched (E-type) basalts based 
on their incompatible trace element and Sr-Nd-Pb-Hf 
isotopic compositions. Both types of basalts plot 
along a common mixing array drawn between 
depleted mantle and slab sediment represented by a 
sand-rich turbidite on the Pacific Plate in the NE 
Japan fore arc. The depleted nature of the D-type 
basalts suggests that the slab sediment component is 
nil to minor relative to the dominant mantle 
component, whereas the enrichment of all 
incompatible elements in the E-type basalts was 
likely caused by a large contribution of bulk slab 
sediment in the source. The results of forward model 
calculations using adiabatic melting of a hydrous 
mantle with sediment flux indicate that the melting 
conditions of the source mantle for the D-type basalts 
are deeper and hotter than those for the E-type 
basalts, which appear to have formed under 
conditions hotter than those of normal mid-oceanic 
ridge basalts (MORB). These results suggest that the 
thicker oceanic crust was formed by greater degrees 
of melting of a hydrous metasomatized mantle source 
at unusually high mantle potential temperature during 
the opening of the Japan Sea.  
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Introduction and Method 
A filled ice structure of hydrogen hydrate, C2, 

consists of ice Ic host framework and hydrogen 
molecules filled in the voids of the framework [1]. 
The symmetry of the structure has been thought to be 
cubic because of ice Ic host. A theoretical study, 
however, has predicted that the symmetry changes to 
tetragonal at low temperatures and higher pressures 
[2]. Our experimental study confirmed the lowering 
symmetry by X-ray diffraction (XRD) study, and also 
showed existence of a high pressure phase (HP-
phase) above 40 GPa [3]. The reason for forming 
tetragonal structure has been inferred to be 
orientational ordering of guest hydrogen molecules 
[3], and so it is required to confirm this 
experimentally, as well as, to clarify the reason for 
HP-phase. In this study, hydrogen hydrate (H2-H2O) 
and deuterated hydrate (D2-D2O) were examined on 
vibration modes of the guest molecules and structural 
changes of the host framework using XRD and 
Raman spectroscopy in  the range of 10-300K and 7-
65GPa. 

 
Results and Discussion 
Raman spectroscopy for H2-H2O hydrate revealed 

that clear change in vibron, Q1(1) was not observed, 
but that distinct splits in roton, S0(0) was observed. 
The splitting of roton means that rotational symmetry 
of hydrogen molecules lowers from spherical to 
lowered symmetry, e.g. ellipsoidal one. This indicates 
that the free rotation is suppressed, in other words, 
orientational ordering (probably partially) takes 
place. Such orientational ordering of the guest 
molecules may lead to deform the cubic host 
structure to a tetragonal one.   

For D2-D2O hydrate, additional splitting of 
diffraction line from the tetragonal structure and 
additional splitting of vivron besides roton were 
observed. The results indicate that the structure of 
HP-phase is lower than tetragonal one with further 
ordered state of guest molecules. The three phases of 
hydrogen hydrates observed in this study can be 
characterized by disordered, partially ordered, and 
fully ordered state of guest hydrogen molecules in a 
manner analogous to solid hydrogen.  

 
 [1] Voss et al. (1996) Chem. Phys. Lett. 257, 524.  
[2] Zhang et al. (2012) J. Chem. Phys. 137, 084505. 
[3] Hirai et al. (2012) J. Chem. Phys.  137,  074505. 
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New Sr, Nd, and Hf isotope and trace element 
data are presented for Quaternary basalts erupted in 
the Sumisu Rift of the Izu back arc. Two geochemical 
groups can be identified within the basalts: High-Zr 
(HZ) basalts and Low-Zr (LZ) basalts. The HZ 
basalts exhibit higher in K2O, Na2O, Y, Zr and Ni 
than the LZ basalts. HZ basalts also have higher 
Nb/Yb, Ce/Yb and Zr/Yb, and lower Ba/Th than LZ 
basalts. Estimated primary basalt compositions for 
the Sumisu Rift basalts suggest that primary magma 
segregation for the HZ basalts occurred at depths less 
than 70 km (~ 2 GPa), whereas the LZ basalts more 
than 70 km (2~3 GPa). The 176Hf/177Hf ratios are 
slightly lower in the HZ basalts than in the LZ 
basalts. Correlations between HFSE/HREE (Nb/Yb, 
Zr/Yb) and isotopic ratios require changes in source 
composition - not simple variations in percentage of 
melting of a homogeneous mantle source. The LZ 
basalts have trace element and isotope ratios similar 
to the Sumisu Caldera basalts in the volcanic front 
and the West Philippine Basin basalts (51~34 Ma) 
[1], whereas the HZ basalts similar to the Shikoku 
Basin basalts (27~15 Ma) [2]. We propose that a 
Shikoku Basin basalts-type mantle may be present 
beneath the Sumisu Rift just above a West Philippine 
Basin basalts-type mantle in the lower part of the 
asthenosphere. 
 
 [1] Ishizuka et al. (2013) Geology, 41, 1011-1014. 
[2] Okino et al. (1999) Geophys. Res. Lett., 26, 2287-
2290. 
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The MC-ICPMS instruments, equipped with a 

multiple ion counting system setup, can improve the 
precision of the age determination.  With the 
conventional ion counting system, the gains of the ion 
detectors (electron multipliers) must be calibrated 
regularly through the elemental analysis for standard 
materials.  This results in elongation of the analysis 
time for the age determinations.  To improve the 
long-term stability, and also to improve the accuracy 
of the age data, we have developed new ion counting 
system using a two independent Dalty collectors 
equipped on MC-ICPMS technique.  

With the Daly ion collectors, both the medium to 
long-term stability could be remarkably improved 
from 0.1%/hrs to 0.04%/hrs.  Moreover, the counting 
loss due to dead time of the ion counting system can 
be corrected based on the conventional non-
extendable law, and the beam sizes of greater than 10 
MHz (cps) can be successfully measured by the Daly 
collector.  With the multi-ion counting technique, the 
analysis time for U-Th-Pb age determinations can be 
significantly reduced down to 1 - 10 sec/spot, and the 
shorter analysis time enabling to obtain an age 
distribution of the zircons collected from a sample 
(age cytometry). 

Shorter ablation time results in shalower ablation 
pit size for the analysis.  With the present MC-
ICPMS system setup, precise U-Th-Pb ages can be 
derived from the depth of shallower than 1 µm.  
Since the U-Th-Pb ages obtained from the rim of 
zircon crystals can reflect low-temperature geological 
events, various chronological information, such as 
timing of crystallization, overgrowth or eruption, can 
be derived from signel zircon crystal using the 
present technique [1].  In this presentation, analytical 
capability of the multi-ion counting technique using 
Daly collector for the age determination will be 
demonstrated. 

 
References : [1] Schmitt A. K. (2011) Annu. Rev. 
Earth Planet. Sci., 39, 321-349. 
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The Fukushima Dai-ichi Nuclear Power Plant 

(FDNPP) accident in Mar 2011 resulted in serious 
regional radiological contamination in Japan. The 
accident has emitted large amounts of radiocesium, 
i.e. 134Cs and 137Cs, into the environments. Since Nov 
2011, we have been measuring contents of 
radiocesium in crater lakes of the Kusatsu-Shirane 
volcano, Japan for investigation of mass balance of 
the lake water. 

The Kusatsu-Shirane volcano, which is located 
about 240 km west-southwest from the FDNPP. It has 
three crater lakes on its summit. Yugama, the largest 
one of the three and the target of the present study, is 
well known as an active crater lake filled with acidic 
water due to the injection of hydrothermal fluids from 
the subaqueous vents. The volume of the lake water 
has been kept at a certain level with the balance of 
precipitation, evaporation, fluids injection from 
subaqueous vents and seepage through the lake 
bottom: the lake has no river that flows into and out 
of it. 

We determined the contents of radiocesium in the 
crater lakes since Nov 2011 until Nov 2015. The 
activities of 134Cs and 137Cs in the Yugama water were 
98 and 118 mBq/L, respectively, on Nov 1st, 2011, 
about eight months after the FDNPP accident. The 
activity ratio of 134Cs/137Cs revealed that the 
radiocesium released by the accident had reached the 
summit area of the volcano. The decay-corrected 
activities of 134Cs and 137Cs in the Yugama water have 
exponentially decreased over time at the same rate 
since May 2012. Since the observed apparent 
decreasing rate of the radiocesium is much larger 
than the rates based on the physical half-lives of 134Cs 
and 137Cs, it should reflect the residence time of water 
in the lake. Based on the rate, the average residence 
time of the lake water was estimated as about 1000 
days. Accordingly, the seepage rate of the lake water 
is estimsted to be about 0.1% of the total lake water 
volume per day. The results of this study could 
contribute to the precise estimation of the water 
balance in the crater lake and better understandings of 
the hydrothermal system of the volcano. 
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Core formation models based on partitioning of 

moderately siderophile (iron-loving) elements 
suggests that core metals segregated from silicates at 
high pressure (~40–60 GPa) and high temperature (P-
T) (>3,000 K) in a deep magma ocean. The 
partitioning of silicon and oxygen in liquid iron are 
strongly enhanced at such high P-T, such that the 
core was originally rich in both silicon and oxygen. 
We performed crystallization experiments on liquid 
Fe–Si–O alloys to core pressures in a laser-heated 
diamond-anvil cell (DAC), using fine-grained 
homogeneous starting materials with different Si/O 
ratios. Our data demonstrate that the liquidus field of 
SiO2 is very wide at the Fe-rich portion of the Fe–Si–
O ternary system, indicating that the original Fe–Si–
O core crystallized SiO2 oxide until it lost either 
silicon or oxygen (or both). Such SiO2 crystallization 
continued until the onset of inner core formation. The 
present-day liquid outer core does not include both 
silicon and oxygen, because otherwise a metallic 
inner core cannot be formed. The recent finding of 
high thermal conductivity of the core suggests that 
core thermal convection is difficult to sustain without 
extreme degrees of secular cooling. However, even 
for modest degrees of joint Si-O incorporation into 
the early core, the buoyancy released by 
crystallization of SiO2 is sufficient to overcome 
thermal stratification and sustain the geodynamo. 
This may be a more likely mechanism than the 
precipitation of magnesium from the core proposed 
by O’rourke & Stevenson (2016), which requires 
very high-temperature core formation (>5,000 K). 
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Recently a series of melting experiments has been 
performed in a laser-heated diamond-anvil cell 
(DAC) under deep lower mantle conditions. 
Synchrotron X-rays are useful for the characterization 
of small DAC samples in-situ at high pressure. 
Complementary to X-ray studies, ex-situ 
characterization, in particular using focused ion beam 
(FIB) techniques, is also important for three-
dimensional textural observations and chemical 
analyses with high spatial resolution and high 
precision. 

Solidification of a magma ocean is a key process 
that determined the initial conditions and later 
evolution of the solid mantle. We have recently 
determined the crystallization sequence of solid 
phases and the compositional evolution of melts upon 
solidification in the deep magma ocean. Results show 
that brigmanite is the liquidus (first crystallizing) 
phase in a middle to deep lower mantle and that iron 
partitions preferentially into melts relative to 
bridgmanite  (Nomura et al., 2011 Nature; Tateno et 
al., 2014 JGR), indicating that the deep magma ocean 
should have evolved towards Si-poor and Fe-rich 
composition. Also, if fractional crystallization 
occurred, strong compositional stratification should 
have developped, forming brifgmanite single-phase 
layer in the lower mantle with iron-enriched 
magnesiowüstite-dominant layer at its bottom.  

At present, the interpretaion of ultralow-velocity 
zone (ULVZ) is important to understand thermal and 
compositional strcutures near the CMB. Since it is 
not globally observed, the solidus temperature of 
pyrolite may give the upper bound for temperature at 
the CMB. Our data based on ex-situ sample 
characterization (Nomura et al., 2014 Science) 
showed that pyrolite starts to melt at 3600 K at the 
CMB, lower than previous estimates using in-situ X-
ray observations. The possible presence of melt at the 
ULVZ is likely to be attributed to melting of 
materials with lower solidus temperatures such as 
MORB. Our experiments also show the important 
consequences of MORB melting in the lowermost 
mantle.  
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Crucial planetary differentiation occurs in magma 
oceans (MOs), as metal separates from molten 
silicate and volatile species are degassed (or 
ingassed) at the magma ocean-atmosphere interface.  
Both mass transfer processes are affected greatly by 
oxygen fugacity, which determines core/mantle 
element partitioning and the solubility and speciation 
of volatiles in the magma and overlying atmosphere.  
Redox conditions are set by equilibration between 
FeO-bearing silicate liquid and core-destined alloy.  
Yet, the large span of pressures prevailing in 
planetary magma oceans can produce gradients in fO2 
between the shallow magma-vapor and (on average) 
deep magma-alloy loci of equilibration.  In a metal-
free MO, conditions may be more or less reducing at 
the surface, depending on the competing effects of P 
on Fe2+ and Fe3+ in the melt (Hirschmann, 2012).  
There also may be effective redox gradients in a MO 
in which metal droplets are kept suspended by 
vigorous convection, owing to the differences 
between the P and T dependence of the solid iron-
wüstite (IW) reference buffer and that of coexisting 
molten alloy and FeO in silicate liquid (Righter and 
Ghiorso, 2012a).  Detailed evaluation of the latter 
should incorporate an adequate equation of state of 
Fe in the magma, but attempts to do so thus far 
displayed extreme dependence on silicate 
composition, suggesting interference of model 
artifacts (Righter and Ghiorso, 2012a, 2012b).  Direct 
experimental constraints include low P equilibration 
of melt with metal at known fO2 and high pressure 
(14-33 GPa) melts saturated with ferropericlase (fp).  
The former allows calculation of activity coefficients 
(and their uncertainties) of liquid FeO in low P 
silicate melt, and the latter allows direct correlation of 
the composition of high P melt to the IW buffer, 
subject to constraints on the mixing properties of fp 
solid solution.  For a metal-saturated MO with 8 wt.% 
FeO along a MO adiabat, fO2 would be IW-2.0±0.1 at 
25 GPa, but IW-2.6±0.3 at the surface. A key 
influence is that the IW solid buffer occurs at higher 
relative fO2 at low P, owing to non-stoichiometry of 
Fe1-xO at low P but not at high. Thus, contrary to the 
conclusion of Righter and Ghiorso (2012a), a metal-
saturated MO is more reduced compared to IW at its 
surface than at its base, meaning that the overlying 
atmosphere would have high H2/H2O, with C and N 
chiefly as CO and NH3, respectively.  
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In order to understand the fractionation processes 
of siderophile elements (accroding to their volatility) 
in the solar nebula, we have conducted an ion 
microprobe analysis of siderophile elemnets in 
metallic grains in a primitive condrite Y81020 (CO 
3.05).   

We have prepared several metallic arroys as 
standards for the analysis. Each alloy contains ~95 
wt.% Fe and 2-5 siderophile elements with 
concentrations of ~1 wt.%. Using the standards, we 
have determined relative sensitivity factors (RSFs) 
for the analysis using ims-1270 (@AIST, Japan). In 
the present study, we analyzed Fe, Ni, Co, Pt, Ir and 
Au. We used a Cs+ primary beam of ~40 µm in 
diameter and analyzed negative ions from a central 
~6 µm x 6 µm area of the beam.  An electron gun was 
used for charge compensation. The obtained RSF, 
defined by (M-/Fe-)SIMS/(M/Fe)true, varies greatly from 
22 (Co) to 47600 (Au).  

So far, we have analyzed one isolated metal grain 
of ~100 µm in size and three metal grains (10-20 µm 
in size) in two chondrules, where metal grians are 
completely surrounded by olivine. The isolated large 
metal grain shows negligible amount of Pt and Ir, low 
Au (0.12 x solar), and slightly low Ni (~0.6 x solar). 
On the other hand, metal grains in chondrules show 
variable Pt and Ir (0.02-1.0 x solar for Pt and 0.05 to 
1.3 x solar for Ir), and low Au (0.11-0.33 x solar). 
The present results, showing large variation in the 
abundances of refractory PGEs (Pt and Ir), are 
consistent with the results by [1]. At present, we 
speculate that the carriers of refractory PGEs (small 
ultrarefractory metal grains) might be rather 
heterogeneously distributed in the source materials of 
chondrules. Further studies are required for better 
understanding of the fractionation processes of the 
siderophile elements.  

[1] Connolly et al. (2001) GCA 65, 4567-4588. 
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The Western Philippine Sea (WPS), receiving 

tremendous amount of anthropogenic aerosols during 
winter and spring seasons, provides an ideal platform 
to investigate the fates of aerosol trace metals and 
their seasonal transformation in the Northwestern 
Pacific Ocean (NWPO). Two Taiwan GEOTRACES 
cruises were carried out in the WPS during July 2013 
and March 2014, the low and high aerosol deposition 
periods, respectively. The trace metal composition in 
aerosols, seawater, size-fractionated suspended 
particles, and sinking particles were determined. The 
aerosol metal concentrations in March were 7-30 
folds of the July.  We found that the influence of 
anthropogenic aerosol deposition is mainly reflected 
in particulate pools but not dissolved pool. Eddy 
activities play an important role on deciding 
dissolved metal concentrations and elemental fluxes 
in the surface water. Using Fe as an example, total 
aerosol Fe deposition fluxes were 17 and 1.2 μmol Fe 
m-2 d-1 for the high and low seasons but dissolved Fe 
concentrations were comparable.  In contrast to 
dissolved Fe, particulate Fe concentrations in the high 
season were 2 to 10 times of the low season in the top 
100 m. In terms of size-fractionated plankton, trace 
metal quotas are 1 to 2 orders of magnitude higher 
than their intracellular plankton quota. The metal to 
Al ratios for most of the suspended particles, similar 
to metal composition observed in the aerosols, are 
also 1 to 2 orders of magnitude higher than their 
lithogenic composition. Our study demonstrates that 
Asian anthropogenic aerosol deposition has 
significantly increased trace metal concentrations in 
the suspended particles and plankton of the oceanic 
region. 
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Trace elements are usually very low abundances 

in natural waters, especially hot-spring water (HSW), 
resulting into difficulty in precise determination. To 
discuss about origin of HSW in SW Japan, we have 
developed highly precise analytical technique for 
determination of very low abundances of multi-
elements in HSW with preconcentration using freeze-
drying. The result showed recoveries of twenty-eight 
trace elements in the tested standard solution were 
~100±5%. ICP-MS analyses on the reference material 
of Ottawa River water (SLRS-5) showed a good 
agreement with the reference values [1]. Compared 
with direct measurements, the method showed about 
5 and 25 times improvement of the precision and 
detection limit for most trace elements, respectively. 
The blank contributions are typically low, <1% for 
most elements. Only 4% of the sample solution is 
consumed for forty-three elements, remaining 96% 
was used for Sr isotopic analyses. The method was 
applied to Misasa HSW collected from central part of 
Tottori, SW Japan. Based on the newly obtained data, 
Misasa HSW is compared with those of basement 
rocks and the other fluids. Major element 
compositions are distinct from the brine and volcanic 
waters, but is similar to the other hot-springs from 
granitic terrance in Tottori [2]. Misasa HSW showed 
extremely low REE abundances, 106 to 107 times 
lower than those of basement rocks, and LREEs were 
strong depletion relative to HREEs. The REE pattern 
of Misasa HSW showed no correlation to that of 
basement rocks. In the unfiltered HSW, significant 
amounts of REE (~80%) are hosted by the suspended 
particles, which are identified as Fe oxyhydroxide 
aggregates coating by minor black Mn oxide. The 
87Sr/86Sr ratio of  Misasa HSW was 0.7061±1 (n=9, 
2σ), which is slightly higher than basement andesite 
(0.7041-0.7056), but is much lower than that of 
granite (0.7125, [3]). The Sr isotopic composition is 
distinct from the brine and volcanic waters (0.7078-
0.7106), but is associated with the other hot-spring 
from granitic region (0.7065) [4].  

 
[1] Yeghicheyan et al. (2013) Geostand. Geoanal. 
Res. 37, 449–467. [2] Matsubaya et al. (1973) GJ, 7, 
123-151. [3] Feineman et al. (2013) Geochem. 
Geophys. Geosyst., 14, 3009-3031. [4] Notsu et al. 
(1982) Appl. Geochem., 6, 543-551. 
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Ettringite (Ca6Al2(SO4)3(OH)12·26H2O) is well 
known as a good adsorbent for boron removal by 
exchanging sulfuric acid in structure and boric acid in 
solution [1]. Objective of this study was to optimize 
the boron removal process for hot spring wastewater 
which contains silicate and carbonic acid. 

Although ettringite can be formed in alkaline pH 
of 10 to 12, high efficiency for boron removal could 
be achieved only at pH 11.5. This is because 
formation of aluminium hydroxide below pH 11 and 
formation of calcite above pH 12 inhibited formation 
of ettringite. Additionally, above pH 12, hydroxide 
ion inhibits ion exchange reaction between sulfate 
and boron.  Carbonic acid disturbed boron removal 
by formation of calcite, however, when the solution 
was strongly stirred after addition of aluminium 
sulfate which resulted in acidic pH, carbonic acid 
could be removed from the solution and boron 
removal could be improved.  

Under high temperature, a part of ettringite was 
transformed to monosulfate which has low ability for 
boron removal. In addition, precipitation amount of 
ettringite decreased due to increase of solubility 
product. However, precipitation amount of ettringite 
could be increased when reaction time was extended 
under high temperature.  

In conclusion, boron removal efficiency was 
decreased in hot spring wastewater which coexists 
silicate and carbonic acid under high temperature, 
however, it could be improved by optimum addition 
of agent and extension of reaction time. 
 
 [1]Iizuka et al. (2011) The Chemical Society of 
Japan 40, 1269-1271.  
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Steel slags are the primary by product of steel 

making and increased demand for the product in 
recent decades has led to large increases in the 
volume of slag produced. Although slag has viable 
afteruses in construction and water treatment, 
production outstrips demand, and most slags is 
stockpiled in land based repositories.  Long term 
leaching of CaO and Ca silicate phases in the slags by 
rain water produces a highly alkaline (pH 12+) 
Ca(OH)2 dominated leachate, and, several toxic trace 
metals such as V, Al and Pb have been reported to be 
mobilised from the slag into the leachate.  At sites 
where steel slag leachates enter surface drainage, in 
gassing of atmospheric CO2 produces large volumes 
of secondary carbonate precipitation and neutralises 
the alkalinity present. The concentration of trace 
metals (e.g. V and Al) are also reduced during this 
process. This study reports findings from a combined 
field and laboratory investigation of the fate and 
behaviour of V in leachates from the Consett steel 
slag repository, Co Durham, UK, during aerobic 
neutralisation.  

Field investigation showed that aqueous 
vanadium concentrations are reduced downstream of 
the point where leachate enters surface streams 
concurrent with significant reductions of water pH 
and Ca concentrations. In laboratory experiments 
only modest removal (<20%) of V occurred in 
neutralisation experiments were calcite or kaolinite 
clay were the only sorption surface present.  
However, when iron oxide (goethite) was present the 
degree of removal increased substantially (>50% 
removal).  XANES analysis of the V speciation in 
solids recovered after neutralisation revealed only 
V(V) was present, most likely in surface sorption 
bonding environments. EXAFS analysis on selected 
samples revealed that V formed strong inner sphere 
complexes with goethite surfaces during 
neutralisation, accounting for the increased degree of 
V removal observed.  These results showed that pH 
dependant sorption processes ultimately control the 
behaviour of V in surface waters affected by steel 
slag leachates and that interaction of V with iron 
oxides can be expected to limit V mobility in affected 
environments.  



Goldschmidt Conference Abstracts 1137 

Surface Leaching of Vanadium 
from BOF Steel Slag: a µXAS 

and SEM Study 
ANDREW J. HOBSON1, DOUGLAS I. STEWART2, 

ANDREW W. BRAY1, WILLIAM M. MAYES3, 
MICHAEL ROGERSON4 AND IAN T. BURKE1 

1School of Earth and Environment and 2School of 
Civil Engineering, University of Leeds, Leeds, 
LS2 9JT, UK. Email for correspondance: 
ear3a2jh@leeds.ac.uk 

3Centre for Environmental and Marine Sciences, 
University of Hull, Scarborough, YO11 3AZ, 
UK. 

4Department of Geography, Environment and Earth 
Sciences, University of Hull, , Hull, HU6 7RX, 
UK. 

 
Steel slags are a byproduct of steel manufacture 

produced in large quantities worldwide. Whilst some 
slags are recycled (e.g. as construction aggregate) 
much is still dumped in open air slag heaps. Steel slag 
is generally composed of Ca, Al, Mg and Fe oxides 
and silicates and is often significantly enriched in 
toxic trace metals. Rainwater interacting with CaO 
and Ca-silicate phases in steel slags produces a high 
pH leachate (pH 12). In recent years concerns have 
been raised over the potential for mobilisation of 
trace metals such as V and Cr into leachate during 
weathering processes. This study presents data 
concerning speciation of V in steel slags during 
aerobic and anaerobic leaching.  
Samples were collected from the Yarborough 
Landfill, Scunthorpe, UK and leached in DIW under 
aerobic and anaerobic conditions for 6 months. 
SEM/EDX identified 4 principal mineral phases in 
unweathered slag comprising a CaO-rich phase, a Ca-
silicate phase, a brownmillerite–like phase and a 
wustite-like phase. V was hosted primarily within the 
Ca-silicate and brownmillerite phases. XANES 
analysis showed V to be predominantly present as 
V(V) within Ca-silicate and as V(III/IV) within 
brownmillerite. Following weathering a 20-50µm 
thick ‘rind’ was visible with similar composition in 
aerobic and anaerobic systems. This region was 
depleted in V(V) and contained neoformed C-S-H. 
Little alteration of the brownmillerite phase was 
evident hence weathered regions were enriched in 
V(IV) compared to the unweathered sample. Results 
show that V is leached preferentialy from Ca-silicates 
as V(V) due to dissolution of these phases. Increased 
concentrations of V in leachate under aerobic 
conditions are possibly due to oxidation of V(IV) to 
V(V) from brownmillerite-like phases. Release of V 
is environmentally significant, however, precipitation 
of C-S-H may have an armouring effect reducing the 
long term potential for V release by protecting the 
interior portion of slag blocks. 
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The mobility of toxic antimony (Sb) in soils and 

sediments is largely controlled by sorption to mineral 
surfaces [1]. While iron oxides are important in oxic 
environments, iron sulfides dominate in sulfur-rich 
anoxic environments. The initial iron sulfide 
produced by reaction between iron (Fe) and sulfide  
(S2-) under most environmental conditions is 
nanocrystalline mackinawite (FeS) [2]. Over time, 
FeS transforms to more stable Fe sulfides, such as 
greigite (Fe3S4) and pyrite (FeS2). This reaction may 
be enhanced in the presence of pentavalent Sb, since 
Sb(V) may oxidize structural Fe(II), thereby forming 
greigite [3]. Except for one preliminary study [3], Sb 
geochemistry in sulfidic solutions in the presence of 
Fe has not yet been examined. This lack of 
knowledge hampers reliable risk assessments for Sb-
contaminated soil, sediment and groundwater systems 
and constrains the development of optimal 
remediation strategies. 

Here, we investigate Sb sorption to FeS as a 
function of Sb species, pH, reaction time and Sb 
loading. Various concentrations of either Sb(III) or 
Sb(V) (2 mM, 10 mM and 50 mM) were added to 
FeS and allowed to react for 24 hours. The pH was 
varied between pH 5 and 10 and selected treatments 
were equilibrated for periods of up to three months.  

First results show that 80% of the added Sb(III) 
sorbed to FeS in the studied pH range after 24 hours. 
In contrast, Sb(V) substantially (>20%) bound to FeS 
only at pH <6. The initial Sb concentration did not 
affect this pattern. Sorption of Sb(III) to FeS reached 
equilibrium after 24 hours. When Sb(V) was spiked, 
equilibrium concentrations did not establish within 
three days, which may point at structural 
transformations of the FeS phase after reduction of 
Sb(V). X-ray absorption spectroscopy (XAS) 
experiments are yet to be completed to determine the 
valence and coordination environment of the sorbed 
Sb and to characterize structural changes in the solid 
phase. 

 
[1] Wilson et al. (2010) Env. Pol. 158, 1169–1181. 
[2] Rickard & Morse (2005) Mar. Chem. 97, 141-
197. [3] Kirsch et al. (2008) Mineral. Mag. 72, 185-
189.  
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90Sr and 14C are two of the contaminants found at 

elevated levels in groundwater under the Separation 
Area of the Sellafield reprocessing site in Cumbria, 
UK. A conventional remediation technique for this 
suite of contaminants may involve pumping the 
groundwater and passing it through anion and cation 
exchange media. However, the effectiveness of this 
process is reduced by competing ions present in 
groundwaters (e.g. Ca2+, Na+)1.  

Precipitation of 90Sr and 14C as insoluble 
carbonate2 offers a potentially lower cost alternative, 
producing a solid residue that is readily grouted in 
cement wasteforms. 

It has been shown that the crystallization 
pathways occurring between aqueous ions of Ca2+ 
and CO3

2-, and thermodynamically stable calcite are 
an important control on the removal of 14C from 
solution. If the precipitate undergoes recrystallization 
14C and 90Sr will become remobilized to the solution. 
This is of minimal importance for the Sr, which is 
reprecipitated into the newly formed crystal lattice. 
However, in systems open to atmosphere, 14C 
undergoes mixing with 12C derived from in-gassing of 
CO2 and becomes diluted, reducing its removal 
efficiency.  

Solution Ca:CO3 ratios were found to be 
important for 14C removal. Where CO3

2- was present 
equal to or in excess of Ca, 14C removal was limited 
due to the dilution of 14CO3

2- by 12CO3
2-. Sr removal 

however was not significantly affected, as 
atmospheric CO2 in-gassing was able to provide 
sufficient CO3

2- for full Ca2+, and thus Sr2+ removal. 
This process was able to achieve maximum removals 
of 99.7% for 14C and 98.6% for 90Sr in the 
Ca[10mM]:CO3

2-[1mM] experiment. 
Extrapolating these removal efficincies from our 

experiments to the most contaminated groundwater 
present at Sellafield suggests that each m3 of 
groundwater would produce 1.23 kg of calcite 
containing 123.23 MBq of β activity (75 GBq/ton). 
The effluent from this process would contain a 
residual 0.15 KBq L-1 of 14C and 0.62 KBq L-1 of 90Sr. 

1 Marinin D & Brown G. 2000 Waste Manag. 20 (7) 
2 Fujita et al. 2000 Geomicrobiol. J. 17 (4)  
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Thinning sea ice and shrinking sea−ice coverage 

is currently changing production regimes in the 
pelagic and sympagic Arctic Ocean. It usually 
remains unknown, how these changes affect export 
fluxes and hence, benthic communities and 
remineralization rates in the Arctic deep sea. To 
tackle this question, we took sediment samples from 
two bathymetric transects in the Arctic Fram Strait − 
East Greenland continental slope and West 
Spitsbergen continental slope (i.e. HAUSGARTEN 
observatory) – characterized by annual high and low 
sea−ice coverage, respectively. We measured benthic 
oxygen consumption rates along with various 
biogenic parameters and characterized macro− and 
meiofauna communities. A comparison of the two 
bathymetric transects suggest that low sea−ice 
coverage may lead to increased food availability for 
deep−sea benthic communities and enhanced 
remineralization rates down to a depth of 2000 m. 
Below 2000 m depth, food availability and 
remineralization rates are less or even not affected by 
sea−ice coverage. Furthermore, our data indicate that 
from high to low sea−ice covered areas macrofauna 
abundances shifts from polychaete−dominated to 
nematode−dominated. Such a shift has not been found 
for macrofauna biomass and meiofauna abundance. 
This comparative study provides insights into deep 
sea benthic activities and community structure in a 
region strongly influenced by global change. It could 
help to assess the fate of Arctic benthic ecosystems 
under future climate scenarios. 
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Lichens and their isotopic composition have been 

previously successfully used as bio-indicators of 
atmospheric deposition and pollution, particularly in 
remote areas where air quality assessments are 
difficult. The clathrate, fruticose lichen Cladia 
retipora (Labill.) Nyl. is widespread throughout 
Tasmania. Lichens with a green-algal phycobiont, 
such as C. retipora, are not capable of direct 
assimilation of atmospheric molecular nitrogen. Thus, 
their nitrogen supply is determined by their uptake of 
atmospheric nitrate, ammonia, ammonium, and 
organic nitrogen compounds. 

Little is known about atmospheric nitrogen (N) 
and sulphur (S) deposition in Tasmania. We have 
therefore collected lichen samples of C. retipora from 
all over Tasmania and analysed for total nitrogen 
(TN), total sulphur (TS), and their nitrogen (δ15N) 
and sulphur isotopic composition (δ34S) to investigate 
the spatial distribution of atmospheric N and S input 
to ecosystems and to identify potential N and S 
sources for Tasmania. C. retipora was sampled from 
locations as low as sea level, and as high as 1250 m 
elevation, from various habitats including temperate 
forests, alpine and subalpine heath, and the coastal 
biome. 

Results show that TS contents in C. retipora are 
low, ranging from <0.01 to 0.31%. δ34S values range 
from -21.9 to 16.5‰. The lowest TS samples have 
δ34S values consistent with dimethyl sulfide, biogenic 
sulphate, and sea salt sulphate. The highest TS 
samples are associated with the lowest δ34S values, 
indicative of H2S emissions from bacterial sulphate 
reduction in tidal flats. 

TN contents varied from 0.15 to 0.44%, and δ15N 
values ranged from -6.9 to +7.5‰. The lowest δ15N 
values tend to be located in the most remote inland 
regions where population density is lowest. However, 
our overall results suggest that anthropogenic sources 
form an insignificant fraction of the nitrogen and 
sulphur input into terrestrial ecosystems in Tasmania. 
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Cd isotopes are used as a tool to trace nutrient 
utilization by phytoplankton in the modern ocean. 
The applicability of Cd isotopes as tracer of past 
marine bio-productivity is unknown as the detailed 
fractionation process is still debated. Most studies 
favour substitution of Cd for Zn atoms in carbonic 
anhydrase of diatoms as the main driver for the 
fractionation. Cd isotopic compositions in marine 
carbonate rocks from the Precambrian/Cambrian 
boundary sampled on the Yangtze Platform, South 
China have been analysed together with trace element 
variations and C isotope compositions. Cd isotopic 
data were obtained by using the double spike method 
and TIMS (ε112/110Cd relative to NIST SRM 3108, 
external precision: ± 8ppm). The ε112/110Cd displays 
substantial variations exceeding the range of crustal 

rocks. In shallow water samples from the Xiaofenghe 
section, Cd concentrations neither correlate with P or 
Zn abundances. Given the experimentally derived 
αCaCO3-Seawater of 0.99955 for the fractionation of Cd 
into calcium carbonate, seawater in equilibrium with 
these carbonates should have ε112/110Cd between 0.98 
and 4.96, which is in the range of modern marine 
surface water. Cd isotopic compositions in the same 
section correlate with δ13Ccarb values, arguing for the 
formation of these carbonates in highly bio-
productive environments. However, decreasing 
ε112/110Cd values towards the upper Ediacaran in 
shallow water Xiaofenghe do not represent the signal 
expected for increasing bio-productivity short before 
the Cambrian explosion. These discrepancies may 
reflect the added effects of kinetic fractionation of Cd 
into inorganic carbonates and non-carbonate phases 
such as sulphides under changing environmental 
conditions (e.g. freshwater/seawater mixing and 
variable redox conditions), which may blur the signal 
of biological fractionation in marine precipitates. 
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Zircon is known to grow and react under a wide 

variety of metamorphic conditions. Characterizing 
mineral inclusion assemblages together with trace 
element and Hf-isotope chemistry can help constrain 
conditions of metamorphic zircon growth and permit 
association of U-Pb ages to structural and 
metamorphic fabrics. Late Aptian age (~114 Ma) 
metamorphic zircon overgrowths identified in various 
localities more than 200 km along strike within a 
normal-sense regional shear zone in the southern 
Brooks Range, AK, are characterized by low Th/U 
ratios, locally homogeneous εHf compositions, 
variably enriched or depleted HREE abundances, low 
Ti concentrations, an abundance of mineral inclusions 
(quartz, phengite, chlorite, paragonite, albite, epidote, 
titanite, apatite, xenotime), and are in turn overgrown 
by late stage albite porphyroblasts, thereby bracketing 
relative timing of zircon growth. U-Pb ages of zircon 
overgrowth thus provide a constraint on the timing of 
orogenic decompression that occurred subsequent to 
significant crustal shortening and blueschist 
metamorphism in the Brookian orogen. 

 
Figure 1. Representative zircon showing relict 
oscillatory-zoned cores of detrital origin overgrown 
by inclusion-rich zircon rims. U-Pb ages (Ma) shown 
adjacent NordSIM spots. 
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Zircon and monazite in ultrahigh temperature 

(UHT) metamorphic rocks and the related rocks at 
Mather Peninsula from the Rauer Islands of Prydz 
Bay in East Antarctica were investigated in terms of 
U-Th-Pb and REE chemistry. All analyzed samples 
yield c.522-517 Ma concordant zircon ages. Some of 
the UHT gneiss and the host orthogneiss preserve 
protolith/inherited zircon ages of c.3300 Ma and 
c.2800-2400 Ma along with highly discordant 
Mesoproterozoic to Neoproterozoic ages which 
confirm the Archaean protolith age for the Mather 
Peninsula. These data suggest that the Archaean and 
Mesoproterzoic components of the Rauer Islands 
were not amalgamated in the Rauer Tectonic Event at 
c.1030-990 Ma, and deposition of the Mather 
Paragneiss was considered at some time after the 
Rauer Tectonic Event. In contrast to the well-defined 
c.520 Ma ages obtained from the zircons in the UHT 
rocks, monazite grains measured by electron 
microprobe show a distinct internal zonation, from 
c.580-560 Ma dark-BSE cores enriched in MREE and 
HREE to c.550-520 Ma mid-BSE mantles and c.510-
500 Ma bright-BSE rims. Based on the chemical and 
textural evidence we infer that the MREE-HREE-rich 
c.580-560 Ma monazite cores may have formed 
through the decomposition of garnet during 
decompression just after the UHT event, whereas the 
MREE-HREE-depleted c.550-500 Ma monazite 
grains/rims formed or recrystallized in reactions 
associated with subsequent extensive hydration 
during the upper-amphibolite to granulite-facies main 
Prydz Tectonic Event, which also caused marked 
recrystallization of zircon. The above data strongly 
support the interpretation that the UHT 
metamorphism occurred prior to c.590-580 Ma. 
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In the present study, source rock evaluation, 

biomarker distribution and carbon isotopic 
composition of n-alkanes in coalsamples, collected 
from KM2-Lower coal seam in the Soma Formation 
located at the south of the Soma Basin (Manisa, 
Turkey), were investigated by Rock-Eval pyrolysis, 
vitrinite reflectance measurement, gas 
chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS) analysis. Total organic carbon 
(TOC) values of the samples were determined 
between 28.45 and 73.38 wt.% while hydrogen index 
(HI) values were calculated 67 - 246 mg HC/gTOC. 
These values indicate that the organic matter 
contained in the samples is sufficient to serve as good 
source rock for oil and gas. Several plots from the 
Rock-Eval pyrolysis classified the organic matter in 
the samples as type III kerogen. The n-alkanes 
profile, isoprenoid values, abundance of hopanes, 
homohopanes (C31-C35) and C29 steranes in the most 
of the samples indicate terrestrial matter, 
algal/bacterial source organisms contributions to the 
organic matter forming the coal, and deposition and 
peatification of KM2 samples in paleoswamp. Pr/Ph 
ratio (0.82-16.29) determined in the samples indicates 
suboxic - oxic condition of organic matter deposition. 
The 20S/20S+20R sterane, ββ/ββ+αα C29 sterane, 
Ts/Ts+Tm, 22S/22S+22R C32 homohopane, 
moretane/hopane and C29 Ts/C29 Ts+C29 H maturity 
ratios range from 0.04 to 0.12, 0.27 to 0.40,0.02 to 
0.24, 0.1 to 0.3, 0.31 to 0.63 and 0-0.16 respectively. 
The biomarker maturity ratios and the vitrinite 
reflectance values (0.21-0.63% Ro) showed that the 
samples are immature-early mature. 
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The NGX multi-collector noble gas mass 

spectrometer installed at Lancaster University, UK is 
designed to measure all species of noble gases but 
with a unique configuration to enable multicollection 
of all 9 Xe isotopes simultaneouly using Faraday 
detectors. Each detector is equipped with a 1e12 ohm 
amplifier and cross calibration is achieved 
electronically. A single ion-counting, discrete-dynode 
multiplier is also included in the collector array to 
permit measurement of small ion beam signals.  

We present data from air calibrations taken 
shortly after installation. Improved precision from 
multicollection on 9 Faraday detectors will enable 
investigation into (i) adsorption controlled 
fractionation processes in subsurface hydrocarbon 
reservoirs [1] (ii)  differentiation between diffusive 
and fracture controlled migration [2] (iii) improved 
identification of Xe spiked injection programmes in 
gas reservoirs [3] (iv) discrimination between models 
for early Earth history based on I-Pu-U fission data 
[4] (v) potential evolution of Xe isotopic signatures in 
the atmosphere over geological time [5]. 
 
[1] Xia and Tang (2012) Geochim. Cosmochim. Acta 
77, 489-503. [2] Harris et al. (2013) RPSEA Report, 
1-251. [3] Zhou et al, (2011) Min. Mag. 75 (3) 2274-
2274. [4] Boehnke et al. (2015) Geophys. Res. Lett. 
42, 4367-4374. [5] Pujol et al. (2011) Earth Planet. 
Sci. Lett. 308, 298–306. 
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Despite the high thermodynamic stability of CO2, 

biological systems are capable of both activating and 
converting CO2 into a range of organic molecules, 
under moderate conditions. It is clear that if we were 
able to emulate nature and successfully convert CO2 
into useful chemical intermediates without the need 
for extreme reaction conditions, the benefits would be 
enormous: one of the major gases responsible for 
climate change would become an important feedstock 
for the chemical industries.  

  Iron sulfide membranes formed in the warm, 
alkaline springs on the Archaean ocean floor are 
increasingly considered to be the early catalysts for a 
series of chemical reactions leading to the emergence 
of life. The anaerobic production of acetate, 
formaldehyde, amino acids and the nucleic acid bases 
– the organic precursor molecules of life – are 
thought to have been catalysed by small cubane 
clusters, which are structurally similar to the surfaces 
of present day sulfide minerals such as greigite 
(Fe3S4).[1] 

  Here we report routes to synthesise phase pure 
nanoparticulate mineral greigite and present the 
results of electro-catalytic testing at atmospheric 
pressure (AP) and room temperature.  We show, 
through quantitative 1H-NMR analysis, the formation 
of small organic products at low over potentials (0→ 
-1V). pH studies are presented to determine the 
reactivity of CO2 vs HCO3

- vs CO3
2- at AP and the 

stability of the catalyst during the reduction process is 
discussed. The results of which provide support for 
alkaline hydrothermal vents and possible loactions 
for the origin of life. 

 
[1] M.J. Russell, Science (2003) 302, 580.  
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Although carbonates of rare earth elements (REE) 
are rare, fluorocarbonates are one of the most 
important source of these elements. Their occurenece 
is characterised by complex textural relationships 
with host rock and gangue minerals, often indicative 
of precipitation from REE-rich fluids reacting with 
wall rocks [1, 2]. Experimental studies synthesising 
REE carbonates and fluorocarbonates are valuable in 
understanding physiochemical controls on crystal 
morphology and structure [3]. However, studies 
involving direct reaction of REE-bearing solutions 
with wall rocks to produce REE carbonates are rare in 
the literature. 

As a starting point for understading the genesis of 
REE fluorocarbonates through wall rock reactions, 
we have synthesised single- and multi-REE 
carbonates (La, Nd, Gd, Er and Yb) by direct mixing 
of REE- and carbonate-bearing solutions, and also by 
interaction of REE-bearing solutions with dolomite, 
at temperatures from 40 to 200 °C. 

Direct mixing of solutions produces crystalline 
carbonates for light REE-bearing solutions (single- 
and multi-REE systems) at all temperatures, but only 
at >130 °C for heavy REEs. Interaction of REE-
bearing solutions with dolomite is more complex. At 
<100 °C, all the REEs used (except Yb) produce 
crystalline carbonates on the dolomite surface. When 
using multi-REE solutions, good crystallisation is 
also generally observed at <100 °C, unless Yb is 
added, suggesting this element inhibits crystal growth 
at these conditions. At higher temperatures, however, 
solutions containg up to five REEs (including Yb) 
produce good crystallisation on dolomite. These 
results are consistent with a dominant control of 
temperaure on crystallisation kinetics. 

 
[1] Ngwenya, B.T. (1994), Geochim. Cosmochim. 
Acta 58, 2061-2072. [2] Gysi, A.P. & Williams-
Jones, A.E. (2012), Geochim. Cosmochim. Acta 122, 
324-352. [3] Vallina, B., Rodriguez-Blanco, J.D., 
Balnco, J.A. & Benning, L.G. (2014) Min. Mag., 78, 
1391-1397. 
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Chlorine-36 (36Cl) and Iodine-129 (129I) 

originating from nuclear activities have been 
introduced into the terrestrial environment through 
nuclear power plant accidents, operation of spent 
nuclear fuel reprocessing plants and disposal of 
radioactive waste [1]. In the case of nuclear 
accidents, protection of public health relies on the 
ability to predict the mobility at which contaminants 
move through the soil and river etc.  Mobile colloides 
of humic substances (HS) act as a carrier of 
radionuclides in the terrestrial environment, and they 
play an important role in the migration of 
radionuclides [2]. HS are well described regarding 
their content of oxygen, nitrogen and sulfur. But only 
little is known about the contents and binding 
mechanisms of halogens in HS and the structure of 
these halogens/HS species [2].  

To identify the transport process of 36Cl and 129I  
in the environment, stable chlorine and iodine species 
(as a proxy of 36Cl and 129I) of humic substances were 
determined using high-performance size exclusion 
chromatography (SEC) coupled with triple 
quadrupole ICP-MS (ICP-QQQ) in five fractions 
(water soluble exchangeable, oxide-bound, organic 
matter-bound) eluted from soil samples with 
appropriate reagents and river water samples 
collected from Fukushima prefecture. For river water 
samles, HS containing some cation elements of iron, 
molybdenum and aluminum were measured by SEC-
ICP-QQQ to compare the distribution of halogen 
elements in several size of organic molecules.  

For water soluble mobile colloides, chlorine and 
iodine were found in the size fracrion of 13-66 kDa. 
Iron and molybdenum were also determined in the 
same fractiton as chlorine and  iodine. 
  
[1] P.E. Dresel et al (2002), PNNL-13763, Paci 
Pacific Northwest National Laboratory: 
Richland, WA 
[2] J. F. McCarthy and J. M. Zachara (1989),  
Environ. Sci. Technol. 23, 496-502 
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 In order to investigate behavier of 

particulate radiocesium emitted from Fukushima 
daiichi nuclear power plant (F1NPP), time-series 
seiment traps were deployed at 500 m and 1000 m of 
station F1 located on the continental shelf slope ~ 100 
km southeastward from F1NPP and settling particles 
were collected. About three years time-series 
observation (July 2011 - July 2014) revealed that 
radiocesium emitted from F1NPP (134-Cs and 137-
Cs with both activity ratio of ~1) were largely 
collected in 2011 and early 2012, and thereafter 
decreasd with time [1]. However, radiocesium was 
still detected in July 2014 and tended to increase in 
autumn. Major component of settling particles 
collected by sediment traps were lithogenic materials. 
Temporal variability in settling particles did not 
synchronized with that in marine primary 
productivity in upper layer. In addition, ratios of 
radiocesium (137-Cs) to excess radiolead (210-Pbs) 
were similor to those of seafloor sediment off F1NPP. 
Based on these observations, it was suspected that 
time-series sedimnet trap collected mainly 
radiologically-contaminated seafloor sediment that 
were resuspended and laterally transported to the 
continental shelf slope and the open ocean. During 
observation period, several typhoons passed through 
near F1NPP or station F1 in autumn.  Increase in 
radiocesium flux in autumn was likely attributed to 
more active resuspension / lateral transport of 
seafloor sediment by typhoon.  
 
[1] Buesseler et al. (2015) Tracking the fate of 
particle associated Fukushima daiichi cesium in the 
ocean off Japan. Environ. Sci. Technol. 49, 9807-
9816, DOI: 10.1021/acs.est.5b02635.  

 



Goldschmidt Conference Abstracts 1151 

Distrbution of Pu in the coral of 
the Northwest Pacific Ocean 
G.H. HONG1*, S.H. KIM1, H.M. LEE1, H. 
KAWAHATA2, F.P. SIRINGAN3, D.M. 

ANDERSON4, M. KETTERER5 AND M. 
BASKARAN6 

1Korea Institute of Ocean Science & Technology, 
Ansan 426-744, Rep. of Korea (*correspondence: 
ghhong@kiost.ac) 

2Ocean Research Institute, the University of Tokyo, 
1-15-1, Minamidai, Nakano, Tokyo 164-8639, 
Japan 

3Marine Science Institute, The University of the 
Philippinies, Diliman, Quezon City 1101, 
Philippines 

4NOAA National Climatic Data Center 325 
Broadway, E/CC23 Boulder, CO 80305, USA 

5Chemistry Department, Metropolitan State 
University of Denver, Denver, CO 80217-3362  
USA 

6Department of Geology, Wayne State University, 
Detroit, MI 48201, USA 

 
239+240Pu activity concentrations and 240Pu/239Pu 

atom ratios were measured in annually banded coral 
skeletons from the islands of the Tropical and the 
Northwest Pacific Ocean (Tawara Islands: 1° 25'N, 
173° 01' E; Calaguas Islands: 14° 28.49'N, 122° 
57.39' E; Ishigaki Islands: 24° 25' N, 124° 07' E). The 
highest 240Pu/239Pu atom ratios (0.464±0.061) was 
found to be derived from the thermonuclear 
detonation with the high yield nuclear fission energy 
of 5.7 Mt (Ivy Mike) connected in November 1952 
and was found in the coral band of the Calaguas 
Islands collected in 1953. 239+240Pu activity 
concentrations in the corals of the Calaguas Islands 
and the Ishigaki Islands showed the highest values of 
2,190±16 and 1,800±142 mBq/kg, respectively in 
1954 in which nuclear fission tests in US Pacific 
Providing Grounds (PPG) had maximum yields. The 
distribution of 239+240Pu activity concentrations in 
coral bands of 1950s in these two regions showed 
similar patterns with the fission yields from the PPG. 
The highest 239+240Pu activity concentration of 33±6 
mBq/kg in corals of the Tarawa Islands located at far 
southeast direction from the PPG collected in 1955 is 
one to two orders of magnitude lower compared to 
the coral bands from the Calaguas and Ishigaki 
Islands in the 1950s. This indicates that the plutonium 
released from the bomb tests in the PPG was mainly 
dispersed to the west via the Northeast Trade Winds 
and the North Equatorial Current. 240Pu/239Pu atom 
ratios in the coral bands of the Calaguas Islands 
varied within the range 0.213 - 0.313 from 1960 to 
the early 1970s. This may be associated with changes 
of the North Equatorial Current bifurcation latitude 
related to the Niño-3.4 index. 
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The application of novel isotope and trace metal 

geochemistry to ancient sedimentary successions has 
been instrumental in the characterization of the 
Earth’s oxygenation. However, with much recent 
attention focused on obtaining large geochemical data 
sets to derive these redox histories, there has been 
less attention paid to the preservation of an original 
depositional signal in these sediments. Here we show 
that a variety of diagenetic processes may 
significantly alter trace metal and isotope 
compositions of carbonates.  

Uranium and chromium isotope systems in 
carbonates are two newly developed paleo-redox 
proxies that may reveal the redox state of ancient 
oceans. However, carbonates are susceptible to a 
range of sedimentary and diagenetic processes 
including detrital contamination, recrystallization and 
dolomitization, which may alter their chemical 
composition. We have used case studies of trace 
metals, U and Cr isotopes from a suite of marine 
carbonates with a range of diagenetic histories to 
demonstrate the importance of careful sample 
selection. 

Neoproterozoic carbonates of Australia show a 
large range in U and Cr isotope composition between 
components (including ooids, microbialites, marine 
cements and late-stage cements). Single hand samples 
of the Cryogenian (Balcanoona) reefal dolomites 
show almost the entire range of U isotopes ever 
documented. In these reefs, early marine 
dolomitization of aragonite has preserved the original 
U isotope composition of samples, and is within error 
of the δ238U value of primary dolomite marine 
cements (-0.23‰), suggesting ferruginous ocean 
conditions at this time. In contrast, the U and Cr 
isotope compositions of Devonian microbialites and 
other Paleozoic limestones are significantly altered 
by late-stage, fluid-driven diagenesis and saddle 
dolomitization.  

These results suggest petrographic and 
stratigraphic analysis is necessary to determine if an 
original seawater geochemical value has been 
preserved in marine carbonates. 
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East Antarctica has been recognized as a critical 

location within Rodinia, the early Neoproterozoic 
supercontinent assumed to have assembled along late 
Mesoproterozoic to early Neoproterozoic mobile 
belts. The Rayner Complex, East Antarctica is 
considered to belong to the Circum-Antarctic Mobile 
Belt which is one of the major pieces of evidence for 
the Rodinia reconstruction. U–Pb zircon 
geochronology using SHRIMP IIe was applied to 
nine metasedimentary samples collected from Mt. 
Yuzhnaya, Condon Hills, and Mt. Lira in the inland 
region of the Rayner Complex of western Enderby 
Land, in order to define the eastern limits of the 
western Rayner Complex that underwent the Pan-
African metamorphism and to evaluate potential 
source areas to metasedimentary rocks. 

Condon Hills and Mt. Lira revealed metamorphic 
ages of ~894 Ma and ~934 Ma, respectively, which is 
consistent with previously reported amphibolite- to 
granulite-facies metamorphism in association with 
Rayner Structural Episode (RSE). Mt. Yuzhnaya 
samples affected by the RSE contain the zircon grains 
rejuvenated during 590–570 Ma, which indicates that 
the Pan-African reworking, found around western 
coastal region of the Rayner Complex adjacent to the 
Lützow-Holm Complex, can be extended up to Mt. 
Yuzhnaya. On the other hand, the Condon Hills 
samples include Archean detritus, and the age peaks 
from 3850 Ma to 2491 Ma are the oldest components 
in the Rayner Complex of western Enderby Land.  
There is no evidence of reworked Napier Complex 
rocks in the studied Rayner samples. 
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       We carried out the sampling of deep 

groundwater and spring water and examined mantle 
helium concentration in deep groundwater in Kyushu 
district, southwest Japan. The Beppu-Shimabara 
graben is located in central area of Kyushu that is one 
of the unique tectonic settings in addition to the usual 
subduction of the Philippine Sea plate beneath the 
Eurasian plate.  We estimated mantle 3He flux into 
groundwater aquifers by the method using helium 
isotopes (e.g. [1]). Combining the chemical data of 
groundwater and the mantle 3He flux is used for 
estimating the flux of upwelling volatile species in 
deep fluids. We compared the areal distribution of 
3He flux with the geological structure, volcanoes and 
other chemical parameters, and found that high 3He 
fluxes are distributed along the Beppu-Shimabara 
graben, volcanic area (volcanic front and 
monogenetic volcanoes) and faults.  We also compare 
with the geophysical data in this region such as 
seismic velocity perturbations at 20-30 km depth 
beneath the sampling area. The results indicate that 
the Beppu-Shimabara graben and volcanoes act as a 
channel of mantle helium upwelling.  
. 
[1] Ohwada et al. (2012) J. Geophys. Res., 117, 
B02204, doi:10.1029/2011JB008532. 
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Mg/Ca ratios of foraminifera have the potential to 

determine the temperature of the seawater in which 
they calcified and, in combination with foraminiferal 
δ18O, provide an estimation of seawater δ18O. Mg/Ca 
in infaunal benthic foraminifera might be a more 
reliable proxy for bottom water temperature (BWT) 
compared to epifaunal benthic foraminifera because 
the influence of carbonate ion saturation (ΔCO3

2-) 
may be minor in pore waters. Indeed, Mg/Ca 
temperature record from Uvigerina spp. (ODP Site 
1123, 3.3 km water depth on Chatham Rise, east of 
New Zealand) provides Pleistocene changes in 
seawater δ18O that agree well with independent sea 
level records. This result confirms the validity of 
Uvigerina Mg/Ca ratio as BWT proxy [1].  Here, we 
use Uvigerina spp. Mg/Ca ratio from ODP Site 
1123, and extend the BWT record back to the late 
Miocene (~7 Ma). 

Mg/Ca ratios of Uvigerina spp. from ODP Site 
1123 exhibit the range from 0.9 to 1.7 mmol mol-1 for 
the past 7 Myr. The Pleistocene record of Uvigerina 
spp. from our study was consistent with the record 
reported in the previous study [1]. The long-term 
variation in the Mg/Ca ratios shows significant 
decrease from 1.7 to 1.0 mmol mol-1 during the 
period of 7 Ma to 5.5 Ma, followed by gradual 
decrease for the past 5.5 Ma. If we apply the 
sensitivity to temperature of Mg/Ca ratios in 
Uvigerina spp. of 0.1 mmol/mol/ºC to our record as 
the previous study [1], the BWT in the Southern 
Ocean during the late Miocene can be estimated to be 
at least ~7ºC. If we correct Uvigerina spp. Mg/Ca 
ratios by considering the changes in Mg/Ca ratios in 
seawater, the BWT should increase up to ~10ºC.  
Compared to the O. umbonatus Mg/Ca record from 
ODP Site 806 in the western equatorial Pacific [2], 
our BWT record shows that the deep Southern Ocean 
(Site 1123) experienced earlier cooling in the late 
Miocene.  
 
 [1] Elderfield et al. (2012) Science 337, 704–709. [2] 
Lear et al. (2015) Paleoceanography, doi: 
10.1002/2015PA002833. 
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 A Triassic-Jurassic (T-J) bioevent is famous for 

one of the big five mass extinctions during 
Phanerozoic time, which has been considered to be 
caused by the Central Atlantic Magmatic Province 
(CAMP) volcanism. However our Os isotopic study 
on pelagic sequence [1] does not fit well to this 
hypothesis. We therefore have conducted high-
resolution (100yr order) geochemical analyses on the 
pelagic T-J boundary strata from SW Japan, New 
Zealand and Europe to clarify its direct cause.  

   Three stepwise bioevents within 0.2 m.y., 
interval of the pelagic T-J boundary sequence have 
been recognized, acidic ocean event (e1), late Triassic 
conodont extinction (e2), and radiolarian (siliceous 
zooplankton) T-J faunal turnover (e3). The obtained 
Os isotope profile exhibits a small positive spike 
between from the (e1) to (e2), and enrichment of Ca 
and alkali metals such as K and Cs at the (e3) are 
detected.  

These results suggest that the oceanic 
acidification (e1) made to decrease the primary 
production and/or extinctions which recorded in the 
latest Triassic negative spike of δ13C, and succeeding 
positive spikes of Os and δ13C isotopic ratios and 
high contents of alkaline elements resulted from high 
influx of terrestrial materials to ocean caused by 
acidic erosion. Finally T-J faunal turnover of 
Radiolaria (e3) occurred by alkaline ocean hardly 
making siliceous skeletons.   
 
[1]Kuroda et al. (2010) Geology, 38, 1095-1098,  
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Major Earth-forming processes (accretion, 

magma-ocean formation, Moon-forming giant 
impact, core segregation, late veneer) have affected 
the carbon budget and dynamics of the Earth’s 
interior, which are currently very poorly understood. 
Mantle-derived rocks (diamonds and others) show a 
very well defined peak at δ13C~-5±3 ‰ with a very 
broad distribution to lower values. The processes that 
have produced the wide δ13C distributions to the 
observed low δ13C values in the deep Earth have been 
extensively debated, but few viable models have been 
proposed.  

We recently presented a new model for 
understanding carbon isotope distributions within the 
deep Earth, involving Fe-C phases (Fe carbides and C 
dissolved in Fe-Ni metal) [1]. Our theoretical 
calculations show that Fe and Si carbides can be 
significantly depleted in 13C relative to other C-
bearing materials even at mantle temperatures. Thus, 
the redox-freezing and -melting cycles of lithosphere 
via subduction-upwelling in the deep Earth that 
involve the Fe-C phases can readily produce the wide 
distributions in the δ13C values of diamonds. Our 
model also predicts that the core may contain C with 
low δ13C values and that an average δ13C value of the 
bulk Earth could be much lower (-9 to -14 ‰), 
depending on the degree of C-sequestration to the 
core. Our new estimate in the δ13C value of the Earth 
is more consistent with those of chondrites and other 
planetary body. The mode of accretion, core-
segregation, and late veneers are among many other 
key processes that can significantly change our 
understanding and modeling on δ13C values of carbon 
within the Earth. 

The heterogeneous and depleted δ13C values of 
the deep Earth, along with the prebiotic biosynthesis 
and later veneers with likely low δ13C values on the 
Earth surface, present us with a challenge in 
identifying the origin of life on the early Earth. 

 
[1] Horita and Polyakov (2015), Proc. National 

Academy of Scineces of the U.S.A. 112, 31-36. 
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The objective of this study was to develop and 
evaluate a type of uniquely identifiable nanoparticle 
tracer to map fracture networks without ambiguity. 
DNA-tagged nanotracers were synthesized by first 
adsorbing synthetic DNA molecules onto the surface 
of plain silica nanoparticles of around 140 nm 
diameter, and then coating the particles with a silica 
outer layer to protect the DNA from harsh 
environmental conditions. Heating and flow 
experiments were conducted to evaluate the 
durability of silica as a protective material for DNA 
molecules. DNA-embedded silica nanoparticles were 
injected through packed sand at various temperatures 
and analyzed in the effluent in order to test whether 
the DNA-silica nanotracer could flow successfully 
through porous medium while maintaining the 
integrity of the DNA. This paper summarizes the 
advantages and limitations of DNA-embedded silica 
nanoparticles as reservoir tracers, and discusses 
possible approaches to adjust the DNA-silica 
nanotracer to achieve more favorable properties for 
fractured reservoir analysis. As tracers, the 
nanoparticles would be useful in geothermal, oil, or 
gas reservoirs. 
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IODP Exp.345 drilled three main holes (Holes 
U1415 I, J & P) from the lowermost plutonic crust 
exposed at the Hess Deep Rift, East Pacific Rise and 
primitive layered gabbroic rocks were newly 
discovered from these holes (Gillis et al., 2014). One 
of the mysteries about the layered gabbros is the fact 
that Opx, which is considered to appear in the late 
stage of crystallization on the basis of crystallization 
experiments of MORB, occurs as a dominant phase in 
many of the layered gabbros. In this presentation, we 
report the occurrence of Opx from the Hole U1415P 
and consider the significance of Opx in the origin of 
the layered gabbros. 

Hole U1415P (about 100m in thickness) is 
divided into two units, the upper Multi-textured 
Layered Gabbro Series and lower Troctolite Series 
(TS). Gabbroic rocks from the MLGS contain Opx (< 
4vol%) and are macroscopically classified into Opx-
bearing olivine gabbro. However, these rocks are 
mesoscopically (on cm scale) inhomogeneous and 
have a great variation of mode, grain size and texture. 
On the other hand, TS consists of homogeneous 
troctolites and Opx rarely occurs in the series. 

The occurrences of Opx from the MLGS are as 
follows: (i) coarse-grained Opx+Cpx+Pl vein parallel 
to the layered structure of the surrounding troctolite 
(ii) undeformed Opx+Pl veinlets in kinked Ol (iii) 
Opx in the concave of anhedral Ol (iv) Opx rimming 
Cr-spl crystals in contact with Ol. The occurrence of 
Opx like (ii) and (iii) resembles the texture which is 
considered to be formed by the reaction between 
mantle peridotite and a SiO2-saturated melt (e.g, 
Piccardo et al., 2007). The fact that Opx is often 
found in association with Cr-spl suggests that the 
SiO2-saturated melt which reacted with Ol was rich in 
chromium. In addition, Cr-spl crystals rimmed by 
Opx contain Opx-bearing multiphase (polymineralic) 
solid inclusions. Similar inclusions have been 
reported from layered intrusions, ophiolites and 
plutonic rocks in mid-ocean ridges, but the inclusions 
from the MLGS do not typically contain amphibole. 
The inclusions should be key in understanding the 
chemical composition of the reacted melt. 
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Understanding of geographical distribution 

pattern of deep subseafloor life in marine sediments 
is of fundamental importance but challenging, 
because it requires extensive explorations involving 
scientific drilling at various geological and 
oceanographic settings. In this project, we extracted 
DNA from ~300 deep-frozen sediment cores obtained 
during the past 15 years from ~40 drilling sites off 
Peru and the eastern equatorial Pacific (Ocean 
Drilling Program Leg 201), the eastern flank of the 
Juan de Fuca Ridge (Integrated Ocean Drilling 
Program [IODP] Expedition 301), the Porcupine 
Seabight off Ireland (IODP Exp. 307), the Gulf of 
Mexico (IODP Expedition 308), the Mariana Trench 
(KR05-08), the Nankai Trough subduction zone 
(IODP Expeditions 315 and 316), off the Shimokita 
Peninsula of Japan (The Chikyu Shakedown Cruise 
CK06-06), the South Pacific Gyre (IODP Expedition 
329), the Japan Sea (IODP Expedition 346),  the 
Baltic Sea (IODP Expedition 347), the South Atlantic 
Ocean (KN223), and the Bengal Fan (International 
Ocean Discovery Program Expeditions 353 and 354). 
Using the worldwide DNA assemblage, we quantified 
archaeal and bacterial 16S rRNA (16S) genes using a 
microfluidic digital-PCR, and also sequenced all 16S 
gene fragments using the Illumina Miseq system. The 
analyses of taxonomic compositions and community 
structures as well as the statistic correlation analyses 
with various geological, geophysical and 
geochemical data provide the comprehensive 
distribution patterns of aerobic and anaerobic 
microbial communities in the global marine 
sedimentary biosphere.  
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Geological, geophysical and geochemical 

features of the paleovalleys and related uranium 
deposits have been used to construct models to 
understand controls on ore genesis and to assist 
exploration for paleovalley-hosted uranium deposits. 
‘Paleovalley-related’ uranium deposits, 
encompassing variants of ‘sandstone-hosted’, 
‘calcrete’-type and lignite-type deposits, implies 
more than just uranium hosted within a paleovalley. 
The uranium mineralisation can be defined as any 
diagenetic/epigenetic concentration of uranium 
minerals occurring in fluvial, alluvial, lacustrine, and 
estuarine sediments. Uranium deposits of this type 
are often associated with reduced lithologies and 
typically form within unlithified sand, lignitic clays 
or calcreted channel-fill, deposited in continental or 
marginal marine environments. Cenozoic 
paleovalleys of Australia, and Mesozoic paleovalleys 
of China host the greatest number of uranium 
deposits and include the largest and highest grade 
deposits of this type within each country, 
respectively. Uranium exploration and mining in 
Australia and China are significant and increasingly 
important sectors of each country’s respective 
mineral industry. In regard to Sino-Australian 
examples, the similarities in the geology of 
paleovalley-related uranium mineralising systems can 
be used to refine common approaches to exploration.  

Australia and China remain highly prospective 
for the discovery of new paleovalley-related uranium 
deposits. The precise geometric definitions of the 
basin margin and paleovalley architecture are 
important in identifying exploration targets and 
improving the effectiveness of drilling. This requires 
the integration of various geoscientific data sets. 
Refinements in remote sensing, geophysical 
techniques and data processing, in combination with 
sedimentological and depositional interpretations, 
provide an efficient approach for outlining the 
principal drainage patterns and channel dimensions. 
To help reduce risk, an exploration strategy should 
combine these technologies with a detailed 
understanding of the physicochemical parameters of 
uranium reduction, mobilisation and preservation. 
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Like many regions of North America, the last 100 

years of agriculture in the glaciated upper Midwest 
has lead to a major redistribution of soil carbon and 
nitrogen on the landscape. In the Intensively-
Managed Landscapes - Critical Zone Observatory 
(IML-CZO) these processes are being studied with a 
combination of surface soil geochemical surveys and 
simulated rainfall/erosion experiments to document 
how the organic geochemistry of hillslopes were 
evolved during early management and pre settlement. 
Using a combination of soil analyses including 
elemental, stable isotope, textural, and soil 
biopolymers (lignin and cutin/suberin fatty acids 
(SFA)) we investigated the spatial patterns of static 
surface soil properties and time course rainfall-
erosional experiments along the same slopes to gain 
insight into soil carbon and biopolymer enrichment 
patterns in east-central Iowa within the Clear Creek 
Watershed. Both lignin and substituted fatty acid 
concentration and their molecular ratios highlighted 
differences in C3/C4 (soy/corn) management 
activities in surface soils while over 40 years of 
prairie restoration dramatically altered surface soil 
profiles.  For example, a general pattern in static 
baseline samples was an enrichment of 15N in soils 
down slope and an opposite pattern of 
accumulation/loss of lignin and SFA in topographic 
highs and lows. Transport of soil particles, associated 
biopolymers, and elemental and isotope signatures, 
exhibited distinct patterns based upon both position 
of the hillslope and directionality of flow with respect 
to rill/gully direction created by tillage activity. This 
indicates that particle/chemistry transport and 
enrichment of organic chemical signatures down 
slope and into associated flood plains and streams in 
modern intensively managed systems should be 
distinct from pre-settlement patterns and help 
interpret pre- and post settlement alluvium sediment. 
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We report the results of an experimental study 

aimed at testing that the Kiruna-type Fe-F Vergenoeg 
deposit (South Africa; Graupner et al., 2015) is a 
product of silicate liquid immiscibility between a 
rhyolite and an iron-rich silicate melt. We assess 
experimentally whether the bulk composition of the 
ore body (17 wt.% SiO2 and 55 wt.% FeOtotal) could 
correspond to an immiscible Fe-rich melt paired with 
the host rhyolite. Experimental conditions are 1-2 
kbar and 1010°C, with a range of H2O and F contents 
in the starting silicate melt. Pairs of immiscible 
liquids occur in samples in which fluorite appears as 
the stable liquidus phase, under nomially dry 
conditions, and redox corresponding to QFM-2 to 
QFM+1.8. Other crystalline phases include fayalite 
and magnetite. The Si-rich liquids contain 60.9–73.0 
wt. % SiO2, 9.1–12.5 wt. % FeOtotal and 1.4-2.5 wt.% 
F2O-1, and is enriched in Na2O, K2O and Al2O3. The 
Fe-rich immiscible melts have 41.4–49.5 wt. % SiO2, 
20.6–32.5 wt. % FeOtotal and 2.6-3.5 wt.% F2O-1, and 
is enriched in MgO, CaO and TiO2. These results 
indicate that the Vergenoeg pipe may have formed 
from a magma chamber hosting two immiscible 
silicate melts. Crystallization of abundant liquidus 
magnetite and fayalite from the Fe-rich melt may 
have led to the formation of a crystal mush and 
cumulate rocks in the lower part of the magma 
chamber. The huge amount of fluorine (174 million 
tons at 28.1% CaF2) observed in the deposit cannot 
originate solely from the crystallization of fluorite 
from the Fe-rich silicate melt.  
 
Graupner, T., Mühlbach, C., Schwarz-Schampera, U., 
Henjes-Kunst, F., Melcher, F. and Terblanche, H. 
(2015) Mineralogy of high-field-strength elements 
(Y, Nb, REE) in the world-class Vergenoeg fluorite 
deposit, South Africa. Ore Geology Reviews 64, 583-
601. 
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The steel industry produces high amounts of 

waste that were in the past merely dumped near the 
production sites, generating voluminous 
accumulations of potentially harmful material. The 
dynamics of contaminant release by a large historical 
dump site near Saint Etienne, France, and its impact 
on the chemistry of the underlying groundwater have 
been studied at different scales: 1/ in laboratory 
(batch and column tests), 2/ at the site scale, using 
large lysimeters to collect infiltration water at 1.5 m 
depth and monitor its evolution over 3 years, and 3/ at 
the regional scale, using piezometers to sample the 
underlying watertable up- and downstream the dump 
site. 

The most reactive component of the landfill is the 
fusion slag material; its Ca-bearing minerals (larnite, 
brownmillerite, ...) being quickly leached, the 
infiltration waters are Ca-rich (300 – 500 ppm) and 
hyper-alkaline (pH>12), with consequently high 
amounts in oxyanion-forming metals, Cr (300-500 
ppb) and Mo (2-3 ppm). Conversely, the high pH 
limits significantly the mobility of other metals 
present in the slags (Fe, Ni, Pb, Zn). On the long 
term, slag carbonation is known to decrease the 
leachability of the material, but it operates only near 
the surface: the waters collected at depth did not 
show significant changes in composition during the 
three years of monitoring. The slag heap appears thus 
to have regularly exported potential contaminants at 
relatively high levels, but, except for a molybdenum 
anomaly in one piezometer downstream the slag 
heap, the groundwater composition is not affected by 
the infiltration input from the landfill. This is possibly 
due to the fact that the heap base is always above the 
piezometric level, so that the alkaline waters may 
interact with underlying alluvial formations before 
reaching the saturated zone. 
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Seismic tomography maps regions of high and 

low velocity throughout the mantle.  These maps 
reveal fast material under modern and past 
subduction zones which are most often interpreted as 
subjecting oceanic lithosphere.  This fast velocity 
material takes on various morphologies as it collects 
in the lower mantle, but does appear to be 
concentrated above 1500 km depth and below 2400 
km depth.  Slow velocity regions are vertically 
continuous under the Pacific and Africa above the 
Large Low Shear Velocity Provinces (LLSVP) which 
are the slowest regions of the lower mantle.  In order 
to better understand the material properties of these 
fast and slow regions, it is necessary to untangle the 
relative contributions of temperature, mineralogy, and 
composition on seismic velocity.  We compute 
estimates of these derivatives using density functional 
theory with psuedopotentials to calculate the seismic 
velocities of lower mantle materials (e.g. perovskite 
and ferropericlase) for different Mg/Si ratios and Fe 
content.  This methodology intrinsically takes into 
account the iron spin transition which causes a 
reduced seismic signal in ferropericlase  in the mid 
mantle.  We assign upper bounds on the temperature 
and composition assuming the entire seismic signal is 
due to only one of these effects.  Since the 
compositional sensitivity is smaller than the 
temperature sensitivity, it takes a large change in 
composition to get the same seismic signal as a small 
change in temperature.  Thus, there are many regions 
where the seismic signal is too large to likely be 
explained by composition alone.  We then apply a set 
of different tradeoffs between temperature and 
composition that best explain the observed shear and 
compressional velocity in the lower mantle.  In the 
lowermost mantle, we also incorporate the effects of 
the post-perovskite phase which increases the shear 
velocity in cold regions.  The result is a 3D 
temperature map of the lower mantle.  This 
temperature (and composition, although composition 
is more poorly constrained) map can be used to 
predict the stability of potentially hydrous phases in 
the lower mantle, constrain absolute temperature near 
the CMB assuming the existence of post-perovskite, 
and run models of mantle convection. 
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Selenium-79 (79Se), a fission product present in 

spent nuclear fuel, is a radionuclide of concern in 
radioactive waste disposal due to its long half-life and 
relatively high mobility. Boom Clay (BC), a clay-rich 
formation and potential host rock for radioactive 
waste in the Netherlands and Belgium, has been 
shown to be able to retard migration of Se by 
reduction of SeIV to Se0 and by adsorption of SeIV to 
clay minerals. However, the capability of BC to 
reduce SeIV may be affected by oxidation of BC 
during construction and operation of the repository. 

To examine the effect of BC redox 
transformations on interactions with SeIV, batch 
experiments were performed. BC was separated in 
different size fractions (clay, silt, total sample) to 
distinguish the influence of redox alterations on the 
interactions with clay minerals from those of other 
reactive minerals such as pyrite. The redox state of 
the different size fractions was chemically altered 
using BH4

- and H2O2 as a reducing or oxidizing agent, 
respectively.  Upon this treatment, materials with four 
different levels of redox modification were obtained: 
reduced, unaltered, partially-oxidized and fully-
oxidized. The redox modification of BC changed the 
kinetics of the Se partitioning between solids and 
solution. Initially, oxidation of BC led to a faster 
removal of dissolved Se. However, after one month, 
concentrations of dissolved Se were higher in 
oxidized compared to unaltered BC. X-ray absorption 
spectroscopy (XAS) was used to determine the 
oxidation state of solid-bound Se. Analyses of the 
XAS spectra indicate that, after 30 days, Se in 
partially-oxidized and fully-oxidized clay fractions 
was predominately present in the form of adsorbed 
SeO3

2-. This was also the case in the fully-oxidized 
silt fraction but not in the experiments containing all 
size fractions. It is remarkable that this material 
retains reductive potential even after rigorous 
treatment with H2O2. Reduction of SeO3

2- to Se0 was 
detected in all other materials where only unaltered 
and reduced materials displayed complete reduction 
after 30 days. This shows that the contribution of 
adsorption and reduction to the removal of dissolved 
Se is altered upon reduction or oxidation of the BC 
material.  
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Background 
Interactions between simple molecules are of 

fundamental interest across diverse areas of the 
physical sciences, and the ternary system H2O – NH3 
– CO2 is no exception.  

In the outer solar system, interaction of CO2 with 
aqueous ammonia is likely to occur, synthesizing 
‘rock-forming’ minerals [1], with CO2 perhaps 
playing a role in ammonia-water oceans and 
cryomagmas inside icy planetary bodies. In the same 
context, ammonium carbonates may have some 
astrobiological relevance, since removal of water 
leads to the formation of urea.  

On Earth, combination of CO2 with aqueous 
ammonia has relevance to carbon capture schemes 
[2], and there is interest in using such materials for 
hydrogen storage in fuel cells [3]. 

Consequently, from earthly matters of climate 
change to the study of extraterrestrial ices, 
understanding the structures and properties of 
ammonium carbonates are important. Despite this, 
our knowledge of ammonium carbonates is limited 
under ambient conditions of pressure and temperature 
and is entirely absent at the higher pressures, severely 
limiting our ability to model the behaviour of H2O – 
NH3 – CO2 solids and fluids in planetary 
environments. 

 
Methods 

We report the results of Density Functional 
Theory (DFT) calculations on five compounds in the 
H2O – NH3 – CO2 ternary system and on several 
polymorphs of urea. We anticipate being able to 
present complementary variable pressure and 
temperature neutron diffraction work on ammonium 
carbonate and ammonium carbamate. These 
computational and experimental studies provide the 
structural, thermoelastic and vibrational information 
required for accurate planetary modelling and remote 
identification of these material on planetary surfaces. 
 
[1] Kargel (1991) Icarus 94 , 368-390. [2] Han et al. 
(2013) Int. J. Greenhouse Gas Control 14 , 270-281. 
[3] Lan et al. (2012) Int. J. Hydrogen Energy 37 (2), 
1482-1494.   
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Rare earth elements and yttrium (REY) in coal 

deposits have attracted much attention in recent years 
because of their potential economic significance. 
Several eastern Kentucky Pennsylvanian coals were 
examined for their REY total concentration and the 
possible mechanisms for emplacement of the REY.  
Based on previous studies (e.g., Seredin and Dai, 
2012), four possible modes are considered:  
terrigenous, tuffaceous, infiltrational, and 
hydrothermal, with the Fire Clay coal considered to 
be a typical example of the tuffaceous mode.  The 
Fire Clay coal owes much of its high REY content to 
REY-bearing zircon and phosphates in a volcanic-
ash-fall tonstein within the coal in many locations.  
However, some of the original REY elements may 
have been components of the detrital minerals 
deposited in the peat.  Leaching of REY from the 
tonstein into the surrounding coal and the 
hydrothermal overprint of mineralizing fluids 
associated with the northwestwardly movement of the 
Pine Mountain thrust sheet contributed to the total 
REY signature in the Fire Clay coal.  Not all coals are 
going to have the complex history of the Fire Clay 
coal, but it should be considered that the total history 
of REY emplacement by multiple mechanisms 
contributes to both the total REY concentration and 
the relative distribution of the individual lanthanide 
elements. 
 
Seredin, V.V., Dai, S., 2012. Coal deposits as 
potential alternative sources for lanthanides and 
yttrium. Int. J. Coal Geol. 94, 67–93. 
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Crystallization pressure, σc, is well documented in 
the geological record[1] and the weathering of 
buildings and monuments[2]. One may easily deduce 
the thermodynamic limit of this pressure 
σc=(RT/v)ln(c/c0), where v is the molar volume c the 
concentration in the solution and c0 the concentration 
in equilibrium with the solid. Crystallization pressure 
can only occur out of equilibrium (c/c0>1) where 
several processes com4pete to control the rate and 
thereby the pressure. The study of these processes at 
the pertinent scale in the grain contact are necessary 
to understand the true limits of crystallization 
pressure. 

We present novel techniques of measurement and 
Kinetic Monte Carlo simulations of crystal growth in 
a nanoconfined fluid film supporting normal stress 
and discuss the molecular scale crystal growth by 
step flow coupled to mass transport and normal stress 
in the fluid film.  

 
 
 

 
 
 
 

 
 

 
Figure 1: Wave-like growth of molecular layers 

(step flow) on NaClO3 confined in a 30 nm water film 
measured in situ by reflected interference contrast 
microscopy. 
[1] Gratier, J.P. et al, How travertine veins grow from 
top to bottom and lift the rocks above them: The 
effect of crystallization force, Geology 40, 1015 
(2012). 
[2] Flatt, et al, Chemo-mechanics of salt damage in 
stone, Nature Communications 5, 4823, (2014). 
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Understanding the dynamics of bubble 

nucleation, growth, and coalescence in glass melts, as 
well as melt foaming and collapse, is important for 
both geology and glass technology. In magmas, gas 
solubility becomes oversaturated as a result of 
decompression [1]. In molten manmade glasses, 
gases evolve when sulfate decomposition and redox 
reactions are triggered by rising temperature. 
Whereas gas evolution in magmas can lead to violent 
explosion [1], in commercial and nuclear waste 
glasses, bubbles can accumulate creating foam that 
insulates the melt from incoming heat and thus 
hinders the melting process. The main foam stabilizer 
in silicate glasses is the melt viscosity. We 
investigated the effect of viscosity on foam growth 
and collapse in a series of simulated nuclear waste 
glasses with viscosities ranging from 0.5 to 9.5 Pa s 
at 1150°C. Bubbles form from gas-evolving reactions 
as soon as the glass-forming melt becomes connected 
[2]. To study the effect of viscosity on foaming 
during nuclear waste glass melting, we monitored the 
volume expansion of glass batch pellets in response 
to heating at 10 K min-1. The volume was computed 
using numerical integration from the profile area of 
pellet images [3]. Foam volume and foaming 
temperature substabntially increased within a 
relaively narrow range of viscosities (Fig. 1). 
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Fig. 1. Normalized volume vs. temperature 
 

[1] C. Martel & G. GiadaIacono-Marziano (2015) 
Earth Planet. Sci. Letters 412 173-185. [2] S. H. 
Henager et al. (2011) J. Non-Cryst. Solids 357 829-
835. [3] Z. Hilliard & P. Hrma (2016) J. Amer. 
Ceram. Soc. 99 98-105. 
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Li concentration and stable isotope ratio, i.e. 

7Li/6Li or 𝛿𝛿7Li, of the liquid phase both relatively 
increase during near-surface rock-fluid interactions, 
and thus they have been supposed to be potential 
tracers of fluid and/or crustal material in the arc 
magmatism. However, such application remains 
obscure since some observations of arc volcanics 
show inconsistent variation between Li isotopes and 
fluid indicators, e.g. Pb/Ce. For better understanding 
the evolution of Li in the subduction zone, the 
abundance of Li in volcanic rocks of the Ryukyu arc, 
as a case study, were determined and compiled with 
data of their major elements, trace elements, and Sr-
Nd isotopes. Samples studied are basalt and basaltic 
andesite (SiO2 <56 wt.%) located in the volcanic 
front with Miocene age (21~13Ma and 6~4 Ma) in 
the central Ryukyu arc, and Quaternary age in the 
north and south Ryukyu arc. Our preliminary results 
show Li isotopic ratios of volcanics in the Ryukyu arc 
are variable (𝛿𝛿7Li: 0 ~ +5), though still within similar 
range of the MORB, and show a lack of correlation 
with Li ([Li]: 4.5 ~ 13.0 ppm) and slab-fluid proxies. 
Li concentration varies with Nd isotopes (𝜺𝜺Nd(T): -1.5 
~ +4.0) and Li/Y, but other fluid indicators, e.g. 
Ba/La, regardless of silicate contents of rocks. The 
correlation between Li concentration and Nd isotopic 
value demonstrates two prevailing magma 
components in the Ryukyu arc. The one with relative 
high Li and low Nd isotopic value shows 
significantly crustal affinity; the other end member 
with radiogenic 143Nd/144Nd value (+4.0) and the 
MORB-like Li concentration (~4 ppm) is supposed to 
represent the mantle underneath the Ryukyu arc. A 
factor at least in addition to the two-component 
magma mixing and the fluid contribution, is needed 
to interprete the Li isotopic feature of the Ryukyu 
volcanics. 

 
Keywords: lithium, lithium isotope; Ryukyu arc. 
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 In NW Sumatra, Tertiary sedimentary 
basins that occur in forearc and backarc settings with 
respect to the present-day subduction system [1] were 
deposited in three major terranes, namely, the Woyla 
Nappe, the East Sumatra block, and the West 
Sumatra block. NW Sumatra represents the product 
of complex accretion/collision/subduction histories 
among these three terranes, which have originated 
from the eastern margin of Gondwanaland [2, 3]. To 
better understand the complex histories, we present a 
detrital zircon study in NW Sumatra that, together 
with our unpublished work on major magmatic rocks 
in the area, allow us to reach the following 
conclusions: (1) Detrital zircons from 14 samples 
(river sand or sandstone) in the forearc basin reveal 
seven age peaks at ~1050 Ma (n=74), ~550 Ma 
(n=65), ~214 Ma (n=138), ~131 Ma (n=14), ~100 Ma 
(n=65), ~52 Ma (n=238) and 20-0 Ma (n=303), 
respectively; (2) Detrital zircons from nine samples in 
the backarc basin show similar age populations, 
except lacking the 52 Ma peak; (3) The Triassic 
zircons, with εHf(t) values of -20 to 0, are sourced 
mainly from the Indonesian granitoids that are 
widespread in the East Sumatra block; (4) The less 
abundant Early Cretaceous zircons, with εHf(t) 
values of -5 to 0, are most likely from the West 
Sumatra block; (5) The mid-Cretaceous zircons, with 
εHf(t) values of +11 to +16, are from the Woyla 
Nappe due probably to the Woyla accretion; (6) The 
Eocene and younger zircons, with εHf(t) values of +6 
to +17, are from the initial stage and modern arc 
magmatic rocks related to the Indian Ocean plate 
subduction.  
 
[1] Barber et al. (2005) SUMATRA: Geology, 
Resources and Tectonics. Geol. Soc. Mem. 31; [2] 
Hall (2012) Tectonophys. 570-571, 1-41; [3] 
Metcalfe (2013) JAES 66, 1-33.  



Goldschmidt Conference Abstracts 1173 

The demethylation of light alkyl 
aromatics and its effect on the 
gas generation from coal in the 

high and over maturity 
HU GUOYI1,2, ZHANG SHUICHANG1,2, MI 

JINGKU1,2， 
1 Research Institute of Petroleum Exploration & 

Development,  PetroChina. Beijing China 
100083, 

Huguoyi69@petrochina.com.cn 
2 Key Laboratory of Petroleum Geochemistry,CNPC. 

Beijing, China 100083 
 

The amount of alkyl light aromatics among the 
gasoline generated from coal in the stage of mature 
and high mature is very high. The secondary cracking 
of alkyl aromatics can contribute to the natural gas 
accumulation in high maturity reservoirs and the 
carbon isotopic signatures of methane and ethane 
cracked from alkyl light aromatics (for example, 
tolune) were evalued in this text.. 

The content of benzene and toluene among the 
C6-C7 light hydrocarbon of 125 gases generated from 
the different mature coals have been analysed by GC. 
The pyrolysis gas chromatography(Py-GC). With 
increasing maturity, the alkanes and cycloalkanes are 
declining significantly, while the benzene to C7-
alkane ratios are increasing. In addition, the benzene 
to toluene ratios are increasing too, indicating 
continuous demethylation of toluene with maturity. 

Cracking of light alkyl aromatics would 
contribute to the gas inventory and would affect the 
isotope values of the hydrocarbon gases. Py–GC–IR-
MS have been applied to quantify benzene and 
toluene pyrolysed from coal in the different 
temperatures and carbon isotopes were also 
determined. Benzene and toluene carbon isotopes in 
gases sampled in the different gas fields have been 
also measured. The result show that the carbon 
isotope of toluene is lighter than that of benzene. It is 
supposed that methyl in the toluene is enriched 
12CH3.and the demethylation of light alkyl aromatics 
has greatly effected on the methane and ethane 
isotope, for example, the ethane isotope rollover. 
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Kiruna-type deposits, often referred to iron 

oxide–apatite (IOA) deposits, typically contain 
abundant F-apatite and V- and/or Ti-rich magnetite. 
Despite having been described as an independent 
style of mineralization, origin of many Kiruna-type 
deposits remains hotly debated. Two contrasting 
models have been proposed to explain their 
formation: (1) they crystallized from immiscible iron 
melts, and (2) they formed as a result of hydrothermal 
metasomatism as is the case of iron skarn systems. 
The Daye iron deposit provides an opportunity to 
reconcile these contrasting models. This deposit is 
localized within the contact zone between an early 
Cretaceous dioritic intrusion and Triassic marine 
carbonate rocks. Magnetite and hematite from the 
iron ore bodies have close paragenetic relationships 
with skarn assemblages mainly consisting of diopside 
and garnet. As such, the Daye deposit has long been 
considered as a typical iron skarn system. In a recent 
study, we have recognized apatite-rich diopside 
skarns and theire associated iron ores (up to 20 vol. % 
apatite) in the Daye deposit, with mineral 
assemblages and geochemistry resembling Kiruna-
type ores. Apatite has two types of occurrences: (1) it 
forms mass of aggregates coexisting with magnetite 
or prograde skarn minerals such as diopside and 
garnet, and (2) it occurs as veinlets crosscutting the 
magnetite. Many magnetite grains are characterized 
by orientated ulvospinel exsolutions. The diopside 
and garnet have chemical compositions typical of 
iron skarn deposits. However, apatite contains high F 
(up to 2.9 wt. %), LREE (8694 ppm), and magnetite 
with ulvospinel inclusion have up to 2.14 wt. % Ti 
and 0.36 wt. % V, characters similar to the Kiruna-
type deposits. We suggest that the IOA ores from the 
Daye deposit have a similar origin to the Kiruna 
deposits and possibly represent a missing link 
between Kiruna-type and iron skarn mineralization. 
Our findings also indicate that the Kiruna-type iron 
deposit may have formed from high temperature 
magmatic-hydrothermal fluids. 
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Reconstructing of hydroclimate in the 

Mediterranean on orbital timescales helps improve 
our understanding the impacts of orbital forcings on 
the European regions. We collected 180 speleothem 
subsamples from Observatoire Cave (Monaco), 
Prince Cave (south France), Chateaueuf Cave (south 
France), Arago Cave (south France), and Basura 
Cave (north Italy) from 2013 to 2015. Uranium-
thorium chemistry, isotopic measurement, and 230Th 
age calculation were conducted at the High-Precision 
Mass Spectrometry and Environment Change 
Laboratory (HISPEC), Department of Geosciences, 
National Taiwan University. Speleothem age 
distribution shows that most of samples deposited at 
interglacial periods, especially in marine isotope 
stage (MIS) 1, 5, and 11. However, only a few 
samples were dated between 180 to 250 thousand 
years ago, suggesting a possible dry condition at MIS 
7, a period with different orbital parameters from 
values at  MIS 1, 5, and 11. Our results imply 
different orbital-scale hydrological influences in 
South Europe at interglacial periods. 
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Explusion of petroleum hydrocarbons from shale 

source rocks has never been answered perfectly[1]. A 
complelling evidence from both geochemical and 
petrophsical recognitions illustrates the movement of 
petroleum from organic-rich shale/marlstone into 
sandstones, occuring in the subsurface. Three 
different shale-sandstone payzones in a typcial 
lacustrine petroliferous stratigraphic column have 
been selected to demonstrate the difference.  

(i) GC oil fingerprints from sandstone dominated 
intervals show unmodified ditribution with high C15- 
hydrocarbons distribution.The oily coating presents 
an oil-wet interconnection among the intergranular 
pores; 

(ii) GC oil fingerprints from shale-sandstone 
interbeded intervals reveal a unimodal and significant 
mass lost in C15- hydrocarbons distribution. 
Microscope observations from the transitional section 
varies; 

(iii) GC oil fingerprints from the shale 
dominanted exhibt similar profile and unmodified, 
while show lighter-end biased distribution. 
Petrophsical figures illustrate the ubiquitous and 
representative heterogeneity in  laminar algal 
shaleand marlstone[2]  deposited in seasonal 
lacustrine sedimentation. 

Sandstone donminated reservoir suggest 
conventional oil accmulation and movement of 
hydrocarbons. Interbeded intervals indicate complex 
transitional geochemical process and interfacial 
interaction. Thick shale or marlstone is avaialbe for 
either higher maturation from the geothermal increase 
or petroleum expulsion from the overpressure release 
caused by artificial exhumation. 
 
[1] Mackenzie et al.(1983) Nature, 301(5900):506-

509. 
[2] Tu et al. (2012) Acta Petro. Sinica, 28(3):917-

926. 
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The Songhua River drainage basin, which is one 
of China's seven major rivers basins, is located in 
northeast China. The Songnen Plain is one of the 
most important agricultural region of China. It is 
important to research and assess the pollution of 
PAHs in this rivers basins. Totally 54 river water 
samples (20 from the mainstreams, 34 from the 
tributaries)  were  collected  together  with  13  
samples  from  other  types  of  water  (rainwater, 
groundwater, sewage, stream and lake water).This 
study reports the PAHs characterization in the main 
streams of Songhua River, the 2nd Songhua River, 
Nen River and their major tributaries. The 16-PAHs 
identified as priority pollutants by the USEPA, were 
detected. 

The 16 PAHs in water and suspended particulate 
matter (SPM) in the Songhua River drainage basin 
were identified and quantified by gas 
chromatography mass spectrometry (GC/MS). The 
total PAHs concentration ranged from 0.41 to 
128.7μg/g (dry weight) in SPM and 13.9 to 305.5 
ng/L in surface water, respectively. Low-ring PAHs 
(including two and three rings PAHs) were dominant 
in all PAHs samples. The results showed a positive 
correlation between the total PAH concentrations 
both in water and SPM with TOC content. When 
compared with other river systems around the world, 
the concentrations of PAHs in Songhua River 
drainage basin were lower, and some rivers of this 
basin showed some PAHs contamination. 
Identification of the emission sources based on PCA 
and diagnostic ratios suggested the pyrogenic sources 
were the most important contribution to PAHs in the 
study area. The result of the ecological risk 
assessment shows little negative effect for most 
individual PAHs in the water of the Songhua River 
drainage basin. 

 
(1)Khalili, N. R., Scheff, P. A., Holsen, T. M., et 
al.(1995). Atmospheric Environment, 29(4), 533-542. 
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The Late Cretaceous was characterized by a 

variable greenhouse climate, with evidence for 
cooling and/or glaciation and warming, with humid 
and arid events. However, most of these climatic and 
environmental signals are derived from marine 
records, and knowledge of the terrestrial climate and 
environment, especially in the mid-latitudes, is 
limited due to fragmented geological records on 
continents. The Songliao Basin (SLB) located in 
northeastern China is one of the largest Cretaceous 
continental rift basins in the world. Well-preserved 
Cretaceous lacustrine deposits in this basin provide a 
unique record for the paleoenvironmental 
reconstruction of the non-marine Cretaceous. Here, 
we reconstruct the paleoenvironment of the Late 
Cretaceous by the lacustrine sedimentary strata 
(lower Nenjiang Formation) in the eastern SLB. 
Biomarkers, including aliphatic and aromatic 
hydrocarbons and, steranes, as well as stable carbon 
and hydrogen isotopic compositions of n-alkanes 
extracted in outcrop samples from the Houjingou 
section, corresponding to the Late Santonian, are 
analysed. The distribution of the biomarkers and the 
stable carbon isotope (δ13C) of the TOC indicate that 
the organic matter (OM) in the uppermost of the first 
member of the Nenjiang Formation (K2n1) was 
mainly originated from the input of aquatic 
macrophytes and land plants. The compositions of the 
biomarkers and the δ13C of the TOC and n-alkanes 
indicate that the OM in the lower of the second 
member of the Nenjiang Formation (K2n2) was a 
mixture of algae, bacteria, and higher plants. Marine 
transgression indicated by 24-n-propyl- and 24-iso-
propyl-cholestanes episodically occurred in the lower 
K2n2. The hydrogen isotopic compositions (δD) of 
short chain n-alkanes in the lower K2n2 indicate the 
corresponding environment was extremely humid and 
large-scale flooding might have occurred in the 
Songliao Paleo-lake. High-resolution biomarker and 
stable isotope records from the Houjingou section 
demonstrate that the paleoenvironment in the 
Songliao Paleo-lake experienced abrupt changes after 
seawater incursion. 
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The oxygen isotope composition of speleothem 

calcite is commonly used as a paleoclimate proxy due 
to its potential for accurate dating and high 
resolution, but its interpretation can be complex. Here 
we present a cautionary tale from Crystal Cave,  CA, 
which exemplifies the danger of statistical 
calibrations as the sole basis for proxy interpretation. 

The Crystal Cave δ18O record [1] was interpreted 
as a proxy for sea surface temperature in the 
Kuroshio Extension region on the basis of an 
apparently high correlation. Here we show that this 
result is an artifact of neglecting both the loss of 
degrees of freedom due to smoothing and the effect 
of age uncertainties. 

First we revisit the correlation analysis by 
considering the effect of smoothing and the spectral 
properties of the δ18O record and sea surface 
temperature field. The resulting degrees of freedom 
decrease by 1-2 orders of magnitude, making most 
field correlations insignificant. Consideration of the 
false discovery rate due to the “multiple hypothesis 
test” problem [2] further reduces this signficance. 
Finally, we quantify age uncertainties using the 
Bchron age model [3], providing an ensemble of 
1,000 possible realizations of the δ18O time series. A 
statistical analysis of correlations with this ensemble 
challenges the published interpretation of the Crystal 
Cave record [1], finding no robust relationship to sea-
surface temperature.  

Our study cautions against “correlation-fishing” 
as a basis for paleoclimate interpretation, and 
reaffirms the importance of mechanistic studies as a 
foundation of this interpretation. 
 
[1] McCabe-Glynn et al., (2013) Nature Geosci. 6(8), 
617-621. 
[2] Benjamini & Hochberg (1995)  J. R. Stat. Soc. 
Ser. B (Methodological). 57(1), 289–300. 
[3] Haslett & Parnell (2008)  J. R. Stat. Soc. Ser. C-
(Appl. Stat.). 57, 399-418. 
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Successful disposal of CO2 in deep fomations 

requires appropriate monitoring techniques. Several 
4-D geophysical tomographical approaches (e.g., 
crosswell seismic tomography and ERT) have been 
developed for tracking CO2 plume evolution, but the 
petrophysical models used for acquiring CO2 
saturation are with uncertainties. This, however, 
could be improved by pressure-based methods due to 
their linkage to flow regimes. In this study, we utilize 
pressure tomography to characterize a CO2 plume in a 
deep saline formation. It is based on simulation by a 
single-phase proxy, considering CO2 and brine as a 
phase mixture. The mixed-phase diffusivity varies 
along with the increased CO2 saturation, which is 
reckoned as an indicator of the plume. 

Analog to crosswell seismic tomographical 
experiments, pressure tomography uses pressure 
sources in one borehole and receivers (pressure 
transducers) at different depths. A travel-time based 
inversion technique is used in our work based on the 
transformation of the groundwater flow in an eikonal 
solver with high computational efficiency. The 
reservoir structure and plume geometry at different 
times are depicted by clustering the diffusivity 
tomograms prior to and after CO2 injection. 
Sequentially, we employ a zonal calibration approach 
to estimate the hydraulic conductivity and specific 
storage of the CO2-free formation. The calibration 
results are then used as the prior information for 
calibrating the specific storage change during plume 
injection. Ultimately, this delivers the average CO2 
saturation of the plume. 

We compared the developed pressure 
tomography to the more common seismic 
tomography in a 2-D synthetic model with different 
degrees of heterogeneity. The inversion performance 
of the two approaches is comparable, but none 
delivers robust estimates of CO2 saturation. The 
reservoir structure can be inferred by pressure 
tomography, which provides essential information for 
the zonal calibration. Calibration of the pressures 
gives better estimation on the saturation. The 
promising results show a great potential of pressure 
tomography for complementing seismic tomography, 
as well as for characterizing CO2 saturation in a time-
lapse strategy. 
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Rice is the world's single most important food 

crop and a primary food source for more than a third 
of the world's population. Among agricultural crops, 
rice is the major route of exposure for the uptake of 
inorganic arsenic (As) through food. As toxicity in 
rice is manifested as reduced growth and sterility and 
poses potential risks for human exposure through the 
food chain. Thus, As uptake by rice threatens food 
security by impacting both the quantity (yield) and 
quality (toxicity) of rice and represents a serious 
environmental issue for human health and ecosystem 
function. Iron plaque is a strong adsorbent on rice 
roots, acting as a barrier to prevent metal uptake by 
rice. However, the role of root iron plaque microbes 
in governing metal redox cycling and metal 
bioavailability is unknown. In this study, the 
microbial community structure on the iron plaque of 
rice roots from an arsenic-contaminated paddy soil 
was explored using high-throughput next-generation 
sequencing. The microbial composition and diversity 
of the root iron plaque were significantly different 
from those of the bulk and rhizosphere soils. Using 
the aoxB gene as an identifying marker, we 
determined that the arsenite-oxidizing microbiota on 
the iron plaque was dominated by Acidovorax and 
Hydrogenophaga-affiliated bacteria. More 
importantly, the abundance of arsenite-oxidizing 
bacteria (AsOB) on the root iron plaque was 
significantly negatively correlated with the arsenic 
concentration in the rice root, straw and grain, 
indicating that the microbes on the iron plaque, 
particularly the AsOB, were actively catalyzing 
arsenic transformation and greatly influencing metal 
uptake by rice. This exploratory research represents a 
preliminary examination of the microbial community 
structure of the root iron plaque formed under arsenic 
pollution and emphasizes the importance of the root 
iron plaque environment in arsenic biogeochemical 
cycling compared with the soil-rhizosphere biotope.  
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The Earth’s geochemistry can be regarded as a 

ternary system of oxygen, its most abundant element 
by atomic fraction, iron, its major redox ingredient, 
and hydrogen, its most mobile element responsible 
for electron transfer. The mineral goethite (α-
FeOOH), exists ubiquitously as “rust” in the nature, 
and also concentrates by large quantity in bog iron 
ore. It has been used as a copious, renewable resource 
of iron ever since the “iron age”. 

Here we conduct x-ray diffraction experiment 
with laser heating and first-principles simulation up 
to deep lower mantle (DLM) conditions. Our work is 
attempting to anticipate the fate of FeOOH within the 
cold subduction slabs. We observed a previously 
unknown Fe-O phase that holds an excessive amount 
of oxygen and it involves reactions that have major 
impacts to our understandings of the Earth. The 
reaction involves the decomposition of FeOOH that 
releases hydrogen that would diffuse, infiltrate or 
react to form hydrocarbon or other volatiles. The new 
iron oxide phase is left in DLM and cumulates 
through plate tectonics. Such process provides an 
alternative interpretation to the origin of seismic and 
geochemical anomalies in the DLM.  
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The South China Craton is made up of the 

Yangtze and Cathaysia Blocks. Mesozoic mineral 
deposits in South China include world-class deposits 
of W, Sn and Sb and those that provide the major 
sources of Cu, Pb, Zn, Au, Ag, Hg and As for the 
entire country. These deposits can be classified into 
high-temperature polymetallic hydrothermal systems 
closely related to felsic intrusive rocks (Sn–W –Mo 
granites, Cu porphyries, polymetallic and Fe skarns, 
and polymetallic vein deposits) mainly in the 
Cathaysia Block and low-temperature hydrothermal 
systems with no direct connection to igneous 
activities (MVT deposits,Carlin-type Au and vein-
type Sb deposits) mainly within the Yangtze Block. It 
was shown that the deposits related to felsic intrusive 
rocks formed in the Triassic (Indosinian), Jurassic–
Cretaceous (Early Yanshanian), and Cretaceous (Late 
Yanshanian) stages, while the low-temperature 
deposits dominantly formed in the Triassic although 
some of them might be reworked in the Yanshanian. 
However, the low-temperature deposits might be 
linked to the high-temperature deposits in 
geodynamic settings. 
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Carbonaceous material (CM) is commonly found 

associated with gold and sulfides in metasediment-
hosted orogenic gold deposits. However, the role of 
CM in Au deposition is still controversial. In-situ 
and/or ex-situ CM has been proposed to directly 
reduce Au-bisulfide complexes, or indirectly 
facilitate sulfidation, which destabilizes Au-bisulfide 
complexes with resultant Au deposition. 
Geochemical data from metasediment-hosted 
orogenic gold deposits in New Zealand, Australia, 
Canada and West Africa display relationships 
between the weight percent of sulfur and non-
carbonate carbon in mineralized samples that imply a 
genetic link between sulfides, CM and 
mineralization. Thermodynamic simulations of 
mineralization with HcH software provide further 
evidence for the role of CM during Au precipitation. 
It is postulated that the coexistence of CM and pyrite 
is a consequence of their co-deposition from fluids, 
with a minor proportion of CM originally in-situ in 
the host rocks. Deposition of pyrite and CM 
decreases H2S concentration in hydrothermal fluids, 
which drives destabilization of Au(HS)2

- complexes 
and promotes Au precipitation. However, much of the 
CM in deposits does not coexist with pyrite, and is 
proposed to deposit as a result of interaction between 
CO2 and CH4 in the ore fluid. These findings are 
applicable to similar deposits worldwide. 
Figure The ratio of S/C from modelling (indicated by 
black lines) are consistent with that from gold 
deposits (dots).  
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It has been proved by the oil and gas exploration 

practice in carbonate basin that gypsum-salt rocks 
have important influence on the hydrocarbon 
accumulation[1,2]. Therefore, the hydrocarbon 
generation mechanism, reservoir formation and 
preservation, hydrocarbon accumulation on the 
condition of gypsum and salt rock sedimentary 
environment are discussed respectively.  

Results show that from the perspective of 
hydrocarbon generation, evaporative tidal flat, lagoon 
environment with high quality source rocks 
associated, can form high quality hydrocarbon source 
rocks frequently. The gypsum and salt rock with 
kerogen simulation experiment results confirm in 
gypsum and salt environment have a promoting effect 
on the hydrocarbon generation of source rock.  

The potential of gas contents are increased by the 
gypsum -salt with carbonate association. From the 
perspective of carbonate reservoir formation 
mechanism, the dolomite reservoir types and 
characteristics are determined by analysis of core 
observation and thin section. Metrical water 
dissolution simulation is the main reason of dolomite 
on evaporative tidal flat was confirmed. The 
moderate burial environment dissolution is the 
important reasons for the formation of dolomite 
reservoirs.  

From the perspective of hydrocarbon 
accumulation, the brittle-plastic gypsum and salt rock 
simulations revealed that buried deep, high 
temperature and pressure environment make the 
property in rocks occur plastic conversion, can 
effectively block the oil and gas or be a good conduct 
for oil and gas fluid. The movement on gypsum and 
salt rocks also can form good fluid migration channel. 
Tectonic deformation physical simulation has also 
been revealed in the compressive tectonic 
environment, gypsum and salt on the uncoordinated 
deformation, the deep development of concealed trap 
effectively, can be used as an effective hydrocarbon 
accumulation unit.  

 
[1] Zhao W Z, et al. (2012) Petroleum Exploration & 
Developmen39(1):1-12. 
[2] Jin Z J, et al. (2012)  Oil& Gas Geology 
31(6):715-724. 
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Amphibole-bearing migmatites from North Dabie 
in the Dabie orogen were investigated in order to 
constrain partial melting process. The migmatites are 
characterized by large euhedral poikilitic amphibole 
with abundant inclusions of plagioclase, biotite, and 
quartz in leucosome and melasome. Amphiboles 
show large variations in REE composition, 
interpreted as the result of equilibration with different 
melts during melting and crystallization. 

Hornblende-plagiocase thermobarometry 
indicates that migmatites formed at P-T conditions of 
~700-750 °C and 5 kbar, suggesting partial melting of 
a biotite + plagioclase + quartz-bearing protolith 
under water-fluxed conditions. Leucosomes range 
from tonalitic to granitic in composition with higher 
SiO2, Na2O, Sr, and Ba contents than mesosomes, but 
lower contents of CaO, FeO, MgO, TiO2, and MnO2. 
The leucosomes have variable REE patterns, 
attributed to different degrees of amphibole 
entrainment into the leucosome and feldspar 
fractionation during partial melting. Zircons give U-
Pb ages of 150 Ma to 137 Ma, indicating initial 
partial melting prior to 150 Ma. Inherited zircons 
yield U-Pb ages of 2.0-2.6 Ga and 730-720 Ma 
suggest that migmatites formed by partial melting of 
ancient basement of the Yangtze block. Low δ18O 
values of zircons with Neoproterozoic ages and 
positively εNd values suggest incorporation of juvenile 
crust that experienced high-T meteoric-hydrothermal 
alteration in response to the breakup of 
supercontinent Rodinia, while high δ18O values of 
zircons with old Nd model ages indicate reworking of 
mature ancient crust. 



Goldschmidt Conference Abstracts 1187 

Effects of tubificid bioturbation 
on pore structures in sediment 
and the migration of sediment 

particles 
XIUYI HUA*, YAORUI LI, DEMING DONG, 

DAPENG LIANG AND ZHIYONG GUO 
College of Environment and Resources, Jilin 

University, Changchun 130012, PR China 
(*correspondence: huaxy@jlu.edu.cn) 

 
Bioturbation play an important role in affecting 

the behavior of pollutants near the water-sediment 
interface. However, the mechanisms of this effect are 
still not very clear. In this study, the effects of 
tubificid bioturbation on pore structures of the 
sediment and the migration of sediment particles 
were evaluated using a series of simulations. In the 
experiments, the distribution and variation of the 
tubificid burrows and macropores in the sediment 
were investigated by X-ray computed tomography 
(CT) and digital image collecting, without sampling 
or disturbing the sediment. The migration of the 
sediment particles was determined using CT by 
adding BaSO4 to the sediment as a tracer. 

The results indicate that after the addition of the 
tubificids, both the burrows and the macropores in the 
sediments increased with time, and the rate of 
increase slowed gradually. With the increased worm 
density, the burrows and the pore structures also 
increased. The in-depth distribution of the burrows 
and macropores was determined by the settlement 
time of the worms (Figure 1). Thickening of the 
oxidized zones in the superficial sediments in the 
presence of tubificid bioturbation was also observed. 
The main action of tubificids on the sediment 
particles was the transport of particles from the inner 
sediment (especially in the range of 30-50 mm in 
depth) to the water-sediment interface. Both the 
formation and the variation in the burrows and 
macropores, as well as the transport of particles from 
the inner-sediment to the interface, would affect the 
behaviors of contaminants in the sediment and 
overlaying water near the water-sediment interface. 
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Figure 1: Vertical distribution of the macropore 
structures in the sediment. 
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The Furong deposit, located in the southern 

Qitianling pluton, is a giant tin deposit. The 
Xintianling tungsten deposit located in northern 
Qitianling pluton. They   are genetically associated 
with the granite of Qitianling pluton. Direct Re-Os 
dating on molybdenites collected from the skarn type 
ore in the Xintianling deposit have been carried4 
out，the result shows that the Re-Os dating of six 
molybdenite samples collected from skarn type ore 
yields a 187Re-187Os model age of 
162.9±1.9Ma(MSWD=0.21). It is suggested that the 
mineralization of the Xintianling tungsten deposit is 
spatially and temporally related to the early stage 
hornblende-biotite monzonitic granite of Qitianling 
pluton.While based on previous studies,the Furong 
tin deposit may be closely related to the late stage 
biotite monzonitic granite. Therefore, we analyzed 
the helium and argon isotopic compositions of fluid 
inclusions in pyrites and arsenopyrites collected from 
these  two deposits. It is shown that，3He/4He ratios 
of fluid inclusions in pyrites and arsenopyrites 
collected from Furong deposit fall in the range of 
0.09-0.50 Ra and 1.35-
3.91Ra，respectively，obviously higher than that of 
the crust,but lower than that of the mantle, indicating 
that the ore-forming fluid in this deposit is a mixture 
of mantle- and crustal-derived fluids. The 3He /4He 
ratios of fluid inclusions in pyrites collected from 
Xintianling deposit fall in the range of 6.90-10.94 Ra, 
obviously higher than that of the mantle,indicating 
that the ore-forming fluid in this deposit is  mantle-
derived fluids. According to the results. The 
emplacement of the Qitianling A-type granite and 
associated tungsten-tin polymetallic mineralization is 
a continuous evolution process, which are the 
products of large-scale mineralization of the Nanling 
in Middle-Late Jurassic. Tungsten deposit and tin 
deposit are associated with mantle-derived fluids and 
a mixture of mantle- and crustal-derived fluids, 
respectively.    
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Acetate is a common aqueous species in buried 

sediments and may be food for a deep biosphere[1]. 
Low pressure studies of aqueous Na-acetate stability 
established decarboxylation to CH4 and CO2 at about 
300-400°C[2]. However, recent theoretical studies[3] 
indicate that at P > 3.0 GPa, subduction zone fluids 
could contain aliphatic acids and aqueous 
hydrocarbons with inorganic C-species at 
equilibrium. 

To experimentally investigate the effect of 
pressure on acetate stability, we studied ~1.0 M Na-
acetate solutions in the diamond anvil cell using 
Raman spectroscopy at 300 ºC and 3.0 GPa for up to 
60 hours. Part of the acetate initially decomposed to 
bicarbonate/carbonate species and methane, with no 
detectable H2. However, within the first two hours of 
heating, immiscible droplets of C2-C4 hydrocarbons, 
mostly isobutane formed. Simultaneously, natrite 
(Na2CO3) crystals precipitated from the fluid. Both 
droplets and crystals persisted throughout the 
experiments.  In the aqueous fluid, acetate and HCO3

- 
were present during the first 6 hours, and CO3

2- 
became important after 20 hours of heating. There 
was residual acetate at the end of the experiment. 
Stable final HCO3

-/CO3
2- and acetate/HCO3

- ratios 
indicated a constant pH and achievement of a steady 
state. After decompression, a gas bubble in the cell 
consisted of methane (>90%) and ethane plus 
propane (<10%) by volume. Overall, the final molar 
distribution of C is istobutane (37%), C(IV) species 
(38%), methane (12%), and residual acetate (13%). 
The products from long (60 hr) and short-term (30 
min) experiments suggested isobutane was produced 
either through polymerization or ketene mechanisms 
involving acetone. A preliminary thermodynamic 
model indicated the early production of methane that 
was partially consumed and dissolved in the 
hydrocarbon fluid. 

We suggest that subduction zone fluids at high 
pressures might involve abiotically produced 
immiscible fluid hydrocarbon species as well as 
inorganic and organic aqueous C-species. 

 
[1] Wellsbury et al. (1997), Nature, 388, 573-576. [2] 
Palmer and Drummond (1986), GCA, 50, 813-823. 
[3] Sverjensky et al. (2014), Nat. Geosci., 7: 909–
913. 
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V is a redox sensitive element with two stable 

isotopes (51V and 50V). V isotopes have the potential 
to study oxidation state in the mantle and crust [1]. 
For better application of V isotopes to redox-related 
magmatism, it is important to understand V isotope 
fractionation during magma differentiation. Here we 
measured δ51V for lavas from mid-ocean ridge and 
convergent margins. Based on repeated analyses of 
standards, the long-term prevision of δ51V 
(δ51V=[(51V/50V)sample/(51V/50V)AA-1)]×1000‰) is 
better than 0.1‰ (2sd) [2]. 

The average δ51V of fresh MORB from the East 
Pacific Rise (EPR) is -0.86 ± 0.09‰ (2SD, n=13), 
consistent with previous studies on MORB (-0.95 ± 
0.11‰) [1]. Altered basalts and gabbro from oceanic 
crust have homogenous V isotope composition with 
average δ51V of -0.85±0.11‰ (2sd, n=31), indicating 
that neither high nor low temperature alteration in the 
oceanic floor significantly fractionates V isotopes. 
δ51V of lavas from the EPR (including basalts, 
basaltic andesites, and dacites) ranges from -0.96 to -
0.64‰, positively correlated with SiO2 and δ56Fe, 
indicating that V isotopes can be fractionated by 
mineral crystallization.  

δ51V of arc basalts ranges from -0.97 to -0.74‰ 
with an average of -0.83±0.14‰ (2sd, n=23), similar 
with the values of MORB, suggesting that melting at 
distinct oxidation state may not produce resolvable V 
isotopic difference in mantle-derived melts. Notably, 
δ51V of lavas from the Lesser Antilles arc is 
positively correlated with SiO2 content, while lavas 
from the Kamchatka arc do not clearly depict such 
correlation. More studies on V isotope compositions 
of mantle peridotites, komatiites, and arc lavas will 
help to understand the different fractionation 
behaviour in magmatism. 

 
 [1] Prytulak et al., 2013, EPSL. 365, 177-189. [2] 
Wu et al., 2016, Chem Geol, 421, 17-25. 
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Copper is a transitional, chalcophile, redox-

sensitive element with two stable isotopes (63Cu and 
65Cu). Copper isotopes have a potential to improve 
our knowledge of mantle dynamics[1, 2]. However, 
whether Cu isotope fractionation take places during 
partial melting and melt percolation in the mantle is 
not clearly constrained. Knowledge of this issue is 
important for applying Cu isotopes to high 
temperature igneous systems and to study mantle 
processes.  

Here we report high-precision Cu isotope data for 
well-characterized peridotites of variable fertility 
from the Balmuccia nd Baldissero bodies in the 
Ivrea-Verbano Zone (Northern Italy)[3]. The samples 
have a history of melt depletion with subsequent melt 
infiltration. 

δ65CuNIST 976 of the lherzolites and harzburgites 
ranges from -0.31 to 0.62‰, nagetively correlates 
with Al2O3, Cu, S, Se, and Te, and posstively with 
MgO. This suggests that partial melting and melt 
infiltration of the mantle can cause detectable Cu 
isotope variations. Dunites, formed by focused sulfur-
undersaturated melt percolation with preferential 
dissolution of interstitial sulfdies, display heavy 
isotopic compositions with δ65Cu from 0.55 to 
0.61‰. This suggests that Cu isotope fractationaton 
during melt percolation is controlled by dissolution of 
interstitial sulfides with lighter Cu isotopic 
compositions relative to coexisting silicate phases.  

Our results show that magmatic fractionation and 
melt-peridotite intereaction in the mantle may play an 
important role in Cu isotope fractionation in mantle 
rocks. 
 
[1] Liu et al. (2015, EPSL, 427: 95-103); [2] Savage 
et al. (2015, GPL, 1: 53-64); [3] Wang et al. (2013, 
GCA, 108: 21-44). 
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      Melts and fluids are magic active components 
of the solid Earth, which keep the Earth dynamic and 
evolving. However, our knowledge of such 
components is deficient, especially under mantle 
conditions. 

     Moissanite (SiC) has been found in different 
mantle and mantle-generated rocks from different 
tectonic settings, and its formation may be closely 
related to the mantle melts/fluids. We have 
investigated SiC from kimberlites, mantle xenoliths, 
Tibetan ophiolites, and ejecta from volcanoes in 
Israel. 

     SiC grains may contain inclusions of native Si, 
silicides of Fe, V and Ti, and corundum, consistent 
with high-T crystallization. Different grains in the 
same sample can have different polytypes, mainly 
6H, with minor 4H and 15R. SIMS analyses show a 
large variation in both δ30Si (-1.20 to +1.58 ‰) and 
δ13C (-24 to -32‰) among different samples. 
Individual grains usually are homogeneous in terms 
of δ30Si, but different grains even in the same mantle 
sample can differ by up to 1.5‰. Such variation is 
not related to differences in polytypes. However, each 
sample has generally homogeneous C isotopic 
compositions. The observed isotopic heterogeneity 
may be related either to the passage of different 
melts/fluids through a given mantle volume, or to 
unidentified fractionation processes. The broad C-Si 
isotopic similarities of SiC from different tectonic 
settings, and the isotopic differences between SiC and 
“mantle values” for both δ30Si and δ13C suggest the 
operation of broadly similar processes, capable of 
producing extremely reducing conditions on at least 
local scales in the mantle.          
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Iron sulfides play a major role in biogeochemical 

C-O-S cycles and metal sequestration in sedimentary 
environments. Current understanding of the early 
diagenetic formation and transformation of iron-
sulfide minerals in marine sediments heavily relies on 
results from synthesis works in part due to small 
crystallite size and large reactivity of metastable iron 
sulfides in natural specimens. 

Millimeter-sized iron-sulfide nodules occurred in 
the sediments of an active cold-seep site with the 
sulfate-methane transition (SMT) zone at ca. 4.5 mbsf 
in the SE flank of the Good Weather Ridge off SW 
Taiwan. High-resolution FESEM-EDS-EBSD 
investigation of selected nodules at 265-270 cmbsf 
revealed a complex growth sequence of iron-sulfides 
in which partially dissolved pyrite framboids were 
mantled by massive greigite aggregates having 
corroded edges surrounded by mackinawite crystals 
up to 2 μm in size. The mackinawite was locally 
engulfed by later formed platy or blocky pyrrhotite. 
Precipitation of smaller platy crystals of pyrrhotite 
occured in cavities within the nodules as well. Such 
nodules experienced later-stage sulfidization that was 
driven by anaerobic oxidation of methane in the past 
SMT zone and characterized by proliferative 
pyritization along mackinawite and/or greigite grain 
boundaries and vein-filling pyrite crystallization 
along fractures. Iron-sulfide nodules at depth exhibit 
similar features except pyrite mineralization. 

The presence of complex assemblages of 
metastable iron sulfides is attributed to non-steady 
state diagenesis controlled by fluctuations of methane 
flux and pore water chemistry and shielding of 
nodular growth. The result implies that reductive 
early diagenesis could induce dissolution of pyrite 
replaced by greigite, formation of mackinawite after 
greigite, and neoformation of pyrrhotite in marine 
sediments, and that early diagenetic pyritization of 
greigite and mackinawite could occur via diffusive 
dissolution and crystallization along grain 
boundaries. This study adds to the increasing body of 
evidence for new formation modes of early diagenetic 
iron sulfides in marine sediments. 
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Boron (B) isotopes are a promising tracer for 

studying water-rock interactions and weathering 
processes in the river catchments, however, little 
information is available on the role of the B isotope 
fractionation in small mountainous river systems, and 
dissolved B fluxes from the continents to the oceans 
at such weathering and erosion regimes. A more 
comprehensive understanding of what sets the flux 
and isotopic compositions of dissolved B is thus 
required. Here solute chemistry and B isotopic 
compositions (δ11B) of 30 river waters were 
measured to conduct the first systematic survey of the 
B isotope variations in a tectonically active and small 
mountainous river catchments around Taiwan. The 
data show a rather large variation of B concentrations 
(from 21.6 - 511.1 μg/L) and the δ11B (ranging from -
7.7 to 16.48 ‰) in the dissolved load, suggesting 
multiple controls on riverine B isotope geochemistry 
in the study area. In the western Taiwan (floodplains 
and foothills), dissolved δ11B are clearly controlled 
by three sources, i.e., silicate weathering, mud 
volcano fluids and anthropogenic inputs. In the 
eastern Taiwan (high relief region with steep slopes), 
other than silicate weathering, hot spring water also 
plays an important role in contributing the lighter 
δ11B values observed in the watersheds. Main 
controls on riverine B isotope fractionations, 
dissolved B fluxes and potential B sources in small 
mountainous rivers of Taiwan will be further 
discussed in the presented work. 
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Biosouring is the production of H2S by sulfate 

reducing microorganisms (SRM) in-situ or in the 
produced fluids of oil reservoirs. Sulfide is explosive, 
toxic and corrosive which can trigger equipment and 
transportation failure, leading to environmental 
catastrophe. As oil exploration and reservoir 
development continue, subsequent enhanced recovery 
is occurring in progressively deeper formations and 
typical oil reservoir pressures range from 10-50 MPa. 
Therefore, an understanding of souring control effects 
will require an accurate understanding of the 
influence of pressure on SRM metabolism and the 
efficacy of souring control treatments at high 
pressure. To explore the impact of pressure on SRM, 
wild type Desulfovibrio alaskensis G20 was grown 
under a range of pressures (0.1-14 MPa) at 30 °C. 
Complete sulfate reduction occurred in all pressures 
tested within 3 days, but microbial growth was 
inhibited with increasing pressure. Bar-seq identified 
several genes associated with flagella biosynthesis 
(including FlhB) and assembly as important for 
survival at elevated pressure and fitness was 
confirmed using individual transposon mutants. 
Flagellar genes have previously been implicated with 
biofilm formation and confocal microscopy on glass 
slides incubated with wild type D. alaskensis G20 
showed more biomass associated with surfaces under 
pressure, highlighting the link between pressure, 
flagellar and biofilm formation. To determine the 
effect of pressure on the efficacy of SRM inhibitors, 
IC50 experiments were conducted and D. alaskensis 
G20 showed a greater resistance to nitrate and the 
antibiotic chloramphenicol, but a lower resistance to 
perchlorate. Overall, this work furthers our 
understanding of oil reservoir biogeochemistry and 
highlights the impact of pressure on biofilm 
formation and biosouring strategies. 
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Any successful Moon formation model must 

explain the total angular momentum of the Earth-
Moon system, the volatile element depletion of the 
Moon, and the isotopic similarity between the Earth 
and the Moon. The latter is investigated here by (i) 
first-principles calculations of mass-dependent 
fractionation factors for Mg, Si, K, Ca, Fe and Zn 
between condensed phase and vapor, (ii) modeling 
isotopic fractionations in the proto-lunar disk, and 
(iii) measurements of mass-dependent isotopic 
compositions in lunar bulk samples and minerals (Ca, 
Mg [this study], Fe [1] and Zn [2]). Because of inter-
mineral isotopic fractionations, any estimates of the 
isotopic compositions of bulk Earth and Moon are 
model dependent, and thus do not allow a high 
precision (on the level of analytical uncertainty) 
comparison of bulk Earth and Moon stable isotopic 
compositions. This is corroborated by our new Ca 
and Mg isotopic data on lunar materials, which show 
measurable isotopic variations among lunar minerals. 
The Earth and Moon have essentially the same mass-
dependent isotopic compositions for all the isotopic 
systems investigated so far (e.g. O, Mg, Si, Ca, Fe, 
K), except for Zn, with Moon being apparently 
heavier. This is inconsistent with some Moon 
formation models that argue for measurable mass-
dependent isotopic differences between Earth and 
Moon. Lock et al. [3] have developed a new Moon 
formation model, where moonlets equilibrated with a 
well-mixed silicate vapor with bulk silicate Earth 
composition in a particular dynamical state generated 
by a high-energy high-angular momentum giant 
impact. The model explains the magnitude of the 
Moon’s depletion in volatile elements, and predicts 
negligible mass-dependent isotopic fractionation 
between Earth and Moon, consistent with 
observations. 
[1] Wang K. et al. (2015) EPSL 430, 202-208. [2] 
Paniello R. C. et al. (2012) Nature 490, 376-379. [3] 
Lock S. J. et al. (2016) LPSC #2881. 
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The Zizhou gas field is a large, tight sandstone 

gas field in the Ordos Basin, China. In 2011, its 
proven gas reserves were booked to be 115.2 × 109 
m3 and the gases are mainly reservoired in lower 
Permian Shanxi Formation and the middle Permian 
Lower Shihezi Formation. Based on the analysis of 
the geologicalbackground, gas components, light 
hydrocarbon composition, carbon and hydrogen 
isotope values of alkanegases, and the geochemical 
correlation between gases of the Zizhou gas field and 
analogs from other fieldsin the basin, we conclude 
that: (a) most natural gases in the Zizhou gas field are 
dry with a small content of wetgas; (b) the gases have 
similar carbon isotopic and light hydrocarbon 
compositions to the analogs from otherfields, as well 
as much more positive δ13C values and high contents 
of C5–7 i-alkanes and methylcyclohexanes, indicating 
typical coal-derived gas (Fig.1); (c) carbon isotopic 
reversal in some gas samples is due to mixing of 
coalderivedgases of different maturities; (d) the gases 
are sourced from mature to high-mature 
Carboniferous–Permian coal-measures; and (e) the 
gas reservoirs represent continuous accumulations. 

 
Fig. 1 δ13C1-C1/(C2+C3) correlation for alkane gases in 

Paleozoic gas fields, Ordos Basin (diagram after Whiticar, 
1999) 

FEFERENCES: 
Whiticar, M.J., 1999. Carbon and hydrogen isotope 
systematics of bacterial formation andoxidation of 
methane. Chemical Geology 161, 291–314. 
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TheYuntoujie deposit is the only Indosinian 

granite related W-Mo deposit in the Nanling ore belt, 
South China. The granites in the Yuntoujie ore field 
consist of an early-stgae batholith and a late-stage W-
Mo mineralized muscovite granite which is 10Myr 
youger than the early stage batholith[1]. These granites 
have high SiO2 (70.77 ~ 74.86 wt%), alkaline 
(K2O+Na2O = 6.27 ~ 8.27wt%) concentrations and 
characterized by peraluminous (mostly A/CNK>1.1, 
A/NK=1.30 ~ 1.43) and could be classified as S-type 
granite. The granites are characterized by low 
143Nd/144Nd values (0.511942~0.512477) and low 
ɛNd(t) values (-8.52 ~ -11.76), locating on the field of 
Nd isotope evolution of Proterozoic crust. The 
granites have low zircon ɛHf(t) values ( -7.19 ~ -
14.89) with TDM2 ranging from 1713 Ma to 2187 Ma. 
These geochemical features suggest that the granites 
are sourced from partial melting of Proterozoic crust 
without contribution from juvenile crust. Trace 
element characteristics such as positive relation of 
La/Yb with La and negative relation of Ba with Rb of 
the granites reveal that the late-stage muscovite 
granite is the product of highly fractionated 
crystalization of the Yuntoujie magma chamber. The 
‘tetrad effect’ observed in REE patterns of late-stage 
muscovite granite and abundant fluid inclusions 
found in quartz phenocrysts in the late-stage 
muscovite granite imply that the melts of late stage 
muscovite grante were water saturated and had 
underwent the processes of fluid-melts reaction. 

 Based on these characteristics, together with that 
the Yuntoujie magma chamber had survived for more 
than 10 Myr, it is suggested that the peraluminous 
magma experienced stable prolonged period of 
crystallization differentiation, which results in the late 
melt water saturated and W-Mo enrichement play a 
key role in the formation of W-Mo 
mineralization.The Yuntoujie granites related W-Mo 
deposits was formed in the post-collisional 
environment.  

 
This work was supported by the Chinese NSF 
(41272099). 

[1]Wu et al., (2012). Chinese Sci Bull, 57, 
1024-35. 
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Hydrogen isotopic ratios of terrestrial plant leaf 

waxes (δD) have been widely used for paleoclimate 
reconstructions. However, underlying controls for the 
observed large variations in leaf wax δD values in 
different terrestrial vascular plants are still poorly 
understood, hampering quantitative paleoclimate 
interpretation. Here I will discuss our recent study of 
a large collection of 102 plant species from New 
York Botanic Garden, chosen to represent all the 
major lineages of terrestrial vascular plants and 
multiple origins of common plant growth forms [1]. 
We found that leaf wax hydrogen isotope 
fractionation relative to plant source water is best 
explained by membership in particular lineages, 
rather than by growth forms as previously suggested. 
Monocots, and in particular one clade of grasses, 
display consistently greater hydrogen isotopic 
fractionation than all other vascular plants, whereas 
lycopods, representing the earlier-diverging vascular 
plant lineage, display the smallest fractionation. Data 
from greenhouse experiments and field samples 
suggest that the changing leaf wax hydrogen isotopic 
fractionation in different terrestrial vascular plants 
may be related to different strategies in allocating 
photosynthetic substrates for metabolic and 
biosynthetic functions, and potential leaf water 
isotopic differences.  

I will also discuss results from anatomical 
analyses of plant leaf wax isotopic ratios from base to 
tip of leaves in various modern plants [2,3]. We 
found consistent trends of leaf wax hydrogen isotopic 
enrichment from base to tip of all plant samples 
examined. These results have implications on the 
timing of leaf wax production during seasonal growth 
cycles, and are important for interpreting leaf wax 
hydrogen isotopic records in sediment samples.  
 
[1] Gao et al. (2014) PLOS one DOI: 
10.1371/journal.pone.0112610. [2] Gao & Huang 
(2013) Oecologia 172, 347-357. [3] Gao et al (2015) 
Org. Geochem. 78, 144-152. 
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Coalbed methane represents a potential source of 

renewable natural gas. Significant efforts have been 
taken to enhance the conversion of coal to methane 
biogenically in recent decades. Nevertheless, the 
availability of the coal as a substrate or food source 
for the microorganisms remains an important limiting 
factor. Several technologies have been developed at 
the University of Wyoming's Center for Biogenic 
Natural Gas Research to enhance the converison of 
coal to methane by indiginous microorganisms. 
Oxidants such as hydrogen peroxide have been 
shown to be promising treatment agent that allow for 
the depolymeriization and solubilization of a fraction 
of coal and many of the soluble coal-derived 
compounds have been shown to be readily 
bioavailable. Interestingly, a shift of methanogenic 
pathways was observed following treatment of the 
coal with hydrogen peroxide. Studies have shown 
that much of the newly formed methane in the 
Powder River Basin was formed  through acetoclastic 
methanogenisis. The methanogens in the original coal 
inoculum were also found to be dominated by 
acetoclasts. Nevertherles, evidence from stable 
isotope analyses and microbial assay suggest that 
following the treatment of the coal with hydrogen 
peroxide the methane was produced through 
hydrogenotrophic methanogens. The results implies 
that biogenic coalbed methane production might be 
enhanced through the manipulation of the subsurface 
environment in order to alter the methanogenic 
pathways.   
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As one of the most abundant metal in the earth, 

the geochemical iron cycle has always been 
concerned. Meanwhile, many evidences indicated 
that microorganism played an important oxidation 
role during this geochemical process, and received 
broad and significant attention. The micro- iron 
oxidizer, which could promote oxidation of pyrite via 
metabolic activities at low pH, are chemoautotrophic 
acidophiles and have an obligate requirement for 
organic matter. To determine the effect of organic 
matter on pyrite bio-oxidation, high (0.2% yeast 
extract) and low (0.02% yeast extract) concentration 
of organic compound were supplied to pyrite bio-
oxidation microbial community. The data revealed 
that proportion of mixothrophic iron-oxidizing 
species, Sulfobacillus thermotolerans, increased from 
2% to 75% at the end of reaction in high 
concentration group. The result of maximal 
concentration of total iron showed 12.7% reduction 
compared with untreated group. About 46% of TOC 
(total organic carbon) was consumed. High TOC 
altered metabolic characteristics of S. thermotolerans. 
In low concentration group, leaching efficiency of 
iron in pyrite was improved and no TOC 
consumption observed. Production of total iron was 
faster and higher which indicated low concentration 
of yeast extract amplified iron oxidation efficiency of 
S. thermotolerans. Organic matter influenced 
biological-induced iron oxidation by altered iron 
oxidizer metabolism activity. This phenomenon gives 
a complementary explanation for the oscillations of 
bacteria concentration for the iron cycle. 
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Catalytic Activity Comparison 

The catalytic performance of the Fe2+-glutamate 
intercalated montmorillonite (G-Fe-Mt) and the 
comparison sample (Fe2+- montmorillonite, Fe-Mt) 
was evaluated by the degradation of reactive blue 19 
(RB19) under sunlight using H2O2 as oxidant. The 
whole reaction set-up was placed in sunlight 
(23°02�N, 113°24�E, Guangzhou, China) for a 
fixed period of daily between 11:30 a.m. - 14:30 p.m.  

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Removal of RB19 in different reaction 
conditions. 
 
Results and Discussion 

It indicated that Fe-Mt has a low reactivity under 
sunlight irradiation while G-Fe-Mt has excellent 
ability of light utilization. The photocatalytic reaction 
of G-Fe-Mt is possibly attributed to electron transfer 
between glutamic acid organic ligands and irons in 
chelates. The chelation and the visible light 
responsiveness of glutamic acid produce a synergistic 
effect leading to greatly enhanced sunlight-Fenton 
reaction catalyzed by the heterogeneous G-Fe-Mt 
under neutral pH [1, 2]. 

 
[1] S. Navalon et al. (2010), Appl. Catal. B-Environ. 
99, 1-26. [2] Z. Huang et al. (2014), RSC Adv. 4, 
6500-6507. 
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Ureilites are highly fractionated ultramafic 
achondrites that also have some primitive 
characteristic, such as heterogeneous Δ17O values. 
They are usually considered to be derived from a 
single parent body (UPB). The chemical composition 
and texture of ureilites indicate that they could be 
mantle residues after ~15-30% basaltic melt 
extraction during UPB mantle melting [1]. However, 
such high degrees of partial melting would not 
preserve the Δ17O heterogeneity of ureilites, as 
documented in the literature [2]. 

In this study, we report new oxygen and zinc 
stable isotopic compositions for five monomict 
ureilites Yamato (Y) 790981, Y 791538, Y 981750, 
Y 981810 and Asuka (A) 881931. Our new Δ17O 
values range from -0.493 ± 0.001‰ to -1.887 ± 
0.023‰, indicating poor homogenization. In order to 
reconcile evidence of partial melting with poor 
homogenization, we propose that the smelting 
process might explain ureilite formation [3]. Smelting 
might occur at low degrees of partial melting, with 
melt extraction taking place too rapidly to 
homogenize the Δ17O signature [4].  

Zn isotope analysis of the five ureilites yielded 
heterogeneous δ66Zn values ranging from +0.61 ± 
0.01‰ to +1.06 ± 0.02‰. This heavy isotope 
enrichment may reflect volatilization processes 
associated with the smelting process during ureilite 
genesis [5]. To evaluate the effects of such a 
volatilization process, we modeled the Zn isotope 
fractionation in ureilites on the basis of the Rayleigh 
distillation equation, according to [6] when Zn 
isotope fractionation was explored during the 
smelting process in the metallurgic industry. A CI 
type initial composition was considered for the UPB 
precursor. Based on this assumption, we show that 
the observed δ66Zn variability in our ureilites match 
the data obtained using the smelting process model.  
 
[1] Kita N., et al. (2004) GCA, 68, 4213–4235 [2] 
Clayton R. & Mayeda T. (1988) GCA, 52, 1313–1318 
[3] Singletary S. & Grove T. (2003) MAPS, 38, 95–
108 [4] Goodrich C. et al. (2013), GCA, 112, 340-373 
[5] Moynier et al., (2010) Chemical Geology, 276, 
374-379 [6] Mattielli N. et al. (2009) Atmos. 
Environ., 43, 1265–1272. 
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The ocean has taken up about 28% of the CO2 

emitted by human activity over the last decade, 
representing the largest carbon reservoir on Earth. On 
the contrary, it behaves as a source of N2O to the 
atmosphere, accounting for by 35% of the total 
natural sources of this gas (IPCC 2014). In addition, 
although minor,  marine CH4 emissions represent a 
net input that must be also accurately computed. 
Large oceanic areas have still little to no spatial 
GHGs data coverage, particularly for N2O and CH4, 
even though monitoring of these three radiatively 
active gases is crucial for global inventories and 
feedbacks with the climate system. Currently, CO2, 
N2O and CH4 are being measured regularly only at a 
few marine time-series sites. One of such oceanic 
platforms is the Gibraltar Fixed Time Series (GIFT), 
where measurements started in 2005. It is located in 
the Strait that connects the Mediterranean Sea with 
the Atlantic Ocean, two different biogeochemical 
marine eco-regions. This work presents results of the 
GHGs monitoring program in the area, which have 
been used to compute the exchange of CO2, N2O and 
CH4 between the two adjacent basins. Data show that 
the Mediterranean supplies N2O to the North Atlantic 
and receives, in opposition, both Atlantic CH4 and 
anthropogenic CO2, which contributes to the process 
of ocean acidification in the Mediterranean, whose 
rate of pH decrease is also provided. Biogeochemical 
and physical processes behind gas exchange through 
the Strait are commented.  
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Branched glycerol dialkyl glycerol tetraether 

(brGDGT) membrane lipids are widely distributed in 
aquatic and terrestrial environments and are being 
increasingly used as temperature proxies. 
Nevertheless, little is known regarding the 
microorganisms that produce these lipids. Stable 
isotope probing incubations of peat samples from a 
Sphagnum-dominated peatland (Jura Mountains, 
France) were initiated to measure the incorporation of 
(D)-D2O and 13C-labeled dissolved inorganic carbon 
into brGDGTs, and thus gauge the activity, growth, 
and turnover times of their source organisms. Peat 
samples were collected from two adjacent sites with 
contrasting humidity levels (hereafter called “fen” 
and “bog” sites). For each site, samples  from the 
surficial aerobic layer (acrotelm) and deeper 
anaerobic layer (catotelm) were incubated at 12 °C 
under both anaerobic and aerobic conditions for the 
acrotelm samples and only anaerobic conditions for 
the catotelm. After two months of incubation, there 
was no incorporation of 13C label in brGDGTs, 
showing that brGDGT-producing bacteria are 
heterotrophic microorganisms. Similarly, little to no 
D incorporation was observed for brGDGTs isolated 
from anaerobically-incubated samples. In contrast, in 
the aerobic incubations of acrotelm samples from bog 
and fen, the δD of brGDGTs significantly increased 
after two months, indicating that fresh brGDGTs 
were biosynthesized at the peat surface. In 
conclusion, our results reveal that brGDGT source 
microorganisms preferentially grow under oxic to 
sub-oxic conditions, likely as facultative anaerobes. 
We show for the first time that these microorganisms 
are especially active at the peat surface, in contrast to 
the deeper layers, implying that the high abundance 
of brGDGTs typically observed in the catotelm 
should result from the accumulation of the brGDGTs 
actively produced in the acrotelm. 
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The “dry” view of the Moon has been held since 

the Apollo era [1].  This paradigm, however, has been 
challenged by the detection of indigenous water in 
lunar pyroclastic glass beads [2].  Thereafter new 
measurements of water in lunar apatites [e.g., 3], 
olivine-hosted melt inclusions [e.g., 4], agglutinates 
[e.g., 5], and nominally anhydrous minerals [6] have 
confirmed that there is water in the lunar interior.  
Some parts of lunar mantle may even have as much 
water as Earth’s upper mantle [4]. Detection of water 
in ferroan anorthositic plagioclase has implied that 
the Moon contained water at the time of the lunar 
magma ocean [6]. 

 Hydrogen isotopic composition has been proved 
to be important to fingerprint the sources and 
processes of lunar water.  The large variation of 
hydrogen isotope compositions (δD = -202 to +1010 
‰) in lunar apatite from mare basalts and highland 
rocks has been taken as evidence that water in the 
lunar interior comes from lunar mantle, solar wind 
protons, and/or comets [3]. The major source of the 
lunar regolith water has been proved to be the solar 
wind protons [5,7]. The similar hydrogen isotope 
compositions of apatites in highland norite and some 
“undegassed” KREEP with that of the proto-Earth 
mantle have been interpreted as evidence for a 
common origin for water in the Earth-Moon system 
[8,9]. New SIMS water data and hydrogen isotope 
composition of ferroan anorthositic plagioclase, 
combined with literature hydrogen isotope data, 
demonstrate that the hydrogen isotope compositions 
of the LMO could have evolved due to degassing 
until the formation of the lunar primordial crust [10].  
The results further suggest that the initial LMO could 
have contained a water content comparable to that of 
the Earth’s primitive mantle [10].  
 
[1] Taylor et al. (2006) Rev Mineral Geochem 60, 
657-704. [2] Saal et al. (2008) Nature 454, 192-195. 
[3] Greenwood et al. (2011) Nat Geosci 4, 79-82. [4] 
Hauri et al. (2011) Science 333, 213-215. [5] Liu et 
al. (2012) Nat Geosci 5, 779-782.[6] Hui et al. (2013) 
Nat Geosci 6, 177-180. [7] Stephant et al. (2014) 
PNAS 111, 15007-15012.[8] Barnes et al. (2014) 
Earth Planet Sci Lett 390, 244-252.[9] Tartèse et al. 
(2014) Geology 42, 363-366.[10] Hui et al. (2015) In 
preparation. 
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The mineralogy of terrestrial planets is governed 
not only by size, bulk composition, differentiation 
processes, and secondary geochemical processes, but 
also by the way a planet’s constituent elements parse 
themselves into mineral species [1]. To gain insight 
into how elements associate into minerals when 
planetary crusts form, we used a mineral database 
(mindat.org, as of 12/17/2015) to conduct a statistical 
analysis of the number of mineral species containing 
both elements X and Y for every possible X-Y pair 
(and X, Y and Z for every possible X-Y-Z triplet) of 
30 major mineral-forming elements. The frequency 
with which an element pair or triplet occurred 
together in the nominal formula of a mineral was 
compared with the expected frequency if elements 
were distributed among mineral species randomly. 
This analysis was conducted for both a list of Hadean 
minerals likely present when the continental crust 
first formed [2], and for the full list of 5027 presently 
known minerals. We employ new 3-dimensional data 
visualization techniques to examine correlations 
among element triplets, which cannot be 
systematically represented in traditional 2-
dimensional tables. 

 
Results reveal that the most strongly correlated 

element pairs are H-O, Na-Si, Al-Si, S-Ag, and O-Si, 
whereas strongly anti-correlated pairs include O-S, 
O-Ag, Si-S, O-Sb, and O-Se. The strength of these 
correlations and anti-correlations ranged from ~1 to 
10-304 (as measured by their p-value in a chi-squared 
test for variable dependence). Comparing element 
correlations between Hadean vs. Cenozoic minerals 
reveals that Si-O is the most important correlation in 
the early continental crust, whereas O-H is the most 
important in Earth’s present crust. The systematic 
differences observed in our pair and triplet analyses 
of element correlations provide valuable clues as to 
how tectonic and biological processes, which only 
operated on the post-Hadean Earth [3], can 
dramatically affect the mineralogical content of 
terrestrial planetary crusts. 

 
[1] Christy, A.G. (2015) Mineral. Mag. 79, 33-49. 
[2] Hazen, R.M. (2013) Am. J. Science 313, 807-843. 
[3] Hazen, R.M. et al. (2008) Am. Mineral. 93, 1693-
1720. 
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A general model of magma evolution at 
subduction zones involves progressive fractionation 
of volatile-rich magmas in the deep to mid-crust, 
followed by ascent to storage regions in the shallow 
crust where further differentiation occurs. The deeper 
fractionation may involve crystallisation of mafic 
minerals such as pyroxene and amphibole from 
volatile-undersaturated magmas. In contrast, upper 
crustal magma storage conditions are commonly 
linked to active degassing following volatile 
saturation in frequently replenished magma 
reservoirs. Methods to evaluate the variability of 
trace element and volatile compositions of hydrous 
arc magmas are therefore critical to understanding the 
magmatic architecture in subduction zones.  

We have been using the compositional record 
preserved in apatite to assess variations in melt and 
volatile geochemistry during magma storage and 
differentiation. Apatite crystallises relatively early in 
many magmas and is typically trapped as inclusions 
within phenocrysts, and can therefore preserve a 
temporal record of changing magmatic volatile 
contents in the lead-up to eruptions. New experiments 
and direct analysis of all the major volatile 
components (including C and OH) shows that apatite 
contains high CO3

2- abundances and may therefore 
prove a sensitive means of tracking pre-eruptive 
magmatic CO2 contents. Modelling suggests that 
apatite volatile compositions are particularly sensitive 
to the onset of volatile saturation in magmas, which is 
a great advantage over melt inclusion studies. We 
illustrate our results using case examples of eruptions 
from Campi Flegrei, Italy and Laacher See, Germany. 
At Campi Flegrei we find that volatile saturation 
occurred very late during magma storage and may 
have triggered eruptions due to pressurisation of the 
magma reservoir. Conversely, volatile saturation in 
the Laacher See magma occurred early in the 
magmatic history, during growth of the crystal load. 
Apatite chemistry therefore represents a useful new 
tool for investigating temporal variations in magmatic 
volatiles prior to eruption.  
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The oxidation of SO2(g) on the interfacial layers 
of micro-droplet surfaces was investigated using an 
spray-chamber reactor coupled to an electrospray 
ionization mass spectrometer. Four major ions, HSO3

-

, SO3
-·, SO4

-· and HSO4
-, were observed as 

SO2(g)/N2(g) gas-mixture was passed through a 
suspended micro-droplet flow, where the residence 
time in the dynamic reaction zone was limited to a 
few hundred micro-seconds. The relatively high 
signal intensities of SO3

-·, SO4
-·, and HSO4

- compared 
to those of HSO3

- as observed at pH < 3 without 
addition of oxidants other than oxygen suggests an 
efficient oxidation pathway via sulfite and sulfate 
radical anions on droplets possibly via the direct 
interfacial electron transfer from HSO3

- to O2. The 
concentrations of HSO3

- in the aqueous aerosol as a 
function of pH were controlled by the de-protonation 
of hydrated sulfur dioxide, SO2·H2O, which is also 
affected by the pH dependent uptake coefficient. 
When H2O2(g) was introduced into the spray chamber 
simultaneously with SO2(g), HSO3

- is rapidly 
oxidized to form bisulfate in the pH range of 3 to 5. 
Conversion to sulfate was less at pH < 3 due to 
relatively low HSO3

- concentration caused by the fast 
interfacial reactions. The rapid oxidation of SO2(g) on 
the acidic micro-droplets was estimated as 1.5×106 
[S(IV)] (M s-1) at pH ≤ 3. In the presence of acidic 
aerosols, this oxidation rate is approximately two 
orders of magnitude higher than the rate of oxidation 
with H2O2(g) at a typical atmospheric H2O2(g) 
concentration of 1 ppb. This finding highlights the 
relative importance of the acidic surfaces for SO2 
oxidation in the atmosphere. Surface chemical 
reactions on aquated aerosol surfaces, as observed in 
this study, are overlooked in most atmospheric 
chemistry models. These reaction pathways may 
contribute to the rapid production of sulfate aerosols 
that is often observed in regions impacted by acidic 
haze aerosol such as Beijing and other mega-cities 
around the world.  
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This study aims to understand the linkages 

between river (Kaoping) fluxes of organic carbon and 
nutrients and temporal variability of metabolic states 
and source-sink of atmospheric CO2 in a river-
associated coastal ecosystem. The relationship 
between river fluxes and metabolic states of 
ecosystem was drawn from the basis of monthly 
observations in both river and coastal ecosystem. 
Surface concentrations of nutrients in the coastal 
ecosystem increased generally with the increase of 
freshwater and nutrient inputs from the Kaoping 
River that discharged the highest rate during the 
summer season. The depth-integrated gross primary 
production (IGPP) through the euphotic zone ranged 
from 1389 to 8918 mg C m-2d-1. The integrated dark 
community respiration (IDCR) ranged from 919 to 
5848 mg C m-2d-1. Positive correlations are 
significant between GPP (DCR) and temperature, 
PAR and nutrients, and negative correlations are also 
significant between GPP (DCR) and salinity, showing 
the significant impacts of freshwater inputs and 
climatic changes on GPP (DCR). The GPP was 
determined largely by DCR, and DCR was attributed 
mainly to bacteria respiration (BR; ave., 78%). The 
ratio of IGPP/IDCR, an indicator of net ecosystem 
production, was greater than 1.0 (autotrophic) for 
most stations during summer but was <1.0 
(heterotrophic) for offshore stations during winter. 
While comparing measured air-sea fluxes of CO2 
with IGPP/IDCR ratios, the IGPP/IDCR may not be 
the sole factor in determining the air-sea fluxes of 
CO2. The physical forcing such as temperature and 
wind velocity may be also important in determining 
the source or sink of atmospheric CO2 in the study 
areas. 
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The evaluation of excess helium (Heex) 

compositions for groundwater studies is 
commonplace for the determination of helium 
components from individual samples.  While some 
small scale studies link Heex to nearby studies or 
relate to a specific area, rarely is a large scale 
evaluation using hundreds of samples either 
attempted or considered.  Utilizing the noble gas data 
collected by U.S. Geological Survey’s National 
Water Quality Assessment Project, an evaluation of 
isotopic composition of Heex was performed on a 
national scale.  For this evaluation helium 
compositions were corrected for solubility based 
components using neon to produce atmospherically 
corrected concentrations for Heex and helium isotopic 
composition (RC/RA [3He/4He sample corrected for 
atmosphere, normalized to 3He/4He ratio in air]).  The 
isotopic variation  observed in Heex values for 
samples less than 2 times solubility is mainly 
controlled by tritiogenic derived 3He dominating the 
RC/RA values.  Even samples with low to moderate 
Heex (less than 5 times solubility) show evidence of 
tritiogenic 3He and could be interpreted as mixing of 
modern waters with older water containing higher 
Heex concentrations.  The remaining higher Heex 
values (greater than 5 times solubility) fall into three 
approximate end-member compositions.  Samples 
with high RC/RA values of approximately 1.0 and 
greater appear to be associated with large scale 
geothermal activity and can be characterized as 
interaction with modern magmatic based systems 
(e.g. samples from the Rio Grande Rift in Texas, 
New Mexico and Colorado).  The remaining samples 
fall into a grouping near crustal production values of 
helium at approximately 0.01 RC/RA but extending to 
values ranging from 0.1 to 0.4.  Values greater than 
production are typically interpreted as mixing 
between a MORB type helium end-member and 
production end-member but review of spatial 
distributions of these values reveals very 
uncharacteristic patterns that cannot be explained by 
simple two component mixing.  These elevated 
values above production may represent their own 
end-member composition. 
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 Industrial processes may generate by-
products with particular geochemical and/or 
mineralogical compositions which are subject to 
environmental factors. Blast furnace sludge produced 
by iron industry were often stored in settling ponds. 
The sustainable management of these sites is now 
required considering the risks for the environment 
and human health related to the high metal amounts 
(e.g. Pb, Zn) they contain. 

In this context, a former industrial settling pond 
shutdown in the 1950’s, and covered with a forest 
was investigated. A thorough characterization of the 
materials [1, 2] along with lysimeter experiments [3] 
were conducted i) to assess the risks of transfer of 
metals to groundwater and organisms and ii) to study 
the potential influence of vegetation on the materials. 

Main mineral phases were poorly crystalline 
aluminosilicates and Mn and Fe 
oxy(hydr)oxides, as well as carbonates and 
sulfates. In relation to this mineralogy 
assemblage, the materials displayed chemical 
(e.g. alkaline pH, high CEC) and physical (e.g. 
high SSA, high porosity) properties which favor 
the retention of water and metals. Root activity 
induced some changes in porosity and 
mineralogy and increased the metal 
extractibility in the adherent materials. 
Lysimeter experiments showed that soluble 
compounds (sulfates, carbonates) are leached, 
but metal flow was limited. The presence of a 
dense vegetation cover limited water flow by 
increasing evapotranspiration and water uptake. 

Revegetation contributes to reduce the risk of 
transfer to groundwater. However, the application of 
this management solution requires to monitor 
changes induced by the vegetation on metal status. 
 
 [1]. Huot et al. (2013) J. Soils Sediments 13(3), 555-
568. [2] Huot et al. (2014) Eur. J. Soil Sci. 65, 470-
484   [3] Huot et al. (2015) Sci. Total Environ. 256, 
29-40. 
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In the Yellowstone Plateau Volcanic Field 
(YPVF) the Cl/F (~0.5 by mass) observed in both 
glass inclusions trapped in quartz crystals and in 
erupted rhyolitic glass is significantly lower than the 
ratio in the rivers draining the Plateau (~8) [1] or in 
the thermal waters (<140). Potential explanations 
include: 1) preferential degassing of chlorine (as HCl) 
compared to fluorine (as HF) from the underlying 
silicic magmas, 2) an additional crustal source 
enriched in chlorine that contributes to the thermal 
waters, or 3) a large sink of fluorine between magma 
and the ground surface. Within the YPVF, the Cl/F in 
neutral-alkaline-chloride waters (pH>6) in Norris 
(80-140) and Gibbon (15-45) Geyser Basins north of 
the Yellowstone Caldera are substantially higher than 
the ratios in thermal waters within the Yellowstone 
Caldera and along the caldera’s southern boundary 
(<15). A crustal source of Cl contributing to thermal 
waters is unlikely because Cl/Br is notably constant 
throughout all the geyser basins. Fluorite (CaF2) is 
the most common fluorine-rich accessory mineral 
precipitated in hydrothermal systems. Its solubility is 
controlled by temperature, salinity, and the calcium 
and fluoride concentration of the thermal fluids [2, 3]. 
Fluorite was common in cores from several research 
holes (<330 m) drilled in Yellowstone’s geyser basins 
during the 1960s. However, calcium concentrations 
in thermal waters north of the caldera (1-10 mg/L) are 
typically higher than in thermal waters within the 
caldera (<1.5 mg/L). Processes in addition to fluorite 
precipitation are implicated such as temperature-
dependent solubilities of calcite and anhydrite, the 
amount of CO2 degassing, and the hydrostatic 
pressure. These additional factors are likely related to 
fluid flow from the deep subsurface reservoir and the 
lithology controlling flow within and outside the 
caldera. Both the physical and chemical constraints 
appear to give rise to Yellowstone's wide variety of 
thermal water compositions. 
 
[1] Lowenstern & Hurwitz (2008) Elements 4, 
35-40 [2] Nordstrom & Jenne (1977) GCA 41, 175-
188 [3] Richardson & Holland (1979) GCA 43, 
1327–1335. 

 
 



Goldschmidt Conference Abstracts 1214 

Analytical Performance of a 
Turn-Key Femtosecond Laser 

Ablation System 
ROB HUTCHINSON1, KATHERINE MCLACHLIN2, 
CIARAN O’CONNOR2, SHANE HILLIARD2, LEIF 
SUMMERFIELD2, JAY WILKINS2, ERIK LARSEN2 

1Electro Scientific Industries, Inc (ESI), 8 Avro 
Court, Ermine Business Park, Huntingdon PE29 
6XS, UK, rhutchinson@esi.com 

2Electro Scientific Industries, 685 Old Buffalo Trail, 
Bozeman, MT, USA 59718 

 
Much has been made of the capability of 

femtosecond laser ablation ICP-MS to reduce 
fractionation in analysis through extensive research to 
the point where a commercial market now exists for 
off-the-shelf femtosecond laser ablation systems such 
as the NWR FemtoUC from ESI (Figure 1). Here we 
present some recent research performed using ESI’s 
NWR Femto laser systems using peer-reviewed work 
on matrix dependency of multi-standard analysis1 
from the Max Planck Institute (Mainz, Germany) and 
zircon analysis and particle distribution analysis from 
the University of Kyoto (Japan). 
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Feldspars are a useful provenance indicator but 

are easily weathered into small grains and are poor in 
uranium, making isotope ratio work difficult. 
Analyses are usually conducted by LA-MC-ICP-MS 
to improve precision and deal with the low 
sensitivity. Economically, it would be preferable to 
perform this analysis via LA-ICP-QMS, however the 
detection limits and precision are challenging. 

Here we explore the use of cutting edge LA-ICP-
QMS techniques for provenancing of K feldspars. An 
iCAP Q (Thermo Fisher Scientific) was configured in 
high-sensitivity mode and running a He CCT method 
to maximise the high mass signal. An NWR213 (ESI) 
with TwoVol2 ablation cell was used to ablate 
mounted and polished grains of K Feldspar 
(identified by SEM). The resulting data concurred 
with previously published studies using LA-ICP-MC-
MS. Although precision from the LA-ICP-QMS 
method was slightly poorer it was within a useful 
range for the application. 
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Mineral grain analysis, in particular zircon 
analysis, is a common application for LA-ICP-MS 
and the theory and methodology are well established. 
The high throughput nature of the analysis requires 
the accuracy of manual ablation and the speed of 
hands-off automated analysis, however, to run in this 
manner for hours or even days significant confidence 
is needed that all ablations will run in the precise 
locations intended. An error of a few microns can 
result in ablation occurring in the grain rim, which is 
frequently a difference age to the core, ruining the 
analysis and wasting a valuable sample. ESI has met 
this challenge through evolution in sample chamber 
and stage design that have lead to improvements in 
short and long term stage accuracy. The most 
significant of these is ImageLock, a software-based 
feature which has been shown in controlled 
conditions to give long term stage return accuracy of 
<1 µm. Proving the performance in real laboratory 
conditions over a long analytical run on a real sample 
is important in benchmarking the performance of the 
NWR platform. 
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For many solar system materials, the U isotopic 

composition has been shown to be similar to the bulk 
Earth. However, some chondrites as well as 
achondrites, vary from this average and large 
differences have been found in CAIs. Due to these 
variations, determining the 238U/235U ratio is of 
special importance when using U-Pb in early solar 
system chronology, since currently reported 
variations in the 238U/235U ratio can result in an age 
difference of up to 5 Ma. For chondrules, there are 
currently 238U/235U ratios determined for seven 
fractions of pooled chondrules [1] and three 
individual chondrules [2]. To this date, it is not clear 
if the U isotopic composition of chondrules is 
homogeneous.   
 Here, we report the U isotopic composition 
for the large (>10 mm) chondrule A25-2 from the 
CV3 chondrite Allende weighing ~3.6 g, for which 
Pb isotopic data have been previously reported [3]. 
From this chondrule, 461 mg were dissolved and 
analysed for U isotopic composition. The 238U/235U 
ratio of the chondrule A25-2 (referred to as 
megachondrule) was determined to be 
137.764±0.016. This is identical, within uncertainty, 
with 238U/235U ratios of three individual chondrules 
reported previously. However, there is a small 
difference between the large individual chondrules 
and small pooled chondrules from Allende. This 
suggests possible variation in the 238U/235U ratio for 
chondrules, hence assuming a homogeneous U 
isotopic composition might lead to biased ages. Thus, 
we propose to use the entire range of U isotopes 
determined so far for calculation of Pb-Pb ages of 
chondrules, if direct determination is not possible, 
which currently leads to an additional uncertainty of 
0.59 Ma. 

Recalculating the age of the chondrule A25-2 [3] 
using the determined U isotopic composition results 
in an age of 4565.58±0.89 Ma (2σ, considering Pb 
and U analytical uncertainty). This is the first case 
where both U and Pb isotopes have been determined 
in a single chondrule. 
 [1] Brennecka G. A. et al. (2015) MAPS, 
50, 1995-2002.  [2] Connelly J. N. et al. (2012) 
Science, 338, 651-655. [3] Amelin Y. et al. (2014) 
LPSC, A#2646. 
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Kaolinite is the major minerals in the oceanic 

sediments, but its role in the subduction environments 
is not known well.  In-situ high pressure synchrotron 
X-ray diffraction and infrared spectroscopy 
experiments have been performed on 
kaolinite(Al2Si2O5(OH)4) in order to investigate water 
insertion in to the interlayer under moderate pressure 
and temperature condition.  Synchrotron X-ray 
powder diffraction patterns measured at ~2.56 GPa 
after heating at 250°C show the appearance of the 
10Å reflection which indicates interlayer water 
insertion and the formation of 
halloysite(Al2Si2O5(OH)4·H2O).  As a result, the unit 
cell volume increases by ca. 31% which is driven by 
the expansion of the c-axis by ca. 32%.  Based on the 
in-situ high pressure infrared spectroscopy, the 
transition of kaolinite seems to proceed with the 
formation of disordered kaolinite before the water 
insertion and formation of halloysite take place.  This 
indicates that disorder between kaolnite layers reduce 
the interlayer force prior to the water insertion which 
is in line with the process using alkali acetates or 
dimethylsulfoxide.  Transmission X-ray microscopy 
is underway yo observe morphological changes 
during the formation of halloysite phase under 
pressure.  Our result has direct implication on water 
transport into the mantle. 
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Radiocarbon content in dissolved organic carbon 
(DOC) was measured at three sites on the Amundsen 
Shelf, Antarctica, to examine DOC cycling.  
Radiocarbon content was higher in the upper layer 
than near the bottom where the Circumpolar Deep 
Water flows into the shelf.  DOC Radiocarbon 
content appears to be affected by fresh DOC 
produced in the surface water.  The extent of changes 
in DOC radiocarbon content by primary production 
was significantly higher in the polynya region than in 
the sea ice zone.  Our radiocarbon results suggest that 
DOC concentation is quickly modified by primary 
production during the polynya opening period in the 
austral summer.  
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The crystallographic orientation relationships of 

forsterite precipitates within the nanometer-sized, 
{111}-facetted, ultrapotassic fluid/melt inclusion 
pockets in an Aykhal octahedral diamond sample 
AH2 containing healed and sealed cleavages at the 
core which were decorated with nanosized graphite, 
phlogopite and forsterite. There are abundant facetted 
inclusions of 10-200 nm in size which are aligned 
into trails ~//~ {111}dia and contain ultrapotassic 
fluid/melt, forsterite, or graphite. The forsterites are 
either rounded in pockets with excess fluid/melt, or 
possessing the shape molded by {111}dia in pockets 
with limited fluid/melt.  Electron diffraction revealed 
that these tiny forsterites follow three major CORs by 
the forsterite planes, i.e. (100)-(010)-(001), in 
parallel/subparallel to three orthogonal planes of 
diamond: COR-I_{211}-{111}-{011}; COR-
II_{100}-{011}-{01-1}; COR-III_{111}-{011}-
{211}, and other minor CORs with {021}fo, {120}fo, 
or {011}fo parallel/subparallel to {111}dia or {110}dia. 
Since there is hardly good two- or even one-
dimensional match between forsterite and diamond 
for the observed CORs, along with the fact that 
{010}, {001}, {021}, {120} are the lowest-energy 
faces of forsterite and hence the expected facets of 
the forsterite nuclei, the observed CORs between 
forsterite and diamond can only be rationalized by the 
first precipitation of forsterite nuclei with the 
characteristic low energy facets in the untrapotassic 
fluid/melt, followed by the attachment of such nuclei 
to the {111}dia or {110}dia cleavages for further 
rotation toward a minimum energy orientation. These 
findings shed light not only on the P-T-C evolution 
pathway of controversial ultrapotassic fluid/melt and 
epitaxial olivine-diamond proto/syn/epigenesis in the 
mantle but also the entrapment coalescence and 
cleaving-healing of peridotitic diamonds under the 
influence of thermodynamic/kinetic factors and 
tectonic brittle/ductile deformation events. 
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K-Ar and other isotpic systems in a contact 

aureole have been believed to be reset by an intrusive 
event after the pioneering work by Hart [1] and the 
following works. Hyodo and York [2] clearly 
indicated that biotite has acquired excess argon 
originated from radiogenic component from other 
minerals in the country rock during the intrusive 
event between a Grenville dyke and the country  
gneiss. Hornblende also has acquired a little excess 
argon reflecting the hardness against argon diffusion.  

We report a case of mafic dyke intrusion (c.a. 2.4 
Ga) and surrounding  gneiss (> 3.0 Ga) in Greenland.  
Biotite pleateau ages of 3.0 Ga was observed on the 
contact where total resetting was expected, and even 
at 55 m away from the contact. Hornblende at 1.4 m 
showed the intrusion age of the dyke and secondary 
excess argon in low temperature fractions. Biotite in 
the same specimen showed almost the same plateau 
age. However, the presence of excess component in 
the biotite indicates that the plateau may not possibly 
represent the cooling age. No systematic age 
distribution was found, but excess component was 
found both in biotite and hornblende.  

It is very common to find excess argon in contact 
aureoles of old terrains particularly in Precambrian as 
well as high pressure metamorphic rocks. Acquisiton 
of excess argon depends on the conditions of argon 
partial pressure and temperature at the time of 
mineral closure. If permeability is high enough (e.g., 
sediments) to clean up all the degassed radiogenic 
component by induced rapid flow due to a thermal 
gradient, excess argon would not take place. On the 
other hand, if permeability is low such as in 
crystalline rocks (e.g., gneiss or granulite), the 
degassed radiogenic component remains in the 
contact aureole, resulting in excess argon. The pattern 
and intensity of the excess argon is controlled by the 
mineral composition. A qualitative model will be 
discussed on an argon acquisition process in a contact 
aureole.  

 
[1] Hart (1964) J. Geol. 72, 493-525. [2] Hyodo and 
York (1993) Geophys. Res. Lett. 20, 61-64. 
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The Neoarchean-Paleoproterozoic boundary 

represents a milestone in Earth’s history and is 
marked by fundamental changes in mantle, crust and 
atmosphere-hydrosphere compositions [1]. These 
transitions show that the evolution of Earth’s deep 
interior and its exterior are linked, but the processes 
that lie behind the transitions are still cryptic. 

The composition of the crust depends on 
magmatic processes and/or on the nature of the 
magma source(s), which can be revealed by the 
isotopic fingerprints locked in zircons. Monitoring 
how the composition of the magma sources change 
with time can help to unravel crustal evolution. 

Here we present new oxygen and Hf isotope 
compositions of detrital zircons from 1.8 Ga 
turbidites from the North Australian Craton. The 
detrital zircons have local provenances and record a 
crustal source section for three subsequent magmatic 
events: 2.7 Ga, 2.5 Ga and 1.9 Ga. These ages 
straddle the Neoarchean-Paleoproterozoic boundary 
and correlate with the major peaks in the global 
zircon record [2].  

The results portray complex reworking of crustal 
components with limited growth. At 2.7 Ga, bimodal 
εHf (+6 to +4, 0 to -7) and mantle-like δ18O values 
indicate both crustal growth and the reworking of 
infracrustal components. At 2.5 Ga a wide range in 
εHf (+7 to -12) and δ18O from 5 to 7‰ reflect limited 
crustal growth and the reworking of variably old 
infracrustal and supracrustal components. At 1.9 Ga 
the εHf  array contracts markedly (from +3 to -8) and 
is coupled with heavy oxygen (δ18O from 7 to 9.5‰), 
reflecting partial melting of supracrustal sources.  

The lack of a linear correlation between zircon εHf 
and δ18O at 1.9 Ga implies that the array does not 
reflect the simple mixing of contrasting magmas. The 
isotopic array at 1.9 Ga may instead represent the 
partial melting of sedimentary rocks derived from 
heterogenous 2.5 Ga crust that was blended by 
weathering and erosional processes. 

This finding suggests more rigid behaviour of the 
crust after 2.5 Ga, allowing mountain building, uplift, 
mechanical erosion, transport and deposition. 
 
[1] Barley et al. (2005) EPSL 238, 156-171. [2] 
Condie (1998) EPSL 163, 97-108. 
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Magmatic volatiles such as H2O, CO2, sulfur, and 
halogens (e.g. F, Cl) are injected into the atmosphere 
during explosive volcanic eruptions and can drive 
globally significant climate change. Accurate 
quantification of volatile yield and composition is 
critical in assessing the impact of an eruption but is 
elusive, particularly for pre-historic or unmonitored 
eruptions. We utilize a geochemical technique to 
calculate C-O-H-S-F-Cl gas composition and mass 
yield from silica-rich explosive volcanoes by 
examining trends in incompatible trace and volatile 
element concentrations in crystal-hosted melt 
inclusions. We apply this technique to one of the 
largest volcanic eruptions in recorded human history, 
the 946 CE Millennium Eruption (ME) of Paektu 
(Changbaishan) volcano, which produced comenditic 
tephra and a caldera that straddles the border between 
the Democratic People’s Republic of Korea (DPRK) 
and China. We calculate a sulfur yield of up to 45 Tg 
S from the ME. An estimated column height of 29 km 
indicates injection of much of this S into the 
stratosphere. This sulfur yield is 1.5 times that 
released during the eruption of Tambora in 1815, 
which resulted in significant global cooling in 1816. 
We suggest that the minimal climate perturbations 
after the Millennium Eruption as inferred from polar 
ice cores was due to the high latitude and season of 
the eruption and is not reflective of the significant S 
output. The total gas yield is calculated to be 3517 
Tg, made up of 88.7 wt% H2O, 1.3 wt% S, 1.6 wt% 
F, 0.6 wt% Cl, and 7.8 wt% CO2. Our work places the 
Millennium Eruption among the top ranking volcanic 
volatile emitters in recorded human history. 
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Earthy materials are those indigenous substances 
which various communities apply for beautification, 
sunscreening, cleansing and against UV light, this is 
common to African communities. They are useful for 
both industrial and indigenous practices. The study 
focused on using the physisorption data to interpret 
and classify them according to their adsorption 
isotherm (Type I-IV). 22 samples was collected from 
Botswana (BTS), Cameroon (CMR), Democratic 
Republic of Congo (DRC), Nigeria (NG), South 
Africa (SCC) and Swaziland (SWL) respectively. 
Micromeritics BET, Tristar II 3020 instrument and 
N2 (g), a standard laboratory method was used to 
determine the various classifications, porosity and 
surface area. BTS 1 and BTS 2, CMR 1 and CMR 2, 
NG 1 and NG 2, SCC 4, SCC 5, SCC 8, SCC 9, SCC 
11 and SCC 12 and SWL 1 and SWL 2 fell within 
Type II adsorption isotherm, whereas samples SCC 2, 
SCC 3, SCC 6, SCC 7 and SCC 7 are Type III 
isotherm. The study revealed that the shape (Type) of 
the pore and the surface chemistry of an earthy 
materials enhances its usefulness for topical 
application. 
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 The Waste Isolation Pilot Project (WIPP) is 
a nuclear waste repository located in SE New 
Mexico, USA. The repository is hosting TRU waste 
and future disposal in similar sites may accept waste 
containing fission products (FPs). Should 
groundwater intrude such a repository and mobilize 
FPs, the transport of Cs, Sr and I may be limited by 
partitioning into salt phases, such as carnallite 
[KMgCl3·6H2O], langbeinite [K2Mg2(SO4)3], leonite 
[K2Mg(SO4)2·4H2O], polyhalite 
[K2Ca2Mg(SO4)4·2H2O], gypsum [CaSO4·2H2O], and 
sylvite [KCl]. We report experimentally determined 
partitioning of non-radioactive isotopes of Cs, Sr and 
I between salt phases and solution as a function of 
temperature and concentration of target elements. 

Experiments were carried out at temperatures 
from 28 to 90°C. Saturated solutions were evaporated 
to induce mineral growth. Concentrations of Cs, Sr 
and I were added to solution between 100 to 1,000 
ppm, except for sylvite experiments, in which 
concentrations of 1,000 and 5,000 ppm were 
required. Concentrations (ppm) of major, minor and 
trace elements were determined by ICP-MS, -AES 
and IC (SO4

2- and I-). Concentrations of Cs, Sr and I 
(ppm) in crystals were determined by electron 
microprobe analysis (EMPA) and the distribution of 
these elements in solids imaged by time-of-flight 
secondary ion mass spectrometry (ToF-SIMS). 

 Previous investigations [1, 2] quantified 
partitioning of Cs into carnallite and sylvite. Our 
results are consistent with previous work with 
distribution coefficients for Cs between carnallite and 
solution between 0.5 and 1.5. The distribution of I 
between carnallite and solution correlates inversely 
with temperature with values between 0.05 and 0.3. 
Partioning of Cs and I between sylvite and solution is 
≤ 0.05 and ~0.20, respectively. The distribution of Cs 
between leonite and solution is ~1.0. 

[1] Schock & Puchelt (1971) Geochim. Cosmochim. 
Acta 35, 307-317. [2] Schock (1966) Contrib. Min. Petrol. 
13, 161-180. This research is funded by WIPP 
programs administered by the Office of 
Environmental Management (EM) of the U.S 
Department of Energy.  Sandia National Laboratories 
is a multi-program laboratory managed and operated 
by Sandia Corporation, a wholly owned subsidiary of 
Lockheed Martin Corporation, for the U.S. 
Department of Energy’s National Nuclear Security 
Administration under contract DE-AC04-
94AL85000.  This research was supported by the Salt 
R&D Programs administrated by the Office of 
Nuclear Energy, U.S. Department of Energy. 
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The equation of state (EoS) of pure Fe and Fe-
light elements alloy liquids were calculated by means 
of ab initio molecular dynamics (AIMD) simulations 
at the outer core P-T conditions. In the outer core, 
many light elements, such as carbon, nitrogen, 
oxygen, hydrogen, sulfur, and silicon, have been 
proposed as possible constituents. The concentrations 
of these elements have been strongly debated for 
years. 

The density and the adiabatic bulk and shear 
modulus of iron and iron-light element alloys are 
essential to interpreting seismological observations 
and to constructing a mineralogical model of the core. 
On this subject, AIMD simulations have successfully 
clarified density and bulk sound velocity at the outer 
core conditions for various Fe-light elements systems 
[e.g. 1, 2].  However, the data points are limited at 
several P, T conditions. Meanwhile, several studies 
have been performed throughout the whole outer core 
P-T conditions for pure Fe [3, 4], Fe-S [5], and Fe-H 
[6]. In these studies, Grüneisen parameter, whose 
value is required for the calculation of bulk sound 
velocity, is obtained as a consequence of the 
evaluation of the equation of state. However, 
different formulations of Grüneisen parameter are 
employed in all the studies.  

In this study, we investigated energy (E)-pressure 
(P)-volume (V)-temperature (T) relationships of 
liquid Fe-light elements systems in the Earth’s core 
condition by AIMD simulations and proposed a new 
P-V-T EoS under the whole outer core conditions. We 
also confined plausible outer core compositions, 
which reproduce seismological values reasonably 
throughout the whole outer core conditions. 
 
[1] Pozzo et al. (2013) PRB 87, 014110. [2] Badro et 
al. (2014) PNAS 111, 7542-7545. [3] Vočadlo et al. 
(2003) PEPI 140, 101-125. [4] Ichikawa et al. (2014) 
JGR 119, 240-252. [5] Umemoto et al. (2014) GRL 
41, 6712-6717. [6] Umemoto & Hirose (2015) GRL 
42, 7513-7520. 
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Boric acid, B(OH)3, is partially dissociated in 
solution as borate anion, B(OH)4

-. Boron, B, isotope 
exchange equilibrium between the two B species has 
been an important tool to study geochemical 
problems related to circulation of volatile elements at 
subduction related environments. Since chemical 
equilibrium depends on several factors, however, 
careful discussion on B isotope fractionation in nature 
is required. Recent results on molecular orbital, MO, 
calculations showed that the reduced partition 
function ratio, RPFR, of B hydrate depended on the 
hydration number. Since pressure promotes 
dehydration of hydrates adsorbed onto the solid 
phase, it may affect the B isotope effects.  

In this study, we performed the molecular 
dynamics, MD, simulation to evaluate the pressure 
dependence of dehydration of B hydrates in solution, 
employing the MPDyn program. After the 
geometrical parameters and force fields of molecules 
were calculated by the ab initio MO method, the 
systems of a B(OH)3 molecule with 2502 H2O 
molecules, and a B(OH)4

- ion and a H3O+ ion with 
2500 H2O molecules were simulated. The simulations 
were performed for 10 ps at 100 MPa, and for 100 ps 
at 0.1, 50, and 100 MPa. The radial distribution 
function, RDF, and the angle distribution were 
calculated for 1.2 ns.  

Results on the RDFs show that the hydration 
numbers in the first hydration sphere, n1, are invariant 
up to 100 Mpa both for B(OH)3 and B(OH)4

-, which 
indicates that pressure little influences the B isotope 
effects caused by dehydration of the boron hydrates 
in bulk solution. On the other hand, a MO study 
indicated that the RPFR of B(OH)4

- increases with 
decreasing n1 of B(OH)4

- hydrate adsorbed onto the 
solid phase, meaning that dehydration of B hydrate 
during adsorption onto the solid phase from bulk 
solution phase could reduce its RPFR. It is thus 
suggested that the pressuredependent B isotope 
effects will be significant if pressure enhances the 
dehydration of B(OH)4

- hydrate during adsorption. 



Goldschmidt Conference Abstracts 

 

1228 

Petrogenesis of plutonic rocks in 
the Mineoka-Setogawa Belts: 

Toward understanding of deep 
crustal rocks in the IBM Arc 
Y. ICHIYAMA1*, H. ITO2, N. HOKANISHI3, A. 

TAMURA4 AND S. ARAI4 
1Chiba University, 1-33 Yayoi, Inage, Chiba, 263-

8522 Japan  (*correspondence: 
ichiyama@earth.s.chiba-u.ac.jp) 

2Central Research Institute of Erectric Power Institute 
3University of Tokyo 
4Kanazawa University 
 

The Mineoka-Setogawa Belts are Paleogene 
accretionary complexes distributed around the Izu 
Peninsula. These belts contain the various sizes of 
ophiolitic fragments of serpentinized mantle 
peridotites, plutonic rocks and volcanic rocks. We 
performed the zircon U-Pb dating for the gabbros, 
diorites and tonalites from the Mineoka-Setogawa 
Belts, and obtained approximately 35 Ma that is 
coeval with the Eocene to Oligocene arc magmatism 
in the IBM Arc. 

The major-element chemistry of the plutonic 
rocks from the Mineoka-Setogawa Belts shows linear 
trends in several elements against SiO2 content. The 
REE patterns of the gabbros and the diorites and 
tonalites are similar to those of tholeiitic and calc-
alkaline volcanics in the Eocene to Oligocene IBM 
Arc, respectively. The chemistry of the tonalites are 
also similar to the crust-origin rhyolites in the IBM 
Arc [1]. The plagioclase An content in the diorites 
indicates that the diorites were formed by the mixing 
between mafic and felsic magmas. Tatsumi and 
Suzuki [2] proposed that andesitic plutonic rocks in 
the middle crust in the IBM Arc were produced by 
the mixing of tholeiitic basaltic magma with the 
crust-origin rhyolitic magma. The petrological 
characteristics of the Mineoka-Setogawa plutonic 
rocks are highly consistent with the current 
petrogenetic model for the deep IBM crust. 
 
[1] Tamura et al. (2009) J. Petrol., 50, 685-723. [2] 
Tatsumi and Suzuki (2009) J. Petrol., 50, 1575-1603. 
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The Kyushu Island in southern Japan is located 

within very high potential area of the chemical 
weathering and suggested as an area showing the 
highest discharge potential of dissolved silicates and 
some cations within the Japanese Island arc. Based on 
dissolved ion concentrations information, many 
studies have reported that geochemically evolved 
(old) and un-evolved (young) groundwater have 
different chemical weathering stages. However, the 
knowledge of water-rock interaction time scale that 
requires for the transition of each secondary mineral 
is not sufficiently known in natural systems due to the 
lack of groundwater age information together with 
chemical weathering index.  

The objective of this work was to investigate the 
time scale of transitions of chemical weathering 
reactions in natural groundwater systems. In total of 
197 spring water samples were collected during 
2007-13 around Kirishima volcanic area, southern 
Kyushu Island (1700 m in altitude, average annual 
precipitation of 2600 mm/yr). These samples were 
analyzed for groundwater residence time and 
geochemistry to be compared. 

The geochemical features of spring water samples 
with geological information of this area suggested 
that dominant reactant minerals are pyroxene and 
plagioclase. Precipitation minerals were also 
estimated using Geochemist’s workbench software. 
Then, kaolinite and smectite were deduced as major 
secondary minerals precipitating from the system. In 
order to verify the water-rock interaction occured in 
the system, stoichiometry calculation was attempted 
on measured dissolved ions. Estimated concentration 
from weathering equation was plotted against 
measured concentrations of dissolved ions and found, 
the samples which are indicating of smectite 
precipitation has longer residence time compare to 
those samples indicating of kaolinite precipitation. 

Our observation suggest that at least 20 years of 
interaction is needed for the alteration of precipitation 
reaction from kaolinite to the smectite. 
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The Okuoku-hachikuro (OHK) hot spiring in 

Akita Prefecture, northeastern Japan has iron and 
carbonate rich water and sediments. At the spring, 
iron and carbonate deposits exhibit sub-millimeter 
lamination textures resembling banded iron 
formations [1]. Iron-rich deposits are commonly 
thought to be formed by microbial activity  in various 
marine and fresh water environments [2, 3, 4]. In this 
study, we report our preliminary data about biomass 
distributions different sites along the hot spring fluid 
flow. Surprisingly, the majority of cells are at depth, 
implying redox or nutritional gradients drive specific 
niches (Fig. 1) and almost all microbes are observed 
on the mineral particles. In the hot spring, we 
hypothesize there is a ferrous iron fueled ecosystem 
at depth which cannot exist on the surface because 
ferrous iron is depleted by microbial oxidation and 
also with O2.  

Fig. 1. The number of cells from different sites along 
the hot spring fluid flow. Place 1 is the hot spring 
source. Place 2 is the surface at the edge of source 
pool. Place 3 is the surface in low flow and Place 4 is 
flowing site. Place 5 is a terminal small pool. 

 
[1] TAKASHIMA, C., OKUMURA, T., NISHIDA, 
S., KOIKE, H. and KANO, A. (2011),  Island Arc, 
20: 294–304. [2] Widdel F., Schnell S., Heising S., 
Ehrenreich A., Assmus B. & Schink B. 1993.  Nature 
362, 834–6. [3] Kennedy C. B., Scott S. D. & Ferris 
F. G. 2003.  Geomicrobiology Journal 20, 199–214. 
[4] Kappler A. & Newman D. K. 2004.  Geochimica 
et Cosmochimica Acta 68, 1217–26. 
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The apparent diffusion coefficients of oxyanions 
such as selenite, selenate, molybdeate and iodate in 
Japanese bentonites were investigated in various 
salinity, because the waste including a great deal of 
salinity occurred by Fukushima dai-ichi accident.  

The apparent diffusion coefficients of oxyanions 
tended to decrease with increase of dry density and 
content of montmorillonite of bentonite and be 
increased by the salinity. This is explained by a 
change in porosity as diffusion path. Furthermore, 
effective porosity for diffusion becomes small by 
anion exclusion of the negatively charged 
montmorillonite. Anion accessible porosity was 
calculated by left out the interlayer porosity [1]. The 
apparent diffusion coefficients of oxyanions are 
plotted as a function of anion accesible porosity in 
figure below. The apparent diffusion coefficient 
would be explained by Archie’s law [2] and is 
proportional to exponentiation of anion accesible 
porosity. Selenite has larger apparent diffusion 
coefficient than those of other anions  becouse the 
stokes radius of selenite is larger than others. 

10
-13

10
-12

10
-11

10
-10

10
-9

0.01 0.1 1

D
a (

m
2
/s

)

Anion accesible porosity (-)

●         ● :    SeO32-

▼         ▼ :    IO3-

◆         ◆ :    MoO42-
■         ■ :    SeO42-

>0.5 M   <0.1 M

 
Figure 1: Apparent diffusion coefficients of 

oxyanions as a function of anion accesible porosity. 
 

[1] Idemitsu et al. (2015) Progress in Nuclear Energy 
doi:10.1016. [2] Archie (1942) Trans. Am. Mech. 
Eng. 146, 54-67. [4]  
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The polymorphs of Al2SiO5 including sillimanite 
is very important for geologists as indicators of the 
pressure and the temperature in metamorphic rocks. 
Moreover, it is well known that sillimanite heated at 
high temperature transform to mullite Al2 [Al2+2x Si2-

2x] O10-x (x = 0.17 – 0.59) [1,2], but the transformation 
to mullite (which is called as mullitization) from 
sillimanite has not been well revealed in detail and 
the mullitization temperature Tc is even not well 
determined. The main experimental problem is that it 
is difficult to distinguish sillimanite and mullite by X-
ray diffraction (XRD) experiment because each unit 
cell parameters are very similar. Therefore, we 
carried out high resolution synchrotron XRD 
experiment (BL-4B2 in PF, KEK) and transmission 
electron microscope (TEM, JEOL JEM-2100F) 
observation for annealed sillimanite, to reveal the 
behaviour of mullitization. 

As the result, the texture like anti-phase boundary 
(APB) with sub-micro order SiO2-rich glass, similar 
to the texture shown in previous study [3], were 
observed from the samples heated at various 
experimental conditions. The high resolution XRD 
pattern of these samples clearly showed mullite 
peaks. So, we interpreted that APB-like texture and 
glass inclusions are the texture of the early stage of 
mullitization. We made Time-Temperature-
Transformation diagram of mullitization by XRD 
patterns, and estimated the mullitization temperature 
Tc as about 1013˚C 
[1] Gyepesova & Durovic (1977) Silikaty, 2, 147-149 
[2] Tomba et al. (1999) Ceramic International, 25, 
245-252. [3] Holland & Carpenter (1986) Nature, 
320, 151-153. 
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The present authors have carried out field 

observations for atmospheric re-suspension of the 
radioactive cesium (Cs) originated from the 
Fukushima Dai-ichi Nuclear Power Plant (FDNPP) 
accident in contaminated area in Fukushima 
prefecture (Namie) by the accident to assess the 
atmospheric effects.  

After ceasing the surge of the primary emission 
from the FDNPP site by the accident, so-called 
resuspension has continued from the contaminated 
area. As a result of the observation it was known that 
1) during summer Cs concentration increases in such 
typical Japanese village-vicinity mountain area and 
that 2) radioactive particles in summer seem to be 
dust from its appearance and their optical micrograph 
with a sort of our preconception. Whereace we 
realized, in the course of the research, that most of 
the particles collected on the filter were of biological 
origin from electron-microscopic analysis. 
Considering the known fact that true fungi 
concentrate Cs due to misidentifying Cs as 
potassium, we hypothesize that the fungal spore 
could be the major contributing host particle for Cs 
resuspension. 

So, we have carried out preliminary observations 
at the Namie site during summer and winter for the 
possible bioaerosol detections by using the 
fluoresence microscopy and DNA analysis. In this 
presentation, we will show the results for the 
bioaerosol number concentrations by fluoresence 
microscopic counting and predominant species by the 
DNA analysis.  

The Cs resuspension through the terrestrial 
ecosystemic cycle could be possible, for instance, in 
the case of cedar pollen. However, bio-resuspension 
related to the fungal spore or related bioaerosol 
emission is a quite novle hypothesis. The hypothesis 
is under tests by observations as well as model 
simulations through budget analysis, etc., which 
could contribute better understanding of 
anthropogenic Cs behavior in the terrestrial 
environment. 
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Both evaporation rate and temperature were 

estimated from δD and δ18O values of water before 
and after evaporation in laboratory evaporation test 
under uniform temperature condition. Temperature 
during evaporation process was calculated by the 
following equation.   

(δDae – δDbe – 51.3) / (δ18Oae - δ18Obe -7.52) 
= -0.064×temperature + 7.45      
δDae: δD value of water after evaporation, δDbe: 

δD value of water before evaporation,  δ18Oae: δ18O 
value of water after evaporation, δ18Obe: δ18O value 
of water before evaporation.  

The relation between evaporation rate and 
hydrogen or oxygen stable isotopic ratio changed 
with temperature during evaporation process. Then, 
under each temperature condition, evaporation rate 
was calculated from hydrogen or oxygen stable 
isotopic ratio by the following equations. 

20℃：Evaporation rate = 1.32(δDae – δDbe) + 
10.96  

Evaporation rate =9.90 (δ18Oae - δ18Obe) – 16.36 
25℃：Evaporation rate = 0.60(δDae – δDbe) 

+15.19 
Evaporation rate = 3.66(δ18Oae - δ18Obe) + 10.63 
30℃：Evaporation rate = 0.45(δDae – δDbe) + 

21.62 
Evaporation rate = 2.50(δ18Oae - δ18Obe) + 17.98 
35℃：Evaporation rate =1.16(δDae – δDbe) + 

3.15  
Evaporation rate = 5.81(δ18Oae - δ18Obe) + 6.47 
40℃：Evaporation rate = 0.67(δDae – δDbe) + 

20.93  
Evaporation rate = 3.38(δ18Oae - δ18Obe) + 20.07 
50℃：Evaporation rate = 0.83(δDae – δDbe) + 

3.62  
Evaporation rate = 4.21(δ18Oae - δ18Obe) + 0.77 
However, these relations were stable under low 

humid condition but unstable under high humid 
condition because isotope effect for evaporation 
process is influenced by isotopic ratio of vapor and 
then under high humidity condition, the effect of 
vapor is eager to be strong. 
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 Oxygen isotope compositions of phosphate 
(δ18OP) have been recently used as inorganic 
biomarker, paleothermometer, or tracer of phosphate 
in the environment. Various studies have applied this 
tool to analyses of natural samples. Previous studies 
used several precipitation steps (MAGIC: Mg-
induced coprecipitation, APM: NH4 
phosphomolybdate, MAP: Mg ammonium phosphate, 
or CePO4) followed by ion exchange to isolate 
phosphate. However, there exist serious analytical 
problems; (1) time-consuming phosphate-isolating 
steps, (2) unknown removal efficiency of interfering 
elements and (3) degree of isotope fractionation 
during separating procedures.  

  This study overcame these problems by 
simplifying the conventional procedure to just 3 
steps; MAGIC, cation and anion exchange, and by 
investigating phosphate recovery, removal efficiency 
of interfering elements, and isotope fractionation on 
each step to quantitatively assure a newly developed 
separating method. Phosphate was finally precipitated 
as Ag3PO4 for δ18OP analysis by TC/EA-irMS. 

  Recovery and removal were almost 100%. 
Isotope fractionations were small during MAGIC and 
Ag3PO4 precipitation (max. 3.99‰ and 1.62‰, 
respectively). However, large fractionations occur 
during anion exchange (13.95‰), which are best 
explained by Rayleigh distillation-like, irreversible 
anion exchange reaction by column chromatography. 
The 13.95‰ fractionation was the largest in non-
biological reactions ever published, and comparable 
to that during biological reactions. These results 
further underscore, for precise oxygen isotope 
analysis of phosphate, the importance of perfect 
phosphate recovery (ensured in this study) especially 
during anion exchange. Further studies of δ18OP 
analysis of natural samples are expected with this 
newly developed method. 
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The Role of geofluids on geodynamics and 

earthquake generation has long been investigated. It 
is well known that high pore pressure can reduce the 
strength of seismogenic faults, and that strain rates 
increase with high water contents within ductile faults 
below the seismogenic layer. Furthermore, it is 
thought that these phenomena are originally related to 
geofluids upwelling from subducting oceanic plates. 
The physical and/or chemical processes concerning 
these phenomena are clear, however, direct evidence 
about them in the real crust has been rarely obtained 
until now. For example, high pore pressures have not 
been measured directly in the fault zone, and low 
velocity or low resistivity anomalies of a fault width 
scale have not estimated in the lower crust. 

 In this study, in order to clarify geofluid paths 
from mantle to seismogenic faults and its role on 
earthquake generation, we estimated detailed crustal 
structures mainly by an S-wave reflection analysis 
using waveforms of natural earthquakes. Since we 
used the data from the dense seismic network 
operated by the “manten” project, we estimated 
relative reflection strengths with a very fine scale of 
1.5km in the lower crust.  

It is found that near the Moho discontinuity, 
regions of high reflection strengths are limited at 
several sites in a region of about 50km x 50km in the 
central to northern Kinki district in Japan. Further, it 
is found that low frequency earthquakes (LFE) occur 
near most of those regions near the Moho 
discontinuity, and that high reflectivity regions 
extend from those locations of LFE to the 
seismogenic fault. These results suggest that fluid 
paths are limited from mantle to crust and that low 
frequency earthquakes can be an index of these fluid 
paths. 
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Silicate melt is a complex network liquid 

composed of SiOn (n=4-6) polyhedra with other 
elements such as silicon, oxygen, aluminum, alkalis, 
magnesium, iron etc. Knowing its physical properties 
is of great importance in understanding geophysical 
processes in history of Earth, Moon and other 
terrestrial planets. Therefore its physical properties at 
low pressure have been theoretically studied with 
some success by using molecular dynamics 
simulation with empirical force fields. However, 
empirical force fields often fail to describe the 
behavior of silicate melts at high pressure, where only 
few experimental data are available for fitting 
potential parameters. First principle molecular 
dynamics simulation is expected to play an important 
role in studying silicate melts, such as magma 
ocean[1], in a wide range of temperature and pressure 
condition. 

It is well known that diffusivity and viscosity of 
silicate melts calculated with empirical force fields 
much more strongly depend on the size of the 
simulation cell than those of liquid water[2-4].  Only 
model silicate melt with simple stoichiometry in a 
small simulation cell can be investigated with first 
principles simulation due to its huge computational 
cost. Then questions arise: How large simulation cell 
and how long simulation time are needed for the 
convergent results of the transport properties? How is 
it possible to extrapolate the results for a small cell to 
obtain the results for an infinite cell? What is the 
physics behind the size dependence? How large 
simulation cell and how long simulation time can be 
achieved with conventional and order-N first 
principles simulations? How can we construct 
empirical force fields from first principle simulation 
data? I will discuss these questions.  
 
[1] B.B. Karki et al. (2010) Science 328, 740. 
[2] Y. Zhang et al. (2004) J. Phys. Condens. Matter 
16, 9127. 
[3] J. Horbach et al. (2006) Phys. Rev. E 54, R5897. 
[4] I.C. Yeh et al. (2004) J. Phys. Chem. B 108, 
15873. 
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Eucrites represent basaltic crust that underwent a 
complex thermal history involving magmatism, 
metamorphism and metasomatism, probably on 
Vesta. To set chronological constraints on these 
thermal events, we have conducted U–Pb dating for 
pyroxene as well as plagioclase of four eucrites: 
Agoult, an unbrecciated granulitic eucrite [1]; Camel 
Donga, a brecciated eucrite [2]; DAG 380, a weakly 
shocked eucrite; NWA 049, a metasomatized eucrite 
[3]. We are still in the process of analysis for 
plagioclase of Camel Donga, DAG 380 and NWA 
049. 

The model 207Pb/206Pb ages of the analyzed 
fractions range from 4532 to 4435 Ma, in general 
agreement with the results of previous eucrite U–Pb 
dating [4,5]. The oldest model ages were obtained 
from pyroxene fractions of Agoult and DAG 380 and 
plagioclase fractions of Agoult. The Agoult 
plagioclase fractions yielded a consistent isochron 
207Pb/206Pb age of 4532.4 ± 0.9 Ma, while pyroxene 
fractions of all studied eucrites do not define precise 
isochrons. The isochron and model 207Pb/206Pb ages 
are distinctly younger than a 207Pb/206Pb age of 
4554.5 ± 2.0 Ma for Agoult zircon which was 
interpreted as the timing of prolonged high-T 
metamorphism [6]. Considering that Agoult 
underwent an rapid heating event subsequent to high-
T metamorphism [1], we intepret the placioclase and 
pyroxene ages as reflecting that rapid heating event. 
Notably, an identical 207Pb/206Pb age of 4531 ± 10 Ma 
was reported for Camel Donga zircon [7], whereas 
Camel Donga pyroxene and plagioclase yielded 
model 207Pb/206Pb ages of ca. 4510 Ma. This implies 
that the 4532 Ma heating event caused zircon U–Pb 
age resetting only in brecciated eucrites and that a 
thermal event at ca. 4511 Ma further led to Pb isotope 
disturbance in their pyroxene and plagioclase. The 
youngest model ages of ~4435 Ma were obtained 
from pyroxene fractions of NWA 049. Since this 
meteorite exhibits evidence of metasomatism [3], the 
ages would appoximate the timing of fluid-rock 
interactions on Vesta. 
 [1] Yamaguchi et al. (2009) GCA 73, 7162. [2] 
Palme et al. (1988) Meteoritics 23, 49. [3] Barrat et 
al. (2011) GCA 75, 3839. [4] Manhes et al. (1984) 
GCA 48, 2247. [5] Tera et al. (1997) GCA 61, 1713. 
[6] Iizuka et al. (2015) EPSL 409, 182. [7] Zhou et al. 
(2013) GCA 110, 152. 



Goldschmidt Conference Abstracts 

 

1239 

Past antholopogenic aerosols 
preserved in ice core of south-

east dome, Greenland 
YOSHINORI IIZUKA1, HIROSHI OHNO2, SUMITO 

MATOBA3 
1 Institute of Low Temperature Science, Hokkaido 

University, Sapporo, Japan; 
iizuka@lowtem.hokudai.ac.jp 

2 Kitami Institute of Technology, Kitami, Japan; 
h_ohno@mail.kitami-it.ac.jp 

3 Institute of Low Temperature Science, Hokkaido 
University, Sapporo, Japan; 
matoba@lowtem.hokudai.ac.jp 

 
We conducted ice core drilling on the 

southeastern Greenland Ice Sheet on May 2015 to 
reconstruct concentrations and compositions of 
anthropogenic aerosols after the industrial revolution. 
We obtained a 90m long ice core with an electrical 
mechanical drill developed by the Institute of Low 
Temperature Science, Hokkaido University. The ice 
cores were packed in plastic bags and stored in 
insulation boxes, and transported at frozen condition 
to the Institute.   

The core has unique characteristics that; 1) The 
drilling position is N67˚11 ́, W36 ˚22 ́, and 3170 m asl, 
where is one of the highest domes on Greenlandic ice 
sheet; 2) very high accumulation region (ca. 1.0 m/y 
in water equivalent), and the depth at 90 m is 
corresponding to about AD 1950-1960; 3) close-off 
depth from firn to ice is about 86 m, which means we 
obtained ice not but firn including antholopogenic 
aerosols in spite of a Greenlandic dome more than 
3000 m asl.; 4) weather is controlled by Icelandic 
Low with high winter accumulation, and the ice core 
preserved anthropogenic materials mainly from 
Europe.  

For the unique characteristics 3), we can measure 
directory the compositions of past aerosols in ice by 
Raman spectroscopy, and also we can measure 
concentrations and compositions of many past 
soluble aerosols by using the sublimation method, 
which is developed by authors. We will present the 
concentrations and compositions of anthropogenic 
aerosols in the ice core. 
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Submarine mud volcanoes act as “natural 

pipelines” that transport deep hydrocarbons, 
including methane, to the overlying hydrosphere and 
atmosphere. In 2012, we explored one of the active 
submarine mud-volcanoes in the Kumano forearc 
basin of the Nankai Trough, off the Kii Peninsula of 
Japan using the deep-sea drilling vessel Chikyu 
(33˚67.581N, 136˚56.8085E, 1986.7 m in water 
depth).  Gas samples were recovred from sediment 
core samples drilled down to 200 m below the 
summit  using a hydraulic piston-coring system and a 
gas-tight hybrid-pressure coring system (Hybrid-
PCS).    

Relatively high C1/C2 ratios (670±390) in the 
headspace gas suggest the contribution of 
biologically produced methane. The average δ13C 
value of methane (–34.3±2.3‰) is within the typical 
range of thermogenic methane. In contrast, the 
hydrogen isotopic compositions of methane (–
181±2‰) as well as the magnitude of 13C-isotopic 
difference between DIC and methane (73.9±3.5‰) 
are fully consistent with substantial contribution of 
methane from hydrogenotrophic methanogenesis. The 
abundance of 13CH3D, a multiply substituted 
“clumped” isotopologue, in two Hybrid-PCS samples 
obtained from 6.5 m and 61.5 m below seafloor, 
indicates apparent equilibrium temperatures 
(Δ13CH3D temperatures) of ca. 29˚C and 31˚C, 
respectively. Assuming two endmember mixing of 
biogenic and thermogenic methane, we estimated that 
as much as 90% of methane was microbially 
produced at 17–30˚C. Combining these constraints 
with the in-situ temperature profile (29˚C km–1), we 
estimate the depth of mud pools from which methane 
was sourced to be around 400–1,000 m below 
seafloor. Our results indicate that microbial activity 
in the deep mud-volcano biosphere strongly impacts 
on the biogeochemical carbon cycle in the Nankai 
accretionary complex. 
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At this conference, we would like to introduce 

our recent publication, Ikawa et al., 2015 Agricultural 
and Forest Meteorology conducted at the flux site 
(US-Prr) located in 
interiorAlaska:http://audioslides.elsevier.com//Viewe
rSmall.aspx?source=1&doi=10.1016/j.agrformet.201
5.08.247. An open black spruce forest, the most 
common ecosystem in interior Alaska, is 
characterized by patchy canopy gaps where the forest 
understory is exposed. This study measured CO2, 
sensible heat, and latent heat fluxes with eddy 
covariance (EC) in one of those large canopy gaps, 
and estimated understory fluxes in a black spruce 
forest in 2011 – 2014. Then understory fluxes and 
ecosystem fluxes were compared. The understory 
fluxes during the snow-free seasons were determined 
by two approaches. The first approach determined 
understory fluxes as the fluxes from the canopy gap, 
assuming that fluxes under the canopy crown also 
had the same magnitude as the canopy gap fluxes. 
The second approach determined the understory 
fluxes by scaling canopy gap fluxes with a canopy 
gap fraction, assuming that only canopy gaps, which 
mostly constitutes the forest floor, contribute to 
fluxes. The true understory fluxes would be in 
between these two estimates. Overall, the understory 
accounted for 53 (39 – 66) %, 61 (45 – 77) %, 63 (45 
– 80) %, 73 (56 – 90) %, and 79 (59 – 98) % of the 
total net ecosystem productivity (NEP), gross primary 
productivity (GPP), ecosystem respiration (RE), 
sensible heat flux (H), and latent heat flux (LE), 
respectively. The ratio of understory NEP (NEPU) to 
the ecosystem NEP (NEPE) and similarly calculated 
LEU/LEE during the daytime increased with vapor 
pressure deficit (VPD) at low VPD conditions (~ 
2000 Pa) at half-hourly temporal scale. At high VPD 
conditions, however, NEPU/NEPE decreased with 
VPD, whereas LEU/LEE was maintained at the high 
level even at high VPD conditions. Despite large 
ranges of the estimates for the understory 
contributions, we conclude that the understory plays 
an important role in the carbon and energy balances 
of the black spruce ecosystem, and their contribution 
highly depends on the level of VPD.  
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In geothermal power plants, silica in brines 

precipitates as scale in pipes and injection wells and 
decreases the amount of injecting brine. A pH 
adjustment method has been applied to prevent the 
silica scaling so far, but this method can not 
completely prohibit the scaling. There is a problem 
that added sulfate for the pH adjustment promotes 
anhydrite (CaSO4) precipitation in production wells.  

The purpose of this study is to develop a new 
method to prevent silica scale with chemical reagents. 
We examined nine organic inhibitors by passing brine 
with the reagent through columns. The brine used in 
this study is taken from well SC-4 under an 
atmospheric pressure (pH:6.48, Cl:1,100mg/L, 
SiO2:980 mg/L) at Sumikawa geothermal power plant 
(50MW), Akita, Japan. The intermal diameter and 
length of the column in our experiments are 15mm 
and 40cm, respectively. A teflon pipes is set in the 
column and filled with glass beads with a diameter of 
1mm. The mixed geothermal brine (1L/min) and 
inhibitor solution (2, 10, and 25mg/L) were passed 
through the column for 4 days. The flow rates , pH 
and EC were monitored. 

The flow rates of brines in all columns decreased 
with time, whereas those of the brine without addition 
of any inhibitors quickly decreased up to 0 L/min 
within 3 days. The results indicate that the cationic 
inhibitors showed an aggregation effect of silica in 
brines and the inhibitor concentration is critical to 
control the silica precipitation. The best concentration 
for the prohibition of silica scaling in this study is 
2mg/L. This inhibitor can reduce by 10 to 20% of the 
silica precipitation rates compared to no addition test 
into the brine. Therefore, we concluded that the 
effective inhibitor condition is 1) anionic inhibitor 
and 2) the low concentration. 
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The growing need for nickel (Ni) in industry 

implies increasing mining and subsequent release in 
surrounding environments. In tropical areas, Ni 
mining mainly concerns lateritic ores that are often 
connected with coastal ecosystems such as 
mangroves. In the anoxic sediments of these 
mangroves, Fe-(hydr)oxides are dissolved by iron-
reducing bacteria (IRB) while sulfates/thiosulfates are 
reduced by sulfate/thiosulfate-reducing bacteria 
(SRB), leading to aqueous Fe(II) and H2S that further 
react to precipitate Fe-sulfides (Canfield et al., 1992; 
Rickard & Luther, 2007; Otero et al., 2009). Since 
these Fe-sulfides can have a strong affinity for a large 
set of trace metals (Jong & Parry, 2004; Kwon et al., 
2015), evaluating their actual role in the 
biogeochgemistry of Ni in mangrove sediments that 
receive increasing inputs from mining activitiy is an 
important issue.   

In the present study, we investigated the behavior 
of Ni upon Fe-sulfides formation during laboratory 
experiments performed with Desulfovibrio capillatus, 
a thiosulfate-reducing strain, in the presence of 
soluble Fe(III)-citrate and thiosulfates. XRD and Fe 
K-edge EXAFS results indicate that biogenic 
mackinawite (FeS1-x) is the end-product mineral and 
Ni K-edge EXAFS results show that Ni is structurally 
incorporated in this biogenic mackinawite through 
substitution with Fe. In addition, comparison between 
Ni and Ni-free experiments indicates that the growth 
kinetic of mackinawite particles is significantly 
accelerated when Ni occurs in the starting solution. 
Regarding the large amounts of Ni incorporated in 
mackinawite (i.e. up to 98% of initial Ni), these 
results emphasize the strong sequestering capacity of 
this biogenic Fe-sulfide toward Ni in mangrove 
sediments. Finally, they also indicate that this 
sequestering capacity can be driven by thiosulfate-
reducing bacteria activity. 

 
Canfield et al. (1992) Am. J. Sci., 292, 659-683; 
Otero et al. (2009) Geoderma, 148, 318-335; Rickard 
& Luther (2007) Chem. Rev., 107, 514-562; Jong & 
Parry (2004) JCIS, 275, 61-71; Kwon et al. (2015) 
Am. Min., 100, 1509-1517. 
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Elevated Mo contents in marine sediments are 

indicative of deposition from an anoxic and sulfide-
rich (euxinic) water-column and sediments deposited 
under these conditions constitute major sinks for a 
range of transition metals (including molybdenum), 
both in modern and ancient oceans [1]. This can be 
used for tracing past euxinic conditions in marine 
sedimentary archives. Molybdenum content was 
analysed in Holocene marine sediment cores (1 to 10 
m) of shallow Adriatic Shelf along the Eastern 
Adriatic coast. Mo enrichment and hence euxinic 
depositional conditions appear in karst depressions 
during flooding of brackish marsh/lake enviroments 
by sea water. The Mo accumulation occurs during 
early phases of flooding when restricted circulation 
and anaerobic conditions prevail. In submerged 
depressions, Jaz and Sonte on the Island of Cres, high 
values of Mo (>30 mg/kg) appear at different depths 
depending on the timinig of the sea flooding. Pirovac 
and Morinje Bay in central Adriatic show higher 
values (12 and 21 mg/kg) at 300 and 60 cm, after the 
sea level rise and Holocene transgression in the bay. 
In the southern Adriatic, on the Island of Mljet, the 
core from Stupa depression represents sediment 
sequence from lake to marine sediments where the 
highest Mo peak appear (120 mg/kg). In contrast, 
Caska Bay on the Island of Pag, Novigrad and Karin 
Sea and Modric Bay have low Mo concentrations in 
the whole marine sediment core (~1 to 4 mg/kg). The 
accumulation of these Holocene marine sediments 
occured in shelves. Molybdenum enrichment in 
investigated Holocene marine sediments occured in 
isolated or silled basins during initial sea flooding, 
while oxigenated shelves deposited considerably less 
Mo. 

 
[1] Calvet, S.E. & Pederson, T.F. (1993) Marine  

Geology 113, 67-88.  
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The influence of pesticides (glyphosate, 

aminomethylphosphonic acid (AMPA) and 2.4-D) on 
the surface charge and aggregation of pure TiO2 
nanoparticles (NP; 5-30 nm; anatase and rutile) have 
been investigated in modeled water solutions. The 
dependence of the surface charge and the size 
distribution at upon the various factors (including 
surface chemistry of NP and pesticides, presence of 
mono- (Na+) and bi-valent (Ca2+) cations, pH value, 
and ionic strength (IS) of an aqueous solution) has 
been studied.  

The presence of glyphosate (5µg/L) affects rutile 
TiO2 NP (5 mg/L) stabilization in NaCl solution of 
IS=10-4M - 10-3M (>CCC) and in CaCl2 solution of IS 
=10-4M (>CCC) with pH=5 near the pH point of zero 
charge (PZC) (pHPZC=4.5). With adding of the 
glyphosate no changes in NP aggregation were 
observed in very high (IS= 10-1M) ionic strength 
solutions for rutile NP and in all studied conditions 
for anatase NP. No significant changes in NP 
aggregation were observed in the presence of AMPA 
and 2.4-D. Compared to mono-valent cations, bi-
valent cations favored an increase in zeta potential at 
pH8 and no changes at pH5. These results show new 
evidences of the role of pesticides on the NP mobility 
in aquatic environments. 
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The olivines and silphides in the deformed 
perodotites (the most enrichment rocks) and olivines 
in the dunites (the most depleted rocks) from the 
Udachnaya pipe have been analyzed for PGE by 
isotope dilution. Olivines from dunites and deformed 
peridotite show high PGE concentrations as well as 
ones from the depleted harzburgites of the Lherz 
massif (Fig. 1). But the PGE distribution of these two 
rock types is different. While PGE concentration in 
pure olivine megakryst from kimberlite four-five 
order lower than in rocks above and the pattern shape 
have another character. 

 
Figure 1: The PGE distribution in minerals from 

peridotites.  
We assume that the silphides are the main host 

mineral of PGE in our rocks [2]. Chondrite 
normalized PGE concentrations in the sulphides are 
three orders higher than that in the deformed 
peridotites whole-rock (Fig. 1). But the pattern shape 
is similar. We propose that these sulphides are 
probably the result of submicron sulphide phases 
skimping in the interstices of mantle rocks on the last 
stage the deformed peridotites evolution. Because 
olivine PGE concentration and the sulphide ones are 
approximately the same it is thought to be that 
olivines had micro-inclusions of the sulphides (Fig. 
1). 

[1] Luguet et al (2007) Geoch. et. Cosmoch. Acta 
71, 3082-3097. [2] Alard et al (2000) Nature 407, 
891-894. 
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Ulleung Island is the largest volcanic island 

located in the northern part of the Ulleung Basin of 
the East Sea, Korea. The volcanic activity of 
subaerial Ulleung Island took place during the period 
ranging from late Pliocene to Holocene [1, 2]. The 
black glass locally occurs at the southwestern part of 
Ulleung Island, belonging to the upper trachytic rock 
with trace agglomerate of Seonginbong Group, the 
upper strata of Ulleung volcano [3]. The 
mineralogical and morphological characteristics 
including chemical composition and micro-texture of 
glass were examined by optical microscope, XRD, 
XRF, FT-IR, EPMA and thermal (DSC-TG) analyses.  

The fracture patterns of glass that formed by the 
rapid cooling of trachytic lava show subrounded and 
oval, bounded by cooling joints to form globule or 
lump. It contains some phenocrysts such as 
sanidine, plagioclase, diopside, biotite, chlorite and 
Fe-Ti oxides, etc. The glass cluster have fiamme-
like texture and preferred orientation with mafic 
phenocrysts. The glass samples are mostly 
amorphous and the major element compositions of 
bulk samples are in the range of 61.85-62.30 wt % 
for SiO2, 17.70-17.86 wt % for Al2O3, 0.30-0.36 wt 
% for MgO,  13.00-13.28 wt % for Na2O+K2O, and 
0.11-0.12 wt % for P2O5, belonging to trachytic 
composition. SiO2 and Al2O3 contents of pure 
glasses based on EPMA are higher than those of 
bulk samples, whereas Na2O+K2O and P2O5 
contents are less than those of bulk samples. FT-IR 
and thermal analysis show relatively small 
hydration degree. Its mineralogical and petrological 
results show intermediate characteristic between 
obsidian and tachylite.  

Analytical results of black glass materials will 
lead to a better understanding of cooling process of 
trachytic lava under subaqueous conditions (at least 
saturated with seawater).  

 
[1] Kim et al (1999) Geochemical Journal 33, 317-
341. [2] Kim et al (2014) Bulletin of Volcanology 
76(4), 1-26. [3] Hwang et al (2012) KIGAM. Report, 
84p.  
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We report here a pressure- and temperature-

driven transformation to sequester environmentally 
toxic cations such as Cesium (Cs+) and Lead (Pb2+). 
Ag-exchanged natrolite and Pb-exchanged natrolite 
are pressurized in an aqueous CsI solution and pure 
water as a pressure-transmitting medium (PTM), 
respectively. Ag-NAT with CsI solution PTM results 
in the exchange of Ag+ by Cs+ in the natrolite 
framework forming Cs-NAT-I and, above 0.5 GPa, 
its high-pressure polymorph (Cs-NAT-II). During the 
initial cation exchage, the precipitation of AgI 
Occurs. Additional pressure and heat at 2 GPa and 
160 °C transforms Cs-NAT-II to a pollucite-related, 
highly dense, and water-free triclinic phase. At 
ambient temperature after pressure release, the Cs 
remains sequestered in a monoclinic pollucite phase 
at close to 40 wt% and favorably low Cs leaching rate 
under back-exchange conditions [1]. In the case of 
Pb-NAT in pure water PTM, four high-pressure 
polymorphs of natrolite (Pb-NAT-I, II, II′, III) and 
one reconstructive transformation are through the 
pressure-induced hydration (PIH). Heating at 200 °C 
and 4.5 GPa, leads to a denser lawsonite phase with 
orhorhombic space group which is recovered after 
pressure release. The recovered lawsonite phase has 
much stable Pb coordination environment in the 
natolite channel compared to that in the original Pb-
NAT and its high-pressure polymorphs [2]. The 
structures of the recovered Cs- and Pb-sequestered 
phases are confirmed by HAADF-STEM real spacing 
imaging. 
 
[1] Im et al. (2015) Environ. Sci, Technol 49, 513-
519. [2] Im et al. (2016) Dalton Trans 45, 1622-1630 
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During the Integrated Ocean Drilling Program 

(IODP) Expedition 337, we successfully enriched a 
methanogenic microbial community from 2 km-deep 
lignite coalbed samples using a down-flow hanging 
sponge (DHS) reactor [1, 2]. During the DHS reactor 
operation for 932 days at near the in-situ temperature 
of 40°C, we observed a continuous methane 
production since the 7th day, even without adding 
any organic substrates in the seawater-based medium 
after 721 days. The carbon isotopic composition of 
methane gradually decreased with the operational 
time from -42.9‰ to -94.0‰, suggesting the 
significant contribution of microbial methanogenesis. 
Interestingly, the effluent contained acetate (up to 0.6 
mM), which is most likely a major end-product of the 
heterotrophic microbial activity. Electron 
microscopic observation of the lignite particles 
showed that remarkably abundant and 
morphologically diverse microbial cells tightly 
attached to the particles. 16S rRNA gene-tag 
sequence analysis revealed that archaeal community 
was consisted mainly of a hydrogenotrophic CO2-
reducing methanogen related to Methanobacterium, 
whereas no aceticlastic methanogens were detected. 
Bacterial community was predominated by the 
members within Firmicutes and 
Gammaproteobacteria. These data suggest that the 
enriched microbial community represents a 
heterotrophic microbial ecosystem that largely relies 
on coaly organic matter, and its activity produces 
both acetate and methane via the degradation of 
lignite. On-going efforts on metagenomic and 
metatranscriptomic analyses will reveal genetic and 
functional networks of the 2 km-deep microbial 
community, as well as the comparative genomics of 
isolates obtained from the methanogenic community. 

 
 [1] Imachi et al. (2011) ISME J., 5, 1913-1925. [2] 
Inagaki et al. (2015) Science, 349, 420-424. 
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Methane hydrate is ice like lattice composing 
huge amount of methane. Methane hydrate in Japan 
sea are known as shallow gas (methane) hydrate. 
From the isotopic fractionation effect, it is possible to 
define methane as biogenically (microbially) 
produced or thermogenically produced. The 
methanogenic archaea are said to be responsible for 
the methane production in the deep subsurface 
sediments. But it is still unclear how strong they are 
contributing to the production. On the other hands, it 
is also known that those hydrate bearing areas has 
specific structures on the subsurface sediments, such 
as bacteria mats. The formation of bacteria mats in 
the methane rich area has relationship with 
methanotrophic archaea (ANMEs), and also reported 
that these mats has specific community structure of 
ANMEs. 

In order to know the relationship between methane 
hydrate or specific structures of subseafloor and 
methanogenic or methanotrophic archaea, we need to 
isolate or to analyze community structure of these 
archaea. In this study, we used samples from 
environment assessment cruise. We sampled the 
sediments by MBARI push corers, where we 
observed specific structures. We also collected the 
reference sediments, where no specific structures 
were observed, for the comparison. The cultivation 
and community analysis were carried out using the 
samples previously described. We succesufully 
isolated methanogenic archaea from the sediment. 
The results of community analysis showed that the 
sediment beneath bacteria mat has diverse 
community from the reference sediment. 

 
This study was conducted as a part of the shallow 

methane hydrate exploration project of METI. 
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Torfajökull is the largest silicic centre in Iceland. 

Situated in the south east, it intersects the southern tip 
of the Veiðivötn fissure swarm[1]. Previous whole 
rock studies have identified mixing between rhyolitic 
and basaltic products[2]. This could represent 
interaction between hot basaltic melt and solid 
rhyolite or intrusion of basaltic melt into a rhyolitic 
magma chamber. If it is the latter it could have major 
implications for eruption trigger mechanisms at 
Torfajökull. 

We have undertaken textural, CSD and chemical 
analysis on crystals hosted in lavas ranging from 
basalt to rhyolite. All samples show a range of 
microtextures observed in both plagioclase and 
clinopyroxene crystals which, alongside CSD 
analyses that indicate at least two different 
plagioclase populations, suggests evolution through 
open system processes. LA-ICP-MS of clinopyroxene 
and plagioclase crystals from a single lava show 
clinopyroxene compositions to vary within a narrow 
range (Mg#~72-82) whilst plagioclase shows 
significant variation in core An% (38-80), indicating 
multiple populations, and exhibits both reverse and 
normal zoning. P-T conditions calculated using the 
equations of Putirka[3] and an estimated equilibrium 
melt composition show that different populations 
crystallised at different conditions. δ18O crustal data 
will be used as additional evidence for distinguishing 
between melt mixing and crystal contamination.  

This insitu data is being used to test a simple 
numerical forward model that combines published 
equations for calculating crystal growth rates and 
compositions with methods for assessing the effects 
of various petrogenetic processes on the host 
melt[3,4,5]. The model outputs a thin section style 
image that allows comparison with insitu chemical 
data and textural analysis.  

[1]Zellmer(2008)Earth Planet. Sci. Lett.269,388-
398 

[2]McGarvie(1990)J. Petrol. 31,461-481 
[3]Putirka(2008)Rev. Mineral. Geoche.69,61-120 
[4]DePaolo(1981)Earth Planet. Sci. Lett. 53,189-

202 
[5]Toramaru(1991)Contrib. Mineral. 

Petrol.108,106-117 
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The Precambrian Salma eclogite in Kola 

Peninsula, Russia is one of the oldest eclogites of the 
world, but there has been much debate about the 
timing of eclogite-facies metamorphism: Archean 
(2.72–2.70 Ga) or Paleoproterozoic (1.91–1.88 Ga). 
Microstructural observations, P-T analyses, zircon 
inclusion analyses, and U-Pb zircon dating in this 
study support the Paleoproterozoic eclogite facies 
metamorphism under the P–T condition of 16–18 
kbar and 740–770 °C at 1.89–1.88 Ga. The 1.89–1.88 
Ga sector, patched, and cloudy zoned zircons with 
pale grey CL include inclusions of garnet + 
omphacite + diopside + amphibole + quartz + rutile ± 
biotite, and they have the flat pattern of HREE due to 
the amounts of abundant garnet during the eclogite 
facies metamorphism. In contrast, the Archean 
metamorphic zircons (2.73–2.72 Ga) are unzoned 
grains with dark CL that contain inclusions of garnet 
+ amphibole + plagioclase + quartz + rutile ± biotite, 
and they are relatively enriched in HREE, indicating 
a first amphibolite facies metamorphic event at 2.73–
2.72 Ga. In the Paleoproterozoic period, the Salma 
eclogites may also undergo epidote–amphibolite or 
amphibolite facies prograde metamorphism. After the 
peak eclogite facies metamorphism, granulite facies 
metamorphism occurred during decompression stage 
from 18 kbar to 9–12 kbar, followed by amphibolite 
facies overprint of 8–10 kbar and 590–610 °C during 
cooling. Whole rock chemistry indicates that the 
Salma eclogite was originally tholeiitic basalt formed 
at the mid-ocean ridge. The 1.89–1.88 Ga eclogite 
facies metamorphism implies that the continent–
continent collision between the Kola and Karelian 
continents occurred during the Paleoproterozoic, 
rather than the Archean. This and previous studies 
imply that the deep subduction to form eclogite may 
have begun in the Paleoproterozoic. 
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Cesium-rich micro-particles (CsMPs) retain novel 
information on the molten core-concrete interaction 
(MCCI) that happened inside the Fukushima Daiichi 
Nuclear Power Plant (FDNPP). In order to elucidate 
the micron-scale processes of radionuclides release 
during the explosion, systematic micro-analyses were 
completed on the CsMP using a variety of electron 
microscopy techniques. 

CsMPs specimens were discovered from paddy 
soils in Okuma town and in atmospheric particulates 
collected at Suginami, Tokyo, by using 
autoradiography and SEM. Subsequent to gamma 
radioactivity measurement The CsMP was thinned by 
using a focused ion beam system. STEM was 
employed for nano-scale analysis.  

The size, 134Cs and 137Cs radioactivities were 
determined to be 0.58-5.3 μm, 0.273-145 Bq, 0.207-
134 Bq, respectively. All CsMPs were mainly 
composed of Si oxide associated with Fe, Cs, Zn, Sn, 
Rb, K, Mn, Cl and Pb. The Cs concentration ranges 
from 0.81-36 wt% as Cs2O. The electron diffraction 
pattern revealed diffused diffraction maxima, 
indicating the amorphous structure. Various 
nanoparticles were identified at the size of 2-40 nm; 
crystalline Ag2Se0.5S0.5, silver telluride and Sn metal 
nanoparticles, indicating that a part of volatile fission 
products such as Te and Se associated with Ag to 
form airborne nanoparticles. Numerous pores were 
present in the center, which is the evidence of 
entrapped CO2 and H2O sparged during MCCI. 
Surface and interior of the CsMPs exhibited unique 
texture of nanoparticles aggregation. Hence, 
condensation of SiO(g) proceeded by the immediate 
incorporation of soluble Cs already present as vapors 
and entrapment of airborne nanoparticles liberated 
from the debris as the particle grew. Still, the CsMP 
is another important route of dispersion of the low-
volatile radionuclides to the surrounding 
environment. 
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Mineral phosphate fertilizers contain up to  

600 mg Cd kg1 P and its application might result in 
Cd accumulation in the fertilized soils. Cd 
incorporation into the food chain might finally affect 
human health. We sampled soil in different depths 
and all inputs and outputs of three wheat cropping 
sites for one hydrological year. The Cd 
concentrations and stable isotope ratios of soils, soil 
parent material, mineral phosphate fertilizers, bulk 
deposition, wheat plants (roots, straw and grains) and 
soil water were analyzed. After matrix separation, Cd 
isotope compositions were determined by double-
spike MC-ICPMS.  The main Cd input was via 
mineral phosphate fertilizers, the main output was 
with the harvest. Inputs exceeded outputs so that Cd 
accumulated in the soils. The soils showed no vertical 
variations in δ114/110Cd values. Only one soil, 
originating from limestone, was fractionated 
compared to the parent material  with Δ114/110Cdparent-

soil = 0.27‰. The main inputs from mineral phosphate 
fertilizers (δ114/110Cd = 0.13 to 0.26‰) and 
precipitation (-0.15 to 0.15‰) showed limited 
variation in Cd isotope ratios. In contrast, the main 
outputs to wheat harvest (0.43 to 0.78‰) and seepage 
water (0.39 to 0.79‰) showed positive fractionation. 
The bedrock-soil, soil-soil solution and soil-plant 
induced isotope fractionation are discussed to 
investigate biogeochemical processes of Cd in 
terrestrial systems. Cd isotope budgets are used for 
source tracing to improve the understanding of Cd 
fluxes in agricultural systems. 
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The zirconium(Zr)-hafnium(Hf) pair is known as 
a “geochemical twin”, and Zr/Hf ratios in various 
systems are theoretically the same as that of the 
chondrite meteorite. However, significant 
fractionation of the two elements between seawater 
and ferromanganese crusts (FMCs) has been reported 
(Bau, 1996). In this study, we have attempted to 
clarify the accumulation mechanisms of Zr and Hf in 
FMCs by performing sequential extraction and 
desferrioxamine (DFO) complexed radio-Zr and 
radio-Hf (DFO-Zr and DFO-Hf) adsorption 
experiments with X-ray absorption fine structure 
analysis for synthesised and natural samples obtained 
from the Ryusei and Takuyou seamounts. The Zr and 
Hf partition coefficient KD between natural FMCs and 
seawater were around 108, and their ratios were 
fractionated compared to that of seawater (Firdaus et 
al., 2011). The observed Zr chemical states in FMCs 
resembled that for coprecipitation with ferrihydrite, 
coprecipitation with δ-MnO2 and a basalt-like 
composition, aithough the results of sequential 
extraction showed that Zr and Hf were found 
predominantly in the Fe fraction. In the case of the 
adsorption experiments for DFO-Zr and DFO-Hf to 
ferrihydrite and δ-MnO2, it was found that the Hf-
DFO had larger KD values for both minerals than Zr-
DFO. In this case, the observed bond length of Hf-O 
was slightly shorter than that of Zr-O in the 
synthesized minerals. 
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Experimental 

ISG (International Simple Glass) is a six-
component alumino-borosilicate glass developed as a 
reference bench-mark glass for six nations 
collaborating study on high-level nuclear waste glass 
dissolution kinetics [1]. In order to evaluate effects of 
environmental Mg on the dissolution kinetics of ISG, 
aqueous dissolution tests were performed at 90°C 
with MgCl2 solution at a constant pH (8.2) as a 
function of MgCl2 concentration by using Micro-
Channel Flow-Through (MCFT) method [1]. The 
dissolution rate was measured for each glass 
constituent element as a function of reaction time, 
and the reacted glass surface was analysed by use of 
SEM/EDX and XRD. 
 
Results and Discussion 

Normalized dissolution rate, NRi, is shown in 
Fig.1 for each element in the test with 10-3M MgCl2 
solution. NRi decreased with reaction time for all 
elements, indicating the glass dissolution is supressed 
by interactions with Mg. The reacted glass surface 
analysis by SEM/EDX and XRD  confirmed 
formation of hydrotalcite (Mg6Al2CO3(OH)16 4H2O) 
as a major secondary phase covering the surface. The 
results suggest that hydrotalcite forms as the 
secondary phase rather than Mg-silicates under the 
present conditions ([Mg2+] =10-3M, [H4SiO4

0]<10-4M, 
pH8.2, 90°C) to become and/or cause a protective 
layer against the glass dissolution.  

Fig.1. Normalized dissolution rate, NRi, of Si, B, Na, 
Al as a function of reaction time in MCFT test with 
10-3M MgCl2 solution with pH8.2 at 90°C. 
 
[1] Inagaki, et al.(2013) IJAGS, 4[4], 317-327. 
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The REE (Rare Earth Elements; lanthanides and 

yttrium) are economically important resources. Here, 
recent progresses concerning the study of the REE 
geochemistry in natural systems are presented. 
Specifically, the REE behaviour was studied in 
hyperacid and hypersaline waters with variable redox 
conditions.  

The important role of the pH (from 1 to 8.8) and 
the chemical composition of the water on the 
distribution of REE was investigated in the Nevado 
del Ruiz volcano-hydrothermal system. The ΣREE 
(from 0.8 to 6722 nmol l-1) is inversely correlated to 
pH values. The pH rules the precipitation of Fe-, Al-
bearing minerals inducing changes in REE 
abundances and a strong cerium anomaly. The REE 
patterns normalized to average local rock show 
significant LREE (Light REE) depletion in acidic 
sulphate waters from which alunite and jarosite 
precipitate [1]. 

The key role of the Eh values (from -400 to 256 
mV) and water composition on the distribution of 
REE was evaluated in waters along the Dead Sea 
Fault with TDS values  ranging from 0.3 to 193.5 g l-

1. The ΣREE ranges from 0.02 to 2.98 nmol l-1. 
PAAS-normalized patterns show MREE (Middle 
REE) enrichments in waters with relative higher Ca 
and SO4 contents deriving from gypsum dissolution. 
The redox conditions influence the amplitude of Ce 
and Eu anomalies. Oxidized waters show negative Ce 
anomalies related to the oxidative Ce scavenging [2], 
while positive Eu anomalies are found only in waters 
characterized by Eh values < -100 mV, consistently 
with the Eu occurrence as dissolved Eu2+. This 
reducing conditions enhances the Eu2+ stability in the 
dissolved phase relatively to its trivalent neighbours 
along the REE series. 

A very interesting point is that the ion speciation 
of REE in solution is not always sufficient to explain 
the distribution of these elements. The processes of 
precipitation and dissolution of solid phases are 
responsible of the changes in the REE distribution in 
waters. 

[1] Inguaggiato et al (2015). Chem. Geol. 417, 
125-133. 

[2] Seto and Akagi (2008). Geoch. Journ. 42, 
371-38. 
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The geochemical surveillance of an active 

volcano aims at recognizing possible signals related 
to changes of volcanic activity. In fact, as a 
consequence of magma rising inside the plumbing 
system and/or refilling of new batches, volatiles 
dissolved into it are progressively released as a 
function of their relative solubility. Approaching the 
surface, these fluids, discharged during magma 
degassing, may interact with shallow aquifers and/or 
may be released along the main volcano-tectonic 
structures. 

The first step in the framework of the 
geochemical investigation of a volcanic system aimed 
at a surveillance activity is the chemical and isotopic 
characterization of fluids and for then putting forward 
a geochemical model; inside of this geochemical 
model it is possible to interpret the observed changes 
in any single investigated parameter. The 
geochemical approach is to identify the following 
topics:  

i) The main End-Members involved in the studied 
system; ii)Possible type and degree of interaction 
processes, Water-Rock and Gas-Water; iv)Mixing 
among the individuate End-Members; v)Chemical 
and isotopic characterization of a possible 
hydrothermal system; vi)Formulation of a 
geochemical model; vii)Choice of sites and useful 
geochemical parameters able to give us information 
about changes of volcanic activity. Then, we can start 
the continuous and discontinuous geochemical 
monitoring program. 

The Aeolian Archipelago (Italy) is characterized 
by the presence of several active volcanoes with 
different volcanic activity: a)Vulcano Island with 
solphataric activity, last eruption occurred in 1888; 
b)Stromboli Island, with strombolian activity, last 
eruptions occurred in 2002-2003, 2007 and in 2014; 
c)Panarea Island, undersea degassing, last massive 
submarine gas output occurred in November 2002. 

The Aeolian active volcanoes represents a real 
unique and natural laboratory where the geochemical 
scientists worked for more of twenty years producing 
a lot of geochemical data. Moreover, advanced 
geochemical continuous monitoring systems was 
installed in the active volcanoes (like Vulcano and 
Stromboli Islands) to measure extensive parameters 
(Soil CO2 and Plume SO2 fluxes) and intensive 
parameters like High-Temperatures fumaroles and 
characteristic chemical species ratios (like C/S). 

Here, we present a review of aquired geochemical 
data, interpretative models and installed monitoring 
networks. 
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The incorporation of organic molecules into 

mineralised tissues lends these materials special 
mechanical properties. Furthermore, proteins directly 
influence the growth of mineral phases, controlling 
both the crystal structure and assembly of 
biominerals.  

Calcium carbonate (CaCO3) is often employed as 
a model system to investigate biomineralisation. In 
recent years, a number of nucleation and growth 
mechanisms have been proposed, which include the 
formation of stable clusters before nucleation [1], and 
the emergence of dense liquids, which are stabilised 
in the presence of polyASP [2,3]. An amorphous 
phase is known to precede crystalline CaCO3 phases 
and it was shown that glycine-rich proteins stabilise 
this phase [4]. Picker et al. conducted an in depth 
study of the effect of all 20 amino acids on 
crystallization, identifying multiple effects on the 
stages of CaCO3 crystallization [5]. The molecular 
level detail of this control remains obscure. 

Here, we investigate the effect of three amino 
acids—ASP, ARG and GLY—on various stages of 
CaCO3 growth using molecular dynamics with the 
Demichelis et al. force field [6]. Starting from 
dispersed ions in solution at 20 mM and pH 10, we 
investigated the effect of molecules on ionic 
speciation. We also simulated liquid-liquid phase 
separation in the presence of the amino acids, as well 
as the effect of surface-adsorbed molecules on the 
stability of amorphous CaCO3. Our results suggest 
that amino acids can indeed regulate many aspects of 
biomineralisation, with evident changes to the 
stability of crystal precursor phases. Combined with 
experimental data, these new results offer important 
design principles for molecular additives to control 
mineral growth. 

 
[1] D. Gebauer et al. (2008), Science, 322, 1819. 

[2] M. A. Bewernitz et al. (2012), Farad. Discuss., 
159, 291. [3] L. B. Gower and D. J. Odom (2000), J. 
Cryst. Growth, 210, 719. [4] J. Aizenberg et al. 
(1996), Adv. Mater., 8, 222. [5] A. Picker et al. 
(2012), Z. Kristallogr. 227, 744. [6] R. Demichelis et 
al. (2011), Nat. Comms., 2, 590. 
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The deep terrestrial subsurface is known to harbor 
microbial life that is energetically dependent on 
organic matter and/or H2. Recent studies have 
provided indications that anaerobic oxidation of 
methane (AOM) is microbiologically mediated in 
these environments as well as in the deep oceanic 
crust. As methane and sulfate are abundant in deep 
terrestrial aquifers, a substantial portion of subsurface 
microbial biomass may harvest energy from AOM. In 
this study, groundwater was collected from two 
adjacent boreholes drilled into highly and sparsely 
fractured domains at a 300-m depth stage of the 
Mizunami underground research laboratory in central 
Japan. The highly fractured domain was associated 
with groundwater dominantly colonized by Archaea 
implicated in AOM and bacteria of the candidate 
phyla OD1 and OP3, none of which were detected in 
the sparsely fractured domain where groundwater is 
enriched in H2 (~10-100 nM) and depleted in sulfate 
(<5 μM). We detected 13C-enriched dissolved 
inorganic carbon from microbial cells incubated with 
13CH4 in groundwater with and without the molybdate 
inhibition of dissimilatory sulfate reduction, 
indicating trace oxidation of methane (TOM) by 
methanogens and AOM, respectively. Although a 
syntrophic partnership among methanotrophs and the 
bacteria needs further investigation, our results 
demonstrate that deep methanotrophy is coupled to 
sulfate reduction in one of the largest microbial 
habitats on Earth. 
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Estimate of anthropopgenic sulfur deposition in 
Japan 

The spatial and temporal distribution of 
anthropogenic sulfur deposition were evaluated the 
contribution from transboundary transport from the 
Asian continent to Japan at the Japanese EANET 
monitoring sites. In the coast of the Sea of Japan, 
temporal variations of nss-sulfur isotopic ratio 
(δ34Snss) were characterized by seasonal variation 
with high in winter and low in summer (e.g. at 
Kajikawa in Niigata, +2-+4.9‰). Similar seasonal 
variations were also found at Tokyo and Ijira, which 
were located in the Pacific coast. The δ34Snss was 
lower with smaller seasonal variation compared with 
those at the coastal site of the Sea of Japan (e.g. 
Tokyo, -0.73-+4.0‰). At Happo (1850 m asl), 
δ34Snss were almost constant value (4.7±1.2‰). This 
suggests that sulfate in precipitation was mainly 
derived from transboundary transport from the Asian 
continent. Relative contributions of anthropogenic 
sulfur have been evaluated with mass balance model. 
It was clear that the transboundary transported sulfur 
deposition in the coastal site of the Sea of Japan (e.g. 
at Kajikawa, 1.1-20 mg m-2 day-1) was two-three 
times larger than those in the Pacific coast (e.g. at 
Tokyo, 0.03-6.7 mg m-2 day-1). 
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Scleractinian corals are well known for their 
vigorous calcification, enabled by their symbiotic 
relationship with photosynthesizing zooxanthellae. 
However, there is little evidence of a direct link 
between the presence of symbionts and the 
enhancement of calcification. In this study, we reared 
symbiotic and aposymbiotic primary polyps from the 
same coral colony (Acropora digitifera) in order to 
examine the role of symbionts for coral calcification. 
We cultured the polyps for 10 days at four 
temperatures (27, 29, 31 and 33˚C) and five salinities 
(34, 32, 30, 28, 26). Then U/Ca, Mg/Ca and δ44Ca 
were analyzed in polyp skeletons as a proxy for pH,  
organic matrix (OM) and activity of Ca2+ channel. 

In our experiment, we observed a clear decrease 
of skeletal U/Ca, but not Mg/Ca, in symbiotic 
compared with aposymbiotic polyps in both the 
culture expetiments. These results suggest that OM 
secretion, the precursor step to CaCO3 precipitation, 
is controlled mainly by the coral host, without any 
contribution from zooxanthellae. In contrast, our 
results imply a higher pH of the calcifying fluid in 
symbiotic versus aposymbiotic polyps. Isotope 
fractionations of Ca showed no systematic 
differences between symbiotic and aposymbiotic 
polyps and environmental settings, suggesting 
activities of Ca2+ channel is not mainly controlled by 
the presense of zooxanthellae. Thus, our results 
demonstrate that the role of coral-algal symbiosis on 
coral calcification is predominantly to enhance the 
pH of the calcifying fluid rather than to promote OM 
secretion and/or activate Ca2+ channel. 
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Recently hydrous ringwoodite was found in a 
natural diamond inclusion [1], which includes ~1.5 
wt% H2O. In addition, the experimental studies show 
that wadsleyite and ringwoodite, which are the most 
abundant minerals in the mantle transition zone, can 
contain water up to 2.2–2.7 wt% [e.g. 2, 3]. These 
results show that the mantle transition zone is a 
strong water reservoir in the Earth’s interior, and at 
least locally, hydrous. On the other hand, the water 
storage capacity in the lower mantle is a matter of 
debate. 

In the last Goldschmidt conference, we presented 
that Al-bearing bridgmanite (Mg-silicate perovskite) 
can contain significant amount of water [4,5]. The 
possible H substitution mechanism can be proposed 
by means of chemical compositional relationship 
between Mg, Si, Al and H. In addition, we clarified 
the possible H position in the bridgmanite by means 
of the powder neutron diffraction analysis in J-
PARC, together with the single crystal X-ray 
structural analysis in PF. This shows that the 
significant amount of H (water) can be stored in the 
Earth’s lower mantle.  

We have also conducted the equation of state and 
the ultrasonic wave velocity measurements of 
hydrous bridgmanite in BL04B1, SPring-8 to 
determine the elastic wave velocities and the elastic 
properties under high pressure and temperature 
condition. In this talk, we will introduce about the 
recent progress of our “hydrous bridgmanite” project.  
 
[1] Pearson et al. (2014) Nature 507, 221-224. [2] 
Inoue et al. (1995) Geophys Res Lett 22, 117-120. [3] 
Kohlstedt et al. (1996) Contrib Mineral Petrol 207, 
345-357. [4] Inoue et al. (2015) Goldschmidt2015. 
[5] Kakizawa et al. (2015) Goldschmidt2015. 
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The stability and longevity of cratonic lithosphere 

is often attributed to the strength and buoyancy of its 
refractory keels, which are assumed to have formed 
in the Archean, i.e. be roughly coeval with the oldest 
overlying crust. This might be the case for some 
cratons, but does not appear to be consistent with 
recent data on the age and composition of the 
Siberian cratonic mantle (and lower crust). Peridotite 
xenoliths appropriate for petro-geochemical studies in 
the areas with exposed or presumed Archean crust on 
the Siberian craton are available in two kimberlite 
pipes, Udachnaya in its center and Obnazhennaya in 
its NE part as well as in the Tok basaltic field in its 
SE corner. Re-Os dating of refractory, melt-depleted 
peridotites yield TRD ages of ~2.8 Ga and ~2 Ga for 
Obnazhennaya [1] and ≤2.0-2.2 Ga for Udachnaya 
and Tok [2,3], the latter are younger than the oldest 
crust in each area.  

We argue that a significant part of the 
lithospheric mantle beneath the NE craton and nearly 
all mantle lithosphere in the central and SE craton 
were eroded and replaced with new melting residues 
at ~2 Ga. Further, the cratonic keel beneath the Tok 
area was delaminated and the remaining spinel facies 
mantle re-worked in the Phanerozoic by percolating 
basaltic melts [4], like in the North China craton [5]. 
We present new data on metasomatism, in particular 
by carbonate-rich melts in the Siberian peridotites. 
Melt-reacted peridotites with relatively low Mg# 
and/or high CaO and incompatible minor elements 
appear to be more common than pristine refractory 
peridotites [1-4, 6]. Overall, erosion and renewal of 
cratonic roots is widespread in cratonic mantle 
worldwide. 

 
 [1] Ionov et al.  (2015a) EPSL 428, 108-119. [2] 

Ionov et al.  (2015b) GCA 165, 466-483. [3] Ionov et 
al. (2006a) EPSL, 241, 47-64. [4] Ionov et al. 
(2006b) GCA, 70, 1231-1269. [5] Gao et al. (2002) 
EPSL, 198, 307-322. [6] Ionov et al. (2010) J.Petrol. 
51, 2177-2210.  
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The meteoritic record indicates that the early 

solar nebula was characterised by transient, high 
temperature episodes.  Evidence for this includes the 
high temperatures required to melt, evaporate, and 
condense the elements comprising CAIs and 
chondrules, and the often rapid cooling rates 
suggested by preservation of glass, for example, in 
chondrules.   

Many thermal models invoke high-temperature 
processing close to the proto-Sun because that is 
where high temperatures are readily available.  But it 
is not clear that if thermal processing occurred in this 
vicinity whether rapid cooling can be achieved as 
well.   

Protostellar winds provide an astrophysical 
scenario for rapid changes in both temperature and 
thermal gradient. They are commonly observed in 
star-forming regions and and are thought to be an 
integral part of the star-forming process. Magneto-
centrifugally accelerated disk winds offer the 
prospect of thermal processing well in to the 
accretion disk [1, 2]. 

In this scenario, solid clumps may be entrained in 
the disk wind and effectively levitate relative to a 
highly accelerated disk wind.  The less refractory 
elements evaporate from the clumps causing 
refractory residues.  The ambient gas in the accretion 
disk will also be affected by this process.  Initially a 
gas of solar oxygen isotope composition will be 
apparent because the local mix of CO and nebula 
water will maintain solar abundances [3,4].  But as 
the temperature increases and evaporation of 
lithophile elements occurs, the oxygen composition 
of the solids will be favoured and it will be closer to 
planetary composition.    

The episodic nature of jets and winds can quickly 
change both the thermal regime, but also the oxygen 
isotope composition of the nebula gas.   

 
[1] Salmeron & Ireland (2012a) Earth Planet. Sci. 
Letts. 327-328, 61. [2] Salmeron & Ireland (2012b) 
Meteoritics & Planet. Sci. 47, 1922. [3] Yurimoto and 
Kuramoto (2004) Science 305, 1763. [4] Ireland 
(2012) Austr. J. Earth Sci. 59, 225. 
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The Beppu Bay located in the northeast Kyushu 

Island, the southwestern Japan receives detrital 
materials mainly from two drainage systems, the 
Ohno River and the Oita River. Surface geology of 
the Ohno River drainage area is roughly divided into 
two as intermediate to felsic volcanic area covered 
with andosol in the southwestern headwater region 
and Paleozoic to Mesozoic sedimentary rocks 
covered with brown forest soil to the southeast. The 
drainage basin of the Oita River is located in the 
north of the Ohno River drainage, which is 
characterized by mafic volcanic rocks in the 
headwater region as well as interediate to acidic 
volcanics along the river path. 

Since the Beppu Bay receives the materials from 
such geologically contrasted drainage systems, the 
temporal changes in the provenance for the sediment 
can be utilized to seek for the erosion and sediment 
supply from hinterland basin. For this purpose, we 
examined the mineral compositions of BP09 and 
BP15 sediment cores, covering the last 7,000 yrs, 
collected from the center of Beppu Bay as well as 
sediment from surface soils and river beds using X-
ray powder diffraction. 

Beppu Bay sediments mainly consist of laminated 
hemipelagic clay with frequent intercalation of 
feldspathic sand layers. Feldspar compostion 
(anorthite (An) / albite (Ab) ratio) of the sediment 
was within the range of surface soils in the drainage 
of Ohno and Oita Rivers. Feldspars in fine 
hemipelagic sediments and sand layers in lower 
sequence showed more An-rich composition while 
sand layers in upper sequence are more Ab-rich, 
suggesting that the source rocks supplying sand 
grains had changed from time to time while the 
source of fine grained materials have been maintained 
consistently during these 7,000 years. 
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There are many high-temperature hot springs 

with > 90 ℃ in the vicinity of Yakidake volcano 
across the border of Gifu and Nagano Prefectures. 
Koji et al. (2012) reported the chemical and isotopic 
(δD and δ18O) compositions of 30 hot spring waters 
and 5 river waters in this area. Most hot springs were 
of meteoric origin and of Na+-Cl－・HCO3

－ and Na+-
HCO3

－ types with low salinity (less than 30 meq/L).  
The estimated underground temperatures by 
geothermometers are 150 to 200℃ at the depth of ca. 
1km. The total geothermal resources in the study area 
are estimated to be ca. 400 MWe for producing the 
electricity. 

Recently, geothermal well was drilled in the 
study area (1,200 m in depth). The Sr concentration 
and isotopic ratios of both hot springs and rocks are  
analyzed. The purpose of this study is to estimate the 
depth of the reservoirs which issue the hot spring 
waters by using Sr concentration and its isotopic 
composition (87Sr/86Sr) in hot spring waters and rocks 
obtained from a newly drilled well. In this 
preliminary report, the Sr concentrations of the hot 
spring waters collected by Koji et al (2012) were 
analyzed.  

The results show that the hot spring waters in the 
southern part of the study area have slightly higher Sr 
concentration than those in the northern part. The Sr 
concentration increases with increasing of Ca 
concentration in the southern area, whereas those in 
the Northern part show an almost constant value. 
These results show that Sr concentration in hot spring 
waters reflect those of reservoir rocks.  
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In shallow hypersaline environment, benthic 
microbial mat is often formed. It is densely inhabited 
by microorganisms such as cyanobacteria, sulfur 
oxidizing bacteria, sulfate reducing bacteria, and 
others [1]. Hypersaline microbial mat is characterized 
by extremely high primary production, which results 
from efficient recycling of nutrients inside the mat 
[2]. This study aims to understand the 
biogeochemical processes occurring in this unique 
ecosysytem, as well as their changes with increasing 
salinity. 

Brine water and sediments on the bottom  were 
collected from the solar saltern in Trapani, Italy (9 
samples, salinity range 38-276). Carbon isotopic 
composition of dissolved inorganic carbon (δ13CDIC) 
was highly variable, with lower values (-5.1~-10.6‰) 
recorded in the ponds where microbial mat is formed, 
and the highest value (~7.2‰) where salinity was 
high (>270) with no microbial mat developing. While 
high δ13CDIC may be attributed to degassing of CO2 
from the brine due to evaporation [3], 
remineralization of organic carbon or penetration of 
CO2 from the atmosphere may be responsible for low 
δ13CDIC [4]. To investigate the biogeochemical cycle 
in the mat, we conducted compound-specific isotope 
analysis on pigments extracted from different layers 
of the mat (yellow, green, and pink, and black layers 
from the top to the bottom). Discussion based on δ13C 
and δ15N of chlorophyll a originating from 
cyanobacteria and bacteriochlorophyll a from purple 
sulfur bacteria will be presented, as well as their 
variations with different salinity. 
 
[1] Ollivier et al. (1994) Microbiol. Mol. Biol. Rev. 
58, 27-38. [2] Canfield & Des Marais (1993) 
Geochim. Cosmochim. Acta 57, 3971-3984. [3] Stiller 
et al. (1985) Nature 316, 434-435. [4] Lazar et al. 
(1990) Geology 18, 1191-1194. 
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Data assimilation is a promissing, but currently 

underutilized numerical technique to optimize 
terrestrial ecosystem models.  Differing from 
atmospheric or oceanic models, terrestrial ecosystem 
models generally have nonlinear or abrupt behaviors 
that are not appropriate for widely-used data 
assimilation methods such as emsemble Kalman 
filter.  However, the particle filter, one of the data 
assimilation methods, is supposed to have enough 
flexibility to optimize terrestrial ecosystem models at 
the expense of large computational burden. 

In this study, several parameters of the terrestrial 
ecosystem model SSSEM are simultaneously 
optimized by the particle filter in order to reproduce 
phenological patterns of a deciduous forest stand near 
Fairbanks, Alaska.  The satellite-based observation of 
leaf area index (LAI) is used to fit the model.  After 
the data assimilation, the seasonal pattern of LAI is 
successfully reproduced.  The timings of leaf onset 
and offset, and the maximum LAI of summer are 
appropriately estimated (Figure 1). 

Figure 1: SSSEM simulations: default and optimized 
results. 

 
Moreover, the parameter set (e.g., light use 

efficiency, photosynthate allocation to leaf, stem, and 
root) of the model are successfully optimized by the 
particle filter.  The variance of each estimated 
parameter is reduced, implying that the probable 
ranges of parameter estimates are found in this 
experiment. 

This case study showed that nonlinear behaviors 
of terrestrial ecosystem such as leaf onset and offset 
can successfully be optimized using data assimilation. 
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Seafloor massive sulfides recognized in 

hydrothermal fields in arc-backarc settings in the 
western Pacific are commonly represented by 
coexisting occurrence of zinc- and lead-enriched 
polymetallic sulfides and abundant sulfate minerals. 
The mineralogy and geochemical signatures present 
has led researchers to suggest these areas may be a 
modern analogue for the formation of ancient 
Kuroko-type volcanogenic massive sulfide (VMS) 
deposits. Seafloor drilling during IODP (Integrated 
Ocean Drilling Program) Expedition 331 documented 
the subseafloor hydrothermal system at the Iheya 
North Knoll in the Okinawa Trough. Mineral textures 
and assemblages present in the drilled cores obtained 
from a hydrothermal mound in the proximal area 
were consistent with those recognized in ancient 
Kuroko-type mineralization. Moreover, stratabound 
occurrences of base-metal mineralization and 
widespread hydrothermal alteration were recognized 
across an area of over 500 m extent, which are 
comparable to ancient Kuroko-type deposits. On the 
other hand, geochemical studies of hydrothermal 
fluid venting from the seafloor and pore fluid within 
the sediment demonstrated diverse range of sulfide 
and sulfate mineralization could be related to 
subseafloor geochemical processes and fluid flows. 
Geochemical studies on present seafloor 
hydrothermal activities would provide a rare window 
into the dynamic processes for formation of VMS 
deposits. 
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A practical class "Water geochemistry" is 
composed of pre-training (6 hours), fieldwork to 
collect water samples and observe rocks (one day), 
analysis of the collected water samples (6 hours), 
classroom lecture on chemical equilibrium of water-
rock interactions (12 hours), and report writing 
(students' own effort). Sampling stations are located 
along streams around a karst tableland called Hirao-
dai (Fig.1). The streams are selected from different 
geologic bodies (limestone region, granite body, 
metamorphic rocks), so that students easily recognize 
diversity of chemical compositions among the 
collected waters and ruminate factors controlling 
water chemistry (Fig. 2). Experiences through the 
class should be valuable for the third grade 
undergraduates as good training to switch their mind 
from passive lecture-based learning to active thesis 
studies. 

Fig. 1 Geological map of the fieldwork area 
 

Fig. 2 Stiff diagrams of the stream waters 
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Impacts are common phenomena through the 

history of the solar system. Some evidence shows that 
there was a period of extremely high impact flux that 
is called late heavy bombardment occurred 
approximately 3.8-4.1 Ga [e.g., 2]. In this period 
impacts might have affected the surface environment 
of planets significantly. Asteroids and comets, which 
are survivors of planetesimals in the early solar 
system, include a large amount of carbon. The redox 
state of carbon-bearing gas species released after 
impacts is important for early Earth and early Mars. 
For example, precursors of life on early Earth (and 
early Mars) must have preferred a reductive 
environment to an oxidative one.  

Simulated impact vaporization experiments that 
used laser irradiation to vaporize meteorites and/or 
meterorite analogue have shown that the impact-
generated gas has oxidative composition because of 
oxygen released from silicates included in the 
samples [3, 4].   

In this study we focused on relatively "low" 
velocity impacts. In general the required velocity for 
incipient vaporization of silicates is ~10 km/s and for 
complete vaporization a few tens of  km/s [5]. 
Impacts with the velocity where silicates does not 
evaporate or partially evaporate might generate 
reductive chemical species.  

We conducted impact experiments using a two-
stage hydrogen gun to investigate the composition of 
the impact-generated gas. The target samples were 
mixture of SiO2 powder and polyethylene powder, 
which were used as simplified carbonaceous 
chondrite analogue. The impact velocities were ~5-7 
km/s. The generated gas was measured with a 
quadrupole mass spectrometer. The preliminary 
analysis shows that a large amount of CH4 and little 
CO2 was produced, which suggests that the 
composition of the impact-generated gas under the 
condition that silicates do not vaporize is reductive. 
More detailed results will be presented at the 
conference.  
 
 [1] Chyba et al. (1990) Science 249, 366-373. [2] 
Morbidelli et al. (2012) Earth Planet. Sci. Lett. 355-
356, 144-151. [3] Gerasimov et al. (1998) Earth 
Moon Planets 80, 209-259. [4] Ishibashi et al. (2013) 
Earth Planets Space 65, 811-822. [5] Ahrens and 
O’Keefe (1972)  The Moon 4, 214-249.  
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A large amount of Cs-137 was released into the 

environments following the Fukushima Daiichi 
nuclear accident in 2011.  Concequently, freshwater 
environments have also been contaminated with Cs-
137.  Most of Cs-137 is storongly assosicated with 
suspended matter in freshwater systems, and thus, it 
is easy to accumulate on the bottom of rivers and 
lakes.  Aquatic organisms may accumulate Cs-137 
into their bodies.  We especially foucused on fish 
because the trophic level of fish is relatively high, 
and fish consume a large amount of foods 
contaminated with Cs-137. In addition, from the 
viewpoint of radiation dose for human, consumption 
of freshwater fish is one of pathways of internal dose.  
In this study, we determined the concentrations of Cs-
137 in various parts of freshwater fishes in a lake to 
clarify major factors affect to Cs-137 concentration in 
fish. 

We collected four fish species from Lake Inba 
(north basin) in 2015: Channa argus (n=1), Ictalurus 
punctatus (n=2), Cyprinus carpio (n=5), and 
Carassius sp. (n=3).  Fish samples were separated 
into muscle, bone, and internal organs parts after the 
measurements of body length and fresh weight.  Each 
separated part was freeze-dried and powdered, then 
the activity concentration of Cs-137 was measured 
with a Ge detector. The age of fish was detemined 
using otoliths. 

From their age, all the collected fishe individuals 
had already been born when the nuclear accident was 
occurred. Therefore, exposing time should be the 
same for all samples.  Among the fish body parts, the 
highest concentration was found in muscle for all 
species. Cs-137 concentrations in internal organs and 
born samples were less than 1/100 of the muscle.  
These results suggest that Cs-137 was highly 
accumulatied in muscle.  The concentrations of Cs-
137 in fish werehigher in the following order:  C. 
argus > I. punctatus > Cyprinus carpio ≈ Carassius 
sp.  C. argus and I. punctatus are carnivorous, and 
Cyprinus carpio and Carassius sp. are omnivorous.  
Such feeding habitat may be the majour factor of the 
Cs-137 differeces in freshwater fish species. 
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Water is thought to be transported as hydrous 

minerals through subduction of slabs at least to 
depths reaching the transition zone. Nominally 
anhydrous lower mantle minerals (e.g. bridgmanite 
(Brm)) can incorporate a limited amount of water. 
Therefore, water could be hosted by hydrous minerals 
such as phase D (phD) in the lower mantle. Brm 
contains significant amounts of Fe3+ (Fe3+/ΣFe > 0.1) 
even when coexisting with metallic iron. The Fe3+ 
content increases with increasing Al2O3 in Brm, and 
exceeds 0.5 relative to total iron in lower-mantle 
Brm. Therefore, the formation of Brm could extract 
oxygen from hydrous minerals (reduction of OH to 
H2) through the deposition of Fe metal. In this study, 
we demonstrated this reduction reaction using phD 
with a Kawai-type multianvil press. 

The starting materials were sintered Al-free and 
aluminous phD (Al-phD) pre-synthesized at 27 GPa 
and 1100 K, a natural olivine single crystal (Olv) and 
pyroxene as (Mg0.9Fe0.1)(Si0.9Al0.1)O3 (FeAl-En) 
synthesized at 1300 K at controlled oxygen fugacity 
(PO2≈IW). Sintered Al-free phD and Al-phD were 
combined with Olv or sintered FeAl-En in Au 
capsules. The samples were pressurized to 27 GPa 
and heated at 1100 K for 1 hour. 

No reaction between Al-free phD and Brm + 
ferropericlase aggregate formed from Olv according 
to SEM data. In contrast, a 4 µm fine-grained layer 
consisting of SiO2 and an amorphous phase was 
found with TEM on the boundary between Al-phD 
and Brm aggregate formed from FeAl-En. The 
present results strongly indicate that the 
decomposition of phD is accompanied by the 
formation of Fe-bearing aluminous Brm. It is 
suggested that phD decomposes by reduction at 
depths to 720 km and that no water is transported into 
the deeper part of the lower mantle.  
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Mountainous forest is currently one of the most 

important sources of radioactive cesium released 
from the Fukushima Daiichi Nuclear Power Plant 
accident in Fukushima prefecture, which was coverd 
approximately 70% of the land area by the forest. 
This study reports the changes in concentrations of 
radioactive cesium in sediments outflowed from the 
steep mountanious forest of the Abukuma Mountains, 
Fukushima, during September 2013 – December 
2015. 

The sediment samples of 0-5 cm layer were 
obtained from the soil-saving dam installed at outlet 
of the steep river-valley in the mountanious forest of 
Fukushima, Japan. The The catchment area is 2.1 ha 
and total amount of the sediments measured by 3D 
laser sccaning method during the period were 2.4 m3 
in this dam [1]. 9 – 17 samples were collected each 
year at the position of 1 – 3 m upstream side from the 
dam body. Figure 1 shows the radioactive cesium 
concentration in the sedimented soils. The Cs-137 
concentrations in the sedimented soils were decreased 
by nearly 20% during the monitoring period.   

 
Figure 1: The concentration of radioactive 

cesium in sedimented soils in the soil-saving dam. 
 
1. Watanebe, T., et al., 2016,  Japan Geoscience 

Union Meeting 2016. 
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Recent accumulation of Os isotope data obtained 
either from abyssal peridotites or from ocean island 
peridotite xenoliths has clearly demonstrated that the 
modern convecting mantle is substantially 
heterogeneous. Unlike other radiogenic isotope 
systematics in oceanic basalts, largely controlled by 
incorporation of recycled crustal materials, the 
observed range of Os isotope compositions in oceanic 
peridotites likely reflect varying degrees of ancient 
melt extraction from peridotitic mantle. However, the 
nature and timing of this melt extraction still remain 
elusive. 

We examined the 187Os/188Os ratios and highly 
siderophile element (HSE: Os, Ir, Ru, Pt, Pd, Re) 
concentrations in peridotite-serpentinite recovered 
from the Pacific area (Hess Deep in the East Pacific 
Rise, Taitao ophiolite in Chile, Izu-Ogasawara and 
Tonga forearc, peridotite xenoliths from Hawaii and 
Malaita) because the number of data available is yet 
scarce when compared with data from other oceans 
(Atlantic, Arctic and Indian Ocean). Our primary 
purpose is to test whether mantle regions underlying 
four major oceans are distinct in terms of Os isotope 
variations, reflecting the pattern of mantle convection 
or mixing efficiency. The results demonstrate that 
samples from each area display very similar Os-
isotope variations with a pronounced peak in 
187Os/188Os =0.125-0.128. The relatively larger 
datasets obtained from Hess Deep, Taitao, Hawaii 
and Malaita clearly exhibit the presence of secondary 
peak in 187Os/188Os =0.114-0.120 (Re-depletion ages 
1-2 Ga). These characteristics are almost identical to 
the global population mainly comprised of data from 
other oceans. The most unradiogenic 187Os/188Os 
samples in the global population tend to be restricted 
in harzburgites (Al2O3 <2 wt%) with low-Pd/Ir ratios 
(<1.0), suggesting that a common melt extraction 
process created highly depleted residues in 
Proterozoic. These residual harzburigtes were 
transported into deep mantle, and are now 
homogeneously distributed over large scales as 
ancient depleted domains in the modern convecting 
mantle. 
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JOGMEC conducted the regional survey by use 
of the research vessel Hakurei and chartered vessels 
from fiscal year 2014 for seas around Japan. Firstly, 
Multibeam Echo Sounder (MBES) on vessel can 
conduct a bathymetric mapping to reveal 
topographical details (such as caldera, seamount, 
ridge, etc.). Then, Autonomous Underwater Vehicle 
(AUV) can acquire higher resolution bathymetry than 
vessel by onboard the echo sounder closer to seafloor.  

JOGMEC confirmed new 4 sites (Noho, Gondou, 
Dana, Higa) of seafloor hydrothermal deposits by the 
Remotely Operated Vehicle (ROV). In either sites, a 
lot of active hydrothermal chimneys and more widely 
distributed inactive mounds consists of various 
sulphide minerals.  

Especially in Gondou site, the mineralogical 
composition of sulfide ores is dominated by 
chalcopyrite, sphalerite, wurtzite, pyrite, marcasite 
and galena with minor tetrahedrite. Chalcopyrite is 
the most abundant copper mineral at Gondou site (1-
40 modal %). Six samples taken by manipulator arm 
of ROV from mounds and chimneys averaged 13.0 % 
copper, 12.3 % zinc, 5.2 % lead, 1.7 grams/tonne 
gold and 326 grams/tonne silver. 

And otherwise, as for Noho site, pyrite/marcasite 
and sphalerite were abundant. In addition, as for 
Dana site, pyrite, sphalerite and chalcopyrite were 
abundant. On the other hand, as for Higa site, low 
porosity and large grains of sulfide ores is dominated 
by sphalerite and galena.  

Currently, the drill core samples at Hakurei site in 
the Izena cauldron, pyrite/marcasite and sphalerite 
were abundant and found to be porous.  

These discoveries has enhanced the possibility to 
secure further mineral resources for seas around 
Japan. 
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Interfacial water, of which physicochemical 

properties were different from bulk water, was 
recognized in the vicinity of solid surface. The 
physical properties of interfacial water show unique 
characteristics, for example the self-diffusion 
coefficient, thermal expansion coefficient and 
freezing point. The property of interfacial water is 
essential for understanding geophysical and 
geochemical phenomena. In this study, we performed 
the molecular dynamics (MD) simulations to 
understand the structure and dynamics of water 
confined between quartz surfaces at 298-573 K, 10 
MPa. 
 We tested some systems of water confined between 
quartz surfaces characterized by the termination of 
silanol (Si-OH) group. At low temperature, the 
density profiles showed several layered structures 
near the surface, and the self-diffusion coefficient 
was reduced in 1.0 nm distance from the surface. At 
high temperatures, the layered structures were 
disappeared and the self-diffusion coefficient was 
reduced in 1.5 nm.  

The activation energies of the diffusion process in 
confined geometries were calculated based on the 
Arrhenius theory, and these values were close to that 
of bulk water. This implied that the diffusion 
mechanism in confined geometries is similar that in 
bulk and the activation energy may be interpreted by 
the dissociation energy of hydrogen bond. 
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IODP Expedition 343 (JFAST) drilled through 
the plate boundary near the Japan Trench to 
investigate the cause of very large fault slip during 
the 2011 Tohoku-Oki earthquake. Here, we report B 
and Li isotope systematics of interstitial fluids and 
rocks from JFAST, and evaluate fluid-related 
processes that occurred in the shallow megathrust 
fault zone at the Japan Trench. 

Depth profiles of B content and δ11B value for the 
interstitial fluids show a clear minimum and a 
maximum, respectively, around the plate-boundary 
fault, with the vicinity of the fault being characterized 
by lower B content and higher δ11B value compared 
with seawater. The Li contents and δ7Li values of the 
JFAST fluids are thoroughly higher and lower than 
seawater, respectively, without no significant 
minimum nor maximum around the fault. The B and 
Li contents and δ11B values of the plate-boundary 
fault rocks are indistinguishable from those of 
equivalent source smectite-rich sediments. 

In the systems composed of seawater-like fluid 
and sediment, both B concentrations and δ11B values 
in the fluid and solid phases are temperature-
sensitive, and higher temperatures result in higher B 
and lower δ11B in the fluid phase and lower B and 
lower δ11B in the solid phase. Actually, interstitial 
fluids and rocks from ODP site 808 (Nankai Trough) 
showed such characteristics at the depths with 
temperatures higher than 50 oC for fluids and higher 
than 100 oC for rocks (You et al., Geoogy, 1995). The 
B and δ11B characteristics observed for the JFAST 
fluids and rocks thus indicate that fluids and rocks 
within and around the plate-boundary fault analyzed 
here have no clear record of fluid-rock interactions at 
high temperatures. The lack of high-temperature 
signals around the fault is also consistent with the Li 
and δ7Li data for the JFAST fluids and rocks. These 
observations provide constraints on the nature of 
fluid-rock interactions in the shallow megathrust fault 
zone during the Tohoku-Oki earthquake. 
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O-MIF signatures (Δ17O) in sulfate and nitrate in 
the Antarctic ice cores are used as proxy for the 
reconstruction of oxidizing capacity in the past 
Earth’s atmosphere because they reflect the relative 
importance of O3 (Δ17O = 25-35‰) and other 
oxidants (e.g. OH radical; Δ17O = 0‰) during their 
formation [1]. While it is necessary to understand the 
oxidizing capacity of the present Antarctic 
atmosphere for the interpretation of the proxy, it still 
remains to be constrained because of the complicated 
chemistry induced by high NOX emissions from 
snowpack [2]. For this issue, we investigated the 
seasonal variations of Δ17O values of both sulfate and 
nitrate in the aerosols collected at Dumont d’Urville, 
coastal Antarctica, throughout the year 2011. 

The Δ17O values of sulfate and nitrate showed the 
clear seasonal variations with summer minima and 
winter maxima. These trends are resulted from the 
seasonal changes in the O3 / OH ratios decreased in 
summer by ozone destruction and OH production via 
UV irradiance. Indeed, both Δ17O values of sulfate 
and nitrate were correlated with ozone mixing ratios. 
Despite the almost same ranges of ozone mixing 
ratios for spring and autumn, the sensitivity of Δ17O 
values of sulfate to ozone mixing ratios in spring was 
lower than that in autumn. In contrast, this 
phenomenon was not observed for nitrate. The 
relatively low Δ17O values of sulfate in spring may be 
due to the lower O3 / OH ratios caused by the NOX 
emission from snowpack triggered by the UV 
irradiance, which enhances OH production exceeding 
O3 production [3]. It is not easy to identify the precise 
processes, but this study shows first observational 
evidence of the contribution of snow-sourced NOX 
emission on sulfate production through the changes in 
the oxidizing capacity. 

 
[1] Alexander and Mickley (2015) Curr. Pollution 
Rep. 1, 57–69. [2] Chen et al. (2001) Geophys. Res. 
Lett. 28, 19, 3633-3636. [3] Zatko et al. (2015) 
Atmos. Chem. Phys. Discuss 15,  18963–19015. 
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Radiocarbon dating is an essential dating methods 

for late Quaternary samples. Further, ages of different 
material preserved in a same horizon of geological 
strata could provide paleoenvironmental information. 
We define the age differences between molluscs and 
organic matter as “14C age offset”, which can be an 
indicator of relative terrigenous carbon contributions 
to the sediments deposited at certain period in the 
past. The Bonaparte Gulf, northwestern Australia, has 
a broad continental shelf with the water depth 
shallower than ~200 m. This region has a carbonate 
platform, which had been exposed during sea level 
lowstand. Here we present the paleoenviornmental 
reconstructions in the Bonaparte Gulf, using 14C age 
offset combined with other geochemical and 
geophysical proxies. 

The variation of 14C age offset is correlated with 
TOC, C/N ratios, and Ca/Ti. The increased 
terrigenous carbon contributions make an oragnic 
matter age older and change 14C age offset larger. 
These variations suggest that the paleoenvionrmental 
change as the exposure of carbonate platforms 
occurred at ca. 26 ka. We concluded that the 
application of 14C age differences between molluscs 
and organic matter ages is useful in the reconstruction 
of paleoenvironmental change in this region.     
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Recent geological surveys including IODP 
expeditions in the Philippine Sea are providing new 
geochronological and geochemical constraints to 
tectonic reconstruction of the Philippine Sea Plate for 
the period immediately before and after the 
subduction initiation (SI) to form Izu-Bonin-Mariana 
(IBM) arc. 1) OIB-like magmatism in the Philippine 
Sea forms time-progressive volcanic chain mirrored 
either side of the West Philippine Basin (WPB) 
backarc spreading center [1]. This implies that the 
Mesozoic arc terrane of Daito Ridge Group were split 
by regional upwelling centered on the impact of the 
mantle plume at close timing to SI of the IBM arc. 2) 
New geochronological and magnetic anomaly data  
seem to indicate that ocean basins occupying 
southern part of the Philippine Sea, i.e., WPB and 
Palau Basin, formed contemporaneously. This means 
that these basins formed after SI of the IBM arc. 3) 
IODP Exp.351 recovered basaltic basement of 
Amami Sankaku Basin, i.e., pre-IBM arc oceanic 
crust [2]. This basement is strongly depleted in highly 
immobile elements and has strong similarity to 
forearc basalt (FAB) at SI, but distinct from many 
Philippine Sea basin basalts. Biostratigraphy of 
sediment above basement determined that the 
basement is contemporaneous, or slightly older than 
FAB, and Ar/Ar dating of basement basalt is under 
way. We will discuss possible tectonic 
reconstructions for the period of SI. 

REFERENCES:[1] Ishizuka, Taylor, Ohara & 
Yuasa (2013), Geology 41, 1011-1014. [2]Arculus, 
Ishizuka, Bogus et al. (2015), Nature Geoscience 8, 
728-733. 
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The present study assesses groundwater resources of 
the densely populated area of Egypt by integrating 
conventional hydrochemistry and statistical analysis. 
Since the quantity and quality of water available for 
irrigation in Egypt is variable from place to place. 
Groundwater is exploited from Pleistocene aquifer 
which represents the main aquifer in the study area 
and it is composed of sands and gravels of different 
sizes, with some clay intercalations. Chemical 
characterization and quality of groundwater in west 
El-Minia district mainly depends on the complete 
chemical analysis of collecting 88 samples covered 
all the study area. The groundwater samples were 
categorized as Ca(HCO3)2 water type, and the 
hydrochemical classification shows that, most of the 
studied water samples are meteoric origin. The 
quality assessment was made by estimating pH, 
electrical conductivity, total dissolved solids, and 
hardness, besides major cations (Ca2+, Mg2+, Na+, and 
K+) and anions (HCO3-, Cl-, and SO4

2-). As well as, 
irrigation quality parameters were calculated, i.e., 
sodium absorption ratio, Na %, residual sodium 
carbonate, concentration of boron, total hardness, and 
permeability index. The results indicate that most of 
the collected water samples are suitable for drinking 
and irrigation purposes.  
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The physical and chemical properties of the 

Earth’s mantle as well as its dynamics and evolution 
depend heavily on the phase composition of the 
region. The lower mantle consits predominatly of 
bridgmanite (perovskite-structured 
(Mg,Fe)(Si,Al)O3), thus experimental studies of 
geophysical and geochemical properties are essential 
for undertsanding the structure and evolution of the 
Earth’s interior. 

Based on experiments in laser-heated diamond 
anvil cells we demonstrate that Fe,Al-bearing 
bridgmanite (magnesium silicate perovskite) is stable 
to pressures over 120 GPa and temperatures above 
3000 K. Ferric iron stabilizes Fe-rich bridgmanite 
such that we were able to synthesize pure iron silicate 
perovskite at pressures between ~45 GPa and 110 
GPa with the composition 
(Fe2+

0.64(2)Fe3+
0.24(2))Si1.00(3)O3.  

Fitting the data on pure iron bridgmanite to a 3rd 
order equation of state gives the zero-pressure bulk 
modulus K0,300=190(4) GPa and unit-cell volume 
V0=178.98(6) Å3

. Such value of the bulk modulus is 
exceptionally low and haven’t been observed for any 
silicate perovskites.  

The crystal chemistry of ferric iron-bearing Fe-
bridgmanite is also remarkable. First, all iron is 
located in the A-site (bicapped prism) and within the 
accuracy of determination of the occupancies of 
structural positions (better than 5%) there is no iron 
in the octahedra (B-site). Second, it contains a 
significant amount of vacancies (about 12%) at the 
A-site. All these data show the significance  of Fe3+-
bearing perovskite and suggest that lower mantle can 
contain previously unknown phases. 

These results have important implications for the 
global Earth dynamics and interpretation of enigmatic 
seismic features beyond ~2000 kilometers depth. The 
elastic properties of iron bridgmanite different to any 
known silicate perovskites, which has direct 
implications for the interpretation of seismic 
tomography data.  

 
 



Goldschmidt Conference Abstracts 

 

1285 

Use of 1012 and 1013 ohm resistor 
amplifiers for uranium isotopic 

measurements by TIMS and 
MC-ICPMS 

ISNARD H. 1*,  AUBERT M. 1,  NONELL A.1, 
CHARTIER F.2 

1 Commissariat à l'Energie Atomique, 
DEN/DPC/SEARS/LANIE, 91191 Gif-sur-Yvette 
Cedex, France, helene.isnard@cea.fr 

2 Commissariat à l'Energie Atomique, DEN/DPC, 91191 
Gif-sur-Yvette Cedex, France 

 
The determination of uranium isotope ratios is 

major in different fields such as geochronology, 
nuclear safeguards and forensics, environmental 
monitoring or health monitoring. Mass spectrometric 
techniques such as thermal ionization mass 
spectrometry (TIMS) or multiple collector 
inductively coupled plasma mass spectrometry (MC-
ICPMS) are the techniques of choice for precise and 
accurate measurements of uranium isotope ratios. 
Due to the large range of uranium isotope ratio that 
can be encountered, particularly in the nuclear 
domain, different types of detection systems (Faraday 
cup, Daly detector, Secondary Electron multiplier..) 
are typically used for measurements of both major 
and minor isotopes. An advanced development is the 
fabrication of 1012 and more recently 1013 ohm 
resistors mounted in the feedback loop of Faraday 
cup amplifiers in order to improve the signal to 
Johnson noise ratio at low ion beam intensities.  
 

In this work we present the results obtained with 
the use of Faraday cup connected to amplifiers 
equipped with 1012 and 1013 ohm resistors in static 
multicollection mode for the determination of minor 
isotope ratios of uranium (234U/238U and 236U/238U). 
Measurements are performed by TIMS and MC-
ICPMS (Triton Plus and Neptune Plus, Thermo 
Fisher) on five IRMM standards (IRMM-183, 184, 
185, 186, 187) with 234U/238U and 236U/238U ratios 
ranging from 4x10-4 to 1x10-7. We have compared the 
repeatability of isotope ratio measurements for 
different ion beam intensities measured with Faraday 
cups connected to 1012, 1013 ohm resistors and with a 
Secondary Electron Multiplier. Different strategies 
for baseline, hydride and peak-tailing corrections 
have been investigated. Expanded uncertainty 
obtained on isotope ratio measurements was 
calculated in accordance with the ISO GUM and for 
each method the dominant uncertainty components 
were identified. This study demonstrate the potential 
of Faraday cups using new current amplifiers for 
precise and accurate analysis of uranium isotope ratio 
in nuclear or geological samples. 
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The origin of proto-Japan was clarified by the 

latest study on detrital zircon chronology of Middle–
Upper Paleozoic sandstones of continental shelf in 
SW Japan by LA-ICPMS. Additional study on coeval 
sadnstones from the Sergeevka belt around the 
Khanka block in Primorye, Far East Russia, indicate 
the similar origin; i.e. the South China block.  These 
sandstones share similar age spectra of detrital 
zircons, with dominant Phanerozoic grains and the 
significant cluster of Neoproterozoic ones.  The latter 
were likely derived from the South China block but 
nowhere else among possible older continental blocks 
in East Asia.  During the Paleozoic, the conterminous 
South China on the mainland, the East China Sea, 
SW-NE Japan, and a part of Primorye belonged to a 
large continental entity named “Greater South China 
(GSC)” (Isozaki, 2014), which was twice larger than 
the present South China block.  GSC was born when 
the supercontinent Rodinia broke up around 700 Ma, 
and existed until the mid-Triassic collision with 
North China block; i.e. the amalgamation into Asia.  
GSC is exotic to Central Asian Orogenic Belt, and all 
Paleozoic subduction-related orogenic elements in 
Japan and surroundings were formed along the 
Pacific margin of GSC.   

 
 [1] Isozaki et al. (2014), GFF 136, 116-119.  
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Sampling and determination method 
Seawater samples in Pacific Ocean have been 

taken in the cruise of KH-05-2 and those in Indian 
Ocean in the cruise of KH-09-5(ER). All samples 
have been taken from a CTD-CMS clean sampler 
through fiber filters and stored in LDPE bottles after 
acidification at pH 2. Total dissolved Cr (both Cr(III) 
and Cr(VI)) was preconcentrated as 8-quinolinol 
complex by solid phase extraction after the reduction 
of Cr(VI) to Cr(III), and then determined by 
GFAAS[1].  

 
Results and discussion 
Figure indicates the vertical distribution of total 

dissolved Cr at the stations along latitude 160 W in 
Pacific Ocean, and that at the stations in Indian 
Ocean. The profile at almost all stations indicates 
weak nutrient-type. There is no remarkable difference 
between vertical profile patterns. The average 
concentration in Pacific Ocean (7 nmol/L) is higher 
than that in Indian Ocean (4 nmol/L). 

The relationship between the vertical cross 
section of the concentration of total dissolved Cr and 
other seawater parameters will be presented and 
discussed in the Session. 

 
 

[1] K. Isshiki, Y. Sohrin, H. Karatani & E. Nakayama 
(1989) Anal. Chim. Acta, 224, 55-64. 
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Introduction 

Rapid economic development in East Asia has 
been accompanied by increases in NOx emissions 
from anthropogenic sources; it is expected that the 
atmospheric input of nitrogen compounds into oceans 
will have a considerable effect. In this study, the 
atmospheric input of anthropogenic total reactive 
oxygenated nitrogen (NOy) to ocean regions in East 
Asia during 2002–2004 was revisited with an updated 
regional chemical transport model and the latest 
emissions inventory [1]. The updated model treats 
both fine- and coarse-mode nitrate (NO3

-). Coarse-
mode NO3

- is produced by the reaction of nitric acid 
(HNO3) and sea salt. 

 
Discussion on Results 

The modeling system reproduced the atmospheric 
concentration and wet deposition amount of NO3

- 
compared with observations. The fraction of coarse-
mode NO3

-, defined as the ratio of coarse-mode NO3
- 

to the sum of fine- and coarse-mode NO3
-, was also 

well captured. NOy deposition amounts over 
marginal seas and open oceans were 733 and 730 Gg-
N/yr, which repectively increased by 1.6- and 2.2-
fold including coarse-mode NO3

-. Anthropogenic 
NOx emissions from China were 5377 Gg-N/yr, and 
3060 Gg-N/yr was exported from China; therefore, 
the total deposition amount over ocean regions in 
East Asia (1463 Gg-N/yr) was corresponded to the 
almost half (48%) of the export amounts.  

Coarse-mode NO3
- originated with the reaction of 

mineral dust were not exactly treated in the current 
modeling system. Based on the observed results 
during the dust and non-dust year, 27% increase of 
NOy deposition over marginal seas were estimated. 
This results also supported the significant impact of 
NOy deposition over East Asian oceans as 
atmospheric input. 

 
[1] Itahashi et al. (2016) submitted to Geophys. Res. 
Lett. 
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To obtain accurate radiocarbon dates, individual 
amino acids, specifically for hydroxyproline (Hyp), 
isolated from protein with high performance liquid 
chromatography (HPLC) have been recently 
anticipated to be a compound group suited for 
radiocarbon dating [1]. We have optimized a method 
of isolation of individual amino acids using reversed-
phase HPLC and further purification step prior to the 
compound-specific radiocarbon measurement.  

The average recoveries of the authentic standard 
amino acids were better than 70% and the 14C 
difference was approximately 14‰ through the entire 
purification processes. We have also applied the 
method to some archaeological human and animal 
bone collagen samples with known ages. In the result, 
the 14C age differences between bulk collagen and 
Hyp were small and constant. With a purification step 
after the HPLC separation, this method enable 
isolation of individual amino acids with a small effect 
for radiocarbon age. 

Figure 1: The verification of consistency for pMC of 
samples between with and without LC treatment. 
[1] McCullagh et al. (2010) Radiocarbon 52, 620–
634. 
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Mercury (Hg) level in tuna is a valuable bioindicator 
of marine methylmercury (MeHg) since >90% of 
total Hg (THg) is in the form of MeHg. Application 
of Hg stable isotope to tuna highlight the potential of 
this tool as a unique geochemical tracer of MeHg. 
However, interpretation of stable isotope data in 
highly migratory species is still a matter of debate. In 
this study, we measured Hg stable isotope ratio along 
with carbon (C) stable isotope ratio in muscle tissue 
of skipjack tuna collected from North Western 
Pacific. Typical north-south seasonal migration of 
this species enable us to compare the latitudinal 
gradiant of δ13C in particulate organic carbon (POC). 
It helps to discuss metabolic turnover issue. The δ13C 
showed increasing trend from north to south which is 
consistent with the global latitudinal gradient of POC. 
According to the recent experimental studies using 
bluefin tuna, turnover rates of C and MeHg are 
similar and these take around one year. Their 
turnover rate of skipjack tuna might be shorter 
considering its life span, but is likely in the order of 
several months. Nevertheless, δ13C seem to reflect, at 
least partly, recent isotope signal before catching. 
Based on this assumption, we interpreted the 
geographical variation of Hg stable isotope along 
with the biogeochemical dataset of ocean. The δ202Hg 
and Δ199Hg showed significant geographical variation 
among the three different ocean currents, i.e., (i) 
Oyashio (North Pacific Subpolar Gyre), (ii) Kuroshio 
(North Pacific Gyre), (iii) Equatorial Counter Current 
(ECC). Variation of Δ199Hg most likely reflects depth 
of migration. Shallower migration in Oyashio than 
warmwater currents is consistent with general 
ecological understanding of this species. Lower THg 
level in ECC than Kuroshio is consistent with 
reported MeHg distribution in ocean. Overall, we 
conclude that Hg stable isotope in skipjack tuna is a 
good tracer for spatial distribution of MeHg in Ocean. 



Goldschmidt Conference Abstracts 

 

1291 

Accurate LA-ICP-MS 
determination of HREE 
abundances in monazite 

KEITA ITANO1*, TSUYOSHI IIZUKA1, KOJI 
ICHIMURA1, MIHOKO HOSHINO2 

1Department of Earth and Planetary Science, The 
University of Tokyo, Tokyo 113-0033, Japan 
(*correspondence: k.itano@eps.s.u-tokyo.ac.jp)
  

2 National Institute of Advanced Industral Science 
and Technology (AIST), Tsukuba, 305-8567, 
Japan  

 
Monazite is an useful geochrnonometer and its 

geochemical composition, especially rare earth 
element (REE), can provide clues to its genesis. The 
LA-ICP-MS technique has been widely used for REE 
analysis. However, determination of heavy-REE 
(HREE) abundances in monazite using LA-ICP-MS 
can be challenging, because of the interferences of 
light-REE (LREE) oxides on HREEs. The 
interferences are problematic especially for monazites 
in which HREEs are highly depleted. Accurate 
determination of HREE abundances in such 
monazites requires the correction for the oxide 
interferences. For solution ICP-MS analysis, the 
correction has been made by assuming a linear 
relation between Log (MO+/M+) and M–O bond 
energy [1]. It has been shown, however, that the 
assumption is invalid for LA-ICP-MS analysis [2]. 

In this study, we have investigated oxide 
production rates of REE, U and Th during LA-ICP-
MS analysis using natural and synthetic REE 
phosphates as well as NIST SRM 610. Analyses were 
carried out at gas flow rates from 0.75 to 1.0 L min-1. 
We found that ThO+/Th+ and UO+/U+ are identical 
between natural monazite and NIST SRM 610, 
indicating that the matrix effect is insignificant for 
the oxide production rates. We identified two distinct 
behaviors of oxide formation among the analyzed 
elements: MO+/M+ of Y, La, Ce, Pr, Nd, Gd, Tb, Th 
and U are sensitive to the changes in gas flow rates, 
whereas those of Sm, Eu, Dy, Ho, Er, Tm, Yb and Lu 
are relatively small and almost constant among 
variable gas flow rates. The distinct behaviors are 
attributed to the relative significance of oxide 
dissociation and ionization: the former group 
elements have M–O bond energies higher than M–O 
ionization energies. We conclude that the most 
accurate correction for the REE oxide interferences 
can be made by the directly measuring MO+/M+ of 
REEs using synthetic REE phosphates. We apllied 
this correction method to natural monazites and 
demonstrated its versatility. 
[1] Aries et al. (2000) Geostandard  Newslett. 24. 19-
31. 
[2] Kent & Ungerer (2005) J. Anal. Atom. Spectrom. 
20. 1256-1262. 
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 The processing of igneous-type rare earth 
element (REE) deposits may generate radioactive 
wastes as well as acid drainage due to their high 
content of radioactive elements (e.g. Th, U) and the 
use of acids to decompose REE minerals. To 
establish appropriate indicators and assess the 
environmental impacts of REE extraction, we have 
investigated geochemical and isotopic signatures of 
contamination from heavy mineral processing in 
Kinta River and two of its tributaries near Ipoh city, 
Malaysia as a case study. Our preliminary 
investigation showed that water from a tributary near 
an ilmenite processing plant was anthropogenically 
influenced, as indicated by low pH and high Fe and 
Cl concentrations, while water qualities of others 
were mainly controlled by the underlying lithology. 
 The REE patterns and Pb isotope ratios of 
the water and sediment samples from the tributary 
resemble those of leaked water from the tailings pond 
of the ilmenite processing plant. These data suggest 
that contamination of REEs, U, and Th in the 
tributary is due to heavy mineral processing. 
Therefore, they may be used as indicators of 
environmental impacts. In this tributary, the Fe 
isotope ratios decrease downstream with decreasing 
Fe concentrations, which may be due to isotope 
fractionation during oxidative precipitation of Fe-
hydroxides. However, the fraction of remaining Fe in 
the downstream seems to be overestimated due to the 
effect of colloidal Fe. The concentrations of REEs, U 
and Th decrease downstream with different removal 
efficiencies (Th>U>REEs). The results of 
geochemical modeling suggest that Th may be 
removed by precipitation with increasing pH while U 
may be taken up and transported by Fe-hydroxides 
precipitated from the stream water. Therefore, Fe 
isotope signatures and geochemical modeling may be 
useful to understand chemical processes occurring in 
a contaminated river. 
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Atmospheric deposition of dust source materials 

is a significant source of exogenous iron (Fe) in 
marine ecosystems. Especially, the Southern Ocean is 
the most biogeochemically important ocean because 
of its large spatial extent and its considerable 
influence on the global carbon cycle. The major 
sources of atmospheric Fe to the Southern Ocean 
include South America (Patagonia), Australia, and 
southern Africa. However, there is large uncertainty 
in our estimate of the dust emissions in the Southern 
Hemisphere. Recently, the dust sources in these 
regions have received considerable attention, both for 
their potential impacts on climate and ecosystems and 
for their susceptibility to climate and land-use 
changes. 

Here, we use an atmospheric chemistry transport 
model to investigate the supply of soluble Fe from 
dust source regions to the oceans in the Southern 
Hemisphere [1]. We do so using a physically-based 
dust emission parameterization to better capture 
emissions from dry soils in non-vegetated areas, and 
validated the simulated aerosol optical depth (AOD) 
using ground-based sun photometer (AERONET) 
measurements near dust source regions [2, 3]. Our 
improved model results suggest that dust emissions 
from open shrublands in arid and semi-arid regions 
can be a key contributor to Southern Hemispheric 
dust, and thus to bioavailable Fe deposition to the 
Southern Ocean. These results highlight the necessity 
of improving the process-based quantitative 
understanding of the dust source fluxes in sparsely 
vegetated areas with changing climate and land-use 
practice. 

 
[1] Ito, A., and Z. Shi (2016) Atmos. Chem. Phys., 16, 
85–99, doi:10.5194/acp-16-85-2016. [2] Kok, J. F., et 
al. (2014) Atmos. Chem. Phys., 14, 13023–13041, 
doi:10.5194/acp-14-13023-2014. [3] Kok, J. F., et al. 
(2014) Atmos. Chem. Phys., 14, 13043–13061, 
doi:10.5194/acp-14-13043-2014. 
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The largely submerged Kikai Caldera, situated 

~50 km off the Kyushu Island, is well-known as the 
caldera that devastated the prehistoric Jomon culture 
in southern Kyushu when it erupted huge tephras (K-
Ah) at ~7,300 years ago (7.3 ka). Understanding the 
eruptive history of the Kikai Caldera is critically 
important because it may affect long time safety of 
radioactive waste depository and so on. At least two 
caldera-forming eruptions before K-Ah were assumed 
so far: the K-Tz and Ksd. The eruption age of the K-
Tz is well constrained at ~95 ka while that of the Ksd 
is poorly constrained at 0.58 ± 0.16 Ma (2 σ) by the 
glass fission-track (FT) method [1]. Here, we dated 
K-Tz and Ksd by the zircon U-Pb method using LA-
ICP-MS for samples collected at Yakushima Island, 
~25 km south of the Kikai Caldera. We also dated the 
Anbo tephra which was originally dated at 0.78 ± 
0.18 Ma (2 σ) by the glass FT method. As a result, 
both Ksd and Ando were dated as 0.63 ± 0.04 Ma 
(95% conf.; n=19, MSWD=3.0) and 0.73 ± 0.04 Ma 
(95% conf.; n=40, MSWD=1.6), respectively, which 
are much tightly constrained ages than those by the 
glass FT method. Some zircons from the K-Tz 
showed similar ages of both Ksd and Anbo, therefore 
it was assumed that the Anbo tephra was also 
originated from the Kikai Caldera. If this is the case, 
the initial caldera-forming eruption occurred at ~0.73 
Ma followed by ~0.63 Ma, ~0.1 Ma and the latest 
~0.01 Ma (or 7.3 ka). If this periodicity persists, the 
volcanic activity at the Kikai caldera may be subdued 
for another 0.5 million years. 

 
[1] Moriwaki et al. (2008) Quaternary International 
178, 128–137. 
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In Majuro Atoll, Marshall Islands, people have 
lived for more than 2000 years, even though atolls are 
vulnerable to natural disasters and climate change. 
The sediments are originally composed of coral 
gravel and foraminifera. However, they are easily 
affected by human activities such as cultivation of 
crops. We focus on the changes of physico-chemical 
conditions of sediments that could be affected by 
human activities to evaluate anthropogenic impacts 
depending on the depth of the sediments in Majuro 
Atoll.    

X-ray fluorescence (XRF) and Inductively-
coupled plasma mass spectrometry (ICP-MS) 
analyses were used to measure concentration of major 
and trace elements, respectively. X-ray absorption 
fine structure (XAFS) analysis was conducted to 
examine their detailed chemical form. Accelerator 
Mass Spectrometry (AMS) was applied for 14C dating 
using foraminifera. 

The concentrations of toxic elements such as Zn, 
Cu, and Pb increased sharply in upper layer, which 
were correlated with that of total organic carbon 
(TOC) in Laura and Calalen islands, whereas Mg 
increased as the increase of the depth. Speciation of 
the elements suggested that the former elements are 
of anthropogenic origin, whereas the latter is by the 
release of Mg from magnesian calcite due to the 
acidification of the surface sediment. 
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The triple oxygen isotopic compositions (∆17O = 
ln(δ17O + 1) – 0.518ln(δ17O + 1)) of photosynthetic 
O2 are about +150 to 250 per meg higher than those 
of atmospheric O2. While both δ17O and δ18O of O2 
fractionate during respiration along with “the mass-
dependent relation”, ∆17O value is stable during 
respiration. As a result, measurements on the ∆17O 
values for dissolved O2 in hydrospheric samples 
enabled us to estimate the mixing ratios between 
photosynthetic O2 and atmospheric O2 in each 
dissolved O2 and thus to estimate either gross primary 
production rate or air-water gas exchange coefficient 
in each hydrosphereric system. 

In most of the previous studies, however, ∆17O 
values of dissolved O2 had been measured together 
with Ar during mass spectrometric analyses, because 
of the similarities between O2 and Ar in the physical 
characteristics such as boiling points, which made 
them difficult to separate each other cryogenically. 
Therefore, additional corrections must be needed 
subsequent to the mass spectrometric analyses on O2 
isotopes for the samples having O2/Ar ratios deviated 
from the atmospheric O2/Ar ratios, leading poor 
accuracy on the ∆17O measurements. 

In order to determine accurate ∆17O values for 
dissolved O2 in various types of water samples 
including those having different O2/Ar ratios from the 
atmosphere, we constructed a fully automated 
pretreatment system. In this system, dissolved gases 
including O2 and Ar are extracted from water samples 
effectively. Then, extracted O2 is separated from the 
other gases including Ar using GC column, and then 
obtained pure O2 is concentrated in a cryogenic trap 
held at 10K. In this study, we would like to present 
the ∆17O values of dissolved O2 measured using the 
system for the samples showing substantially lower 
O2/Ar ratios than that of atmosphere, such as those 
taken in the water column of Lake Biwa where 
hypoxia had been developed in summer hypolimnion 
in recent years. 
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Carbonaceous chondrites contain a variety of 

extraterrestrial organic molecules (e.g., Sephton and 
Botta, 2005). Chemical, structural and stable isotopic 
characteristics in those organics suggest that several 
environments (the interstellar space, the solar nebula 
and the meteorite parent body) may have contributed 
to the formation of organics (Sephton, 2002). 
Therefore, it is important to know spatial 
distributions of these orgcanics in the host mineral 
matrix, and relationship to the isotopic compositions 
of H, C and N. 

Simon and coworkers reported the coordinated 
chemical and isotopic in-situ measurements in a 
carobonaceous chondrite (Simon et al., 2014). They 
developed  the JSC µ-L2MS instruments to obtain 
chemical map of organics whthin the sample. Using 
the capability, they succesfully acquire chmical 
image (m/z ~ 15 to 250) in the CM2 Bells chondrite 
together with C and N isotope maps obtained by 
NanoSIMS in the same region. 

In this study, we plan to perform the coordinated 
NanoSIMS (isotopes) and iMScope (chemistry) study 
for Murchison CM chondrite to acquire spatial 
distributions of H, C and N isotopes and chemistry in 
spatially distributed organics in the chondrite. We 
carried out chemical imaging in the Murchison matrix 
using the Shimadzu iMScope imaging mass 
microsope that allows us to identify and visualize the 
spatial distribution of organic molecules. We 
obtained organics chemistry maps (#a: 380 x 320 and 
#b: 800 x 800 µm2) with a spatial resolution of ~5 µm 
and m/z = 50 to 800. Chemical map shows that 
organics were widely spreaded within the Murchison 
matrix. Several hots spots, ranging from 50 µm to 
200 µm and with m/z ~ 93 and 149, were found in the 
matrix #b . We analyzed selected mass peaks using a 
Kendrick Mass Defect method (e.g., Schmitt-Kopplin 
et al., 2010) to arrange the diverse compositions with 
common repeat units, e.g., CH2 and COO, and 
determined possible structures of organics from 
selected mass peaks. We will performe a NanoSIMS 
imaging to acquire H, C and N isotopic compositions 
in selected hot spots, and then will show a 
relationship between isotopes and chemical formula 
(structure) in the conference. 
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Perylene, which is a polycyclic aromatic 
hydrocarbons (PAHs) that consists of five benzene-
rings, has been widely found throughout the world, 
but it has different vertical distributions compared to 
other PAHs. Since the discovery of perylene in 
aquatic sediments, many researchers have reported 
the abundance of perylene in both marine and 
lacustrine sediments and have discussed its source, 
route to sediments, reactions, etc. Lake Biwa is the 
largest lake in Japan and its sediment commonly 
contain very high amounts of perylene (μg g−1-level). 
Thus, Lake Biwa must be a suitable site for 
elucidation of perylene origin and transforming 
process as well as its possibility for an indicator of 
environmental change.  

In the dated-sediment core collected from near 
the river’s mouth in Lake Biwa, concentration of 
perylene increased with increase of terrestrial 
materials and a transformation of perylene from its 
precursor compounds is ongoing within the deeper 
layers of sediments. Moreover, no remarkable 
concentration of perylene has been observed in the 
sinking particles collected from water at 5 m above 
the lake bottom. These results suggest that 
sedimentary perylene originates from outside the lake 
and that a transformation of perylene from its 
precursor compounds occurs mainly after deposition 
in Lake Biwa. The stable carbon isotope 
compositions (δ13C values) of perylene in Lake 
sediment (–27.8‰ ± 0.3‰) was clearly more 
negative than those of Japanese aquatic plants (C3, –
16.5‰ to –14.6‰), it can be considered that the 
perylene originated from the land, principally from 
gymnosperms. Furthermore, it was clarified that 
transformation of perylene from 4,9-
dihydroxyperylene-3,10-quinone (DHPQ), which 
originates from Cenococcum geophilum, a type of 
rhizobia, in a catchment area at Lake Biwa. Because a 
remarkable amount of DHPQ also exists in the humic 
acids of soils and because the inputs of compounds to 
the lake depend strongly on the rivers, precursor of 
perylene in the Lake Biwa sediment must originate 
from the land. Considering the fact that perylene 
showed the temporal increase corresponding to layer 
of the flood in the dated-core (Isewan Typhoon in AD 
1959), perylene should be a useful indicator of flood 
in sediment cores. 
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The origin of water in the Earth and asteroids in 
the Earth’s orbit have been recently discussed with 
chondrites, comets, Kuiper-belt objects and 
interstellar organic matter (e.g., [1–3]). One of 
significant possible precursor of H20 ice in Earth’s 
orbit have been predicted as the delivery from 
cometary ice and from outside the orbit of Jupiter 
with the hydrogen isotopic compositions of apatites, 
fluid inclusions and phyllosilicates in ordinary 
chondrites (OCs) [1,3-5].  

In this study, we applied in-situ measurement 
technique [2] of water content and hydrogen isotopic 
compositions of phosphate minerals from LL4-6 OCs 
by 1270 SIMS [6]. All D/H ratios in the phosphate 
minerals are D-rich (δD ~ +2000 to +25000). In 
contrast, water contents of these phosphate shows the 
range of 10-100ppm and that of LL6 is the highest 
water content and D-rich isotopic compositions (δD ~ 
+10000 to +25000). This signature suggests that the 
Rayleigh fractionation in H2O during thermal 
metamorphism in the parent body is not much 
significant of D-enrichment in phosphates because 
apatite in LL6 shows the maximum H2O  even in 
highest temperature metamorphism but the origin of 
D-rich hydrogen isotopic compositions of LL6 
phosphates is resulting from diffusion among 
phosphates and  D-rich water or interstellar organic 
matter during thermal metamorphism. In this talk, the 
diffusion sources of H2O or H2 to the apatite during 
thermal metamorphism are discussed with H-
diffusivity in apatite [7-8] and the possibilities for the 
origin of D-rich signature are discussed with 
fractionated residual water or cometary ice. 

[1] Yurimoto et al. (2014) Geochem. J. 48, 549-
560. [2] Greenwood et al. (2011) Nature Geosci., 4, 
79-82. [3] Robert, (2011) Science, 293, 1056–1058. 
[4] Deloule and Robert (1995) GCA, 59, 4695-4706. 
[5] Robert (2003) Space science reviews, 106, 87-
101. [6] Itoh et al. (2015) Goldschmidt 2015 abstract: 
5138. [7] Itoh et al. (2015) Goldschmidt 2015 
abstract: 5138. [8] Higashi et al. (2016) 
Goldscmidt2016. 
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The oceanic crust makes up the largest potential 
habitat for microbial life on Earth, yet next to nothing 
is known about the abundance, diversity and ecology 
of its biosphere. Because of issues involved in 
sampling live specimens, paleontological material has 
been proven central in the exploration of the 
subseafloor biosphere. Studies of two drill cores from 
Nintoku and Koko Seamounts, respectively, 
belonging to the Emperor Seamounts in the Pacific 
Ocean have revealed fungal-prokaryotic consortia in 
subseafloor basalts to a depth of ~300 mbsf. At Koko 
Seamount fungal colonization was initiated by a 
biofilm lining the interior of vesicle basalt from 
which hyphae protruded and formed complex 
mycelia-like networks. Between the hyphae minute 
cells were suspended in a cobweb-like fashion; 
interpreted as prokaryotes involved in iron oxidation. 
Microstromatolitic Frutexites representing remains of 
iron oxidizing bacterial communities also used the 
fungal mycelia as basis for their growth. At Nintoku 
Seamount microstromatolitic bacteria predated fungal 
colonization, which was initiated by the formation of 
a biofilm from which hyphae and yeast-like growth 
structures protruded. Both studies show that the 
microbial colonization of subseafloor basalts is an 
early event that predates substantial rock alteration 
and coeval with the precipitation of secondary 
minerals like carbonates and zeolites. A symbiotic 
relationship with chemoautotrophs may be a 
prerequisite for the eukaryotic colonization of crustal 
rocks and enables fungi to expand their ecological 
niches. In fact, fungi appear to play an important 
ecological role in subseafloor crust being involved in 
mineral weathering and precipitation, mobilization of 
elements and engaging in symbiotic relationships; a 
geobiological agent not yet accounted for in the 
oceanic igneous crust. 
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Soil water samples were sampled and dissolved 

137Cs concentrations were measured at four sites with 
different land use (meadow land, pasture land, and 
young/mature cedar forest) in Yamakiya District, 
located ~35 km northwest of Fukushima Dai-ichi 
Nuclear Power Plant (FDNPP) from July 2011 to 
October 2012. Meadow land and pasture land are not 
covered by any kind of trees and therefore there 
might no input of 137Cs by throughfall. At 
young/mature cedar forest, 137Cs input by throughfall 
was expected. Rainfall at meadow land, pasture land 
and throughfall at young/mature coniferous forest 
were also sampled and dissolved 137Cs concentrations 
were measured. Soil water samples were collected by 
suction lysimeters in three different depths at each 
site (depth of 0.1, 0.3 and 0.5 m at meadow land and 
young/mature cedar forest; depth of 0.1, 0.2 and 0.3 
m at pasture land). The dissolved 137Cs concentration 
was analyzed by Germanium Gamma ray detector.  

dissolved 137Cs concentrations of soil water 
showed high value of 0.011-2.5 Bq/L around July to 
August 2011, whereas dissolved 137Cs concentrations 
of throughfall were 47-450 Bq/L during that period. 
The declining trend of dissolved 137Cs concentrations 
of soil water seems to be similar with that of stream 
water. Where the dissolved 137Cs concentrations of 
stream water declined in a two-component 
exponential model [1]. The k1 factor of declining 
trend of dissolved 137Cs concentrations of soil water 
showed good correlation with Radiocesium 
interception potential (RIP) factor reported in the 
same site [2]. 

 
[1] Iwagami et al. (2015) Journal of Environmental 
Radioactivity. (in press). [2] Takahashi et al. (2015) 
Journal of Environmental Radioactivity. 139, 351-
361. 
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Within the solid Earth system, water plays crucial 
roles in both physical and chemical aspects, e.g., 
reducing rock strength and density, decreasing 
melting temperature, and redistributing elements and 
isotopes effectively during water-rock interactions. 
Although each effect has been vigorously studied, 
less attention has been paid to their interplay. As an 
example in subduction zone, dehydration of a 
subducting slab hydrates the overlying mantle wedge, 
reducing the viscosity. Then, the flow-thermal field is 
modified to accommodate the extent and the locus of 
dehydration and melting, which in turn affects again 
the viscosity and thermal-flow field, forming a non-
linear feedback system [1]. We investigate such 
systems by numerical simulation of two-phase mantle 
convection models, involving water transport, 
hydrous phase relation, fluid generation and 
migration, and fluid-rock reactions. The water 
transport and the mantle convective flow are 
interactive through rheology, density and phase 
relation for hydrated-dehydrated rocks. 

Based on the numerical models, we demonstrate 
how the influences of water on phase relation, 
rheology, density, and flow-thermal structure appear 
as observable variables and phenomena, such as the 
location of arc volcanic zone, the subduction velocity 
and angle of plate, slab morphology, stress field, 
trench migration and back-arc spreading. One of the 
key parameters is effective viscosity of hydrous 
minerals, which is not tightly constrained at present: 
e.g., development of serpentinite just above the 
subducting slab critically controls the mechanical 
coupling between the slab and the mantle, leading to 
various flow-thermal structures depending on the 
viscosity. It has been also found that rheological 
weakening of the continental lithosphere by fluid 
upwelling as well as effective density reduction of the 
hydrated slab have significant impacts on the back-
arc basin formation, trench mobility and convergence 
rate, and determine the subsequent evolution of slab 
morphology over the global scale [2]. The observed 
variations in subduction mode, at least partly, could 
be attributed to different degrees of water effects 
(e.g., water content of slab) on subduction dynamics. 

 
[1] Horiuchi & Iwamori (2016) JGR 

doi:10.1002/2015JB012384. [2] Nakao, Iwamori, 
Nakakuki (2016) JpGU abstract. 
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“Subduction factory” produces arc magmas as a 
main output, which has been extensively studied to 
probe the sub-arc structure and processes. Another 
equally important product is the residual material that 
subducts deeper into the mantle; e.g., dehydrated or 
melted slab and mantle materials. Importance of such 
processed materials has been repeatedly argued for 
geochemical heterogeneity and global material 
cycling in the mantle [e.g., 1-3]. In spite of its 
importance, compared to the arc magmas, the residual 
materials have been less constrained partly due to its 
inaccessibility. Of several approaches for 
quantitatively identifying such processes and 
materials, based on the fluid dynamical model for 
trace element transport in subduction zones [4], as 
well as 3-D mantle convection model that 
incorporates water transport [5,6], we discuss what 
comes out and what goes down to the deep mantle, 
and how the subducted materials may contribute to 
global geochemical structures, including east-west 
mantle geochemical hemispheres [7]. 

Within the subduction factory, melting and melt 
extraction create compositionally zoned mantle, 
which is dragged down by corner flow to encounter 
the fluid from the slab [4]. It has been found that this 
combined process creates highly complicated 2-D 
distribution of elements, as well as large variability in 
parent/daughter ratio of radionuclides, which are 
comparable to the global variability. Outside the 
subduction factory, the heterogeneous materials are 
transported and redistributed by both solid convective 
flow and percolating fluid that is released upon 
dehydration of hydrous minerals (including 
nominally anhydrous minerals) at various depths over 
the whole mantle, resulting in effective delivery of 
water (and associated elements) to a broad but a 
certain region of the mantle. 

  
[1] Chauvel et al. (1995) Chem. Geol. 126, 65-75. [2] 
Kellogg et al. (2007) EPSL 262, 328-342. [3] 
Iwamori and Albarède (2008) G-cubed 9:4 [4] 
Ikemoto & Iwamori (2014) Earth, Planets & Space 
66:26. [5] Yoshida (2013) GRL 40, 681–686. [6] 
Yanagi et al. (2016) JpGU abstract. [7] Iwamori & 
Nakamura (2012) Geochem. J. 46, e39-e46; (2015) 
Gondwana Res. 27, 1131–1152. 
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The radionuclides released by the Fukushima 

Dai-ichi Nuclear Power Plant accident in 2011 have 
been transported and redistributed in the natural 
environment by several physical factors (e.g., wind, 
surface water flow, and sediment transport). A better 
understanding of the fate of such radionuclides is key 
to assessing their future impact on the environment. 
This study presents numerical simulations of 
sediment-bound radiocesium (137Cs) transport and 
deposition in the Abukuma River, Japan. We 
numerically simulated the transport, deposition, and 
re-entrainment of 137Cs contaminants associated with 
suspended sediment transport. The model was 
validated by field measurements of radiocesium 
deposition on a floodplain of the Abukuma River. 
The numerical model reasonably reproduced the 
observed depositional pattern of 137Cs on the 
floodplain (Fig. 1). The results show that repetition of 
several flood events is an important factor in 
controlling radiocesium deposition on the floodplain. 
A moderate flood event could cause either deposition 
or re-entrainment of radiocesium, whereas, a large 
flood event may re-entrain the previously deposited 
radiocesium, and deposit newly transported 
radiocesium on the floodplain. 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Depositional pattern of 137Cs on a 
floodplain of the Abukuma River: a)observation and 
b)simulation. 
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    The aerosol – cloud interactions, remain as one of 
the most  uncertain aspects in our understanding of 
the climate system [1]. It is in large part due to the 
lack of understanding in the characteristics (chemical 
composition, mixing state, and morphology) of ice 
nucleating aerosol particles in the actual atmosphere. 
In the present work, we investigated the 
characteristics of the atmospheric aerosols that form 
ice crystals through heterogeneous nucleation. 
     Aerosol particles sampled on Si wafer by 
impaction  were exposed to supersaturated air. 
Following droplet activation by condensation, 
particles were cooled down to -30℃ under optical 
microscope (Fig.1). The ice nucleating particles were 
analyzed individually by Atomic Force Microscopy 
(AFM), Raman Microspectrometry (RMS), and 
Scanning Electron Microscopy (SEM) coupled with 
Energy Dispersive X-ray spectroscopy (EDX). One 
can obtain the detailed 3D morphology of individual 
particles by AFM. RMS provides a nondestructive 
means to identify chemical compounds present within 
individual particles and ascertain how they are 
distributed relative to one another under atmospheric 
pressure. More examples of individual particles 
analyzed by the current method will be presented at 
the poster presentation. 

Figure 1: Single droplet freezing method 

Figure 2: The mesurement results of the atmospheric 
aerosol by AFM, RMS, and SEM 
 
[1] Flato et al. (2013) Cambridge University Press, 
741–866 
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This study aims to evaluate a geochemical 

method to estimate groundwater environment in and 
around a large underground facility. Water chemistry, 
isotopes (δD, δ18O, 3H, δ13C, 14C) and 
chlorofluorocarbons (CFCs) in groundwater down to 
a depth of 500 m were monitored in the Mizunami 
Underground Research Laboratory (MIU), Japan. In 
the MIU site, sedimentary rock formations with the 
thickness of about 170 m unconformably overlie 
basement granite. The granite is divided into a 
weathered zone at uppermost part, an upper highly 
fractured domain (UHFD) and a lower sparsely 
fractured domain (LSFD). Baseline of groundwater 
chemistry prior to the facility construction was 
characterized; Na-Ca-SO4-HCO3 type in shallow 
sedimentary rocks and Na-Ca-Cl type of water which 
salinity increases with depth in granite. 

The groundwater level was lowered by long-term 
drainage of groundwater from the galleries. The 
monitoring of water chemistry for more than 10 years 
shows the increase of SO4 and HCO3 concentrations 
in UHFD at depths between 200 - 400 m. The 
shallow groundwater probably inflows into deeper 
depths with time.  3H and CFCs as an index of surface 
water were detected in several monitoring points at 
these depths. Based on those concentration the 
mixing proportion of shallow groundwater was 
estimated up to about 50 %. On the other hand 
groundwater in LSFD at the depth of 500 m does not 
show increase of SO4 and HCO3 concentrations nor 
include 3H, suggesting relatively isolated condition 
from the hydraulic disturbance by the facility 
construction. 14C concentration in dissolved inorganic 
carbon was measured to understand residence time of 
the isolated groundwater. Then addition of 14C-free 
carbon from carbonate minerals to groundwater was 
corrected by geochemical model using δ13C value. 
Corrected 14C value ranges from 5 to 11 pMC and it 
corresponds to the residence time of 18 - 25 ka.  

The impact on the groundwater environment 
caused by a large underground facility was 
considerably different depending upon 
hydrogeological structure. The concomitant use of 
3H, δ13C, 14C and CFCs is an effective method to 
identify the hydrochemical condition in the disturbed 
domain and undisturbed domain around the 
underground facility. 
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The subject of research were technogenic 

magnetic particles (TMP) collected from dust 
produced during the non-ferrous metallurgical 
processes and from soils surrounding smelters in 
Upper Silesia, Poland.  

The aim of the study was to determine their 
magnetic susceptibility (χ) and mineral and chemical 
composition. 

 Samples were investigated by X-ray powder 
diffraction (XRD) and scanning electron microscopy 
(SEM) in addition to the bulk magnetic susceptibility 
measurements using MSB Bartington.  

Values of bulk magnetic susceptibility range from 
5 to 873 × 10-8m3kg-1 for dust, and  from 35 to 429 × 
10-8m3kg-1 for soils. Such a wide range of magnetic 
susceptibility is indicative of complex and variable 
mineral composition of TMP.  

Dust samples are composed of 40–80 vol.% 
zincite ZnO; 2–30 vol.% lanarkite Pb

2
(SO

4
)O; 5–30 

vol.% challocolloite KPb2Cl5; 6–24 vol.% anglesite 
Pb(SO4), 2–7 vol.% sphalerite ZnS; up to 8 vol.% 
metasideronatrite Fe(SO4)2(OH)(H2O) and franklinite 
(Fe,Mn,Zn)(Fe,Mn)2O4; up to 5 vol.% galena PbS and 
palmierite K2Pb(SO4); and of less than 2 vol.%  
monteponite CdO and otavite CdCO3. Lead and some 
Cd occur mostly in sulfates, carbonates and chlorides. 

Soil samples are composed of spherical glassy 
aluminosilicates, quartz, feldspars, iron oxides 
(hematite, magnetite; franklinite, magnesioferrite, 
jacobsite), barite, and coronadite Pb(Mn4+ Mn2+)8O16. 
The latter has rarely been observed in the 
environmental samples. Iron in the investigated 
minerals is mostly trivalent; whereas Mn is divalent 
and occurs in spinels often accompanied by iron 
and/or lead oxides.  

 
The research project received funding from the 

National Science Center of Poland on the basis of the 
decision number DEC-2013/09/B/ST10/02227. 



Goldschmidt Conference Abstracts 

 

1308 

Covariation of deep Southern 
Ocean oxygenation and 

atmospheric CO2 through the 
last ice age 

S.L. JACCARD1*, E.D. GALBRAITH2, A. 
MARTINEZ-GARCIA3 AND R.F. ANDERSON4 

1Institute of Geological Sciences, University of Bern, 
Switzerland (*correspondence: 
samuel.jaccard@geo.unibe.ch) 

2 ICREA, Barcelona, Spain (eric.galbraith@icrea.cat)  
3 Climate Geochemistry Department, MPI, Mainz, 

Germany (a.martinez-garcia@mpic.de) 
4 LDEO, Columbia University, Palisades, NY, USA 

(boba@ldeo.columbia.edu) 
 

No single mechanism can account for the full 
amplitude of past atmospheric carbon dioxide (CO2) 
variability over glacial-interglacial cycles. Among the 
possible candidates, a build-up of carbon in the deep 
ocean has emerged as a central mechanism for 
lowering atmospheric CO2 concentrations during the 
Last Glacial Maximum (LGM). However, the 
mechanisms responsible for the release of the deeply 
sequestered carbon to the atmosphere at deglaciation, 
and the relative importance each played in controlling 
variations in atmospheric CO2 concentrations prior to 
the LGM, have remained subjects of debate. Here we 
present sedimentary redox-sensitive trace metal 
records from the Antarctic Zone of the Southern 
Ocean that provide a reconstruction of transient 
changes in deep ocean oxygenation and, by inference, 
respired carbon storage throughout the last glacial 
cycle. Our data suggest that respired carbon was 
removed from the abyssal Southern Ocean during the 
northern hemisphere cold phases of the deglaciation, 
when atmospheric CO2 concentrations increased 
rapidly, reflecting - at least in part - a combination of 
dwindling iron fertilization by dust and enhanced 
deep ocean ventilation. Furthermore, our records 
show that the observed correlation between 
atmospheric CO2 concentrations and abyssal 
Southern Ocean oxygenation was maintained 
throughout most of the past 80 kyrs. This suggests 
that on millennial timescales deep ocean circulation 
and iron fertilization in the Southern Ocean played a 
consistent role in controlling atmospheric CO2 
concentrations. 
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Perchlorate (ClO4

-) and chlorate (ClO3
-) are 

ubiquitous throughout the terrestrial surface 
environment, can accumulate to near percent levels in 
terrestrial hyper-arid areas, and are present in 
meteorites and lunar regolith [e.g. 1, 2]. ClO4

- 
isotopic composition supports a stratospheric source 
including variable involvement of O3 mediated 
oxidation reactions and perhaps other non-O3 
photochemical pathways [3,4]. Heterogeneous 
photochemical reactions may also occur at the Earth’s 
surface, although their overall significance is unclear 
[5,6]. ClO3

-/ClO4
- molar ratios in terrestrial and extra-

terrestrial samples are typically >1:1, except in cases 
where ClO3

- has been lost due to biotic or abiotic post 
depositional transformation [1,7]. The occurrence of 
both ClO4

- and ClO3
- is significantly correlated to the 

occurrence of NO3
- in arid terrestrial areas [2]. This 

strong correlation is likely related to a common 
atmospheric production mechanism as well as similar 
biogeochemical stability. (Per)chlorate isotopic 
composition can be further used to constrain the 
potential for post depositional transformation and 
may in some cases constrain the time of accumulation 
based on either mass accumulation or radioactive 
decay of 36Cl in accumulated ClO4

- [4,5]. 
(Per)chlorate occurrence and variation in post 
depositional stability can be used to evaluate 
biogeochemical cycling of Cl and other oxy-anions 
(e.g. NO3

-) on Earth and may aid in interpreting 
(per)chlorate and NO3

- occurrence and activity on 
Mars [8]. Of particular relevance are data from 
terrestrial martian analogs. Data obtained on 
(per)chlorate from the McMurdo Dry Valley 
(Antarctica) soils suggest that ClO3

- but not ClO4
- 

may be abiotically transformed in reactions that could 
be relevant to ancient Mars, whereas biotic reductive 
transformation in MDV lakes may be a useful analog 
for predicting the potential for life in other extreme 
aquatic environments [8].   

 
[1] Jackson et al., (2015), EPSL 430,470. [2]Jackson 
et al. (2015), GCA 164, 502. [3]Jackson et al. (2010), 
ES&T 44, 4689. [4]Sturchio et al., (2009), ES&T 43, 
6934. [5] Dasgupta et al., (2005), ES&T 39, 1569. [6] 
Carrier and Kounaves (2015), EPSL 42, 3739. [7] 
Rao et al., (2010), ES&T 44, 6934. [8] Jackson et al., 
(2012), GCA 98, 19.  
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We present a quantitative model of heat, mass 
and both major and trace element transport in a 
compacting crustal mush which accounts for phase 
change and chemical reaction. We find significant 
modifications to melt composition that are not 
captured by batch/fractional melting/crystallisation 
models, or by models that fail to capture the 
evolution of local bulk composition when calculating 
phase equilibria. Within an upwards-cooling crustal 
mush, a high porosity layer forms which migrates 
towards the top of the mush defined by the solidus 
isotherm. Despite occupying a high porosity, the melt 
in this layer has a major element composition 
corresponding to a progressively smaller fraction of 
batch (static) melting, because it is migrating into, 
and locally equilibrating with, mush at lower 
temperature. The high porosity layer resembles a 
conventional magma chamber, but is produced by 
changes in bulk composition in response to melt 
migration, rather than the addition of heat. Indeed, 
such a layer can form even when the mush is cooling 
overall.  Moreover, the magma chamber is located in 
the coolest part region near the top of the mush, 
rather than the hottest region near the base.   

This is a new method to produce a magma 
chamber within a crustal mush, and also to evolve the 
major and trace element composition of the melt in 
the chamber. The accumulated melt is less enriched 
in incompatible trace elements than predicted if it is 
assumed that melt with the same major element 
composition has been produced by batch or fractional 
melting. Thus trace elements appear to be less 
fractionated than major elements: the melt is under 
enriched, and the crystal cumulates are over enriched, 
in incompatible elements compared to 
batch/fractional melting model predictions. The 
creation of evolved magmas within the crust can be 
explained by melt migration and component transport 
through a reactive crystalline mush, with timescales, 
rates and thermal budgets consistent with natural 
systems. 
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The pressures and temperatures at which metal-

silicate equilibration occurs for newly accreted 
materials naturally increases as Earth and other 
terrestrial bodies grow. These changing conditions 
increasingly add more light elements (Si, O, S and H) 
to the core forming liquids, which are then accreted 
onto the core. Since the core more-or-less accretes 
isothermally and moreover the compositional 
expansivity due to the presence of light elements is a 
much stronger effect than thermal expansivity due to 
thermal variations, layers are much less dense as a 
function of radius than an isentropic, compositionally 
mixed core with the same bulk properites. In other 
words, the core is constructed with a stably stratified 
structure. This stable stratification would likely 
interfere with the maintenance of a core dynamo. 

We simulate this construction using a model that 
incorporates realistic accretion from N-body 
simulations [1], metal-silicate equilibration during 
differentiation [2], and a newly developed core 
layering model, which tracks the evolution of the core 
as new layers of core forming liquids reach the core-
mantle boundary. 

This stratification is robust to both thermal and 
double-diffusive instability as shown by a Rayleigh 
number analysis, and so should have persisted to the 
current day. However, giant impacts like the Moon-
forming impact would have been energetic enough to 
overcome this stratification and homogenize the core. 
Perhaps, no such giant impact occurred on Venus 
leaving it with a stably stratified core to this day. 
[1] S. A. Jacobson et al., (2014) PSTRA, 372, 0174. 
[2] D. C. Rubie et al., (2015) ICARUS, 248, 89–108. 
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We have entered a new era of terrestrial planet 

formation constraints. Since the dawn of modern 
terrestrial planet formation, one of the primary goals 
of the field has been to create simulated systems that 
match the orbits and masses of the terrestrial planets 
and the asteroids. Many different ideas have been 
advanced and detailed studies of the different growth 
regimes (runaway, oligarchic, giant impact) have 
occurred. The ‘Grand Tack’ scenario, which relies 
upon the inward-then-outward migration of Jupiter to 
carve the disk [1], was the first to accomplish this 
goal, and now other models are also approaching this 
objective including a steep surface density profile 
scenario that may be established by pebble accretion 
[2,3]. In order to continue to improve these scenarios, 
we must rely upon chemical constraints. Here, we 
focus on the abundances of highly siderophile 
elements (HSEs) and radiogenic systems such as 
Hf/W and U/Pb. 

The HSEs are greatly depleted in Earth’s mantle 
but occur in relative chondritic proportions. The best 
explanation of this observation requires that Earth 
accrete a ‘late veneer,’ which can only happen after 
core formation ceases and the Hadean matte occurs 
[4] – the Hadean matte is the exsolution and core 
segregation of FeS liquid during magma ocean 
cooling (see Rubie et al. this meeting for details). 
Furthermore, the radiogenic Hf/W and U/Pb systems 
constrain Earth’s growth curve—mass as a function 
of time [5]. These requirements are strong constraints 
on any planet formation scenario and have 
repercussions such as the necessary magma ocean 
cooling timescales and the equilibration factor, which 
determines how much of an incoming projectile core 
undergoes metal-silicate equilibration with the mantle 
before segregation into the core. 
 
[1] K. J. Walsh et al., (2011) Nature, 475, 7, 206–
209. [2] H. F. Levison et al., (2015) presented at the 
Proceedings of the National Academy of Sciences, 
112, 46, 14180–14185. [3] A. Izidoro et al., (2015) 
MNRAS, 453, 4, 3619–3634. [4] H. S. C. O'Neill, 
(1991) Geochimica et Cosmochimica Acta, 55, 4, 
1159–1172. [5] J. F. Rudge et al., (2010) Nature 
Geoscience, 3, 6, 439–443. 
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The Fukushima Dai-ichi Nuclear Power Plant 
(FDNPP) accident led to the formation of a 
radioactive pollution plume in soils of this region of 
Northeastern Japan. Although radiocesium (134Cs and 
137Cs) is currently the most abundant radionuclide, 
trace levels of plutonium (Pu) have been detected in 
soil, sediment and vegetation samples collected in the 
vicinity of FDNPP. A previous study [1] quantified 
the 241Pu/239Pu activity ratio in sediment (n=5) 
transiting the coastal rivers of the region and 
demonstrated that Fukushima-originating Pu could 
been transported over relatively long distance (~45 
km) from FDNPP. However, spatial and temporal 
variations of Pu signatures in sediment had not been 
determined yet. 

Here, we used a Multi-Collection ICP-MS to 
detect Pu isotopes (i.e. 239Pu, 240Pu, 241Pu and 242Pu) 
and quantify its atom ratios and activity in flood 
sediment deposits (n=11) collected between 
November 2011 and November 2014 along the Niida 
River, draining a severely contaminated part of the 
inland radioactive plume.  

The 241Pu/239Pu atom ratios measured in sediment 
decreased significantly from 2011 (e.g. 241Pu/239Pu = 
0.07980±0.00041), to 2014 (0.01404±0.00020) , 
when they reached values close to those reported for 
the global fallout in the Northern Hemisphere 
(0.00167±0.0003 [2]). Accordingly, Pu found in this 
sediment was composed of a mix of Pu from FDNPP 
and from global fallout. Fukushima-originating Pu 
contribution decreased from 50% in 2011 to 10% in 
2014. The results confirm the quick export of 
sediments from Fukushima coastal catchments to the 
Pacific Ocean. They also likely reflect the 
effectiveness of decontamination works that started in 
2013 in this catchment. Future investigations could 
use the Pu atom ratios to further trace the impact of 
these remediation works on the evolution of 
radionuclide concentrations found in sediment 
transiting Fukushima coastal rivers. 
 
[1] Evrard, O., et al., Environ Sci Technol, 2014. 
48(16): p. 9334-40. [2] Zhang, Y., et al., Science of 
The Total Environment, 2010. 408(5): p. 1139-1144. 
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Geology  of Iran shows an ophiolitic belt around 

the central Iran’s micro-continent. One of the main 
ophiolite suite, with ca 100 km long and 15 km wide, 
located northeastern Iran. Ultramafic rocks of this 
ophiolite suite, display high concentration of 
chromium (1000- 3000ppm) as a compatible element 
especially in pyroxene group minerals. Average 
Chromium content of this ophiolite suite in 
peridotites is 2558ppm, with maximum 4525ppm (in 
pyroxenite) and minimum 832ppm (in dunite). 
Dunites, lay down at the base of this suite rocks, 
contain chromite (FeCr2O4) lenses with 20.56wt% 
Cr2O3. Today, 10 active mining sites excavate 
ultramafic rocks for chromite ore mineral and altered 
ultramafic rocks, serpentinite, dump as 
unconsolidated gunge materials along stream 
pathways. There is an unconfined aquifer just 
southern these ophiolite range containing detrital 
altered ultramafic rocks with high concentration of 
chromium minerals. In this study 23 groundwater 
samples, collected from unconfined serpentinite 
alluvium aquifer that shows cumulative increasing Cr 
towards south because of increasing residence time, 
and much more water-rock interactions. Total Cr 
concentrations in this aquifer are from 12 to 61µg/l, 
higher than normal level of Cr mentioned by WHO 
(2µg/l). On the other hand discharging of chromite 
mine and mineral processing site, contaminate one of 
drinking well at Forumad village up to 61µg/l of total 
chromium. Although trivalent Cr is essential nutrient 
but in oxidation conditions with increasing Eh and 
pH in altered serpaninized peridotite it change to 
chromate  (CrO4−2) and dichromate (Cr2O72-) as 
dissolved anions which will be toxic and carcinogenic 
in ground water. Based on California EPA Office of 
Environmental Health Hazard Assessment (OEHHA), 
7.2% of total Cr is hexavalent. Recent information 
indicates that hexavalent chromium is 50 to 90% of 
the total chromium in many water supplies [1]. 

 
[1] Morry, B., 1999, Public Health Goal for 
Chromium in Drinking water. California 
Environmental Protection Agency. 
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The NE Asian Orogenic Belt (NAOB) is a 
Mesozoic-Cenozoic accretionary orogenic collage, 
and it constitutes the northern and most essential part 
of the “Nipponides” (Sengor & Natal’in, 1996). The 
tectonic framework of the NAOB was formed in 
Mesozoic and Cenozoic, and it continues to evolve 
along the modern Pacific arc-trench systems. 
Generally, an oceanward younging of tectonic units 
may be discerned, but such a simple pattern is 
disrupted in many places by extensive strike-slip 
faulting, most of which is left lateral. In this talk, the 
issue of crustal evolution in the sector of Sikhote-
Alin, Sakhalin and Japanese Islands will be discussed 
based on the geochemical and isotopic analyses of 
granitoids that intruded in various 
tectonostratigraphic terrains. 

The majority of granitoids in the NAOB formed 
from Jurassic to late Cenozoic, with Cretaceous as the 
dominant period of granitic magmatism and silicic 
volcanism. Though remnants of Paleozoic granitoids 
have been preserved in Japan, most granitic rocks 
were emplaced in the Mesozoic and Cenozoic times. 
Cretaceous granitoids are widespread in Sikhote-Alin 
and Japan. However, granitoids were emplaced only 
in the Cenozoic in Sakhalin and Hokkaido. 
Cretaceous to Paleogene granitoids from Sikhote-
Alin share the same geochemical and Sr-Nd isotopic 
signatures as those from SW Japan. Likewise, 
Cenozoic granitoids of Hokkaido and Sakhalin have 
remarkably similar chemical and isotopic 
chacteristics. These data suggest that the granitoids 
from NAOB were generated by melting of sources 
with mixed lithologies, including subducted 
accretionary complexes and probably some hidden 
older basement rocks. However, Nd isotopic data also 
suggest a significant amount of juvenile crust was 
produced and added to the NAOB (30-77% for 
Sikhote-Alin, and 65-95% for Hokkaido and 
Sakhalin). 

Several workers have proposed geological 
correlations between Sikhote-Alin and Japan, and 
between Sakhalin and Hokkaido. The present work 
lends support to the general scenario. However, the 
significant difference between SW Japan and NE 
Japan in their crustal composition and probably 
tectonic evolution has to be reckoned. The two 
geologic entities might have evolved in very different 
ways. Finally, a brief comparison of crustal evolution 
in the NAOB and CAOB (Central Asian Orogenic 
Belt) will be presented.  
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We present preliminary results of our mantle 

convection code in which the continental crust is 
generated self-consistently. The silica-rich 
continental crust appears to have been formed by 
fractional melting and crystallisation in episodes of 
relatively rapid growth from late Archaean to late 
Proterozoic eras (3-1 Ga) [1] which has also been 
linked to the onset of plate tectonics around 3 Ga [2]. 
It takes several stages of differentiation to generate 
continental crust. First, the basaltic magma is 
extracted from the pyrolitic mantle. Second, it goes 
through eclogitic transformation and then partially 
melts to form Na-rich Tonalite-Trondhjemite-
Granodiorite (TTG) which rise to form proto-
continents [3, 4]. TTGs dominate the grey gneiss 
complexes which make up most of the continental 
crust. Based on the melting conditions proposed by 
Moyen [5], we parameterize TTG formation and its 
subsequent melting to generate continental crust. 
Numerical modeling commonly shows that mantle 
convection and continents have strong feedbacks on 
each other, but the continents are always inserted a 
priori while basaltic (oceanic) crust is generated self-
consistently in such models. We aim to implement 
self-consistent generation of continental crust in 
global models of mantle convection using StagYY 
[6]. Continental crust can also be destroyed by 
subduction or delamination. We will investigate 
continental growth and destruction history in the 
models spanning the age of the Earth. 
 
[1] Hawkesworth & Kemp (2006), Nature 443, 811-
817. [2] Shirey & Richardson (2011), Science 333, 
434-436. [3] Rudnick (1995), Nature 378, 571-578. 
[4] Herzberg & Rudnick (2012), Lithos 149, 4-15. [5] 
Moyen (2011), Lithos 123, 21-36. [6] Tackley (2008), 
PEPI 171, 7-18.  
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Noble gas composition of mantle xenoliths from 
Pali-Aike Volcanic Field and Gobernador Gregores, 
Patagonian subcontinental lithospheric mantle 
(SCLM), reflects three-component mixing between 
air, SCLM and MORB-like. Pali-Aike mantle 
xenoliths represent the intrinsic local SCLM reservoir 
with higher (U+Th+K)/(3He, 22Ne, 36Ar) ratios 
compared to MORB source. This mantle reservoir is 
characterized by radiogenic 3He/4HeAVERAGE = 6.87 ± 
0.04 RA and nucleogenic mantle neon with 21Ne/22Ne 
average of 0.090, with 3He/22Ne ratios (up to 13.66 ± 
0.37) higher than depleted MORBs (8.31–9.75). 
40Ar/36Ar ratios range from near–atmospheric ratio 
(510) up to 16400, with mantle 40Ar/36Ar reaching 
54000. Mantle 129Xe/132Xe reach up to 1.11, whereas 
136Xe/132Xe up to 0.40. Gobernador Gregores mantle 
xenoliths represent the SCLM metasomatized by 
MORB-like component with 3He/4HeAVERAGE = 7.24 ± 
0.09 RA, slightly less nucleogenic mantle neon with 
21Ne/22Ne = 0.065, 3He/22Ne = 8.39 ± 0.14, and 
40Ar/36Ar ratios usually less than 4000. The MORB-
like component is related to asthenospheric mantle 
upwelling in response to the opening of a slab 
window, which is consequence of South Chile Ridge 
subduction. Although Pali-Aike SCLM displays 
MORB-like metasomatism, it could have been 
homogenized during the last 14 Ma, after rapid 
passage and northward migration of the Chile Triple 
Junction and its slab window at this latitude. 
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Both neutral and acid mine drainage (AMD) are 

often associated with elevated metal(loid) 
concentrations. In principle many iron minerals are 
capable of retaining these contaminants [1] and 
various related in situ technologies that use these 
properties have been attempted. However, these can 
fail as most newly formed iron minerals undergo re-
dissolution due to the acidity of AMD and/or variable 
redox gradients in the subsurface environment [2].  

The present study investigates the formation of in 
situ biogenic magnetite (Fe3O4), which has previously 
been shown to remain stable under a remarkebly wide 
range of geochemical conditions [3]. In situ 
magnetite formation may involve co-precipitation of 
cations (e.g., Al3+, Ti4+, Cr3+, Co2+, Ni2+, Zn2+ and 
Cd2+) as well as oxyanions (e.g., As) via 
incorporation into the crystal structure [3, 4]. After 
formation, magnetite  may act as an effective 
adsorbent for metal(loid)s.  

The study aims to identify the key factors 
controlling the formation of in situ magnetite for a 
broader pH range and to  deepen our understanding of 
the microbially mediated anaerobic nitrate-dependent 
Fe(II) oxidation pathway.  

The potential for bioremediation of AMD sites 
using magnetite is explored through a combination of 
batch and column studies. The experiments 
investigate both pure cultures of denitrifying bacteria 
in synthetic systems and sediments from mine 
impacted sites.   

Our laboratory-scale experiments underpin the 
development of a numerical modeling framework that 
can be used to support and optimise the design of a 
field-scale  implementation for acid/neutral mine 
drainage and/or industrial contaminantion sources).  

 
 [1] Webster, J. G., et al. (1998) ES&T 32(10): 1361-
1368. [2] Benner, S. G., et al. (2002) ES&T 36(8): 
1705-1711. [3] Sun, J., et al. (2016) Chemosphere 
144: 1106-1115. [4] Coker, V. S., et al. (2006) ES&T 
40(24): 7745-7750.  
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Zinc isotope fractionation and secondary Zn-

sulfide precipitation under microbially-mediated 
sulfate reducing conditions was evaluated using a 
synchrotron-based flow-through cell experiment. The 
flow-through cell was constructed with a Kapton 
window to allow real-time, in situ, collection of X-
ray absorption spectroscopy (XAS) at the Zn K-edge 
over the course of the experiment. Creek sediment, 
biostimulated with synthetic groundwater containing 
sulfate, was packed into the cell. This synthetic 
groundwater solution, augmented with 0.90 mM Zn, 
was pumped through the cell to promote Zn removal 
under sulfate reducing conditions. The residence time 
was modified by increasing the flow rate step-wise 
during the experiment to produce changes in the 
extent of Zn removal. Aqueous effluent samples 
showed that the greatest degree of Zn removal 
occurred at the slowest flow rate. As the flow rate 
increased, the degree of Zn removal decreased. 
Effluent monitoring showed an increase in δ66Zn, 
with the greatest enrichment associated with more 
extensive Zn removal. A Rayleigh curve was fit to 
the isotope data, where ε = − 0.26±0.06 ‰ (2σ). The 
results from this study are consistent with 
fractionation of Zn observed during Zn-sulfide 
precipitation in batch experiments, where ε = − 
0.30±0.04 ‰ [1]. Assessment of Zn isotope 
fractionation under controlled conditions provides an 
important foundation for application of Zn isotope 
measurements to field systems. 
 
[1] Veeramani et al. (2015) Environ. Sci. Technol. 
Letters 2(11), 314-319. 
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In this study, trace and isotopic compositions (U-
Th-Pb, REE, Sm-Nd, Sr) of accessory minerals have 
been investigated to understand the fate of these 
elements/isotopes in polymetamorphic rocks of the 
lower crust. In the Bergen Arc (Norway), we 
collected samples of Greenvillian granulites partially 
transformed in eclogite and/or amphibolite during the 
Caledonian tectonic episode. The investigated 
samples were more specifically taken in oxide- and 
phosphate-rich lithologies (mangerite) that are known 
to contain abundant apatite grains and high REE 
contents compared to common mafic rocks. While 
apatite is assumed to primarily contain the REE in the 
magmatic protolithe, the trace and isotopic 
redistribution in the polymetamorphic rocks appears 
complex. In granulite with minor amphibolitisation, 
accessory minerals are represented by apatite with 
monazite inclusions and REE-rich epidote rim. In 
amphibolite with no textural relics of the granulite 
stage, apatite has no more monazite inclusion and the 
epidote rim get larger. Titanite is found in 
replacement to ilmenite-magnetite. In the eclogite, 
apatite has neither inclusion nor rim, and ilmenite-
magnetite is replaced by rutile. Remarkably, the REE 
signature in apatite clearly appears dependant on the 
metamorphic stage. On the other hand, the apatite Sr 
content appears relatively unlinked with bulk-rock 
composition or metamorphic conditions. U-Th-Pb 
dating on monazite (chemical dating with EMP) or 
Ti-bearing minerals (rutile and titanite; LA-ICP-MS) 
was unsuccessful due to low Th and U contents in the 
investigated minerals. Within single samples, in-situ 
Sm-Nd dating combining different REE-bearing 
minerals yields promising results. In the granulite, 
Sm-Nd data obtained on apatite, monazite and REE-
rich epidote give one age of 620 ± 110 Ma, indicating 
for one incomplete resetting during the Caledonian 
episode.  In the amphibolite, Nd-Sm data of REE-rich 
epidote and titanite give one age of 397 ± 51, 
suggesting that these two minerals crystallized or 
reequilibrated isotopically  during the Caledonian 
episode. 
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Geochemical survey was done for thermal water 
and cold water around non-volcanic geothermal fields 
in Sri Lanka. One hundred samples were analyzed for 
fifteen selected irons in order to investigate 
geochemical relationships due to water-rock 
interaction. Geochemistry of thermal waters are 
distinct from cold water. Higher contents of Na, K, 
Cl, F, SO4 and TDS in the thermal water probably due 
to dissolution of minerals of the granitic rocks. 
Conversely, lower concentrations of Fe, Mg, Cu, Zn 
and Pb implied lower abundances of ferromagnesian 
minerals. Water classification using major ions shows 
Na-K-SO4 type of thermal water. Cold water 
dominant by Na-K-HCO3 type which reflect deep 
groundwater influence by iron exchange. In general, 
chemistry of the nearest cold water wells (< 400m) to 
the thermal water are significantly change due to 
direct mixing. There is a contrast for mixing of 
thermal water and cold water with increasing distance 
from the geothermal field. Gradual declines of SO4 

with increasing distance may indicate clear oxidation 
trend away from thermal water. However, chemistry 
of the far away wells demarcate deep circulations 
through the fractures and faults in the basement.  
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Rare Earth Elements are probably one of the most 
challenging frontiers for marine geochemistry these 
years. Since the pioneer works of our eminent 
colleagues as H. Elderfield (GB), E. Sholkovitz 
(USA) or Y. Nozaki (J), the development of the 
GEOTRACES international program improved the 
number of seawater REE and Nd isotope data, be it in 
the framework of process studies1 or along 
oceanographic sections2. Many recent publications 
suggest that sediments deposited along ocean margins 
are capable of releasing a fraction of their 
constituting elements to seawater. This hypothesis 
was raised by the oceanic distribution of neodymium 
(Nd) isotopes and concentrations, which suggest that 
1 to 3% of continental sediments deposited along 
ocean margins are involved in this releasing process3, 
behaviour consistent with observations made in 
estuaries and suggesting a sediment and/or suspended 
material source for REE to the ocean4 and within the 
ocean itself4.  Although the release of Nd and other 
REE could also result from the dissolution of particle 
coatings, the oceanic budget of Nd isotopes 
constraints the involvement of a detrital lithogenic 
end member in the release process1. Quantifying such 
mechanism is a major challenge, because it likely 
affects other chemical element oceanic budgets and 
cycles (e.g nutrients as Si or Fe). 
The review will make the link between the first 
hypotheses on the oceanic REE behaviours, our 
present understanding of their cycle and some tracks 
for future research on this fascinating family of 
oceanic tracers. 
 
[1] Rousseau et al, Nature Com., 2015 [2] Garcia-
Solsona et al, Geochim. Cosmoch. Acta, 2014 [3] 
Arsouze et al, Biogeochem., 2009 [4] Sholkovitz & 
Szymczak, E. Planet. Sci. Let. 2000 [5] Grenier et al, 
J. Geophys. Res. Ocean, 2013 
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The Earth's core is thought to have formed by the 

segregation of Fe-rich metallic liquid from one or 
more silicate magma oceans early in Earth's history. 
The core's density deficit requires that some fraction 
of its mass is accounted for by light elements, with Si 
and O being two strong candidates [1]. It is unlikely 
that the core has completely re-equilibrated with the 
solid mantle, and thus, the Si and O budgets of the 
core are largely dictated by their partitioning 
behaviour during early metal-silicate equilibration. 
Previous metal-silicate partitioning experiments are 
contradictory in terms of the pressure and 
temperature dependence of partitioning, which in part 
reflects the extrapolation to core formation conditions 
of experiments that are often performed at much 
lower pressure. The partitioning behaviour of Si and 
O is also complicated by interactions with other 
species present, particularly in the metal phase, 
making it difficult to assess the applicability of 
experimental-derived KD values from different 
chemical systems to core formation conditions. We 
performed laser-heated diamond anvil cell (DAC) 
experiments at a range of pressures (25-66 GPa) and 
superliquidus temperatures in order to examine the 
partitioning behaviour of silicon and oxygen between 
immiscible silicate and metal liquids in the simple 
Fe-Mg-Si-O system. Mg has been suggested to be 
important for sustaining early Earth’s geodynamo [2], 
and its partitioning behaviour is also investigated. We 
have attempted to achieve a lower oxygen fugacity 
than previous DAC experiments [3,4] by using a Si-
Fe foil starting material placed within pure forsterite. 
Experimental products are analysed by transmission 
electron microscopy and electron microprobe after 
focused ion beam sample preparation. The results are 
interpreted within a thermodynamic framework in 
order to interpolate or extrapolate to core formation 
conditions to model the pressure and temperature 
conditions of core segregation from the early Earth's 
magma ocean(s) and the possible light element 
composition of the core at the time of its formation. 

 
[1] Rubie DC, Jacobson SA et al., 2015, Icarus 248, 
89–108. [2] O’Rourke JG & Stevenson DJ, 2016, 
Nature 529, 387–389. [3] Siebert J, Badro J et al., 
2012, Earth Planet Sc Lett 321–322, 189–197. [4] 
Fischer RA, Nakajima Y et al., 2015, Geochim 
Cosmochim Ac 167, 177–194. 
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Land cover/use and nutrient emissions were 

identified as external causes of the global spread of 
hypoxia onset in lakes at the turn of the 1900s [1]. 
However, long-term processes causing lakes hypoxia 
are challenging to investigate because 1) the dearth of 
long-term monitoring data prevents any observation 
of the hypoxia onset in the 1900s, and 2) the low 
temporal resolution of most paleolimnological 
reconstructions is not well adapted to investigate 
intra-annual processes. Furthermore, proxy-based 
reconstructions provide indirect past conditions (they 
are not direct measurements) and hence comprise 
relative biases. Still, process-based lake models could 
overcome part of these limitations, but until now 
theses models were used quite exclusively for short-
time periods (<60 years). Here, to investigate 
processes (and not only external forcings) causing 
lacustrine hypoxia and carbon sequestration over long 
time periods, we rely on 1) high-resolved time series 
data from limnology and paleolimnology and 2) 
process-based model MyLake (Multi-year simulation 
model for Lake thermo- and phytoplankton dynamics 
model).  

MyLake is a one-dimensional simple mechanistic 
model for predicting lake stratification, total 
phosphorus, primary production and oxygen 
conditions [2]. MyLake is tested here on the deep 
perialpine Lake Geneva, which shifted to hypoxia in 
CE 1952 following eutrophication in the first half of 
the 20th century. Lake Geneva is among the few lakes 
in the world that have been monitored for > 60 years, 
records varved sediments i.e. annual laminated 
sediments, and has been intensively investigated in 
paleolimnology [3]. 
 
[1] Jenny et al. (2016) Glob. Chang. Biol. 
10.1111/gcb.13193 [2] Couture et al (2015) J 
Geophys Res 120, G003065 [3] Perga et al. (2015) 
Front. Ecol. Evol. 10.3389/fevo.2015.0007. 
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It has been demonstrated through a zircon U-Pb 

and O isotopic study of the S-type Bundarra 
Supersuite in the New England Orogen, eastern 
Australia [1] that crustal recycling (magmatism, 
weathering, burial, partial melting, voluminous 
magma formation and magma mobilisation) can take 
as little as < ca. 20 Ma. The studied zircon is well 
characterised: inherited core (IC; from Carboniferous 
arc magmatism), melt-precipitated core (MC; first 
melting of the sedimentary source) and melt-
precipitated rim (MR; post-emplacement 
crystallisation), determined based on age, Th/U and 
δ18O. The age difference between MC and MR is 
only ca. 5 Ma, indicating that the magma was 
produced and emplaced soon after the initiation of 
partial melting. The MC and MR are only 
distinguished by their Th/U: MC has a wide range of 
Th/U but in MR Th/U is consistently low (~ 0.4). 

The MC-MR difference in Th/U probably reflects 
monazite formation (LREE and Th-rich) in the early 
stage of S-type granite magmatism. As with Th/U, 
REE in the MC and MR (measured with IMS-1280) 
also indicate their different source compositions and 
origins.  

MC was found only as cores: no IC-MC-MR 
zoning was seen in any single grain by CL imaging, 
probably because the volume of MC is small and the 
MC between IC and MR is present as a thin layer. 
NanoSIMS elemental mapping will be carried out to 
distinguish the three zones, and O isotopes also will 
be measured with NanoSIMS on the fine MC layers.  
 
[1] H. Jeon, I.S.Williams, B. Chappell, 2012. Magma 
to mud to magma: Rapid crustal recycling by 
Periman granite magmatism near the eastern 
Gondwana margin., Earth and Planetary Science 
Letters, 319-320, 104-117. 
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Plant Exudates and Competitive Adsorption 
Terrestrial plants have developed several 

mechanisms of phosphate uptake for their survival. 
One of the well-known mechanisms is a competitive 
adsorption of phosphates on the surface of the soil by 
exuding organic acids from plant roots [1]. Yet, the 
competitive mechanism of organic acids for the 
adsorption has not been fully understood. Therefore, 
we were motivated to elucidate the fundamental 
mechanisms of the competitive adsorption between 
phosphates and oxalates. 

ATR-FTIR Measurement 
We prepared the stock solution of 10mM oxalate 

and 10mM phosphate in a 0.1 M NaCl matrix at pH 
4.5, and exposed maghemite film on ATR crystal to 
the solution. The spectra were measured by changing 
the pH. 

The Structures of Adsorbed Oxalate 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Absorbances of oxalate outer-sphere 
complex (OS, 1309 cm-1) and inner-sphere complex 
(IS, 1682 cm-1). 
 

Outer-sphere (OS) and inner-sphere (IS) 
complexes appeared at 1309 cm-1 and 1682 cm-1, 
respectively [2]. Due to competition with phosphates, 
IS and OS of oxalate decreased. This phenomenon 
could be explained by the high adsorption affinity of 
phosphate on maghemite. Moreover, the structure of 
oxalate complexes was not affected by the presence 
of phosphates. OS complex did not vary over the 
entire pH range, while IS complex decreased as the 
pH increased. 
 
[1] Aulakh et al. (2001) Plant Biology 3, 139-148. [2] 
Bhandari et al. (2010). Langmuir 26, 16246–16253. 



Goldschmidt Conference Abstracts 

 

1327 

Migratory behaviors of 
Japanese eel Anguilla japonica 

using trace elemental 
distributions in otolith by LA-

ICP-MS 
S. JEON1, T. W. LEE2, J. M. HONG2, J.-S. RYU1, 

C.-S. PARK1* 
1Environmental Monitoring & Research Group, 

Korea Basic Science Institute, Cheongju 28119, 
Republic of Korea  (jsh4668@kbsi.re.kr, 
jsryu@kbsi.re.kr * correspondence : 
cspark@kbsi.re.kr)  

2Department of Oceangraphy & Ocean 
Environmental Sciences, Chungnam National 
University, Daejon 34134, Republic of Korea 
(twlee@cnu.ac.kr, gomhjm@lycos.co.kr) 

 
Line scan analysis using a laser ablation 

inductively coupled plasma mass spectrometer (LA-
ICP-MS) provides more information about the 
elemental distribution in heterogeneous matters than 
spot analysis. Fish otoliths have been shown to be 
particularly useful natural tags because they are 
paired calcareous structures in the inner ear of fishes 
that are formed by the sequential addition of inner 
layers of calcium carbonate, usually in the form of 
aragonite, from birth to death [1]. Because vaterite 
inclusions in otolith have been found in almost half of 
the eels, if vaterite in otoliths is not identified and 
avoided, the migratory history of fish could be 
misidentified [2]. This experimental study elucidates 
a method of constructing 2-D compositional ratio 
maps in small fish otoliths using a series of line 
scans. The contribution was focused on the utilization 
of LA-ICP-MS for visualizing elemental ratios in 
otoliths to monitor different Ba, Sr and Ca 
distributions, and their ratios (i.e., Ba/Ca and Sr/Ca). 
The mapping technique proposed in this study will be 
a good alternative to reduce the misidentification. 
 
[1] Campana (1999) Mar. Ecol. Prog. Ser 188, 263-
297 [2] Tzeng et al. (2007) Mar. Ecol. Prog. Ser 348, 
285-295 
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Anthropogenic release of carbon dioxide (CO2) 
into the atmosphere strongly links to the global 
warming. The current studies have considered the 
techniques of CO2 Capture and Sequestration (CCS) 
into the geological storage reservoirs to mitigate the 
global climate changes. However, little is known of 
the environmental implications of an accidential 
CO2(g) leakage from the storage sites. If CO2(g) 
unintentionally leaks upward to soil and groundwater 
from the storage sites, the leaked CO2(g) might 
possibly cause the serious environmental concerns. 
Especially, soil and groundwater acidification due to 
CO2(g) leakage may trigger some types of 
geochemical reactions increasing the mobility of 
contaminants such as ion exchange, 
sorption/desorption, and mineral 
dissolution/precipitation. The main purpose of this 
study is to examine the potential impacts of CO2(g) 
leakage on soil environments. 

The effects of CO2(g) leakage on the soil 
environment in an unsaturated zone are currently 
under investigation through field and laboratory 
experiments. Pilot-scale field experiments are 
conducted at the Environmental Impact evaluation 
Test facility (EIT) site, located in Eumseong, 
Chungcheongbuk-do, Republic of Korea. The first 
field experiments were conducted by injecting 
CO2(g) through gas-pipes buried at 2.5-m depth for 
artificial CO2(g) leaking into the overlying 
unsaturated soil zone for 5 days from Oct. 26 – 30, 
2015. Soil samples were collected from several 
locations at the EIT site before and after the injection 
of CO2(g) to characterize the physico-chemical 
properties. In addition, laboratory batch experiments 
are conducted to examine the factors controlling the 
soil-water-CO2(g) interactions under well-controlled 
systems using a specially designed glove box.  
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Global mineral dust affects Earth climate and 

ecosystem via physical interaction with 
electromagnetic radiation, chemical reaction with 
acidic gases, becoming ice condensation nuclei, and 
delivering micronutrients to remote ocean. In order to 
understand physicochemical interaction of dust with 
environments, enormous works have been done to 
characterize physical and chemical properties of bulk 
dust and single dust particles. Of these dust 
properties, internal properties of single dust particles 
are much uncertain. Combination of focused ion 
beam technique and transmission electron 
microscopy is best to probe thees properties. Saharan 
desert emits a large volume of mineral dust 
transported across Atlantic Ocean and Mediterranean 
Sea. Although the physical, chemical, and 
mineralogical properties were investigated for 
Saharan dust, the mineralogical makeup and internal 
structures of single dust particles were not explored 
in detail. TEM analysis of cross sections of Saharan 
dust particles were performed in this study. Clayey 
particles were most common, and dominated by illite-
smectite series clay minerals which were aggregates 
of nanothin illite, smectite, and their mixed layers, 
commonly associated with kaolinite. Submicron 
grains of iron oxides were commonly dispersed 
through the clay-rich particles. Iron oxides based on 
electron diffraction and lattice fringes were goethite 
and hematite. Grain size ranged from a few hundred 
to several tenth nanometer. Titanium oxide grains 
were also dispersed through clay matrix usually 
together with iron oxides grains. Coarse mineral 
grains several μm in size were usually coated with the 
aggregates of nano-sized grains of clay and other 
minerals. Intergrade dust particles composed of 
roughly equal quantities of clays and coarser mineral 
grains are present between clay particles and coarse 
minerals with thin clay coatings. Intergrade dust 
particles were composed of clays and large inclusions 
of quartz, K-feldspar, plagioclase, and calcite. The 
mineralogical and structural properties of the 
Saharan-dust single particles would be helpful to 
model dust optical properties and micronutrient 
carrier to remote ocean. 
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This study aims to elucidate the relative 

importance of geological characteristics in relation to 
soil erosion. We analyzed soils on test beds 
constructed from granite regolith using XRD and 
SEM. The most common minerals in soil on the 
slopes are quartz, feldspars, illite, kaolinite, 
vermiculite, and iron oxides based on XRD data. In 
this study, we developed a smart sensor for real-time 
quantitative measurements of soil erosion at the 
watershed scale. The smart sensor consists of an 
ultrasonic sensor, a rainfall meter, a solar cell, an 
RTU (remote terminal unit), and a CDMA (code 
division multiple access). It was programmed to take 
a measurement every 30 minutes. Monitoring sensor 
equipment of soil erosion is made up solar panels, 
sensor unit, and conducting enclosure. The inside of 
the conducting enclosure using ultrasonic sensor 
which is constituted by a battery, RTU, and inverter 
for measuring the displacement of the surface at 
regular intervals. The soil depths measured by the 
smart sensor were compared with data from terrestrial 
LiDAR. Experimental results showed a strong 
correlation in the depth of soil erosion between 
LiDAR and the ultrasonic sensor for the period from 
22 August to 11 October 2013. Furthermore, the 
correlation coefficient between soil erosion depth 
(mm) and soil erosion volume (m3) was 0.9063 in the 
lower region of the watershed and is 0.9868 in the 
upper region.  

This study was supported by the GAIA Project 
(2015000530001), Ministry of Environment, Korea. 
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Ground subsidence taken place during pumping 

in Yangsan, Korea is attributed to sediment 
compaction which is related to a decrease of 
thickness in sediments of alluvial aquifer. Yangsan 
city is located along the Yangsan Fault, one of the 
most attractive major faults in the southeastern part of 
Korea because of its importance tectonic movement 
and activity. This area is characterized by wide 
alluvium composed of sand and gravel, developed 
along the Yangsan fault. Microstructural studies on 
fault gouge in this area show that clay minerals such 
as illite, chlorite, and smectite have well grown under 
the influence of hydrothermal alteration in the matrix 
of the fault gouges and define clay foliations with 
parallel alignments. NO3-N, Br, Cl, Fe, Al and 
organic contaminants were found in groundwater due 
to infiltration from surface to the aquifer, suggesting 
that permeability is relatively high in the alluvial 
aquifer. The investigation of groundwater recharge 
and laboratory tests, along with field tests, were 
carried out. Especially, information of the bed 
structure based on the data of water level and the data 
of well logging was used as input data of the analysis 
program for ground subsidence. The ground 
subsidence with below 0.3 m is predicted to have 
occurred with the change of water level, even though 
there are still some differences in bed thickness. 
Therefore where there are development of 
groundwater and treatment for soft ground, the rate of 
ground subsidence according to the drawdown of 
water level should be taken into account for the 
design and construction of groundwater wells. 

This study was supported by the GAIA project 
(contract number: 2015000530003), Ministry of 
Environment, Republic of Korea 
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The input of pollutants from industrial complexes 

and populated cities in the coastal area caused serious 
environmental problem such as water quaility 
deterioration and heavy metal contamination. Shihwa 
and Ulsan industrial complexes are one of the largest 
national industrial complexs in Korea and contribute 
49% of the total national production. Shihwa 
industrial complex is chracterized by the small 
enterprises and light industry (19,182 facilities) 
including machinery, electric and electric goods, 
petrochemicals, textile and automobiles. Ulsan 
industrial complex is characterized by the large 
enterprises (1,053 facilities) and heavy industry 
including shipbuilding, automobile, petrochemical 
production, ferrous metal, oil refinery retention 
industries. 

The concentrations and isotope ratios (MC-ICP-
MS) for Pb in the coastal, stream and road-deposited 
sediments were investigated to identify the Pb 
pollution sources from two different national 
industrial complex areas. The mean of Pb 
concentration in the road-deposited sediments were 
higher than those in the coastal and stream sediments 
from Shihwa and Ulsan areas. For Shihwa area, the 
mean of 206Pb/207Pb ratios in the coastal, stream and 
road-deposited sediments were 1.178, 1.150 and 
1.148, respectively. Pb isotope ratios tend to decrease 
with increasing Pb concentrations in sediments. The 
Pb isotope ratios of coastal sediments nearby 
industrial complex showed similarity with stream and 
road-deposited sediments. The results of Pb isotope 
ratios indicated that the main factors affecting the Pb 
isotope ratios in Ulsan area was the difference of 
imported ores sources because several nonferrous 
metal industries (metal and refinery Co.) exist. While, 
the potential sources for Pb pollution from Shihwa 
area was influenced by various lead products.  
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Vanadium(V) is typically more enriched in mafic 

rocks such as basalt than in felsic rocks and its 
behavior of leaching and mobility is sensitive to 
oxidation-reduction condition. Recently there has 
been a public interest on the use of vanadium-rich 
groundwater in Jeju volcanic island of South Korea 
and other localities in the world. Thus, better 
knowledge on the occurrence and 
geologic/geochemical controls of vanadium 
enrichment in groundwater is needed. In this study, 
spatio-temporal patterns of the distribution of 
vanadium in groundwater in Jeju are evaluated using 
hydrochemical data of groundwater samples that 
were collected by the Institute of Enviroment 
Research of Jeju Special Self-Governing Province 
and Jeju Province Development Corporation between 
2009 and 2014. Data of a total of 757 groundwater 
samples (134 in 2009, 296 in 2010, 327 in 2014) are 
used in this study and include major ions (Na+, K+, 
Ca2+, Mg2+, Cl-, HCO3

-, NO3
-, SO4

2-, F-), vanadium 
and other minor elements (Cr, Mn, Fe, As, Al, Cu, 
Se, Si, Sr, Li, Zn). 

The concentrations of vanadium in Jeju 
groundwater from trachybasaltic to basaltic aquifers 
are wide from “not detected (< 2.5 μg/L)” to 64.8 
μg/L, with the median value of 9.1 μg/L. Any 
temporal change of V concentration is not observed. 
However, distinct correlations (p<0.05) with altitude, 
land-use, and groundwater level are observed; higher 
concentrations preferentially occur in mid-altitude 
regions where grasslands and forests are prevailing, 
while V concentration tends to be lowered toward 
low-altitude regions dominantly with farmlands and 
residential areas. In addition, hydrochemistry of the 
groundwater with vanadium enrichment is typically 
of Na-HCO3 type with oxic to suboxic and slightly 
alkaline characteristics. The concentration of V is 
negatively correlated with that of nitrate. Vanadium 
is originated from water-rock interaction and is later 
controlled by dilution due to the inflow of nitrate-rich 
groundwater.  
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Explosives such as 2,4,6-trinitrotoluene(TNT) 

and 1,3,5-trinitroperhydro-1,3,5-triazine(RDX) are 
frequently found in the groundwater and soils around 
military shooting ranges, thus efficient degradation 
techniques of these contaminants have been studied 
to supply for the safe drinking water. Catalytic 
degradation is a promising and emerging techniques 
for transforming explosives to less harmful materials 
to environment. In this study, TNT and RDX in 
groundwater are degraded by reduction using 
palladium(Pd) catalyst impregnated onto 
alumina(henceforth Pd-Al catalyst) and hydrogen 
sources such as formic acid and hydrogen gas.  

For the experiments, approximately 300 ml of 
TNT(50 mg/L) and RDX(30 mg/L) solution with 
artificial groundwater is prepared, and degraded using 
20 mg of Pd-Al catalyst and formic acid(2 ml) in 
room temperature. Concentrations of TNT and RDX 
are periodically measured by high performance liquid 
chromatography(HPLC) with ultraviolet(UV) 
detector. Degradation by products of TNT and RDX 
such as nitrate, nitrite and ammonium ions are 
measured by ion chromatography(IC) and UV-VIS 
spectrophotometer. 

TNT degrade with a pseudo first order rate 
constant(k) of 4.27 h-1, and it is faster than those of 
RDX(k = 0.03 h-1). The TNT and RDX solutions are 
mixed to make  300 ml solution with 9:1, 8:2, 7:3, 
and 5:5 volume ratio, then degradation rates are also 
measured, respectively. Degradation rates of TNT 
decreased from k = 1.00 h-1 to k = 0.15 h-1 with 
increase of RDX volume ratio. Degradation rates of 
RDX also decreased from k = 0.41 h-1 to k = 0.08 h-1 
as RDX volume ratios are increased. The results 
show that degradation rates of TNT in the artificial 
groundwater using Pd-Al catalysts with formic acid 
are influenced by the concentration of RDX. 
Degradation rates of TNT and RDX in the artificial 
groundwater using Pd-Al catalysts with hydrogen gas 
and degradation by products will be presented. 
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We measured naturally occurring radioactive 
isotopes, 210Pb and 210Po, in the southern sea of Korea 
and the East Sea (Sea of Japan) in November 2003 
and May 2004, respectively. The southern sea of 
Korea lies on the continental shelf (maximum water 
depth of ~120 m), but the East Sea is a large marginal 
sea (mean water depth of 1350 m). Total activities of 
210Pb and 210Po were in the range of 9 - 61 dpm/100L 
and 7 - 31 dpm/100L, respectively, in the upper 0 - 50 
m water column. On the basis of a scavenging model, 
in the southern sea of Korea, the residence time (140 
days) of total 210Pb was much shorter than those (330 
days) in the East Sea, while the residence time (630 
days) of total 210Po was much longer than those (490 
days) in the East Sea. If water mass transport and 
chemical scavenging are considered together in this 
region, where the water passes through the 
continental shelf from the East China Sea to the East 
Sea, 210Po displays the net inputs from bottom 
sediments in the continental shelf, while 210Pb is more 
effectively removed to bottom sediments. Our results 
suggest that ocean boundary could be the net source 
for Po, proxy for Se and Te, while it is the net sink 
for Pb and most other particle reactive trace metals 
and radionuclides. 
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Groundwater arsenic (As) contamination is an 
ongoing problem in the Ganges-Brahmaputra-
Meghna Delta, Bangladesh. Geochemical changes are 
caused by river water movement into shallow 
aquifers and may play a major role in determining 
where arsenic contamination occurs, which is not 
fully explained by existing models. The variation in 
the Meghna River level from tidal fluctuations causes 
the groundwater flow direction in the immediate 
vicinity of the river (<10 m) to change regularly. We 
predict that frequent flow reversal creates a natural 
reactive barrier (NRB) of iron (Fe(III)) oxides in the 
shallow Meghna riverbank aquifer that adsorbs As 
during oxidizing conditions and releases reduced 
Fe(II) and As during reducing conditions. An east-
west monitoring well transect perpendicular to the 
river was sampled in January 2016 for geochemical 
constituents. At this time of year the groundwater at 
this site generally flows towards the river (gaining 
conditions). Solid phase Fe and As were measured 
with a portable XRF to identify whether an NRB is 
present and its location in the shallow aquifer.  
 

 
Figure 1. [As] &[ Fe(II)] with distance from the river 
bank, sampled from the seepage face (1-3 m), 7 m, 
and 15 m wells. 

 
A simultaneous spike in [Fe(II)] and decrease in 

[As] were observed in shallow wells 0-10 m from the 
river bank under anoxic conditions. XRF data shows 
high solid-phase Fe, As, and sulfur (S) at the same 
depth, which may indicate that As sulfide minerals 
are being precipitated, explaining the sequestration of 
As alongside active Fe(III) reduction.  
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Chemical weathering and physical erosion 

control the evolution process of weathering crust. 
137Cs and 10Be methods have been widely used in 
many areas of the world as an effective method to 
evaluate the short-term and long-term rates of soil 
erosion, but the application of these methods in the 
study of erosion in Karst area has been controversial. 
We have established a set of suitable on karst soil 
erosion 137Cs moving boundary model, and 
preliminary validation in the soil erosion study of 
carbonate rock weathering profiles in southern karst 
areas (Yunnan, Guizhou, Guangxi, Chongqing). 
Now, we studied the landscape gradients of some 
profiles from two small hills in Guizhou province, 
and obtained the physical erosion and chemical 
weathering rates, respectively. The long-term erosion 
rates of 10Be were of which 28.6 t/ (km2•a) and 10.92 
t/ (km2•a) in two soil profiles of the hilltop, 
respectively. We found that topography and land use 
played a great role in the erosion in the area. Our 
results support the conclusion that the surface erosion 
is occurred in karst areas. The effect of slope erosion 
on the slope of the study area was the obvious 
downward accumulation of the soil in the karst 
terrain. The contribution ratio of the rock layer and 
the soil layer to the weathering products was 4:1. Our 
study confirms that the soil in Karst area is mainly 
derived from the weathering of carbonate rocks, 
which is one of the main ways of forming the residual 
soil. We proposed a “doline” formation model of the 
hill slope soils.  
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Carbonate and iron oxide minerals are abundant 

in soils and sediments; their stability and reactivity 
are sensitive to climate change, especially rainfall 
variation. However, their quantitative relationship to 
rainfall remains poorly defined. Here we present the 
rainfall thresholds for the stability of carbonate and 
iron oxide minerals in monsoon regions. 

For the carbonate mineralswe investigate the 
variation of calcite and dolomite from eight loess-
paleosol sections on the Chinses Loess Plateau. We 
find that with the increasing monsoon rainfall four 
dissolution phases of carbonate minerals can be 
identified: (1) with mean annual rainfall (MAR) < 
610 mm, coexistence of detrital dolomite and calcite; 
(2) 610 < MAR < 690 mm, calcite without detrital 
dolomite; (3) 690 < MAR < 725 mm, both detrital 
dolomite and calcite are absent, but there is no 
downward leaching; (4) MAR > 725 mm, both 
detrital dolomite and calcite are absent and downward 
leaching into the underlying loess layer occurs. 

The content of iron oxide minerals (hematite, 
goethite and maghemite) in soils and sediments is 
also controlled by climate through weathering and 
pedogenesis. A positive correlation is observed 
between these iron oxides and rainfall in well drained 
temperate zone soils. However, in high rainfall areas 
(MAR > 1200-1400 mm), both hematite 
concentration and magnetic susceptibility decrease 
with increasing rainfall, whereas goethite 
concentration displays a large increase. Before the 
soil environment turns anaerobic goethite is the 
favored mineral phase of iron oxide with increasing 
rainfall and accumulates at the expense of hematite 
and maghemite through the dominance of 
rainfall‐driven pedogenic processes. 

Based on these observations, a model relating 
carbonate and iron oxide minerals to monsoon 
rainfall is proposed and discussed in the presentation.  
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 Apatite is used extensively in various geological 

applications, including dating techniques and studies 
of rare earth element variation in rocks, and is also 
widely used in material science and medical 
applications. Especially hydroxyapatite (HA) 
nanoparticles exhibit excellent  biocompatibility and 
as the main component exist in human tooth and 
bones. So Hydroxyapatite nanocrystals have attracted 
more and more attention because of its extensive 
applications in tissue engineering area. In this study, 
the biological molecules enriched in Chinese yam 
were used as reactants and templates for the 
biomimetic synthesis of hydroxyapitite nanocrystals 
at room temperature and atmosphere. The results 
show that cobblestone-like HA biocomposite formed 
on the surface of Chinese yam while cube-shaped and 
porous HA biocomposites were fabricated in the 
squeeze juice of Chinese yam with different addition 
orders of configurational ion, respectively. Obviously 
the diverse polar groups presented in soluble and 
insoluble biomolecules of the Chinese yam play 
different roles in inducing and controlling the 
nucleation and growth of HA. Also we find that the 
morphology, size and structure of the products 
changed with the concentration of Ca2+ and PO4

3- as 
well as pH values of the solutions. This study may 
supply a new method for the biomimetic synthesis of 
bioinorganic materials. 

This work was financially supported by the 
Natural Science Foundation of China (No. 21171001, 
51372004, 21571002 and 21371003 ). 
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Cenozoic dikes are widespread in southern Tibet 

from the Lhasa terrane through the Yarlung Tsangpo 
suture to the Tethyan Himalaya, which intrude 
different geologic units, such as Gangrinboche 
conglomerate, Xigaze forearc sediment, Yarlung 
Tsangpo ophiolite, Liuqu conglomerate, and Tethyan 
Himalaya sequence. They show various rock types 
including diorite porphyry, granodiorite porphyry, 
aplite, and minette. Compared with the research on 
magmatism of Gangdese batholith and coeval 
volcanic rocks in the Lhasa terrane and that of the 
leucogranites in the Himalayas, there has been an 
obvious lack of studies on these dikes. These dikes 
can provide an important window into the thermal 
and compositional regimes of the deep orogen at the 
time of the intrusion. 

We conducted chronological, zircon Hf isotope, 
whole-rock element and Sr-Nd-Hf isotope analyses 
on these dikes to reveal their petrogenesis. These 
dikes were dated at middle Miocene from 15 to 10 
Ma. The minette dikes from Liuqu conglomerate and 
Yarlung Tsangpo ophiolite show geochemical 
characteristics similar to ultrapotassic rocks from 
southern Lhasa terrane, while the diorite porphyry 
and aplite dikes from Xigaze forearc sediment and 
ophiolite display geochemical characteristics 
resembling Miocene adakitic rocks of southern Lhasa 
terrane. The granodiorite porphyry dikes from the 
Tethyan Himalaya exhibit elemental and isotopic 
compositions similar to Kuday adakitic dikes near 
Sakya dome, which also plot in the field of Miocene 
adakitic rocks of southern Lhasa terrane. The minette 
dikes were derived from lithospheric mantle 
metasomatized by previously subducted Indian 
continental slab, whereas the felsic dikes were 
generated by partial melting of thickened lower crust. 
The adakitic dikes in the Tethyan Himalaya represent 
the relatively primitive magmas of Himalayan 
leucogranites. The leucogranites were generated by 
highly fractionation as well as assimilation of various 
degrees by ancient Indian crustal materials, as 
constrained by elemental and isotopic evidence. 
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Capture and storage of carbon dioxide in deep 

geologic formations is one of the most promising 
approaches to reduce the influence of CO2 on global 
warming. CO2 is injected into geological formations, 
as a supercritical fluid (scCO2 ) at depths that 
maintain its supercritical state. In this case, mineral–
scCO2 interactions are of prime importance for 
reservoir permanence. To unravel the interactions in 
mineral– scCO2 systems at conditions relevant to 
GCS, olivine was chosen as a model silicate mineral 
for this study.  

A lot of experiments which simulate the reaction 
of olivine and CO2 have been done to study the 
reaction of olivine and CO2 ,but few studies focused 
on scCO2 and for convenience ,in most experiments 
,carbonates are not allowed to precipitate because its 
appearance will make it difficult to calculate the rate 
of dissolution. That makes us know little about the 
later period after injection of CO2 into ground,during 
which the dissolution of olivine and the precipitation 
of carbonatation happen at the same time .In this case 
,we apply a new method called isotope ratio method 
by which we use Mg isotope to accurately calculate 
the rate of dissolution and precipitation at the same 
time and make a further study about factors that 
affect the reaction of olivine and scCO2. Our 
experiments show that the dissolution rate of olivine 
is about 2.7×10-13mol cm-2 s-1 and the precipitation 
of carbonate is about 4.1×10-16 mol cm-2 s-1 at 
100°C,10MPa PCO2.What’s more ,we also find that 
although some property of scCO2 is similar to liquid, 
we didn’t detect any sign of migration of Mg from 
water into scCO2 .  
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The Arctic plays a key role in controlling the 
global carbon cycles, since the permafrost not only 
stores more than half of the global soil carbon stocks, 
but also faces more threats from global warming. In 
particular, soil organic carbon (SOC) pools and 
fluxes in the northern circumpolar permafrost regions 
exposed to repeated freeze-thaw cycles are more 
susceptible to climate change than other regions, 
leading to an amplified global warming that in turn 
alters soil physicochemical properties and microbial 
activities. However, the extent of the effect of 
repeated freeze-thaw cycles on soil carbon storage 
and turnover remains controversial. Therefore, we 
hypothesized that changes in soil temperature 
regimes due to repeated freeze-thaw cycles would 
cause a difference in the response of SOC 
decomposition and the ensuing C fluxes would vary 
along a soil profile. To test the hypothesis, we 
designed a batch aerobic incubation in which three 
replicate soil samples taken from each soil horizon 
were exposed to repeated freeze-thaw spans. Three 
soil profile cores were sampled at the sites located in 
a subarctic tundra region, Alaska (64° 51’ N, 163° 
42’ W), by drilling a 2-m depth core from each of 
three different locations in July 2014. The sites were 
chosen based on the data obtained by electrical 
resistivity tomography. The location of high 
resistivity had a regolith underlain by the C horizon, 
while that of low resistivity consisted mainly of the O 
horizon materials, since the resistivity is indicative of 
soil water regime and soil component. Each soil 
profile core was dissected following the soil horizon 
description and incubated to analyze soil 
physicochemical properties and measure CO2 and 
CH4 fluxes. Each soil sample was incubated for 3 
days under the thawing and the subsequent freezing 
temperature regimes, and the preset temperatures 
were -10, 0, 10 and 20 oC. The pH of the soil was 
about 5.3, and the Oi sub-horizon had lowest pH of 
4.5. The C/N ratio at the end of incubation was higher 
in the organic soil layers than in the mineral soil 
layers. Part of our results obviously showed that 
much more CO2 was produced as air temperatures 
increased, while CH4 emissions were greatest 0 oC.  
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Late Mesozoic volcanic rocks are widespread in 

the Great Xing’an Range and adjacent areas of 
northeast (NE) China. Many studies have examined 
the late Mesozoic volcanic rocks of the Great 
Xing’an Range over the past decade, but the 
petrogenesis of these late Mesozoic volcanic rocks 
and the processes that caused the magmatism in this 
area remain controversial. Here, we present new 
zircon U–Pb data and geochemical data for samples 
of the Manketouebo Formation from the central Great 
Xing’an Range, with the aim of addressing the above-
mentioned question. 

The Manketouebo Formation in the study area is 
dominated by rhyolites and rhyolitic tuffs. The zircon 
U–Pb dating indicates that these volcanic rocks 
formed between 143 and 139 Ma. The volcanic rocks 
contain high silica (66.70–79.91 wt.%) and total 
alkali (5.93–9.72 wt.%) concentrations, and low 
concentrations of MgO (0.08–1.15 wt.%), total FeO 
(0.68–4.50 wt.%), and CaO (0.10–2.56 wt.%). They 
are enriched in large ion lithophile elements (LILEs; 
e.g., Rb, Th, and U) and light rare earth elements 
(LREEs), and depleted in high field strength elements 
(HFSEs; e.g., Nb, Ta, Ti, and P) and heavy rare earth 
elements (HREEs).These data, combined with 
previous research into the spatial–temporal 
distribution of Mesozoic volcanic rocks in NE China, 
suggest that the Early Cretaceous magmatism in the 
Great Xing’an Range was influenced by both the 
subduction of the Paleo-Pacific Plate and the closure 
of the Mongol–Okhotsk Ocean. This was a crucial 
period in the transformation from the Mongol–
Okhotsk Ocean to the Paleo-Pacific tectonic regimes. 
In summary, the early stages of Early Cretaceous 
magmatism in this area were related to closure of the 
Mongol–Okhotsk Ocean, whereas the later stages of 
magmatism in this area and elsewhere in NE China 
were related to subduction of the Paleo-Pacific Plate. 
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Gas hydrate is considered to be an important 
potential future energy, and elastic properties of pure 
hydrate are crucial for evaluating elastic wave 
velocity of hydrate-bearing sediment in order to 
monitor the distribution of hydrates occurred in the 
formation in industry. Meanwhile, understanding the 
difference of elastic properties between methane 
(CH4) and carbon dioxide (CO2) hydrate induced by 
different “guest” molecules facilitates calibration of 
geophysical observation (P-wave velocity) with 
regard to Carbon Capture and Stroratge (CCS). In this 
paper, Molecular Dynamics (MD) simulations were 
performed to determine the elastic constants of CH4 

and CO2 hydrate at one hundred pressure-temperature 
(P-T) data points, respectively. Elastic moduli of the 
hydrate aggregate were evaluated using Voigt-Reuss-
Hill model. The P-T range covers the conditions of 
arctic permafrost and marine sediments where natural 
gas hydrate occurs. On the basis of the P-T diagrams, 
elastic wave velocities of hydrate-bearing sediments 
can be estimated so as to evaluate the formation 
situations in real time during natural gas production 
or CCS.  

Interestingly, the shear modulus and Young’s 
modulus of the CO2 hydrate increased anomalously 
with increasing temperature, whereas those of CH4 
hydrate decreased regularly with increase in 
temperature. It indicates that the thermal effect can 
enhance the rigidity of CO2 hydrate, which has been 
rarely reported with regard to the crystalline 
materials. Based MD simulations results, we ascribe 
this anomaly to the kinetic behavior of the linear CO2 
molecule. The aspherical shape of the cage limits free 
rotational motion of the CO2 molecule at low 
temperature. With increase in temperature, the CO2 
molecule can rotate easily and fully, which will 
enhance the stability and rigidity of the CO2 hydrate. 
This work provides a key database for the elastic 
properties of gas hydrate to monitor the distribution 
of CO2 and CH4 hydrate in the field when CO2 
replaces CH4 from gas hydrate deposits, and 
molecular insights into stability changes of CO2 
hydrate from high temperature of approximately 280 
K to a low decomposition temperature of 
approximately 100-120 K. 
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Interactions of 1,4-hydroquinone with soluble 

iron species are studied over a pH range of 3−5. Our 
results show that Fe(III) is reduced by 1,4-
hydroquinone in acidic conditions, generating 
semiquinone radicals (Q•−) that can oxidize Fe(II) 
back to Fe(III). The deprotonated form (Q•−) of 
semiquinone radicals oxidizes Fe(II) more rapidly 
than the protonated form (HQ•), resulting in an 
increase of oxidation rate of Fe(II) with increase in 
pH as the speciation of Q•− changes with pH. O2 plays 
an important role in iron redox transformation by 
rapidly oxidizing Q•− to form benzoquinone (Q), 
while its role in directly oxizing Fe(II) is neglegible 
at the pH range examined. The results are compared 
with those obtained in our previous studies of 
iron−Suwannee River fulvic acid (SRFA) interactions 
in acidic environment and support the hypothesis that 
hydroquinone and semiquinone moieties plays an 
important role in iron redox transformation in natural 
waters. However, the steady-state semiquinone 
concentrations in SRFA solutions are 2−3 orders of 
magnitude greater than in solutions containing pure 
1,4-hydroquinone as the semiquinone radicals 
generated in pure hydroquinone solution are rapidly 
oxidized by dioxygen, while the semiquinone radicals 
generated in SRFA solution are resistant to oxidation 
by oxygen. As a result, semiquinone moieties in 
SRFA play a more important role in iron redox 
transformations than the simple quinones such as 1,4-
hydroquinone. This has a dramatic effect on the 
cycling of iron between the +II and +III oxidation 
states, resulting in iron turnover frequencies in 
solutions containing SRFA being 10−20 times higher 
than those in solutions of 1,4-hydroquinone. 
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Content of carbonates is an important factor to 
consider in source rock evaluation, especially for 
unconventional hydrocarbon resources development. 
Traditionally, the content of carbonates in rock 
samples has been determined via weight loss after 
acid digestion and/or acidimetry analysis. These wet-
chemistry based approaches are labour-intensive and 
produce chemical wastes, thus are not 
environmentally friendly. In comparison, X-ray 
powder diffraction (XRD) analysis as a non-
destructive method is now being widely used in 
laboratories to quantitatively determine the 
mineralogical composition of rock samples including 
quartz, clays and carbonates, but the method is costly 
and time consuming.  

Various thermal analytical techniques have also 
been developed to measure the quantity of carbonates 
via the detection of CO2 released during different 
temperature range of step-wise pyrolysis treatment of 
powdered rock samples. One of the most widely 
accepted in the oil industry is the Rock-Eval 6 or 
other similar thermal analysis that produces a 
parameter MinC(%) as a proxy of carbonate content. 
Although Rock-Eval results for characterizing the 
quantity and quality of organic matter in sedimentary 
rocks such as TOC, Tmax, S1, S2, S3 values have 
been extensively used by petroleum geologists and 
engineers for hydrocarbon resources characterization 
and assessment, the MinC(%) parameter has often not 
been utilized as a measurement of the carbonate 
content. In this study, we have collected both Rock-
Eval 6 and XRD data on hundreds of potential source 
rock samples from Ordovician, Devonian, Triassic, 
Cretaceous and Tertiary shale strata in Canadian 
sedimentary basins. Data analysis showed that the 
MinC(%) from Rock-Eval 6 analysis has an excellent 
positive linear relationship (R2>0.9) with the sum of 
the calcite, dolomite and siderite from XRD analysis. 
As the number of Rock-Eval 6 analysis on shale and 
tight reservoir samples has been growing 
exponentially during the last decade or so due to the 
increased industrial and academic interest in shale gas 
and tight oil, the MinC(%) values are considered to 
be  cost-effective and provide quality estimates of the 
total carbonate contents in petroleum source and 
reservoir intervals.   
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The oxidative polymerization of phenolic 
compounds by manganese oxides is considered as 
one of the main biogeochemical processes in the 
formation of humic substances [1]. Heavy metals in 
polluted soils may influence phenol polymerization, 
thereby mediating the natural formation of humic 
substances in the terrestrial environment. This study 
determined phenol oxidation by MnO2 in the 
presence of Co, Ni, Cu, Zn, Cd and Mn. All the metal 
ions suppressed the oxidative polymerization of 
phenol by MnO2while the degree of suppression 
varied. Over the metal concentration range examined, 
the relationship between phenol oxidation reaction 
constant (k) and metal equilibrium adsorption amount 
(qe) consisted of two distinct linear segments. At low 
metal concentrations, the k linearly decreased rapidly 
with increasing metal concentration. The k decreased 
comparatively more slowly thereafter at higher metal 
concentrations. The self-suppression effect of Mn 
exhibited a single straight k-qe line. These results 
suggest that the coexistence of manganese oxides, 
phenols, and heavy metals may lead to an altered 
balance of humic substances in the environment.  
 
[1] Shindo and Huang (1982) Nature, 298, 363-365. 
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The microbial role in Global Carbon Cycle could 

be significant as these organisms are known to be a 
source and sink of CO2. Though much literature is 
available on heterotrophic respiration and 
phototrophic CO2, very little ground has been covered 
on the chemosynthetic potential of microbes 
especially of ocean sediments. In this overview we 
compare different rates of chemosynthetic potential 
prevailing in the ocean sediment of Pacific, Atlantic 
and Indian Oceans. The results show that the 
contribution by bacterial and archaeal communities 
could be significant. The presentation would discuss s 
these values against the backdrop of autotrophic CO2 
fixation and respiration. 
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During the 21st Chinese Antarctic Research 

Expedition in 2004/2005 austral summer, a 109.91 m 
ice core (hereafter DA2005 core) was recovered at 
the site about 300 m away from the summit of Dome 
A. The top 100.42 m was analyzed for major 
chemical impurities and isotopic composition of 
nitrate. Dating was based on the volcanic stratigraphy 
and average annual accumulation rate. Results 
showed that the analyzed 100.42 m part of the core 
covers the last 2840 years before present, from 840 
BC to AD 1998 [1].  

Nitrate concentration in the DA2005 core varies 
between 2.86 μg kg-1 and 30.75 μg kg-1 throughout 
the 2840 years, with the mean concentration of 11.84 
µg kg-1. Comparisons with previous Antarctic ice 
core nitrate records show that the DA2005 core has 
the lowest mean concentration of nitrate, which is 
consistent with the lowest accumulation rate at Dome 
A among these sampling sites. Decreased nitrate 
concentration during the period of Little Ice Age (AD 
1500-1900) is observed in the DA2005 core. The 
δ15N(NO3

-) values vary between 235.4 ‰ and 279.4 
‰, which suggest strong 15N enrichment in the 
DA2005 core. The sample covering the most recent 
time period (AD 1695-1838) has the lowest 
δ15N(NO3

-) value. The ∆17O(NO3
-) values span from 

28.9 ‰ to 31.4 ‰, which is among the range ever 
observed [2,3]. An increasing trend is seen during the 
period of AD 1225-1838, which corresponds to the 
time period when nitrate concentration remains low. 
The maximum ∆17O(NO3

-) value occurs in the period 
AD 1695-1838, and the minimum value occurs in the 
period AD 62-166. 

This work was supported by National Science 
Foundation of China (41476169, 40906098).  

 
[1] Jiang et al. (2012) J Glacio 58, 65-75. [2] Frey et 
al. (2009) Atmos Chem Phys 9, 8681-8696. [3] Sofen 
et al. (2014) Atmos Chem Phys 14, 5749-5769. 
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Ferromagnesian phosphate nodules occur in  
hemipelagic iron-rich sediments cored from the 
Formosa Ridge (FMR, core length ca. 29 m), Yungan 
Ridge (YAR, 24.2 m), SE YAR (25.6 m), Kaoping 
Canyon (KPC, 38 m), and Lower Fengliao Basin 
(LFLB, 15.7 m) off SW Taiwan with the sulfate-
methane transition (SMT) zone at 8.9, 5.0, 2.5, 8.5, 
and 11.0 mbsf, respectively. The phosphate is 
magnesian vivianite or baricite, having 37–85 mol% 
vivianite, 15–63 mol% bobierrite, and <6 mol% 
reddingite, distinctly different from vivianite in 
freshwater sediments. Scavenging of downward 
diffusive dissolved sulfide by forming acid volatile 
sulfide (AVS) or pyrite in a sulfidization zone could 
have favored prominent mineralization of vivianite 
below the sulfidization front in the YAR sediments. 
Without a record of intense sulfidization driven by 
anaerobic oxidation of methane (AOM) in the FMR 
and KPC sediments, the downcore distribution of 
magnesian vivianite nodules is scattered below the 
present-day SMT zone and the vivianite occurs in the 
presence of AVS and siderite with limited growth of 
pyrite and has a relatively narrow range of iron-rich 
composition, indicating relatively steady growth in 
reducing environments at depth. In the transition zone 
from the zone of vivianite mineralization to the 
overlying sulfidization zone in the YAR sediments, 
there are alternate growths of iron sulfides and 
vivianite and Fe- and Mg-enriched zoning in 
individual vivianite nodules due to fluctuations of the 
sulfidization front and methane flux, while similar 
features in the FMR and KPC sediments at some 
depths may be attributed to temporal variations of 
weak diffusive methane flux and AOM under 
conditions of low dissolved sulfate concentrations at 
depth. Formation of vivianite in the LFLB sediments 
is spotty as well but is in a depth interval sandwiched 
between an overlying AVS-dominated zone and the 
present SMT zone with a underlying zone of intense 
pyrite crystallization possibly marking a past SMT 
record. The result suggests that early diagenetic 
magnesian vivianite can occur in reductive marine 
sediments, particularly in those that have high 
reactive-iron contents and high sedimentation rates 
permitting evasion from early sulfidization due to 
AOM in the SMT zone, and adds to the increasing 
volume of evidence to support that magnesian 
vivianite can be an important P sink in marine 
environments. 
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The South China Coast area is characterized by 

intensive and widespread Cretaceous granitoid and 
volcanic rocks that preserve a partial record of the 
circum-Pacific accretionary orogen during the 
Mesozoic. Increasing numbers of isotopic age data 
reveal a “magmatic quiescence” at ca. 120 Ma 
punctuating the Cretaceous magmatism. Detrital 
zircons from the modern river systems confirm the 
scarcity of ca. 120 Ma magmatic rocks onshore. 
Understanding the mechanism of this transient 
magmatic quiescence has significant implications for 
evolution of the accretionary orogeny in East Asia. 
Hainan Island, situated at the southernmost margin of 
the South China, is characterized by widespread 
occurrence of Permian to Cretaceous granitoid rocks 
and the Cretaceous basins. We performed integrated 
in situ analyses of U-Pb age and Hf-O isotopes for 
detrital zircons of two sandstone samples from the 
Cretaceous Baisha basin. Our data reveal three major 
age peaks at ca. 120 Ma, ca. 155 Ma and ca. 235 Ma. 
Zircons of these ages are mostly euhedral and show 
typical magmatic oscillatory zoning, suggesting 
short-distance transport from nearby magmatic 
sources. Because ca. 120 Ma magmatic records are 
extremely rare, detrital zircons of this age population 
suggest their derivation from a source proximal to 
Hainan Island but presently missing. In situ Hf and O 
isotpic data suggest an increasing contribution of 
depleted mantle or juvenile crust to the Cretaceous 
magmas, consistent with magmatic hybridization at 
an active continental margin. Our data provide new 
evidence for ongoing arc magmatism outboard 
southernmost South China in late Mesozoic. It is 
noteworthy that the 120 Ma magmatic quiescence 
onshore is coincident with the high-grade 
metamorphism and top-to-NW ductile thrust in the 
Changle–Nan'ao Metamorphic Belt. Thus, the Late 
Mesozoic accretionary orogen in this area is most 
likely “interrupted” by collision of the West 
Philippines micro-block to South China along the SE 
Coast. 

 



Goldschmidt Conference Abstracts 

 

1352 

Reservoir mechanical 
compaction experiment of low 

porosity and low permeability in 
Bohai Basin 

JIANG YANAN1  LIU LI2  LIU NA2 
1Wireline Logging Company of Daqing Drilling and 

Exploration Engineering Corporation，Daqing 
16341;278668247@qq.com 

2College of Earth Sciences�Jilin 
University�Changchun 
130061;liuli0892@vip.sina.com 

 
Abstract: According to the Bohai sea area of 

Paleogene petrological characteristics, study the 
influence of diagenesis on reservoir properties in this 
area. After data analysis, to determine the law of 
permeability reservoir petrologic characteristics and 
pore, mechanical compaction experiment of sample 
selection. Design and completed for the four types of 
the study area consists of five groups of experiments, 
the experimental results show that the porosity during 
compaction increased with depth are reduced, 
through data fitting, porosity with depth 
exponentially decreasing, and the presence of the 
inflection point at a certain depth, the porosity change 
phase is divided into slow fast compaction, 
compaction and basic stop compaction stage. Change 
of porosity and grain size, sorting, particles are 
selected. Distribution and separation of different 
particle size have great effect on the compaction 
effect of the experimental results, the influence of 
plastic granule on experimental porosity significantly, 
compared with the experimental results of pure rigid 
particle samples, porosity decreases more rapidly. 
Through the different sample experimental 
comparison, get different factors in different 
compaction process accounts for the proportion, the 
conclusion can provide reference for the reservoir 
exploration and development of reservoir quality 
research.  

Key words: Bohai Basin; Paleogene; reservoir; 
diagenetic; compaction experiment 
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Abstract: The rare earth elements and yttrium 

(REY) of 50 coal samples in a Early Cretaceous high 
seam (No. 6 coal, 151 m thick) from an exploratory 
borehole (Hole 34-6) in the eastern mining area of the 
Shengli Coalfield, Inner Mongolia, China were 
investigated, using inductively coupled plasma mass 
spectrometry (ICP-MS). The results show that the 
rare earth elements and yttrium in the No. 6 coal is 
mainly characterized by heavy-REY type enrichment, 
relative to the upper continental crust. In twenty of 
the 50 samples, the La N /Lu N ratios are 0.35-0.94, the 
La N /Sm N ratios are 0.55-0.95, and the Gd N /Lu N 
ratios are 0.61-0.99, indicating that they are typically 
enriched in heavy-REY. In five of the 50 samples, the 
La N /Lu N ratios are 0.66-0.96, the La N /Sm N ratios 
are 0.66-0.99, and the Gd N /Lu N ratios are 1.02-1.10, 
indicating that they are typically enriched in medium-
REY. In seven of the 50 samples, the La N /Lu N ratios 
are 1.08-1.30, the La N /Sm N ratios are 1.00-1.09, and 
the Gd N /Lu N ratios are 1.00-1.23, indicating that 
they are typically enriched in light-REY. All three 
enrichment types of REY are present in the seam and 
they have similar distribution patterns, respectively. 
However, the vertical variations in concentrations of 
REY and enrichment types of REY are very clear in 
the seam section. The heavy-REY (Ho, Er, Tm, Yb, 
and Lu) were mainly enriched in the upper and lower 
part of the seam. The 7 samples for light-REY type 
enrichment occur mainly in middle part of the seam. 
This indicates that the fractionation of REY is 
different from the bottom to top of the seam. The 
REY in the samples formed during the early and late 
stage for coal-accumulating may have been subjected 
to acid natural waters or hydrothermal solutions. In 
the middle part of the seam, three enrichment types of 
REY distribute alternately, the distribution pattern of 
the light-REY enrichment type show weakly 
fractionated while the distribution patterns of the 
medium-REY and heavy-REY enrichment types 
show strongly fractionated, indicating the changing 
alternately environment for coal-accumulating. 
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In comparison with modern oceans, Precambrian 

seawater featured elevated concentrations of iron, 
dissolved inorganic carbon, and silica, but much 
lower dissolved oxygen and sulphate12. The kinetic 
and thermodynamic controls on the chemistry of 
Fe(II), DIC and SiO2(aq)-rich seawater are not well 
known, but nonsulphidic seawater chemistry is likely 
to have been governed by the competing nucleation 
and growth kinetics of marine precipitates such as 
siderite, greenalite, and other Fe(II)-bearing phases 2–

4. 
A recent experimental study on the reaction 

kinetics of greenalite (Fe(II)-silicate) showed that 
greenalite precipitation is kinetically important across 
a specific pH range and Fe(II), and SiO2(aq) 
concentrations4. Although this study investigated 
Fe(II)-silicate interactions in isolation from Fe(II)-
carbonate, the results prompted a reconsideration of 
the competition for Fe(II) between siderite (Fe(II)-
carbonate) and greenalite, and the controls on Fe(II) 
concentrations in ferruginous seawater. Indeed, 
surprisingly little is known about the reaction kinetics 
of siderite precipitation, or the corresponding effects 
on other carbonates (e.g., calcite;  aragonite) in the 
presence of Fe(II) other than an apparent kinetic 
inhibition on CaCO3 nucleation5. 

The focus of this project is on constraining the 
nucleation kinetics of siderite as a function of pH, 
CO2(aq) and Fe(II) concentrations. Siderite has been 
synthesised under strictly anoxic conditions, at 
solution composition close to the ancient marine 
condition. We observe the rapid generation of siderite 
across a finite range of pH and DIC. The chemistry, 
trace element content and isotopic composition are 
being compared to early diagenetic siderite and 
greenalite occurrences to better understand the 
conditions of crystallisation. Our results provide key 
information on the reactions controlling Precambrian 
seawater chemistry and new insights on multiple 
biogeochemical cycles. 
 
1. Holland, H. D. (1984) The Chemical Evolution of the 

Atmosphere and Oceans. Princeton. 
2. Lyons, T. W., et al.. (2012) in Fundamentals of 

Geobiology. Blackwell 
3. Pufahl, P. K. (2010) in Facies Models 4. Geol. Assoc. 

Canada. 
4. Tosca, N. J., et al. (2015) GSA Bull. 2, 1–20 (2015). 
5. Sumner, D. & Grotzinger, J. (1996) Geology, 24, 119. 
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The spatial distribution of mountain erosion rates 
reflects the feedbacks between tectonics, erosion and 
climate. This study investigates the erosion pattern of 
the Southern Alps of New Zealand and its evolution 
since the Last Glacial Maximum (LGM), based on a 
provenance study using Raman spectroscopy of 
carbonaceous material (RSCM). This technique can 
be used to estimate the peak metamorphic 
temperature, based on quantifying the degree of 
graphitization of CM during the metamorphism. Here 
we use the estimated metamorphic temperature 
(RSCM-T) from marine sediments as a proxy to trace 
the sediment source. 

On the western flank of the Southern Alps, the 
metamorphic grade of the bedrocks increases from 
prehnite-pumpellyite facies near the Main Divide 
topographic crest, to the amphibolite facies at the 
range front adjacent to the Alpine Fault. Most 
catchment drainage follows the same direction, down 
to the west coast. By comparing the sediments in 
streams or offshore cores with bedrocks, one can 
infer how erosion varies in space and time. 

Raman spectra were obtained on CM in core 
samples from the continental shelf off the west coast. 
Fitted spectral peaks indicate RSCM-T from 230 to 
625 °C. Mixture modelling of the detrital data 
suggests that the sediments predominently (~90 %) 
derived from biotite and chlorite zone schists, 
consistent with the dominant rock types exposed in 
catchments proximal to the core site. From the LGM 
(~21 ka) to the present, mixture models indicate an 
increasing contribution from chlorite zone schist, and 
decreasing biotite schist. By comparing the mixture 
models to the distribution of bedrocks,  we infer that 
the relatively high erosion rates have been distributed 
in glaciated areas, and suggest that since the LGM, 
the locus of high erosion rates has gradually localized 
towards the Main Divide, as a result of the 
progressive glacial retreat. 
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Iron (Fe) and manganese (Mn) play important 
roles in sedimentary carbon cycling in freshwater and 
brackish marine systems.  Estuaries are transitional 
environments characterized by gradients of salinity 
and redox conditions which impact on the mobility of 
Fe and Mn. However, few studies have attempted to 
describe the distribution of Fe and Mn in estuarine 
sediments in the context of processes occurring in the 
overlying water column.  In  particular,  salinity-
driven  flocculation  and  redox  shuttling  are  two  
key  processes  whose  relative  impacts  on 
sedimentary Fe and Mn have not been clearly 
demonstrated. 

In  this  study  we  investigate  the  coupled  water  
column  and  sedimentary  cycling  of  Fe  and  Mn  
along  a 60km non-tidal estuarine transect in the Gulf 
of Finland, Baltic Sea. We show that Fe entering the 
estuary as colloidal oxides associated with riverine 
dissolved organic matter (DOM) is quickly 
flocculated and sedimented within 5km of the river 
mouth. Sediments within this range are enriched in Fe 
(up to twice the regional average), principally in the 
form of crystalline Fe oxides. In contrast, 
sedimentary Mn concentrations are dominated by 
redox shuttling in the estuary, with Mn being focused 
into a silled basin more than 10km downstream. 
Porewater data suggest that the heterogeneity of Fe 
and Mn availability in estuarine sediments influences 
the relative importance of the two metals in carbon 
cycling, including the anaerobic oxidation of 
methane. 
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Contourites cover large parts of all oceanic 
basisns and adjacent continental margins worldwide 
[1]. Although they can yield excellent paleoclimatic 
records because of the high sedimentation rates [2], 
most countourite deposits represent a continuum with 
other deep-sea sedimentary facies such as turbidites 
and hemipelagites. Good criteria to differentiate these 
facies are still sought. This study aims to understand 
different proxies signals using a geochemical 
approach for bottom current sediments from Antartic 
and Iberian margins.  

Comparison between hemipelagic and contouritic 
deposits in Iberian margin indicates that grain sorting 
in countourites concentrates heavy minerals (e.g., Zr 
and Ba) and reworked levels of bioclastic carbonates 
(Ca and Sr) [3]. Br content variations on the other 
hand are virtually identical among pelagic and 
contouritic sediments and do not appear to be 
sensitive to grain size variations. Planctonic isotopic 
values and radiocarbon dates confirm Br correlation 
between pelagic and contouritic sites during late 
Pleistocene and could be related with the correlation 
between Br and organic matter content [4]. The East 
Antartic levee depositional settings represent a mixed 
system due to the interaction between turbiditic flows 
and bottom currents [5]. Differences in oxygenation 
among the donwslope density currents and bottom 
waters and heavy mineral proxies have been explored 
in order to discern tubiditic/contouritic deposits. 

 
 [1] Rebesco et al. (2014) Mar. Geol., 352, 111-154. 
[2] Hernandez-Molina et al., Science, 344, 1244. [3] 
Bahr et al., (2014) Geochem. Geophys. Geosyst., 15, 
3145-3160.[4] Ziegler et al., (2008) Geochem. 
Geophys. Geosyst., 9, Q05009. [5] Escutia et al., 
(2003) Deep Sea Res II, 50, 1481-1508. 
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Rising atmospheric-oceanic oxygen levels are 

widely considered to be a primary driver of the 
“Cambrian Explosion” [1], but geochemical evidence 
in support of this hypothesis remains elusive. Recent 
study indicates that improved ventilation of shallow 
waters resulted in replacement of small shelly faunas 
by complex arthropod-dominated biotas (e.g., the 
Chengjiang Biota) during the transition from the 
Fortunian Age/Age 2 to Age 3 [2]. Further increases 
in ocean ventilation could have then led to expansion 
of complex biota similar to the Chengjiang Biota 
(e.g., the Balang Fauna) into deep continental basins 
during Cambrian Age 4. In order to test this idea, we 
conducted a high-resolution Fe-C-trace element 
geochemical study on two slope sections (Wuhe and 
Geyi) and one basinal section (Zhalagou) from the 
Yangtze Block of South China. Our results suggest 
that intermediate waters were dominantly 
ferruginous, although punctuated by episodes of 
euxinia, from Cambrian Age 2 to 4, and shifted to 
dominantly oxic conditions during Cambrian Age 4.  

Comparison of the redox history of the Yangtze 
Block with its record of fossil life suggests that 
progressive oxygenation of deeper waters was 
coupled with the appearance of the Balang Fauna in 
intermediate waters and of trilobites in deep waters 
during Cambrian Age 4. our studies thus support the 
hypothesis that changes in oceanic redox conditions 
played an important role in the evolution of early 
animals and their adaptive invasion of deep-water 
habitats. 
 
References: [1] Knoll and Carroll (1999), Science 
285, 2129-2137. [2] Jin et al. (2016), EPSL. in press. 
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Methodology 

A time series analysis for 250m MODIS NDVI 
was used to present vegetation variation for Qaidam 
Basin, northwestern China[1]. The MODIS NDVI 
acquired from 2000 to 2013 were processed to 
determine vegetation cover fraction (VCF) for 
detecting the annual dynamics of didfferent types of 
vegetation cover in the basin and the products were 
validated by comparing field  measurement in spatial 
distribution[2]. 

 
Discussion of Results 

Basically, NDVI values increased with time and 
the basin interior is dominated by desert while 
mountainous area is mostly covered by alpine 
meadows. The NDVI threshold between bare soil and 
vegetation area is 0.055. VCF was evaluated and 74% 
of the basin area is covered by low density vegetation 
and bare soil. In general, bare soil and low density 
vegetation showed a decrease rate while other classes 
correspond with increase trends in vegetaiton cover. 

The effect of water table depth on vegetation is 
more complex since some plants are dependent on 
groundwater while others are not[3]. In Qaidam 
Basin, Phragmites australis is showed to highly 
dependent on groundwater and the corresponding 
water table depth is shallower than 3 m. Shrubs of 
Artemisia desertorum and Tamarix ramossissima 
Ledeb are also sensitive to water table depth and the 
maximum NDVI occurred at the water table depth of 
2 m. High height shrub as Nitraria Schoberi L. can 
extend roots to a depth of 12 m or more in Qaidam 
Basin. TDS is another important factor for limiting 
vegetation growth. Generally, no vegetation can 
survive in TDS over 8 g/L. It was investigated that 
the suitable TDS level for Artemisia desertorum, 
Phragmites australis, Calligonum mongolicunl and 
Nitraria Schoberi L. is between 0.1 and 3 g/L, 
whereas Tamarix ramossissima Ledeb and 
Achnatherum splendens is in range of 3-10 g/L. 

 
[1] Le Marie et al. (2011) Remote Sens Environ 115, 
2613-2625. [2] Gutman & Ignatov (1998) Int. J. 
Remote Sens 19(8), 1533-1543. [3] Robinson et al. 
(2008) Vadose Zone J. 7, 358-389. 



Goldschmidt Conference Abstracts 

 

1360 

Ecological risk assessment and 
source identification of heavy 
metals in surface sediments of 

West Lake, East China 
ZANFANG JIN, FEILI LI, LIYI, QI ZHENG  

College of Environment, Zhejiang Univ. of Tech., 
Hangzhou 310032, China 
(jinzanfang@zjut.edu.cn) 

 
West Lake is the only lake in China that is listed 

as a World Heritage site; accordingly, it is 
particularly important to protect the environment of 
the lake. The objectives of this study were (1) to 
determine spatial and temporal distributions of heavy 
metals in surface sediments of West Lake, (2) to 
assess the pollution degree and potential ecological 
risks of these heavy metals by comparison with 
sediment quality guidelines (SQGs) and the methods 
of geoaccumulation index (Igeo) and potential 
ecological risk index (PERI), and (3) to identify the 
natural and/or anthropogenic sources of these heavy 
metals using combined multivariate statistical 
techniques.  

The spatial and temporal distribution, ecological 
risks, and sources of heavy metals including As, Cd, 
Co, Cr, Cu, Pb, Zn, Mn and Ni were analyzed in 
surface sediments from West Lake. The average 
concentrations of Cd, and Pb were 4.9 and 6.4 times 
their background values, respectively. The average 
concentrations of As, Co and Zn was higher than the 
background values. Cu, Pb and Zn exhibited similar 
spatial distributions in concentrations higher at the 
east and part of west of West Lake. Based on the 
results of the SQGs, Igeo, and PERI, Cd, and Pb were 
identified as the major heavy metal pollutants in 
surface sediments. The metals in the surface sediment 
may pose moderate ecological risk. The east and part 
of west of West Lake were identified as the priority 
regions of environmental monitoring and 
management. Multivariate statistical analyses showed 
Cu, Pb, and Zn mainly originated from traffic 
activities and domestic wastewater. Cd, Mn and As 
mainly originated both from natural erosion and 
anthropogenic activities. Co, Cr and Ni might have a 
natural source. Therefore, the measures and strategies 
should be implemented to reduce the traffic flow in 
Hanghou City. Also, measures and strategies are 
required to decrease ecological risks from Cd 
pollution. 

Table1 Summary statistics of heavy metal 
concentrations in the sediments of West Lake and 
guideline values (mg/kg).  
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Plasmonic core-satellite structures have promoted 

the application of surface-enhanced Raman scattering 
(SERS) in chemical analysis [1]. However, most of 
these structures are limited to a single use or single 
function. Taking advantage of the explosive growth 
in nanofabrication, the exploitation of multifunctional 
nano-assemblies, including plasmonic core-satellite 
structures, has caused increasing interest in 
integrating novel optical, charge selective, and 
magnetic properties [2]. Nanofabrication of 
multifunctional SERS substrates is strongly desirable, 
but currently remains a challenge. The motivation of 
this study was to design such a substrate – a versatile 
core-satellite Fe3O4@SiO2-Au (FA) hetero 
nanostructure – and demonstrate its use for charge-
selective detection of food dye molecules as an 
exemplary application. Our experimental results and 
three-dimensional finite difference time domain 
(FDTD) simulation suggest that tuning the Au 
nanoparticle (NP) gap to sub-10 nm, which could be 
readily accomplished, substantially enhanced the 
Raman signals. Further layer-by-layer deposition of a 
charged polyelectrolyte on this magnetic SERS 
substrate induced active adsorption and selective 
detection of food dye molecules of opposite charge 
on the substrates. Molecular dynamics (MD) 
simulations suggest that the selective SERS 
enhancement could be attributed to the high affinity 
and close contact (within a 20 Å range) between the 
substrate and molecules. Density function theory 
(DFT) calculations confirm the charge transfer from 
food dye molecules to Au NPs via the 
polyelectrolytes. This multifunctional SERS platform 
provides easy separation and selective detection of 
charged molecules from complex chemical mixtures.   
 
[1] Gandra et al. (2012) Nano Lett. 12, 2645-2651. 
[2] Yang et al. (2014)  RSC Adv. 4, 49635-49646. 
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Zircon oxygen-hafnium and biotite magnesium 
isotopic compositions of Late Cretaceous to 
Oligocene (88–27 Ma) granitoids from the 
Gyeongsang continental arc, southeastern Korea, 
collectively provide a new insight into the magma 
source and evolution. Zircon crystals extracted from 
eight calc-alkaline or alkaline plutons often contain 
xenocrystic cores, and typically show magmatic 
cathodoluminescence zonings and sharp Raman 
spectra. Most zircons have positive εHf values 
plotting below the MORB evolution path, indicating 
that the arc magmatism was dominated by the 
recycling of juvenile crustal materials. Zircon δ18O 
values shifted upward or downward from the mantle 
range (5.3 ± 0.3 ‰; [1]) attest to the oxygen isotopic 
exchange of crustal protoliths with surface waters at 
various temperature conditions. One xenocrystic 
zircon core from the youngest pluton shows a 
dramatic rimward decrease in δ18O from +4.4‰ to 
negative values (–0.7 to –0.1‰). The smaller but 
discernable core-to-rim decreases of δ18O values are 
recognized selectively in magmatic zircons from four 
plutons possessing biotite δ26Mg values (–0.07 to 
+2.06‰) distinctly higher than the mantle range (–
0.25 ± 0.07‰; [2]). Such a concomitant oxygen-
magnesium isotopic variation provides compelling 
evidence for a series of self-induced hydrothermal 
alteration and assimilation processes (i.e., “crustal 
self-cannibalization”; [3]). This study shows that the 
supracrustal input to magmas in a young and juvenile 
orogen can be traced effectively by the combination 
of stable isotope records from the plutonic root. 
 
[1] Valley et al. (1998) CMP 133, 1-11. [2] Teng et 
al. (2010) GCA 74, 4150-4166. [3] Bindeman (2008) 
Rev. Mineral. Geochem. 69, 445-478. 
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In the nitrogen cycling processes seafloor 
hydrothermal systems driven by magma activity are 
expected to act as a source of nitrogen. The seafloor 
hydrothermal fluids occurred in the arc-backarc 
systems where are often covered with thick sediments 
contained organic matter are rich in ammonium 
derived almost from the sedimentary organic matter. 
Such high ammonium flux may support abundant 
vent community relying on the chemosynthetic 
production around there and contribute to enhance 
releasing inorganic nitrogen from sediment. In this 
study, we measured ammonium concentration and its 
δ15N values in the venting hydrothermal fluids and 
hydrothermal clay minerals occurred in the sediment-
covered shallow-water hydrothermal system in 
Kagoshima Bay, Southern Kyushu, Japan. 

The ammonium concentration in the endmember 
hydrothermal fluid was reached c. 17 mM and its 
δ15N values were ranging from –1.5 to +1.6 ‰. Two 
short sediment cores sampled from the different 
hydrothermal shimmering sites (SWS and SES sites) 
were separated clay fraction (≤ 2µm), and after 
removing organic nitrogen their total inorganic 
nitrogen (TIN) contents and its δ15N values were 
estimated. As a result, TIN contents were 0.4 - 20.9 
µg/g and their δ15N values were –4.5 - +0.6 ‰ for the 
SES site, and 6.5 - 114 µg/g and 0 - +2.4 ‰ for the 
SWS site. The almost nitrogen was plausibly present 
as ammonium in the clay minerals, mainly smectites. 
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With the advent of multi-collector inductively 

coupled plasma-mass spectrometry (MC-ICP-MS) 
and the improvement of analytical methods, metal 
stable isotopes, such as Mo, Fe, Cu, Zn, and Ni 
isotopes, have received the greatest attention from 
geologists. Mo has seven naturally occurring stable 
isotopes (92Mo, 94Mo, 95Mo, 96Mo, 97Mo, 98Mo and 
100Mo) with a wide variety of oxidation states. Two-
stage column method using column tube (BioRad 
PolyPrep column) and anion exchange resin (BioRad 
Resin AG1-X8, 200-400 mesh) was used to separate 
Mo element from SRMs (standard reference 
material), such as NIST 612, IAPSO, SDO, BHVO, 
and PACS. The interfering elements were sucessfully 
separated from Mo using the two-stage column 
method. Mo isotope ratios (δ98/95Mo) of the SRMs 
were measured on MC-ICP-MS and then compared 
with reference Mo isotope ratios. Mo isotope ratios in 
our study overlap with reference Mo isotope ratios 
within analytical error. 

 
Keywords: Molybdenum, Isotope, MC-ICP-MS 
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We investigated < 25 µm layers of desert varnish 
on 12 meteorites recovered in the Libyan desert. The 
terrestrial ages of the meteorites between 2.5 and 35 
ka provide maximum exposure values. Some samples 
show microlamination of Mn- and Fe-rich layers 
possibly related to dry and wet climate [1]. To get 
highly resolved measurements of Fe/Mn at a depth 
resolution of about 10 nm, we used femto- and 
nanosecond LA-ICP-MS. In addition, concentrations 
of the major elements, Co, V, Ba, Pb, and the REE 
were determined in the different layers at a resolution 
of about 1 µm and a precision of 2 - 5 %. Special 
settings were applied for the analyses, such as small 
fluence, high scan speed for low sample ablation, the 
Escan mode of the mass spectrometer used for fast 
measurements, and a mass resolution of 2000 for the 
separation of interferences from the ions of interest 
using flat top peaks. The new Mn- und Fe-rich 
microanalytical reference material FeMnOx-1 [2] was 
used for calibration. 

Our results demonstrate significant variations of 
Mn/Fe ratios with depth (age). Low and high ratios 
found in varnish layers are correlated with arid and 
humid periods observed in North Africa [3]. Line 
scan analyses show high MnO and high REE contents 
with a typical positive Ce anomaly. A weathering 
zone with low MnO and negative Ce anomalies is 
situated beneath the varnish zone. 

 
[1] Liu and Broecker (2013) Geomorphology 

187, 38-60. [2] Jochum et al. (2016), Chemical 
Geology, in press. [3] Dietzel et al.  (2008) Chemie 
der Erde 68, 31-43. 
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A plume of hydrothermal dissolved Fe from the 

East Pacific Rise was observed on the US 
GEOTRACES Eastern Pacific Zonal Transect 
(GP16), travelling thousands of km through the deep 
Pacific ocean (Resing et al., 2015). A parallel plume 
of particulate Fe follows a similar path. Both Fe 
plumes follow hydrothermal 3He; however close 
examination reveals that both dissolved and 
particulate Fe plumes descend slowly in the water 
column as they advect westward. Using Fe stable 
isotope data (δ56Fe) and modeling, we seek to 
understand the chemical and physical processes that 
govern Fe behavior within the plume.  

Hydrothermal particulate δ56Fe remains close to -
0.3 ‰ throughout the plume, even as particulate [Fe] 
decreases by two orders of magnitude away from the 
EPR. Loss of Fe by a fractionating chemical process 
would cause very large δ56Fe changes over this 
concentration range; we therefore conclude that the 
loss of particulate Fe is most likely by a physical 
process such as aggregation into sinking particles, not 
loss by chemical reaction. Within the dissolved 
phase, δ56Fe is well fit by two-component mixing 
between background seawater δ56Fe near +0.7 ‰, and 
hydrothermal dissolved δ56Fe near -0.3 ‰. The 
similarity in dissolved and particulate δ56Fe values 
suggests that the two phases represent the same 
chemical form of Fe.  For example, dissolved 
hydrothermal Fe may be composed of smaller 
(colloidal) sizes of the same Fe oxyhydroxides that 
comprise the particulate phase. 

Using a 3D ocean circulation model, we find that 
sinking of Fe plumes dramatic decreases the supply 
of Fe to the surface oceans where it could support 
biological productivity.  Thus, sinking may have a 
substantial effect on the global distribution of 
hydrothermal Fe and it‘s role supporting 
phytoplankton growth in HNLC regions. 
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At subduction zones, seawater-altered oceanic 

lithosphere recycles back into the mantle, heats up 
during descent and releases fluids by devolatilization 
of hydrous minerals. Large-scale fluid flow resulting 
from this dehydration is implicit in recent models for 
the formation of arc magmas and appears to be linked 
to intraslab seismicity. However, the mechanisms as 
well as spatial and temporal scales of this fluid flow 
are only poorly known. Exposures of veins in oceanic 
lithosphere, metamorphosed at high pressures in 
subduction zones, provide direct evidence for fluid 
mobility within subducting slabs. Based on field 
observations and electron microscopy data we 
develop a thermodynamic and fluid dynamic 
consistent mechanistic model of porosity formation 
and initiation of intraslab fluid flow. We also quantify 
the duration of dehydration-related fluid flow through 
subducting oceanic plates. Using stable (Li, Ca) 
isotope data combined with Li-diffusion and reaction 
kinetic modelling, we demonstrate that large amounts 
of fluid can be transported along major conduits over 
km distances, in a pulse-like manner through slabs 
over surprisingly short time periods of hundreds of 
years. This indicates that even though the overall slab 
dehydration is a continuous process, dehydrating 
slabs release their fluid by short-lived, channelized 
fluid-flow events, involving aseismic mobile 
hydraulic fractures that rapidly traverse the 
subducting slabs. 
 
 
 



Goldschmidt Conference Abstracts 

 

1368 

Mobilizing Molybdenum: 
Interpreting Archean Oxidative 

Weathering Signatures 
 

ALEISHA C. JOHNSON1, CHRISTOPHER T. 
REINHARD2, STEPHEN J. ROMANIELLO1, EMILIO 
GARCIA-ROBLEDO3, NIELS PETER REVSBECH3, 
DONALD E. CANFIELD4, TIMOTHY W. LYONS5, 

ARIEL D. ANBAR1,6 
 
1,6 [SESE; School of Molecular Sciences, Arizona 

State University, Tempe, AZ, 85281. 
acjohn29@asu.edu; sromanie@asu.edu; 
anbar@asu.edu ] 

2 [School of Earth and Atmospheric Sciences, 
Georgia Tech, Atlanta, GA, 30332. 
chris.reinhard@eas.gatech.edu] 

3 [Department of Bioscience, Aarhus University, 
Aarhus C, Denmark. emilio.garcia@bios.au.dk; 
revsbech@bios.au.dk ] 

4 [Department of Biology and the Nordic Center for 
Earth Evolution, University of Southern 
Denmark, Odense M, Denmark. 
dec@biology.sdu.dk ] 

5 [Department of Earth Sciences, University of 
California - Riverside, Riverside,CA, 92521. 
timothy.lyons@ucr.edu] 

 
Prior to the Great Oxidation Event (GOE) at 

~2.45 Ga, several lines of evidence suggest small-
scale, transient episodes of oxygenation in Earth’s 
surface environment. Among these lines of evidence 
are the variations in abundance of redox-sensitive 
transition metals in Archean black shales, such as the 
Mo enrichment observed in the Mount McRae shale 
(2.5 Ga) from Western Australia. The interpretation 
of Mo enrichments as an oxidative weathering 
signature relies on the assumption that Mo is hosted 
in mineral phases sensitive to local O2 concentrations, 
which are rapidly weathered upon the onset of 
oxidative weathering. If this assumption is correct, 
the mineral phase hosting Mo can be calibrated as a 
paleo-oxybarometer and inform us about the initial 
rise of O2 in the surface environment.  

Here we present a weathering model that 
approximates the minimum pO2 required to mobilize 
sulfide-hosted Mo, using newly constrained rates of 
sulfide oxidation at Archean levels of O2 (<10-5 PAL 
pO2). Rate measurements were made using highly 
sensitive O2 sensors to monitor the rates at which 
powdered minerals consumed dissolved O2 in pH-
buffered solutions. We then used these rates to 
calculate the minimum pO2 required to oxidize the 
minerals, mobilize redox-sensitive metals, and enrich 
nearby euxinic marine sediments to produce 
continental weathering signatures. Our results suggest 
that for short intervals prior to the GOE, dissolved O2 
in terrestrial waters exceeded nanomolar 
concentrations (equivalent to equilibrium with >10-5 
PAL pO2).  
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We present the first nitrogen isotopic and trace 

element analyses from during a “Snowball Earth” 
glaciation, and suggest they indicate oxidative 
continental weathering and mildly oxygenated marine 
waters. Specifically, we measured three sections of 
the Ghaub formation, which is the Marinoan glacial 
unit in northern Namibia. The Marinoan is the second 
of two Cryogenian Snowball Earth glaciations.  

In all sections, we analyzed δ15N values and 
redox sensitive trace elements, including U, V, and 
Mo. All measured units are from a marginal marine 
environment [1]. Two sections are synglacial; one 
composed of detritial siliciclastics and on of detrital 
carbonate, both with a minor clay fraction. The third 
section was deposited during the terminal 
deglaciation, and is comformably overlain by the 
basal Ediacarab Keilberg cap dolostone.  

Trace element data demonstrate two key 
observations. First, the presence of trace elements in 
a marine setting is consistent with delivery from the 
continents via oxic weathering. Active weathering 
occurred on the continents during Snowball Earth. 
Secondly, enrichments are consistent with mildly 
oxygenated subglacial ocean waters [2].  

δ15N values from both synglacial sections range 
from +1 to +3‰, consistent with small but persistent 
volumes of oxygenated water. Most dissolved N was 
NH4

+ from N-fixing (δ15N=0‰), with small 
reservoirs of NO3

-. Denitrification of NO3
- enriched 

the oceanic N isotopes a few per mil. An increase in 
oxygenated water during the deglaciation was 
accompianed by increased NO3

-  and denitrification, 
causing δ15N values to increase to near modern levels. 
Deglacial values are thus more enriched, between +3 
to +5‰. 
[1] Hoffman, Paul. 2011. Sedimentology 58 (1), 57–
119.  
[2] Algeo, T. J., Tribovillard, N., 2009. Chemical 
Geology 268 (3), 211–225.  
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Despite significant advances in our understanding 

of tropical Indo-Pacific and monsoon climate 
variability on orbital to millennial timescales, we still 
know very little about the range and mechanisms of 
variability in the Southeast Asian monsoon (SEAM) 
region. To address this need, we have developed a 
new, decadally-resolved speleothem δ18O and δ13C 
record from  three overlapping stalagmites collected 
from Tham Mai (TM) Cave in Northern Laos 
(N20°45.24’, E102°39.09’; elevation 360 m).  The 
speleothem records span the period from 46 kyr BP to 
the present and the age models are constrained by 35 
U-Th dates. The orbital and millennial scale δ18O 
variability is remarkably similar to other Asian 
speleothem records, with a strong precessional signal 
and clear δ18O increases during Heinrich Stadials 1-5, 
the Younger Dryas, and the 8.2 kyr event. The strong 
similarity of speleothem δ18O records across the 
broad Asian monsoon region, in locations with quite 
different rainfall climatology, suggests that variations 
in upstream rainout and Indian monsoon strength are 
the dominant mechanism explaining orbital and 
millennial scale precipitation δ18O variability.   

 
In contrast to δ18O, TM speleothem δ13C may be 

more reflective of local hydroclimate.  The δ13C 
record shows the largest positive excursions during 
HS1, suggesting dry conditions with increased prior 
calcite precipitation and/or decreased soil respiration 
during these events.  Interestingly, the δ13C data 
suggests that SEAM precipitation remained relatively 
unchanged during  the Younger Dryas, and actually 
increased during the 8.2 kyr event.  This variable 
response to high-latitude abrupt climate events 
suggests a fundamental difference in SEAM response 
to various abrupt climate events, perhaps dependent 
on glacial boundary conditions such as sea level or 
ice sheet size.  In addition to stable isotope data, we 
will present 14C, 234U/238U, and climate model results 
to provide additional support for the inferred 
hydroclimate changes. 
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Natural organic transformations occur in the 
presence of minerals in hydrothermal systems, 
sedimentary basins, and meteorite parent-bodies, and 
organic transformation pathways at mineral surfaces 
differ dramatically from reactions in water alone [1]. 
In the present study, we explored the hydrothermal 
(300°C, 100 MPa) effects of magnetite (Fe3O4) on 
transformations of phenylacetic (C6H5CH2COOH; 
PAA) and hydrocinnamic acids (C6H5(CH2)2COOH; 
HCA). We find that magnetite opens new reaction 
pathways, not available in water alone, which can 
lead to the generation of more complex organic 
compounds. PAA and HCA differ by the addition of 
a phenyl ring from the acetic and valeric acids used in 
previous mineral-organic studies [2,3]. Aromatic ring 
structures facilitate the investigation of mechanistic 
pathways for product formation and provide analogs 
for lipids and lignin. In the absence of minerals, 
decarboxylation is the major hydrothermal reaction 
pathway and the products formed are smaller than the 
reactants. Specifically, PAA reaches 80% conversion 
in 50 h and forms only toluene [4] while HCA 
reaches only 20% conversion after 1000 h and 
primarily yields ethyl benzene. In the presence of 
magnetite new reaction pathways yield organic 
products that are larger than the reactants. In the case 
of PAA, the magnetite-activated product pathways 
lead to larger diphenyl alkanes, alkenes, and ketones. 
Magnetite enhanced the overall conversion of HCA 
from 20% in water alone to 80% (1000 h). In addition 
to the compounds observed in the PAA experiments, 
magnetite-activated HCA experiments also produced 
polymerization products and an array of new 
compounds resulting from secondary reaction 
pathways. The new reaction pathways may be a result 
of hydrogen atoms attracted to the magnetite surface. 
If so, affiliation of the carboxyl group with the 
protonated surface would create an environment 
where molecules readily interact in ways that are not 
possible in water alone. These results demonstrate 
how mineral surfaces can guide hydrothermal organic 
reactions to greater complexity, which may be 
common in natural mineral-organic systems. 

 

 [1] Shipp JA et al. (2014) PNAS [2] Bell JLS et al. 
(1994) GCA [3] McCollom TM and Seewald JS 
(2003) GCA [4] Glein CR (2012) PhD Dissertation, 
Arizona State University  
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We present high-resolution whole rock and pyrite 
geochemical and multi-stable isotopic data for a 
Cambro-Ordovician shallow-marine black shale 
sequence in NW Estonia. The magnitude and relative 
timing (constrained by biostratigraphic framework) of 
a positive shift in carbon and sulfur isotopes is similar 
to the SPICE event archived in other settings of this 
age.  

Organic-rich shales have elevated levels of bio-
essential trace elements (Ni, Se, Cu, Zn, Co and Mo) 
in both pyrite and whole rock samples. We propose 
these enrichments were a response to periodic, and 
possibly widespread, water column anoxia. 

The implications of shallow water anoxia for the 
deposition of metal-rich shales across the region, and 
local environmental conditions on the Baltica shelf 
will be discussed. 
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       The paleoclimate of the Gulf of Maine 

(GOM) during the recent Holocene can be examined 
through archaeological shell middens in Maine 
(Turner Farm) and on Nantucket Island, MA. We aim 
to reconstruct the ocean conditions across the 
Holocene occupation at these sites (~ 5000 years) 
using the trace element chemistry of Soft-shell and 
Hard-shell clams (Mya arenaria and Mercenaria 
mercenaria) and Eastern oyster (Crassostrea 
virginica). The location of each site is at the extreme 
north and south of the GOM; providing samples from 
two sites throughout the Holocene. We analyzed trace 
element composition along the growth axis using 
laser ablation inductively coupled plasma mass 
spectrometry (LA-ICP-MS). Trace element 
composition was used to reconstruct trophic structure, 
pH, salinity, and temperature. In future studies we 
will ground-truth temperature, salinity, and pH proxy 
data with modern conspecific specimens reared under 
controlled conditions.  

     Paleoenvironmental reconstruction and the 
study of events associated with human-environment 
interactions can shape our understanding of future 
climate change. This research helps further our 
understanding of long term trends in shellfish 
population distributions and the interactions between 
humans and natural resources. Given the significant 
economic value of marine bivalve species, 
understanding the longer term trends in shellfish 
population distributions and the environment will 
provide much needed data for the management of 
these species in future scenarios. 
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The alteration of carbonates (e.g., aragonite 

replaced by dolomite) during diagenesis and 
metamorphism affects not only the element but also 
the isotope signature of the original carbonate phase. 
In a set of experiments Ca-carbonate was replaced by 
Mg-rich carbonates. We study the kinetics of this 
reaction and how this affects the element and isotope 
composition of the reaction products. 

Aragonite samples with different textural and 
microstructural properties (inorganic aragonite single 
crystal, shell of the bivalve  Arctica Islandica and 
skeleton of the coral Porites sp.) as well as calcite 
single crystals were reacted with a solution with 0.8 - 
1.0 M MgCl2 at 200 °C. Cross sections of the solid 
reaction products were investigated by scanning 
electron microscopy and electron microprobe. In 
addition, fluid chemistry was analysed with ICP-OES 
and the Mg isotopes of the reacted fluids as well as 
the solid products were analysed using the Thermo 
Fisher Scientific Neptune MC-ICP-MS (for solids 
following the procedure of [1]). 

The reaction products as well as the reaction rate 
strongly depends on the porosity and permeability of 
the test carbonate, which controls the rate of 
exchange of the carbonate forming elements Ca and 
Mg between the fluid at the reaction interface and the 
bulk solution surrounding the test material. From 
these observations and earlier experiments [2], we 
infer a concentration gradient within the pore fluid 
across the solid reactant. The reaction rate is basically 
diffusion controlled and thus, kinetic isotope 
fractionation effects could be expected [3]. 
Magnesium isotope values of the reactant products 
show systematic evolution with time and are 
discussed in terms of simple mass balance models 
(bulk equilibrium and Rayleigh fractionation) as well 
as by a reaction-diffusion model [3]. 

 
[1] Geske et al. (2015) Geochim Cosmochim Acta 
149, 131-151. [2] Jonas et al. (2015) Geology 43, 
779-782. [3] Pogge von Strandmann et al. (2015) J 
Petrol 56, 33-58.  
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As the most abundant transition metal on the 
Earth’s surface, iron plays a particularly important 
role in environmental biogeochemistry, facilitating 
the redox transformation of a range of environmental 
contaminants. This is advantageous as redox 
transformations often render environmental 
contaminants easier to degrade or less toxic.  Many 
microorganisms also gain energy or assimilate iron 
by reducing or oxidizing iron, with these processes 
more broadly affecting the biogeochemical cycling of 
iron and associated elements such as carbon, sulfur, 
phosphorus and trace metal contaminants such as 
arsenic. 

The redox chemistry of Fe(II)-Fe(III) oxides are 
difficult to measure experimentally due to poor 
physical contact between the working electrode and 
solid suspensions and a low concentration of aqueous 
Fe(III) ions.  Mediated electrochemistry is employed 
here to avoid these difficulties to obtain reliable 
reduction potential measurements for the Fe(II)-
Fe(III) oxide systems.   Mediators facilitate the 
efficient transfer of electrons between the solid Fe 
oxide substrate and the working electrode without the 
need for physical contact.  Using this method, silica is 
found to have a profound effect on 4-
chloronitrobenzene reduction kinetics, as is Fe(III) 
oxide particle size. These effects are partially related 
to changes induced to the Nernstian behavior of these 
Fe(II)-Fe(III) oxide systems, where thermodynamics 
is found to be a significant driving force of 4-
chloronitrobenzene reduction kinetics. 
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Deficiencies of essential trace elements (i.e., 

micro-nutrients) affect the health of >2 billion people 
world-wide. These deficiencies are linked to the 
uneven distribution of trace elements in soils and 
differential uptake by plants. Although the factors 
affecting plant uptake are reasonably well known, 
global biogeochemical cycling of trace elements as 
well as the mechanisms controlling their broad scale 
distributions in soils are poorly understood. To 
identify these mechanisms, many studies have 
conducted highly controlled small-scale experiments; 
however, broad-scale distributions cannot be 
predicted from such studies.  Furthermore, principle 
component analysis and bivariate correlations are 
often used to infer cycling mechanisms, but such 
tools poorly describe synergistic/antagonistic 
interactions  between environmental variables (e.g., 
clay, pH, etc.) and are thus unsuitable for describing 
broad scale patterns. 

To overcome these limitations, we report on 
using machine learning tools to investigate the 
complex relationships between environmental 
variables and trace element distributions. We will 
show how the relative importance of mechanisms 
governing trace element concentrations in soils can 
be quantified and how concentrations can be 
predicted for areas where no data on trace element 
concentrations are available.  We use this 
methodology to infer the dominant mechanisms 
governing broad-scale trace-element distributions as 
well as their concentrations in soils. We also 
demonstrate how anthropogenic changes to the 
environment may cause widespread changes in 
micronutrient concentrations and discuss the potential 
human health impacts. 
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Over the last few decades the mechanics of zircon 

grain deformation have come under new scrutiny in 
the fields of earth and planetary science. Micro- to 
nano-scale elements of deformation are now 
measurable using state –of- the- art techniques in 
mass spectrometry, x-ray diffraction and electron 
microscopy, and are beginning to be used to deduce 
and quantify the deformation events in various 
tectonic and impact environments.  

A compilation of naturally- and experimentally-
deformed zircon analyses will be presented. We 
attempt to reconcile the microstructural features and 
attendant chemical change in natural samples with 
well-known deformation regimes (e.g. [1]) and to set 
the boundaries on these regimes using experimental 
data. A useful application of this work is to observe 
the boundary between plasticity and creep, where the 
action of diffusion may lead to submicron 
heterogeneity of important trace elements, including 
radiogenic lead.  Many of the zircon studies in the 
literature show typical features of creep by 
dislocation climb such as tilt walls. These grains 
belong to rocks deformed in upper amphibolite-facies 
to granulite-facies tectonism, and within impact 
structures where zircon homologous temperatures 
approach ~0.3. There is significant variation in the 
development of sub-boundaries due to the 
heterogeneous nature of deformation conditions 
within deformation zones, and due to conditions 
imposed by neighbouring grains. So far, the best 
evidence for elemental heterogeneity due to creep 
comes from impactogenic shear zones [2] with high 
effective stresses and strain rates suggesting a 
nuanced mechanism for element mobility. 

 
[1] Frost, H & Ashby, M. (1982) Deformation 

Mechanism Maps. Pergamon Press, New York, NY. 
[2] Moser, D., Davis, W., Reddy, S., Flemming R. & 
Hart, R. (2009) EPSL 277 (1-2) 73-39 
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In the southern Bowen Basin region of eastern 

Australia, two types of Cenozoic volcanism that have 
previously been attributed to mantle plumes (central 
volcanoes) and rifting (lava-fields) co-exist in space 
and time [1]. The linking of lava-fields to rifting [2] 
has gone largely unchallenged. However, rifting in 
the Tasman Sea ceased by the mid-Paleogene [3], 
making its relation to lava-field formation from the 
Miocene onwards dubious. The composition of 
volcanism in this region thus provides a potential 
opportunity to examine the interaction of rifts and 
plumes, and, more generally, geochemical 
distinctions between central volcanoes and lava-
fields. This study employs major-element, trace-
element, and radiogenic isotope data from a transect 
of volcanic rocks in the southern Bowen Basin region 
to define the possible sources of Cenozoic east 
Australian magmatism. Trace element data suggest 
that (1) there is little difference between the lava-
fields and central volcanoes in the southern Bowen 
Basin region; (2) both originated from melting in the 
garnet stability field; and (3) both lava-fields and 
central volcanoes incorporate OIB-like REE patterns. 
Radiogenic isotope data from both the lava-fields and 
central volcanoes along the transect indicate a similar 
source, with mixing between primitive helium 
enriched mantle (PHEM) and high-µ (HIMU). It is 
likely, therefore, that all magmatism in the southern 
Bowen Basin region was ultimately related to the 
passage of the east Australian hotspot, rather than 
rift-related upwelling from the sub-continental 
lithospheric mantle. These findings raise into 
question the widespread classification of lava-fields, 
and the distinction between the lava-fields and central 
volcanoes.  

 
[1]Wellman and McDougall (1974) 

Tectonophysics 23, 49-65. [2] O’Reilly and Zhang 
(1995) Contributions to Mineralogy and Petrology 
121, 148-170. [3] Müller, Gaina & Clark (2000) In: 
Veevers J. J. ed. Billion-year Earth history of 
Australia and neighbours in Gondwanaland, 18–28 
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It has been proposed that the spatial variations 

recorded in the geochemistry of hotspot lavas, such as 
the bilateral asymmetry recorded at Hawaii, can be 
directly mapped as the heterogeneous structure and 
composition of their deep-mantle source. This would 
imply that source-region heterogeneities are 
transported into, and preserved within, a plume 
conduit, as the plume rises from the deep-mantle to 
Earth's surface. Previous laboratory and numerical 
studies, which neglect density and rheological 
variations between different chemical components, 
support this view. However, in this paper, we 
demonstrate that this interpretation cannot be 
extended to distinct chemical domains that differ 
from surrounding mantle in their density and 
viscosity. By numerically simulating thermo-
chemical mantle plumes across a broad parameter 
space, in 2-D and 3-D, we identify two conduit 
structures: (i) bilaterally asymmetric conduits, which 
occur exclusively for cases where the chemical effect 
on buoyancy is negligible, in which the spatial 
distribution of deep-mantle heterogeneities is 
preserved during plume ascent; and (ii) concentric 
conduits, which occur for all other cases, with dense 
material preferentially sampled within the conduit's 
centre. In the latter regime, the spatial distribution of 
geochemical domains in the lowermost mantle is not 
preserved during plume ascent. Our results imply that 
the heterogeneous structure and composition of 
Earth's lowermost mantle can only be mapped from 
geochemical observations at Earth's surface if 
chemical heterogeneity is a passive component of 
lowermost mantle dynamics (i.e. its effect on density 
is outweighed by, or is secondary to, the effect of 
temperature). The implications of our results for: (i) 
why oceanic crust should be the prevalent component 
of ocean island basalts; and (ii) how we interpret the 
geochemical evolution of Earth's deep-mantle are 
also discussed. 
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New materials showing specific magnetic and/or 

electrooptic properties often incorporate Rare Earth 
Elements (REE). Due to their very specific 
technological application, it is necessary to separate 
and enrich the REE from each other. The 
optimization of physico-chemical conditions for the 
design of effective extraction and recycling processes 
of REE relies on accurate and reliable 
thermodynamic data. However, no fundamental, 
consolidated and internationally recognized 
Thermodynamic Databases (TDB) is currently 
available for REE.  

This study aims at providing a reliable, quality-
assured and internally consistent TDB for Europium. 
The thorough evaluation of all available primary 
literature sources for Eu(III) complexation constants 
(log β) with inorganic ligands (OH−, Cl−, NO3

−, SO4
2− 

and CO3
2−) enabled identifying several critical issues: 

i) inconsistencies between different sources, ii) lack 
of accurate activity coefficient treatment in case of 
the formation of weak complexes, and iii) absence of 
independent spectroscopic validation of the 
stoichiometry of the proposed complexes. 

Thus, several actions have been undertaken for 
the Eu-chloro, -nitrato and -sulfato complexes:  

recalculation of the log β of weak complexes by 
using an hypothetical reference state (at trace ligand 
concentration) [1] 

advanced spectroscopic techniques (e.g. Time-
resolved Laser-induced Fluorescence Spectroscopy) 
were used to monitor on line the speciation evolution 
at micromolar range concentrations. This also 
enabled identifying the prevailing species as well as 
their stoichiometries. Finally, complexation constants 
were determined from the spectroscopic data sets. 

the conditional log β were extrapolated to 
standard conditions (I = 0 M, T = 298.15 K) using the 
Specific Ion Interaction Theory.  
 
[1] Spahiu, K. et al. (1998) Radiochim. Acta 82, 413-
419. 
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The formation and reworking of the continental 
crust is of great importance for understanding the 
early evolution of the Earth. Combining U-Pb/Hf 
isotopes in zircons with whole rock geochemical and 
Sr–Nd isotopic data can provide new insights on 
petrogenetic mechanisms, timing of magmatic events, 
crust-mantle interactions and magma sources for 
crustal material. 

Here we present a combined dataset of in situ 
zircon U–Pb and Hf as well as whole-rock Sr and Nd 
analyses for Archean TTGs and geochemically 
variable high-K granitoids from the Bundelkhand 
Craton, India. U–Pb zircon ages reveal that the TTGs 
were emplaced at 3.42 Ga, 3.33 Ga and 2.72 Ga, 
while the high-K granites, including sanukitoids, 
were emplaced between 2.57 Ga and 2.54 Ga. The 
high-K granitoids have higher initial 87Sr/86Sr isotope 
ratios than the TTGs. They also display a lower range 
in initial εNd and εHf values (from -8 to -1 and -8.9 
to +0.4, respectively) compared with the TTGs (from 
-4 to -1.2 and -1.6 to +4.4, respectively). The Hf 
depleted mantle model ages calculated for high-K 
granitoids are 3.19−2.86 Ga and for TTGs 3.71−3.48 
Ga. The U–Pb ages and chondritic to superchondritic 
εHf values of the TTGs provide evidence for a long-
term episodic growth of juvenile crust from depeleted 
mantle reservoirs between 3.4 and 2.7 Ga. The 
strongly negative εNd and εHf values of the high-K 
granitoids, together with geochemical features 
(variable compatible and incompatible elements) 
indicate that they were a result of multi-stage 
reworking of the Paleo- to Neoarchean crust and 
mixing with magmas extracted from an enriched 
mantle source during a relatively short-lived tectonic 
event at the end of the Archean.  
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Field evidences and geochemical characterisation 

of umbers from the Troodos Ophiolite, Cyprus, show 
strong similarities with high-temperature plume fall-
out deposits observed in most mid-oceanic ridge 
settings [1]. Umbers constitute fine-grained brown 
Fe-Mn-rich mudstones with amorphous 
oxyhydroxide mineralogy, total rare earth oxide 
TREO ≈ 0.05 wt. % and extremely low radioactive 
content (Th + U < 5 ppm). Even though REE 
concentrations are low, the absence of mineralogical 
control on their distribution allows for direct 
chemical treatment without necessity for physical 
pre-concentration techniques. Given the above, in at 
least the case of material examined here, umbers can 
be considered as a formation of potential economic 
interest for the recovery of REE. We report results on 
simple acid leaching and ion exchange processes. 
Parameters such as the concentration (0.05M – 1.75 
M), nature of the lixiviant (HNO3, H2SO4, HCl, NaCl, 
(NH4)2SO4), solid-to-liquid ratio (1:1 to 1:100) and 
time of reaction are tested. Optimum experimental 
conditions yield a recovery > 80% of the initial 
TREO content in the solution of which 31% is La and 
30% is Nd. The purification of the pregnant solution 
with precipitation of a REE concentrate is studied at 
varying pH conditions (0.85 – 3) by addition of 
oxalate. Results yield an efficiency > 90% with 
extremely good separation of REE from other 
impurities at pH 1.2 – 1.5. These results show that a 
significant amount of REE can be extracted and 
concentrated in a few simple steps at low costs from 
umbers. Potential applications of this treatment 
include other oxide-based formations (e.g nodules 
and hydrogenetic crusts) and land-based secondary 
deposits (red mud, coal residue) as significant 
potential resource for REE through similar ion-
exchange processes with environmentally friendly 
lixiviants. 
[1] Josso et al. (in prep.) G3 
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1. Introduction 

Transport of dissolved CO2 plume is an important 
study area for establishing an efficient monitoring 
system in CO2 sequestration sites. Degassing, 
dissolution, and gas trapping in pores of 
saturated/unsaturated zones can cause decoupling of 
CO2 plume transport and groundwater flow in their 
direction and velocity.  

2. Visualization method 
Bromocresol (C21H16Br2O5S) purple is a 

discolored solution that can be affected by an 
oxidation-reduction reaction. Yellow-colour means 
acid and purple-colour means basic. Using this 
solution, dissolved CO2 transport can be visualized. 

3. Laboratory experiment set 
2-D transparent acrylic box (60 cm long, 50 cm 

high and 0.4 cm thick) packed with medium size 
beads (0.75-1.0 mm) was used to form a density-
dependent transport of dissolved CO2 plume. 
Experimental instrument for circulation of CO2-
infused water was attached at the left and right sides 
of the box and this gear can make constant flow 
condition during the experiments (Figure 1a). CO2 
dissolver shown in Figure 1b illustrates how 
dissolved CO2 water was made.  

 
Figure 1 Experimental setup for flow generation (a) and 
generation of CO2 dissolved water for injection (b). 

 
4. Conclusion 

Our experiment indicated that the dissolved CO2 
plume has density effect in its transport and this 
property need to be considered in designing 
groundwater monitoring networks for detecting a CO2 
plume. 
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The isotopic signature of paleo-precipitation is an 

important tracer for past climates. Although direct 
evidence of isotopic composition of past rainfall is 
restricted to ice cores and mineral fluid inclusions, it 
is also possible to reconstruct the oxygen-isotope 
composition of precipitation using minerals and 
biominerals preserved in sediment records, inclduing 
those of carbonate lakes. In lakes with short residence 
time and minimal evaporative enrichment or 
catchment effects, the oxygen isotope composition 
(δ18Olake) should very closely reflect the isotopic 
composition of paleo-precipitation (δ18Oppt). In turn, 
the δ18Olake is an important control on the oxygen 
isotope composition of the lacustrine carbonate 
(δ18OCaCO3), along with the temperature of 
calcification (Tcalc). If we are able to independently 
inferred Tcalc and isotopic equilibrium between water 
and caclite is confirmed (or any offsets constrained), 
δ18Olake can be reconstructed from δ18OCaCO3. 

However, evaporative enrichment and other 
hydrological effects can modify the isotope 
composition of lake water, especiaslly in shallow 
lakes with longer residence times. In such cases, the 
resulting complex signatures recorded in sediments 
need to be deconvolved using independent estimates 
of δ18Olake and/or water temeperature. 

Ultimately, reconstructions of the isotopic 
composition of rainfall from lacustrine carbonates 
can be directly compared to isotopically-enabled 
climate model. Forward modelling with output from 
GCMs equipped with isotope diagnostics can greatly 
enhance our understanding and help quantify 
uncertainties in paleo-precipitation reconstructions. 
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Eucrites are extraterrestrial basalts and cumulate 
gabbros formed, and subsequently more or less 
metamorphosed, at the crustal level of the HED 
(Howardite-Eucrite-Diogenite) parent body, thought 
to be the asteroid 4-Vesta. Unbrecciated eucrites [1] 
offer the best way to understand the igneous, 
metamorphic and cooling processes occuring in the 
crust of Vesta since they were not substantially 
affected/altered by secondary impact processes.  

The 40Ar/39Ar system of unbrecciated eucrites 
should be in a relatively pristine state, and thus can 
inform us on the early volcanic and thermal history of 
the HED parent body, and, in particular, the cooling 
history of various crustal parts below the 300-200 °C 
isotherm, which represent the closure temperature of 
the Ar diffusion in plagioclase [2]. 

We analyzed plagioclase and pyroxene (± 
groundmass) separates of 2 cumulate (Moore County 
and Moama),  and 6 basaltic eucrites with the 
40Ar/39Ar technique using a Thermo© ARGUS VI  
multi-collection mass spectrometer. The textures of 
the basaltic samples range from gabbroic (Caldera) 
and granoblastic (BTN00300, EET90020, 
GRA98098, QUE97053) to unequilibrated fine-
grained (PCA82502). The fine-grained sample 
yielded an age of 4531 ± 6 Ma which we interpret as 
the age of eruption, thus suggesting that Vesta was 
still volcanically active ca. 35 Ma year after 
formation. The two comulate and the gabbroic rocks 
also gave ages ranging from 4523 ± 8 Ma to 4533 ± 
12 Ma and record when upper crustal magma 
chambers cooled below 250°C. The granulite ages 
when coupled with a fifth sample (Lake Carnegie) 
with 40Ar/39Ar ages published by [3], show a well-
defined cluster of ages between 4507 ± 20  Ma [3] to 
4520 ± 5 Ma for four samples, whereas an  age of 
4531 ± 5 Ma was obtained for EET90020. Those ages 
indicate when the mid-lower crust, where those 
granulites probably resided, cooled below 250°C and 
suggest a cooling rate of ~16°C/Ma for the lower 
crust of Vesta since the time of the peak 
metamorphism at ca. 4555 Ma [4]. This is in 
agreement with the cooling numerical model 
proposed by [5]. 

[1] Mayne et al., MAPS2009; [2] Cassata & 
Renne GCA2013; [3] Kennedy et al., GCA2013. [4] 
Iizuka et al., EPSL2015; [5] Zhou et al., GCA2013.  
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Himalayan ranges and Indo-Gangetic plain are 

drained by one of the world’s largest river system: the 
Ganga-Brahmaputra Rivers. This system is the first in 
term of sediment transport flux and thus constitutes 
an interesting region to establish a relation between 
erosion and climate. Sediments from the Bay of 
Bengal indicate that the strength of the summer 
monsoon rainfall is an important factor driving 
weathering and erosion of the Himalayas. 

The results of a high-resolution clay mineralogy 
study combined with major elements geochemistry 
and neodymium-strontium isotope composition 
analyses are reported for two deep-sea cores collected 
on the levee of the nowadays active channel in the 
northern part of the Bay of Bengal.  

In this study, Cores MD12-3417 & MD12-3418 
cover the last 9,800 kyr BP. These cores reveal a 
monsoon-controlled chemical weathering and 
physical erosion history through the Holocene, in the 
Himalayan ranges and the Ganges-Brahmaputra 
Basin. 

Twenty-four new samples for εNd(0) and 
87Sr/86Sr  analyses were selected for the studied 
period. These results give us information to 
determine if variations of the elemental composition 
are related to change of sources or if they are the 
result of variations in the dynamic of material 
transport through time. Himalayan ranges are 
characterized by εNd(0) ≈ -16 and 87Sr/86Sr > 0.740, 
which are consistent with the results for the studied 
cores (εNd(0) ≈ -15.6 and 87Sr/86Sr ≈ 0.749).  

Clay mineral assemblages are dominated by illite 
and smectite, with lesser abundance of chlorite and 
kaolinite. 

Furthermore, changes in the clay assemblage 
through the Holocene might be related to the 
variation of materials coming from the highlands of 
the Himalayas and Tibetan Plateau and materials 
coming from the Indo-Gangetic plain. 

Our results show that the materials come from 
Ganges-Brahmaputra river system and, in turn, 
resulting from the Indian summer monsoon intensity. 
 
[1] Contreras-Rosales et al., (2014), Quaternary 
Science Reviews, 102, 133-148 ; [2] Lupker et al., 
(2013), EPSL, 365, 243-252 ; [3] Weber et al., 
(1997), Geology, 24, no 4, 315-318. 
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Carbon mineralization, the storage of CO2 within 

the crystal structures of carbonate minerals, is one of 
the safest and most effective methods for controlling 
the rising concentrations of atmospheric greenhouse 
gases that are associated with anthropogenic climate 
change. Although not typical metallogenesis, this 
form of sequestration will become more important 
over time as humankind increases efforts to alleviate 
the effects of climate change. Here, we discuss the 
potential for natural and enhanced CO2 sequestration 
using the rocks formed during Large Igneous 
Province (LIP) events, focusing on the ultramafic 
portions of LIPs.  

The magmatism that generates Large Igneous 
Provinces (LIPs) can produce significant amounts of 
ultramafic rocks, although the volumes of ultramafic 
rock within individual LIPs vary significantly. These 
rocks are also frequently associated with mineral 
deposits, generating ultramafic tailings and waste 
rock material with increased surface areas that are 
ideal feedstocks for CO2 sequestration by carbon 
mineralization. Although the geochemical reactions 
that form carbonates in ultramafic rocks are 
becoming more clearly understood, the 
implementation of carbon mineralization 
technologies also requires an accurate determination 
of the volume of ultramafic rocks suitable for CO2 
sequestration within LIPs, including rocks associated 
with base and precious metal mineralization and 
rocks that are not. 

The quantification of the abundance of ultramafic 
rocks within a given LIP ranges from good (e.g. in 
the case of the Bushveld LIP, which is dominated by 
a single, gigantic, well-studied and relatively uniform 
layered intrusion) to poor. This in turn means that the 
CO2 sequestration potential of the ultramafic 
components of these LIP events frequently remains 
understudied. Archean LIPs, komatiite-dominated 
sections of LIPs (e.g. the Thompson Belt), and 
layered intrusion-dominated LIPs (e.g., the Bushveld 
LIP) all represent a relatively unexplored and 
untapped potential resource for CO2 sequestration, 
especially as they also frequently host base and 
precious metal mineralization. Thus, increased efforts 
should be made to estimate the size of this resource 
and to take better advantage of the CO2 sequestration 
potential of these and many other LIPs. 
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Science Context: Zircon grains in lunar samples 
typically preserve ancient >3.8 Ga ages associated 
either with ancient KREEP-driven magmatic episodes 
or formation / reset during impact cratering / basin-
forming events [1]. We report the first age dates of 
zircon collected from the Apollo 16 landing site, 
shedding light on geological processes in the central 
nearside highlands of the Moon [2].  

Sample 65745 is a sub-mature (Is/FeO 27) 
regolith breccia collected from the Cayley Plains 
deposit at Station 5 (Stone Mountain) at the Apollo 
16 landing site. We located two zircon-bearing clasts 
in thin section 65745,7.  

Methods: The section was imaged in BSE and 
CL, and was then gold coated and analysed using the 
CAMECA IMS 1280 ion microprobe at the 
NordSIMS facility in Sweden [3]. 

Results: Clast 1 has a felsic composition: K-
feldspar and Si mineral intergrowth with troilite and 
two large (50-150 µm) zircon grains. Both zircon 
grains have been shocked, and contain decomposed 
regions where the zircon has broken down to a porous 
granular texture, indicative of shock metamorphism 
to >70 GPa [4]. The Clast 1 zircon has a minimum 
formation/reset 207Pb/206Pb age of 4125 Ma ranging to 
3879 Ma in the mineral core. The decomposed areas 
record younger resetting events from 3663 Ma to 
3342 Ma. 

 Clast 2 is a devitrified KREEP-rich impact melt 
glass with a clast of plagioclase (An88-91) and a 50 µm 
zircon. The Clast 2 zircon yields dates of 3986 Ma to 
3894 Ma.  

Implications: The zircon grains have had a 
variable resetting history. The oldest ~4.15 Ga ages 
are similar to KREEP-rich high-alkali suite samples 
[1]. The ~3.9 Ga ages are consistent with resetting by 
the Imbrium basin-forming event at 3926 Ga [3], 
which emplaced the Cayley Plains deposit. The 
younger 3.7-3.4 Ga events, consistent with Apollo 16 
argon-isotope impact records [5], record post-basin-
formation cratering events in the central highlands.   

[1] Meyer et al. (1996) MAPS 3, 370-387. [2] 
Norman and Nemchin (2014) EPSL 288, 387-398. [3] 
Snape et al. (2016) GCA 174, 13-29. [4] Timms et al. 
(2012) MAPS 47, 120-141. [5] Fernandes et al. 
(2013) MAPS 48, 241-269.  
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In the present work, Ni K-edge EXAFS data have 
been used to depict the crystal-chemistry of nickel in 
New Caledonia, the fifth nickel producer in the world 
thanks to its large Ni laterite ore deposits related to 
the long-term weathering of peridotites under tropical 
conditions. This journey at the molecular level starts 
in the peridotites (the source of nickel) with data that 
help to better understand the formation of the hydrous 
Mg/Ni silicate deposits (i.e. known as garnierite) of 
New Caledonia. It follows in the lateritic regoliths 
with data that emphasize the vertical change of nickel 
speciation from Ni-bearing phyllosilicates in the 
ultramafic bedrock toward Ni-bearing goethite in the 
upper lateritic horizons (Dublet et al., 2012; 2014; 
2015). Finally, it ends in the sediments of mangrove 
located downstream lateritic regoliths with data that 
show the vertical change of nickel speciation from 
Ni-bearing goethite and phyllosilicates in the oxic 
surface horizons toward Ni-bearing pyrite in the 
anoxic deep horizons (Noël et al., 2014; 2015). 
Beyond the single case of New Caledonia, the results 
of this journey bring information that could reveal 
useful for better evaluating the global environmental 
impact of Ni laterite ores mining, which account for 
60 to 70% of the world’s Ni resources (Butt and 
Cluzel, 2013). 

 
Butt and Cluzel (2013) Elements, 9, 123-128. Dublet et al. 
(2015) GCA, 160, 1-15. Dublet et al. (2014) Am. Min., 99, 
225-234. Dublet et al. (2012) GCA, 95, 119-133. Noël et al. 
(2015) GCA, 169, 82-98. Noël et al. (2014) GCA, 136, 211-
228. 
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The Uatumã SLIP is located west of the Archean 
terranes of the Amazonian craton. It is composed of 
andesites, dacites, rhyolites, ignimbrites, porphyries, 
granites, volcaniclastic rocks, and sedimentary 
continental units distributed in more than 1.500.000 
km2 in non-continuous areas. Previous studies 
interpreted the igneous rock of this SLIP as 
anorogenic and formed at ca. 1.88 Ga. However, 
several pulses of magmatism in ca. 2.0 Ga, 1.97 Ga, 
1.95 Ga and 1.89-1.88 Ga have been recently 
recognized. The intrusive rocks crosscut a 
Paleoproterozoic (ca. 2.1 and ca. 1.9 Ga) basement 
generated in continental magmatic arcs. Inherited 
zircon and geophysical date have also shown 
evidences of Archean crust beneath theses magmatic 
arcs, precluding previous tectonic models that 
interpreted this region as a juvenile island arc. The 
volcanic and granitic rocks are mainly high-K calc-
alkaline, as well alkaline A-type, specially the 
younger units. Intense Paleoproterozoic uplift and 
erosion are evidenced by the stratigraphic 
relationships of volcanic and plutonic units. Despite 
the very difficult access due to the rain forest, some 
large nested ash-flow calderas (up to 50 km in 
diameter) have been identified, as well large fissure-
controlled volcanism with voluminous flares of 
ignimbrites with A-type affinity. In the intermediate 
to felsic volcanic and volcaniclastic rocks, more than 
thirty hydrothermal centers commonly with gold 
mineralization were identified with ages of ca. 2.0 
Ga, 1.97 Ga and 1.88 Ga. These centers include high-
sulfidation (quartz-alunite), intermediate-sulfidation 
(with Mn-calcite and base metals) and low-
sulfidation (adularia-sericite) mineralization in ring 
volcanoes, rhyolitic domes, hydrothermal breccia 
pipes, dikes, and fault zones. Zones of propylitic, 
sericitic, argillic, and advanced argillic alteration, as 
well as silicification, silica caps (with vug silica) and 
carbonatization were also identified. Cu-Mo 
occurrences are relatively common in porphyries, 
which show large haloes of K-feldspar + biotite 
alteration, sericitization and propylitization, with less 
important zones of argillization and silicification. 
These magmatic units were generated during 
extensional episodes in a long lived subduction of an 
oceanic plate under a continental margin, with at least 
one phase of flat subduction event. 
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Most of the Naturally Occurring Asbestos (NOA) 

has been known to form under ultramafic rocks 
undergoing deformation. NOA is exposed and 
scattered as a result of natural weathering processes 
around Hongseong areas. So, the purpose of this 
study was to investigate mineralogical characteristics 
and elucidate alteration process of NOA in 
Hongseong, Korea. 

Fibrous asbestos and ultramafic rocks near 
abandoned asbestos mines in Hongseong, Korea were 
sampled. XRD and thin-section analyses were 
conducted to examine the mineral assemblages and 
mineralogical characteristics of the rock samples. 
SEM-EDS analysis was used for the morphological 
and chemical composition. 

As results of XRD and thin-section, the 
ultramafic rocks in Hongseong occurred in the range 
from strongly to completely serpentinized peridotite. 
All samples contained serpentine (chrysotile and 
antigorite), magnetite and talc. Some samples 
consisted of serpentine (nearly 70%) with a small 
amount of tremolite, calcite and dolomite. Mesh 
textures comprised serpentine mesh rims and relicted 
olivine mesh cores. Most olivines were altered with 
serpentine vein replacing olivine and commonly 
replaced by fibrous amphibole (tremolite) between 
pyroxene and spinel. SEM-EDS results on the 
chrysotile fibres presented parallel and continuous 
over the vein width in morphology and composed of 
Mg, Si and O. Tremolite fibres consisting of Ca, Mg, 
Si and O were asbestiform but single crystals might 
occur as individual asbestiform, non-asbestiform and 
cleavage fragments derived from larger crystals. 

These results suggested that chrysotile and 
tremolite may coexist in the ultramafic rocks. The 
mesh textures indicated the formation of fibrous 
chrysotile and the main sources of SiO2(aq) may have 
released during pyroxene serpentinization and then 
followed by the formation of tremolite fibres. 
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Illite Crystallinity (IC) and Crystal Size 
Distributions (CSDs) are frequently used to 
determine the crystal formation and growth 
mechanism in diagenetic and experimental 
conditions. Recently, microbial process, particularly 
Fe-respiration is considered to be an important factor 
to induce the chemical/structural alteration of clay 
minrals resulting in the modification of clay packet 
size distribution. Marine sediment cores from Larsen 
C Ice Shelf, Antarctic Peninsula were investigated to 
test the hypothesis – “Glacial/interglacial 
environmental changes may be reflected in IC and 
CSDs of illite associated with biotic/abiotic mineral 
alteration during Holocene and Last Glacial 
Maximum (LGM)”. Physical and biological effects 
on IC and CSDs of illite were discussed utilizing X-
ray diffractometer profile analysis, Transmission 
electron microscopy, Electron Energy Loss 
Spectroscopy, and Pyrosequencing analysis. Decrease 
in IC and the averaged illite packet size with depths 
may be due to the temperatural variation that affects 
the microbial activity as well as flocculation of 
suspended illite particles. Microbial diversity, 
particularly Fe-reducers inversely related to IC. 
Grain-size histograms of illite packets broaden, 
flatten and shift to larger sizes with decreasing depth. 
CSDs of illite from the sediments from 0 cmbsf 
showed a pseudo-log normal distribution compared to 
the log normally distributed illite particles from the 
deeper depths (61, 121, and 218 cmbsf) suggesting a 
new population of illite particles forms during inter-
glacial period.  
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The Amundsen Sea Polynya (ASP) is the most 

biologically productive polynya in Antarctica. At the 
same time, the ice-shelves of the Amundsen Sea are 
experiencing basal melt by intrusions of warm 
circumpolar deep water (CDW) onto the continental 
shelf down deep troughs. These features make the 
Amundsen Sea an ideal region to monitor the 
influence of environmental changes on marine 
biogeochemical cycles. 

To investigate distributions of dissolved and 
particulate organic carbon (DOC and POC) which are 
key components for understanding of export and 
sequestration of organic carbon, seawater sampling 
for nutrients (NO3, PO4, NH4, SiO2), DOC and POC 
measurements was carried out at 40 stations (35 
stations + 5 revisit stations) in the Amundsen Sea 
during Korea research ice breaker R/V Araon cruise 
(ANA04B, December 31, 2013–January 15, 2014).  

DOC and POC in open sea were at background 
concentrations of approximately 44 and 2 μM C, 
respectively. In the ASP, DOC and POC 
concentrations ranged from 38-144 μM C and < 1–60 
μM C, respectively. High DOC and POC 
concentrations were observed in the upper 100 m of 
the water column. However, POC concentration 
sharply decreased with increasing depth. Below 100 
m POC concentration remained low (< 3 μM C), 
whereas DOC concentration varied from 38–70 μM 
C, suggesting active remineralization of POC in the 
ASP. The NO3:PO4 ratios showed that Phaeocystis 
antarctica was the dominant phytoplankton taxa in 
the ASP, which is not readily grazed by zooplankton. 
The results from this study suggest that the biological 
drawdown of inorganic nutrients result in the net 
production of organic carbon in the upper 100 m, and 
that export flux of POC derived from Phaeocystis 
antarctica bloom would be low because of active 
remineralization by microbial activity.  
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Amorphous materials and short-range order 
regions are of critical importance in materials science 
and in biomineralization. The lack of long range 
order poses a challenge for their structural 
characterization at the molecular level. Using dipolar-
based solids NMR techniques I will review how 
directed incorporation of additives regulates the 
functional properties of calcium carbonate 
biominerals such as the construction of bioavailable 
calcium reservoirs (amorphous CaCO3, ACC, 
gastroliths in crayfish) or of complex skeletal 
scaffolds (calcitic coccoliths). Using in vitro model 
systems we show the interlinked thermodynamic-
kinetic role of phosphate ions and water molecules in 
stabilizing ACC, or destabilizing it and inducing a 
‘programmed’ phase separation and amorphous-to-
crystalline transformations. Both pathways mimic 
primary strategies in biomineralization. 

 

 
Solid state NMR, our primary tool (supported by 

XRD, FTIR, TGA, SEM), is shown most suitable to 
expose the molecular details that underlie the 
functionalities of these diverse systems. The 
emerging insight is directly connected with the 
understanding of fundamental principles of 
biomineralization/biomimetic pathways. Our findings 
are of immediate relevance to rational design of 
functional, bio-inspired materials. 
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Surface charge development at interfaces 
between metal oxides and aqueous solutions play a 
fundamental role in environmental, geological, and 
technological settings. Our ability to harness metal 
oxides potential in technological applications and 
safeguard the future of our environmental resources 
under realistic conditions hinges on our ability to 
adequately model the entire suite of interfacial 
chemical reactions (ion exchange, protonation, 
adsorption, etc.) that contribute to, and is influenced 
by, the development of surface charge. A host of 
theoretical principles, experimental techniques and 
computational methods have been utilized to study 
the complex spectrum of interfacial reactions. Yet 
conspicuously missing are thermodynamic data, 
specifically those coming from direct calorimetric 
measurements. The literature on energetics and 
enthalpies (ΔHs) of surface reactions remains scarce 
despite the usefulness of thermodynamic data in 
linking molecular-level structure with the 
macroscopic properties of charge development. By 
using flow microcalorimetry to measure the 
enthalpies of ion exchange (ΔHexch) as a direct probe 
of surface charge across various surfaces and using 
different 1:1 electrolytes, this study aims to 
investigate the role of i) surface bulk dielectric 
constants (εs),  ii) electrolytes distance parameters 
(radii), and iii) surface functional groups acid 
dissociation constants (pKas).  The two general 
groups of surfaces chosen for this study are metal 
oxides and phyllosilicate minerals. The ΔHexch will be 
obtained using 50 mM solutions of the electrolytes 
held at constant pHs, chosen to cover a range of 
surface charging behaviors. Some initial data shows a 
close similarity in the ΔHexch measured using Cl and 
NO3 on Al- and Fe-oxides, surfaces with intermediate 
ε. On Si-oxides, preliminary data seems to indicate 
that ΔHexch will vary with the chemical properties of 
the cations used. Further trends in measured ΔHexch 
will be noted and interpreted in light of the above 
mentioned factors. This thermochemical data set will 
be a great complement to theoretical and modeling 
studies of surface charge development on metal 
oxides. 
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Groundwater is one of the most important 

resources in Malawi. Despite surface water covering 
20% of Malawi’s total surface area of 118,000 km2, 
most of the total rural areas rely on groundwater 
resources for the supply of household water. This 
paper aims at deducing the quality of groundwater in 
Malawi. Having a vast mineral resource potential, 
there is a possibility of a lot of mining activities in the 
country, in the near future. The study will be helpful 
in establishing a baseline for groundwater quality to 
check any contamination likely to be brought about 
by future mining activities. In the study, the country 
has been subdivided into 20 km by 20 km grids. From 
each grid one groundwater sample from hand-
pumped boreholes was collected. The samples were 
measured for pH, electrical conductivity, Eh, water 
temperature and dissolved oxygen in the field before 
being filtered and kept in three 100 ml and two 50 ml 
pre-washed and pre-weighed PP bottles which were 
carefully sealed. GPS coordinates and elevation for 
each sampling point were also recorded. 

Results of field survey show that pH values range 
between 5.29 and 8.07, although previous study 
reported pH of groundwater in Malawi varies 6.3 to 
7.1 (Chilton & Shmith-Carington, 1984; MacFarlane 
& Bowden, 1992; Palamuleni, 2002). Electrical 
conductivity ranges from 3 to 1037 mS/m.  

We analyzed major elements by Ion 
Chromatography (Thermo Fisher Scientific Dionex 
ICS-2100 and ICS-3000) at Akita Prefecture 
Industrial Center and 52 trace elements by Q-ICP-MS 
(Agilent 7700) at Akita University. Most of trace 
elements are lower than detection limits. Potassium-
Li and As-U of groundwater show the positive 
correlation. The  groundwater sample which was 
taken from the Cretacious sediments shows high 
value of total dissolved solids (TDS). The results of 
groundwater samples from Quaternary sediment have 
relatively high concentration of trace elements. 
Ground water with high Cl content (>1000 ppm) also 
have high concentration of trace elements. These are 
geographically located at the tip of the East African 
rift system..  
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A remnant of an ocean continent transition (OCT) 
in the Alps (Totalp-Platta, Switzerland) offers an 
exceptional exposition of the upper mantle across the 
section. We characterized the chemical and 
microstructural variations induced by melt/fluid 
percolation and localization of deformation across the 
entire section. The OCT is made of spinel peridotite 
(Totalp) and changes toward the ocean to pyroxenite-
poor peridotites that equilibrated in the plagioclase 
stability field (Platta). Platta contains clinopyroxenes 
(cpx) with a L-REE strongly depleted trace elements 
signature similar to cpx from the abyssal peridotites. 
However, flat and generally enriched REE patterns of 
other cpx from both Platta and Totalp suggest 
fertilization of the peridotite by melt. Moreover, the 
peridotite contains amphibole (kaersutite) testifying 
the presence of fluid at high temperature. A second 
generation of amphibole (pargasite) undeformed and 
replacing cpx probably crystallized during a late fluid 
percolation in the peridotite. 
Mylonitic peridotite is observed both in Platta and 
Totalp and the peridotite contains µm ultramylonitic 
bands forming a high temperature foliation. The µm 
ultramylonitic bands are made by olivine (ol) + 
orthopyroxene (opx) or ol + cpx. The ductile 
deformation recorded by olivine in the host peridotite 
indicates a (001)[100] slip system, whereas in each 
µm ultramylonites a different olivine slip system is 
activated (A-type, D-type and C-type) probably 
dependent of cpx or opx proportion and the presence 
of liquid/fluid in the system. Close to the continent 
(Totalp) centimetric ultramylonitic shear-zones are 
slightly discordant to the foliation. They are well 
mixed 5 phases made by ol, cpx, opx, spinel and a 
high proportion of kaersutite (14%). The kaersutite is 
enriched in K2O and clinopyroxene is enriched in 
Al2O3 and TiO2 compared to the host peridotite and 
µm ultramylonitic bands, suggesting that shear zones 
are the final deformation localizing an evolved melt 
at a temperature of 750-775˚C. Moreover, in the 
ultramylonitic shear zones, olivine and amphibole are 
probably the major phases influencing the 
localization of deformation with an axial [010] fabric 
for the olivine and a [001](100) for the amphibole.  

During mantle exhumation in an OCT, the 
presence of fluid/melt will not only changes the 
chemical composition and the mineralogical 
proportion of the peridotite but will also influence the 
localization of the deformation. 
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Bulk carbonaceous chondrites exhibit clear 

excesses in ε53Cr and ε54Cr compared to terrestrial 
rock standards. These excesses are linearly 
correlated, also with Mn/Cr. Study of Cr isotopic 
variations in chondrite components may be useful to 
understand the origin of these variations, the 
processing history of nebular dust and the role of 
parent body processes. In this study, we report Cr 
isotopic data on separated components of the 
carbonaceous chondrites Allende (CV3) and 
Murchison (CM2).  

Mn/Cr ratios of components of Allende (Mn/Cr = 
0.366-1.901) and Murchison (Mn/Cr = 0.580-1.221) 
show significant variations compared to the bulk 
rocks (Allende:  0.47 ± 0.06; Murchison: 0.62 ± 0.03, 
literature data and this study). Except for chondrules, 
CAIs and non-magnetic fractions, matrix and 
magnetic components of Allende show limited 
variation in their Mn/Cr ratio (0.53 ± 0.04) and there 
is no systematic correlation between ε53Cr, ε54Cr and 
Mn/Cr. In contrast to Allende, components of 
Murchison have much more variable Mn/Cr 
compared to their Allende counterparts. In Allende 
components ε53Cr and ε54Cr vary from -0.23 ± 0.07 to 
0.37 ± 0.05 and from -0.43 ± 0.08 to 3.7 ± 0.1 
(relative to NIST 3112a Cr standard), respectively. 
The CAI fraction shows highest ε54Cr (3.7 ± 0.1). In 
components of Murchison ε53Cr and ε54Cr vary from -
0.06 ± 0.08 to 0.5 ± 0.1 and from 0.7 ± 0.2 to 1.7 ± 
0.1, respectively. Chondrules in both meteorites show 
the lowest Mn/Cr and ε54Cr values, consistent with 
the loss of a ε54Cr rich carrier phases during thermal 
processing in the course of chondrule formation.       

In contrast, to the linear variations of bulk 
carbonaceous chondrites, components of both 
meteorites show non-systematic variations in ε53Cr, 
ε54Cr and Mn/Cr indicating local isotopic and 
chemical heterogeneity and different carrier phases of 
53Cr and 54Cr in the components. The small-scale 
variations of ε53Cr and ε54Cr with Mn/Cr indicate 
either heterogeneity of initial 53Cr or later changes in 
Mn/Cr or 53Mn/55Mn in different components due to 
secondary processes on meteorite parent bodies. We 
will discuss which of these processes may be 
excluded on the basis of systematic variations of 
major and minor elements in the components. 
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Methane hydrate (MH) is thought to be an 

important constituent of icy planets and their 
satellites, such as Neptune and Titan. It is a clathrate 
compound composed of hydrogen-bonded water 
cages (host) and molecules or atoms (guests) included 
in the cages. MH has an sI cage structure at low (< 
0.8 GPa) pressures and room temperature. It 
transforms to an sH cage structure at approximately 
0.8 GPa, which further transforms to a filled-ice Ih 
structure at approximately 1.8 GPa. The Ih structure 
consists of an ice framework similar to ice Ih and 
voids that are filled with methane molecules [1,2]. 
Although the sequence of the phase transitions with 
pressure have been studied well at room temperature, 
there are only a few studies that addressed the 
stability of MH under high pressure and high 
temperature [3,4].  

In this study, we carefully investigated the 
stability and decomposition mechanism of MH in an 
externally-heated-diamond anvil cell in the range of 
2-51 GPa and 298-653 K using in-situ Raman 
spectroscopy. The results show that MH decomposes 
to ice VII and solid methane at temperatures 
considerably lower than the melting curves of solid 
methane and ice VII in the pressure range of 2-51 
GPa. The present results are important not only for 
understanding the physicochemical properties of gas 
hydrate but also for investigating the internal 
structure of icy bodies. 

 
[1] Loveday et al., Nature. 410, 661 (2001)[2] 
Shimizu et al., J. Phys. Chem. B. 106, 30 (2002)[3] 
Bezacier et al. Phys. Earth Planetary interiors 229, 
144 (2014) [4] Kurnosov et al. Z. Naturforsch. 61b, 
1573 (2006) 
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The Fukushima Dai-ichi Nuclear Power Plant 

accident in March 2011 resulted in the release of a 
large amount of radiocesium (134Cs and 137Cs) into the 
North Pacific. The Fukushima-derived radiocesium 
was dispersed eastward with the surface current 
systems, but southward dispersion was restricted due 
to the strong eastward current, Kuroshio Extension 
(KE). In the subtropical region south of KE, 
subsurface signal of Fukushima-derived radiocesium 
was observed in subtropical mode water (STMW). 
Subsurface peaks of Fukushima-derived radiocesium 
were also observed in central mode water. In contrast 
to surface dispersion, Fukushima-derived 
radiocesium trapped in the mode waters were less 
diluted and transported southward. The subduction 
and transportation processes of the mode waters are 
important to describe the destination of Fukushima-
derived radiocesium in the ocean environment.  
Present study focuses on STMW in the subtropical 
region south of Japan Islands.  

The interannual variation of Fukushima-derived 
radiocesium in the subtropical region (12–34˚N, 130–
138˚E) was summarized from observational data 
obtained during 2011-2015. The detection of 134Cs 
and increase of water column inventory of 137Cs were 
observed between April and August 2012, which 
revealed that the main body of Fukushima-derived 
radiocesium in STMW was transported in this region 
after two winter seasons from the accident. The 134Cs 
signal in STMW was observed at 16˚N but not at 
14˚N throughout the study period. The southernmost 
detection of 134Cs is well associated with the 
Kuroshio-recirculation. The concentration of 
Fukushima-derived radiocesium in STMW and water 
column inventory of 137Cs were gradually decreased 
between 2012 and 2015.  
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Eucrites are considered to derive from the crust of 
asteroid 4-Vesta’s crust. They are petrographically 
classified into basaltic and cumulate eucrites. 
Determination of precise ages for eucrites will 
constrain the period of igneous activity and the 
subsequent thermal metamorphism of Vesta. The Sm-
Nd dating is one of the most suitable approaches for 
investigating the timing of  crust formation. Bouvier 
et al. [1] revealed that the variation of Sm/Nd ratios 
for basaltic eucrites was several times smaller than 
the entire range of Sm/Nd ratios for all eucrites, 
making it difficult for obtaining the precise 146Sm-
142Nd isochron age for bulk aliquots of basaltic 
eucrites. 

In this study, we determine the 146Sm-142Nd age 
for five basaltic eucrites. The samples were 
decomposed with HF, HClO4, and HNO3. After the 
sample digestion, ~10% of the solution was removed 
and mixed with the 149Sm- and 145Nd-enriched spikes 
to precisely determine the Sm/Nd ratios by ID-ICP-
MS [2]. The remainder of the sample solution was 
used to determine 142Nd/144Nd ratios by TIMS with 
the dynamic multicollection method [3]. The Nd was 
separated from major elements, Ce, and Sm by a 
three-step column chemistry procedure. 

The whole-rock isochron of basaltic eucrites 
yielded the 146Sm-142Nd age of 4559 +41 

-57 Ma. 
Although the errors of the isochron are relatively 
large, the whole-rock 146Sm-142Nd age of basaltic 
eucrites is indistinguishable from that of cumulate 
eucrites obtained previously (4556 +30 

-37 Ma). This 
implies that the whole-rock Sm-Nd isochron ages for 
basaltic and cumulate eucrites most likely represent 
the timing of global differentiation of the silicate part 
of Vesta. It is important to note that the timing of 
global silicate differentiation is nearly 
contemporaneous to the timing of metal-silicate 
segregation in Vestadeduced from the age obtained 
by the 182Hf-182W systematics [4]. The result supports 
an idea that eucrites formed by equilibrium and 
fractional crystallization of silicate part of Vesta 
immediately after a magma ocean. 

 
[1] Bouvier, A. et al. (2015) Meteoritics & 

Planet. Sci., 50, 1896–1911. [2] Kagami, S. and 
Yokoyama, T. (2015) Goldschmidt, Abstract #3177. 
[3] Fukai, R. et al. (2015) Goldschmidt, Abstract 
#4031. [4] Kleine, T. et al. (2004) GCA, 68 2935–
2946. 
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I am teaching a geochemistry course in the 

chemistry department, graduate school of science, the 
university of Tokyo. The audience is mainly Japanese 
and approximately 10% of students are from foreign 
countries. The content of my lecture is as follows. 

What is geochemistry?  
Abundance of the elements 
Synthesis of the elements (origin of elements) 
Structure and chemical composition of the earth 
Geochemical classification of the elements 
Radio activity and isotope geochronology 
Isotope fractionation 
Evolution and formation of atmosphere and ocean 
Global recycling of materials 
Chemical oceanography 
Global warming and global carbon cycle 
Final Examination 

Professor Takafumi Hirata who is just arriving on our 
institute in March will join the lecture. 
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Carbonado is a kind of natural polycrystalline 
diamond having characteristics such as low δ13C 
values, high porosity, no occurrence in kimberlite 
pipe, lack of mantle-derived mineral inclusions, 
detection of fission-genic isotopes, and so on. From 
these characteristics distinct from those of typical 
mantle–derived diamonds, several hypotheses such as 
impact-induced diamond formation from organic 
carbon (Smith and Dawson, 1985), irradiation-
induced phase transformation from coal (Ozima et al., 
1991), chemical vapor deposition in interstellar space 
(Garai et al., 2006) and supernova (Haggerty, 2014) 
have been proposed. Besides these hypotheses, 
mantle-origin of carbonado has been also proposed 
(Robinson, 1978; Kagi et al., 1994; Nadolinny et al., 
2003; Ishibashi et al., 2012). At present, the origin of 
carbonado is still controversial and no conclusive 
evidence has been proposed to settle the discrepancy. 

It should be noted that carbonado had been 
heavily altered after the crystallization of diamonds 
and the grain boundaries of micro-diamonds in 
carbonado can have lost the intrinsic information on 
the formation of diamonds. Many of studies reported 
previously may be affected by the secondary after the 
diamond formation. It is highly possible that the 
original information related to diamond formation is 
retained inside of diamond crystals. The purpose of 
this study is to extract information on diamond 
crystallization of carbonado  

In this study, we tried to distinguish isotopic and 
mineralogical information between inside of 
carbonado diamond grains and grain boundaries. We 
conducted Os isotopic analysis and electron 
microscopic observation on carbonado samples 
collected from placer deposits in the Central African 
Republic. The Os isotopic ratios (187Os/188Os) 
obtained from inside of diamond grains was notably 
lower than that from the grain boundaries. This 
suggests that the grain boundaries were altered with 
crustal materials. Moreover, mantle-originated 
microincluions were found inside of diamond grains. 
From these information, we will discuss the deep 
origin of carbonado diamonds. 
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In order to elucidate whether the halogen budget 

in surface envoronments is explained by input from 
the mantle, we estimate halogen fluxes at mid-ocean 
ridges (MOR) based on the chemistry of submarine 
vent fluids, MORB vesicles and glass matrix. The 
fluorine flux was constrained as follows: 
1) Combining F/3He ratios determined in MORB 
vesicles and the known 3He flux: We analyzed eight 
MORB vesicles (13°N,17°S on EPR; 
15°N,30°N,37°N on MAR; 24°S-25°S on CIR) by 
crushing. Fluorine was extracted into alkaline 
solution and measured by an ion chromatography 
ICS-2100, while helium was measured by a VG5400 
noble gas MS, both housed at AORI, University of 
Tokyo. Cl/3He ratios were also determined using this 
method.  
2) Combining the fluorine concentrations in 
submarine hydrothermal fluids with the fluid flux at 
MOR. 

The calculated fluxes using these methods are 
1000-2000 times lower than those estimated based on 
the F contents in MORB glass matrix and the MORB 
production rate [1], or the F/CO2 ratio in the MORB 
source and CO2 flux [2]. This implies that the 
majority of the F resides in the melt and is not 
released during oceanic crust production. 

Chlorine, Br, and I contents in vesicles and the 
matrix of MORB glasses described in 1) have been 
determined using extension of the 40Ar-39Ar method 
which converts halogens into proxy noble gas 
isotopes by neutron irrradiation. Argon, Kr, and Xe 
isotopes were measured using MS-1 and ARGUS VI 
mass spectrometers in Manchester. Chlorine, Br, and 
I fluxes were constrained using Br/Cl and I/Cl ratios 
determined by this method, Cl/3He ratios in MORB 
vesicles observed by 1), and the worldwide 
hydrothermal fluid datasets. The resulting fluxes are 
lower than values estimated based on halogen 
contents in MORB glass matrix and the MORB 
production rate. Preliminary indications from these 
datasets are that, like F, relatively small amounts of 
heavy halogens are released from MORB during 
degassing processes and the major fraction is retained 
in the melt as suggested in an early study [3]. 
Comparing MOR, arc, and hotspot fluxes, the global 
cycles of halogens will be discussed in the 
presentation. 
 
[1] Tajika (1998) GRL 25, 3991-3994. [2] Fischer 
(2008) Geochem. J. 42, 21-38. [3] Schilling et al. 
(1978) Nature 273, 631-636. 
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Tropospheric nitrous oxide (N2O) displays a 17O 

excess of Δ(17O) = (0.9±0.1) ‰ relative to Vienna 
Standard Mean Ocean Water (VSMOW). The origin 
of this 17O excess is under debate: Tropospheric and 
stratospheric in-situ N2O sources as well as isotope 
fractionation and isotope exchange during biological 
N2O production are all considered to make a 
contribution, as might the stratospheric photolysis 
sink. To constrain the relative contributions of the 
different processes and to improve our understanding 
of the underlying atmospheric chemical and 
microbial processes, more measurements are 
required. 

We have measured the 17O excess of mid-latitude 
stratospheric samples, from altitudes between 8 and 
26 km. N2O was extracted cryogenically at 77 K, 
separated from other condensable gases using a 
PoraPlotQ pre-column and then thermally 
decomposed in a gold furnace at 900 ºC. The standard 
deviation of the 17O excess for repeat analysis of a 5 
nmol N2O aliquot was ±0.3 ‰. 

This new dataset significantly enhances the 
altitude range of oxygen triple isotope measurements 
in stratospheric air. Previous results were limited to 
the lower stratosphere between 8 and 12 km [1]. 

The average 17O excess of the stratospheric 
samples analysed was (–0.19±0.46) ‰ relative to 
tropospheric N2O. Since the 17O excess of 
stratospheric N2O is not significantly different to 
tropospheric N2O, these data suggest that the 17O 
excess is not of stratospheric origin. This rules out 
stratospheric photolysis or reaction with 
electronically excited oxygen atoms as source of the 
17O excess in N2O. It confirms the notion that the 
origin of the 17O excess may be related to 
tropospheric in situ sources, e.g. NH2+NO2 [2], or to 
microbial nitrogen conversion reactions [3]. 

To investigate the latter hypothesis, we have 
measured the 17O excess of oceanic N2O. Δ(17O) 
values between 0.1 and 4.6 ‰ (relative to VSMOW) 
were observed during three field campaigns in the 
temperate, subtropical and tropical Atlantic Ocean, 
the Scotia Sea and the Weddell Sea. This shows that 
oceanic N2O was not in equilibrium with the 
atmosphere, indicating a potential biological source 
for the 17O excess. 

 
[1] Cliff et al. (1999) J Geophys Res 104, 16171 
[2] Röckmann et al. (2001) Geophys Res Lett 28 503-
506 
[3] Kaiser & Röckmann (2005) Geophys Res Lett 32 
L15808 
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Long-term assessment of 137Cs re-suspension 
from contaminated soil and vegetation due to the 
Fukushima nuclear accident in March 2011 has been 
conducted using a numerical simulation, a field 
experiment on the dust deflation at Namie in the 
restricted habitation area, and air concentration 
measurements in and out of the area, Namie and 
Tsukuba, respectively. The analysis period is one 
year from December 2012, about one and a half years 
from the accident, up to December 2013. The surface 
concentration of 137Cs at Namie was high in the 
summer (~1 mBq/m3) and low in the winter (0.1-1 
mBq/m3). The 137Cs concentration was about one 
order smaller in Tsukuba (0.01-0.1 mBq/m3). The 
differences in the two sites are consistent between the 
observation and the simulation. Ishizuka et al. [1] 
developed a numerical module of 137Cs re-suspension 
associated with dust deflation based on the flux 
measurement in Namie. Using the module, the 
simulated 137Cs from soil had a potential to account 
for the observed surface concentration in Namie in 
the winter, but underestimated by 1-2 orders of 
magnitude in the summer. We simulated the re-
suspension from vegetation applying a seasonal 
variation as a function of the green fraction. The 
constant re-suspension rate of  10-7 [/h] of vegetation 
re-suspension quantitatively accounted for the 
observed surface concentration together with its 
seasonal variation. Still, so far, the re-suspension 
mechanism has not been fully understood and thus 
further investigations for the understanding of the 
mechanisms and its long-term effects on the 
environment are needed. 
 
[1] Ishizuka et al. (2016) J. Environ. Radioactiv. in 
press.  
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     Proto-arc model has been proposed to explain 
tectonic evolution of Isua Supracrustal Belt (ISB) (1).  
Tourmaline has been discovered from various 
locations in ISB, suggesting local enrichment of 
boron (2, 3). Deep fluids from proto-arc most likely 
made the semi-closed ocean water highly alkaline and 
B-, CO2-, NH3-rich. A part of tourmaline in ISB is 
found to be associated with reduced carbon. This 
finding suggests that >3.7 Ga semi-closed ocean 
water was rich in borate and organic matter. In 
particular B-rich environment is essential to generate 
and stabilize ribose, followed by formation of 
nucleotide (4, 5). Such geological environments 
associated with proto-arc could happen on the 
Hadean Earth.    

     Oligomerization experiments of individual 
amino acids by our group suggest that diagenetic P-T 
conditions are suitable to form various prebiotic 
peptides (5, 6). Those results further suggest that 
Hadean clay-rich sediments, which deposited in open 
ocean environments, could accumulate and convert 
amino acids into peptides. Further tectonics made 
“open-ocean” peptides encounter to “semi-closed 
ocean” nucleotide, storing in proto-cell. It is 
suggested that many experimental data for chemical 
evolution are concordant with environments by proto-
arc tectonics.   
 
 (1) Nutman et al., (2015) Geol.Soc.Lond., 389, 113, 
(2) Grew et al. (2015) GCA, 163, 156, (3) Mishima et 
al. (2015) OLEB, DOI10.1007/s11084-015-9474-x, 
(4) Furukawa et al. (2013) OLEB, 43, 353, (4) Nitta 
et al. (2015) OLEB, DOI 10.1007 /s11084-015-9472-
z, (5) Otake et al. (2011) Astrobio. 11, 799, (6) 
Furukawa et al. (2012) OLEB,  42, 519. 
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Water is the most important volatile component 

in the Earth, because it has significant influences on 
the chemical and physical properties of mantle 
minerals (e.g., melting temperature, theromo-elastic 
prioerties). The nominally anhydrous minerals 
(NAMs) can contain small amount of water. In 
particular, wadsleyite and ringwoodite which are the 
major constituent minerals in the mantle transition 
zone can contain ~2-3 wt% water [1,2]. Recently, 
hydrous ringwoodite contained ~1.5 wt% water was 
discovered  as inclusion in ultra deep diamond [3]. 
This observation implies that the mantle transition 
zone contains some water at least locally. On the 
other hand, water solubility of bridgmanite which is 
the most abundant mineral in the lower mantle, is a 
matter of debate [e.g., 4,5] In this situation, Al-
bearing hydrous bridgmanite contained ~0.8 wt % 
water was synthesized by Inoue et al., (in prep). The 
dominant substitution mechanism was suggested to 
be Si4+ ⇄ Al3+ + H+. However, the physical properties 
of Al-bearing hydrous bridgmanite under high 
pressure are unknown. In this report, the 
compressibility of Al-bearing bridgmanite is tried to 
determine. 

 In situ P-V-T experiments of Al-bearing hydrous 
bridgmanite were conducted up to 50 GPa and 900 or 
1500 K, using multi-anvil high pressure apparatus 
(SPEED-Mk.II) with sintered diamond 2nd stage 
anvil at SPring-8 BL04B1. Al-bearing hydrous 
bridgmanite was softer than MgSiO3 bridgmanite 
below 27 GPa. Then with increasing pressure up to 
40 GPa from 27 GPa, the drastic softening was 
observed. Above 40 GPa, it become the steady state 
as below 27 GPa. This phenomenon looks like the 
symmetrization of hydrogen bond in the case of 
iceVII - iceX transformation [6]. In this presentation, 
we will report the compressibility of Al-bearing 
hydrous bridgmanite in detail. 

 
[1] Inoue et al. (1995) GRL 22, 117-120. [2] 
Kohlstedt et al. (1996) Contrib Mineral Petrol 207, 
345-357. [3] Pearson et al. (2014) Nature 507, 221-
224. [4]Bolfan-Casanova et al. (2004) GRL 30, 1905. 
[5]Murakami et al. (2003) Science 295, 1885-1887. 
[6] Sigimura et al. (2008) PRB 77, 214103. 
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Kunashir is the southernmost island of the Kuril 
archipelago. Two dormant volcanoes at the south of 
the island, Golovnin (543 m) and Mendeleev (888 m) 
are characterized by a strong hydrothermal activity. 
Mendeleev volcano is a stratovolcano with extrusive 
dome and four thermal fields on its slopes, whereas 
the Golovnin caldera hosts two acid lakes and several 
thermal grounds. Thermal fields of both volcanoes 
discharge vapors at boiling point temperature and 
acid SO4-Cl to neutral Na-Cl hot waters. We 
generalize all published data and our own results of 
the 2015 field campaign on the geochemistry of these 
volcano-hydrothermal systems and present new data 
on the chemical (major and trace elements including 
REE) and isotopic (H, O, C, He) composition of 
thermal fluids and gases. For the first time the 
outflow rates of the draining streams have been 
measured and the solute fluxes from both volcano-
hydrothermal systems have been estimated. The 
drainage from the Golovnin caldera is provided by 
only one stream to the Sea of Okhotsk, whereas the 
drainage from Mendeleev volcano is realized by 
several streams to the Pacific Ocean and to the Sea of 
Okhotsk. The two volcanoes are similar with respect 
to the hydrothermal flux of magmatic chlorine and 
sulfur (~ 8 t/d of Cl and 8 t/d of SO4 each one). This 
work is supported by the RSF grant #15-17-20011 
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Lithium (Li) isotopes emerge as a powerful 

geochemical proxy for tracking continental 
weathering through time. Extensive work on Li 
fractionation in modern systems has brought to a 
profound understanding of the modern Li budget as 
well as to a consensus that marine carbonates 
faithfully record seawater Li isotope signature. As 
such record is essential in order to track global-scale 
changes in weathering processes and intensity 
through Earth’s history, we have generated Li isotope 
data from marine carbonates from over 40 units, 
ranging in age from 3.0 Ga to modern. Preliminary 
results provide evidence for strongly inhibited 
weathering-mediated clay formation prior to the 
Paleozoic, which we attribute to the pre-Paleozoic 
lack of land plants. The initial rise in the Li isotope 
values is observed during the Ordovician, which is 
followed by a subsequent drop to background values 
and then begins the generally increasing trend that is 
already well reported. These findings are open for 
interpretation but they still support the view that the 
emergence of land plants dramatically changed the 
process of weathering and it seems that biomass has a 
potentially significant role in mineral breakdown in 
soils. Li isotopes provide a novel perspective on 
weathering and the impact on the Earth system of the 
rise of land plants – one of the most significant 
transitions in Earth’s history. 
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Cesiums isotopes (137Cs, 134Cs, 135Cs) contained in 

spent nuclear fuel are important components of high-
level radioactive waste. Cs+ is highly soluble and 
highly mobile in aqueous phase. Its uptake in soils is 
known to be dominated by cation exchange reactions 
with their clayey component. Clays are also 
considered as important natural and engineered 
barriers in the design of geological nuclear waste 
repositories. In France, the Callovo-Oxfordian (COx) 
clay formation is considered for this purpose.The 
clayey component of COx consists mostly of illite, 
smectite and interstratified illite/smectite (I/S) 
minerals.  

We have performed a series of molecular 
dynamics (MD) computer simulations in order to 
quantitatively assess the molecular scale mechanisms 
controlling the adsorption of Cs+ cations with the 
basal surfaces of illite, smectite, and I/S. A set of new 
structural models of illite, smectite, and I/S have been 
constructed to more accurately account for the natural 
disorder in the structural isomorphic substitutions of 
Al/Si and Mg/Al substitutions in the tetrahedral and 
octahedral clay sheets, respectively.  

The newly developed models allowed us to 
identify several structurally different energetically 
favorable adsorption sites at the basal surfaces of all 
three clay substrates. Cs+ sorption properties above 
each individual site on the surfaces of illite, smectite, 
and I/S were individually characterized and 
quantitatively compared in terms of their surface 
distributions, most stable adsorption distances, and 
free energies of adsorption. The equilibrium constants 
for surface adsorption and ion exchange reactions 
Cs+�Na+ and Cs+�K+ were also calculated and 
compared with available experimental data. 
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The Lupveem uplift is located 100 km north of 

Bilibino in the Chukotka Region, Russia. Rock 
samples represent trias gabbros and cretaceous 
intermediate to felsic rocks of the Lupveem batholith 
and dykes. We ran XRF analysis for major elements 
and ICP-MS for REE. 

The analyzed rocks belong to mafic (gabbro of 
the Anyui complex), intermediate (dyke and 
lamprophyres) and felsic groups. Most of the rocks 
are calc-alkaline, except the Anyui gabbro that falls 
into tholeiitic series. Alkaline rocks are predominant 
among the felsic petrotype. 

There are three types of REE patterns of rocks 
(fig. 1) normalized to chondrite REE abundance [1]. 
(1) Gabbro displays the slightest enrichment of LREE 
with respect to HREE (LaN/LuN = 2.8) and no Eu 
anomaly. (2) REE patterns of lamprophyres and dyke 
demonstrate contrast fractionation (LaN/LuN = 31 and 
16 respectively) and weak negative Eu anomaly 
(EuN/Eu* = 0.8). (3) Felsic rocks are characterized by 
the clear enrichment of LREE (LaN/LuN = 6 to 39, 
depending on the silica content) and moderate 
negative Eu anomaly (EuN/Eu* = 0.4). 

 

 

 

 
 

Figure 1: Normalized REE patterns of the Lupveem 
rocks. 

 
The occuring of negative Eu anomaly indicates 

changing redox conditions over crystallization history 
which is favorable for the formation of post-
magmatic deposits. Only the Anyui diorite sills were 
formed in extensional regime while other rocks 
intruded in compressional conditions typical of 
subduction and orogenic settings. 

 
[1] Anders & Grevesse (1989) Geochim. 
Cosmochim. Acta, 53, 197-214. 
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Natural tourmalines exhibit wide variations in 
their major and trace element chemistry, reflecting 
tourmaline stability in diverse igneous, metamorphic 
and hydrothermal environments and over wide ranges 
of temperature and pressure. Many Archean 
greenstone belts host abundant tourmaline in 
hydrothermal orogenic gold-quartz veins, variably 
altered metavolcanic and metasedimentary host rocks 
and in granitic intrusions which may have contributed 
magmatic fluids to the gold mineralizing systems. 
This offers great potential for utilizing tourmaline 
chemistry as proxies for fluid-rock interaction and for 
the source of fluids in orogenic gold deposits. 

We present the major and trace element 
geochemistry of tourmalines from orogenic gold 
deposits in the Archean Ilomantsi greenstone belt 
(Eastern Finland). All tourmalines, including those 
from gold-quartz veins, altered wall rocks and 
granitic intrusions, classify as dravite-schorl based on 
their major element composition. The textural 
features and trace element characteristics 
(concentrations of Pb, Zn, Cr, Ni and Ga) show that 
tourmalines in the gold-quartz veins and altered host 
rocks have formed in a continuum between fluid- and 
rock-buffered conditions. The tourmaline trace 
element data clearly show that multiple pulses of 
hydrothermal gold-bearing fluids have interacted with 
different host rock lithologies (e.g. intermediate and 
mafic volcanics, felsic dikes). The compositional 
spectrum of tourmalines from the gold mineralization 
overlaps partly with the composition of granite hosted 
tourmalines. We conclude that the chemical 
characteristics of tourmaline are well suited as 
proxies for fluid-rock reaction, but not as tracers for 
the distant fluid sources in orogenic gold systems. 
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Nowadays most oil reserves in Russia and all 
over the world are hard to recover. That is the reason 
many scientists are trying to investigate new 
technologies for hydrocarbon generation and 
recovering from high-carbon formation reservoirs. 

The principal technology of hydrocarbon (HC) 
generation under hydrothermal conditions was carried 
out. It was shown that in closed systems under water 
vapor pressure liquid HC could be formed in the 
temperature range between 250°C and 350°C with 
the maximum yield of liquid products at 300°C. The 
rock minerals play the main role in the process by 
catalyzing HC formation, while pure oil or kerogen 
do not change under such conditions. It was measured 
that 60% to 80% of kerogen that has generation 
potential was converted into liquid and gaseous HC. 
It was verified that after the process is finished S1 
pyrolysis parameter that determine the amount of 
bithums is the same as before the experiment begins 
while S2 parameter is lowered. 

Chromatography analysis has shown that liquid 
HC composition is closed to oil composition, 
although containing greater amount of highly-
molecular compounds. In comparison 
chromatography analysis of liquid HC produced 
under 350°C contains many unidentified compounds 
which specifies coking process has started. 

Kinetic experiments were carried out to find the 
optimal time that is necessary for the most amount of 
liquid HC to be produced. It was shown that 
catagenetic stage of kerogen should be taken into 
account for the time experiments. MK2-MK3 
kerogen was maximally converted during 6-7 days, 
while unperformed kerogen PK3 produces the highest 
amount of liquid HC in about 24 hours. After the 
maximal amount is produced the process of HC 
cracking starts and liquid fraction converts to gas. 

Investigated conditions are not far enough from 
reservoir conditions making the proposed process 
very perspective for hard to recover reservoirs 
exploration.  

 
The study was performed by еру grant from the 

Russian Science Foundation (Project No 15-17-
00010). 
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The Rosetta spacecraft recently discovered 

molecular oxygen during its orbiting of comet 67P 
Churyumov-Gerasimenko [1]. Based on previous 
ground-based cometary observations, this was an 
unexpected finding, as was the significant amount of 
O2 detected. The average value of [O2]/[H2O] 
reported by Rosetta was 0.038, with a range of 0.01-
0.10. Previous cometary ground-based measurements 
have relied on optical measurements, whereas the 
Rosetta study utilized mass spectroscopy. 

We have initiated a research program to 
investigate optical spectra from various comets for 
evidence of molecular oxygen. Such emission from 
comets has not been reported previously, but there are 
compelling reasons for its presence in light of the 
Rosetta results. In contrast to the situation with 
molecular oxygen, the presence of atomic oxygen in 
cometary atmospheres is well established, with both 
O(1D) and O(1S) known emitters that give rise to the 
green and red emission lines. Nevertheless, it it is 
generally assumed that their source is 
photodissociation of CO2, H2O, and other oxygen-
bearing species. Based on the most recent results by 
the Rosetta mission, photodissociation of O2 itself 
becomes a viable source of O(1D), which is produced 
over a large spectral region, 130-175 nm.  

This type of information has profound 
consequences for the understanding of cometary 
formation and the evolution of our solar system. This 
research also impacts future studies of extrasolar 
planets. Optical techniques will be the only means for 
studying in situ exoplanet atmospheres, at least in the 
short term, and thus it is critical to solve the present 
conundrum. 

 
This material is based upon work supported by the 
U.S. National Science Foundation under Award AST-
1410297. 

 
[1] Bieler et al. (2015) Nature 526, 678-681. 
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The East African rifts system is defined by 

structural and magmatic features. The dating of 
volcanic strata reveals a logic model in the spatial 
development of this rifts system in which is the 
Virunga volcanic province. This volcanic province, 
recently active in mid-Miocene, is above an 
abnormally hot asthenosphere [1]; some authors 
believe, moreover, that it is representative of hot 
spots volcanism in the African tectonic plate [2]. It is 
in the western branch of the East African rift that is 
localized the Virunga volcanic province which 
includes the Nyiragongo volcano. 

Nyiragongo volcano is well known for its lava 
lake and its eruptive dynamism of Hawaiian type [3]. 
In 1995, the surface of this lava lake solidified; 
leaving thus the magma below. The increasing of the 
pressure inside the solid layer would facilitate the 
discharge of the magma in the main fractures of the 
flanks of Nyiragongo. Besides this magmatic 
pressure, the local fractures system that results from 
tectonic seismicity common in the region is an 
important factor for the eruptive dynamism of the 
Nyiragongo. By way of illustration, some 
assumptions suggest that at the time of the eruption of 
January 17, 2002, the energy which contributed to the 
massive fracturing was helped by regional tectonic 
events. This events consensus was then sufficient to 
cause an eruption. Therefore, this eruption of 2002 
had three leaving lava points thus corresponding to 
three different branches of lava flows, including 
Shaheru, Munigi and Bitungulu lava flows.  

The objective of this work was to describe the 
geochemical characteristics of rocks of the Bitungulu 
lava flow of the January 17, 2002 Nyiragongo 
volcano eruption.  

In addition to the description in situ, samples of 
these rocks were analyzed in the University of 
Lubumbashi laboratory. Results show a high 
concentration of silica and mineralization dominated 
by nepheline. These rocks are basalts but they are 
close to trachy-basalts. 

Discussion of results 
Given silica concentrations found in Shaheru and 

Munigi lava flows [4], we note that the Bitungulu 
lava flow is characterized by higher concentrations of 
silica compared to other flows. 
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The accident of the Fukushima Dai-ichi Nuclear 
Power Plant has contaminated a vast area with 
radionuclides including radiocesium (Cs). It is urgent 
to reveal the environmental translocation of Cs 
deposited on the land because particle-bound 
radiocesium was transported through rivers and 
ultimately to the Pacific Ocean. To explore the 
transport and flux of Cs from land to ocean, we chose 
brackish Lagoon Matsukawa-ura and feeder rivers, 
Japan, as a model area for the system of river – 
estuary – ocean.  

Suspended matters normalized dissolved Cs 
showed excess from low to intermediate salinity in 
the brackish water relative to the conservative mixing 
line. This inferred that two possible processes can be 
considered: 1) biogeochemical processes (i.e. 
desorption from suspended matters), and 2) input 
from other sources.  
1) Biogeochemical processes 

The desorption rate of Cs in natural environment 
was calculated, which increased rapidly and reached 
a plateau at about 35% in the low salinity range (0 ~ 
5). These results indicate that Cs is likely bonded to 
an exchangeable fraction which is easy to leach into 
the water caused by ion exchange.  
2) Input from other sources 

The enrichment of O-18 between fresh river and 
offshore seawater evidenced the possibility of another 
water mass, which could be submarine groundwater 
discharge (SGD). Cs and O-18 analysis results of 
groundwater collected near the lagoon indicate that 
another Cs source in lagoon is from recirculated 
SGD. Thereby, multiple geochemical tracers (e.g. Ra 
and O-18 ) will be used to clarify the contribution of 
recirculated SGD. This study implies that the land-
sourced Cs will be continuously adsorbed in brackish 
water and transported to open ocean. 
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Brittle fragmentation is a key process in 
explosive eruption. Estimation of the decompression 
time in real explosive events indicates that the style 
of fragmentation is to be “brittle-like fragmentation” 
[1], which was defined as the solid-like fracture of 
the material whose bulk rheological properties was 
close to fluid state. We present our recent laboratory 
experiments and numerical simulatation, which  
clearly indicate the fact that the internal non-uniform 
structure of bubbles is a major source of crack 
development that may lead to brittle-like 
fragmentation. 

In laboratory experiment, syrup containing 
bubbles as a magma analogue because syrup has 
large rigidity close to magma, and can have wide 
range of viscosity like magma. A rapid 
decompression apparatus was used to simulate the 
fragmentation. We conducted X-ray CT imaging at 
SPring-8/JASRI to observe the internal structure of 
the specimen (bubbly syrup) before decompression. 
Then we observed its dynamic response during 
decompression by high speed photography. In 
numerical simulation, we conducted finite element 
analysis of the specimen under the rapid 
decompression. We computed stress field of a 
simplified 3D model of the specimen in which we 
extracted just around a primary large bubble with a 
satellite small bubble. The specimen was assumed to 
be a Maxwell fluid.  

We found that the surface crack propagates along 
the line of computed stress concentration. The 
maximum stress concentration, which is the trigger of 
fragmentation, occurred on the surface of satellite 
bubble, at which the local brittleness [2] is large 
enough when the stress reaches the critical value of 
fracture.  
 
[1] Kameda et al. (2013) J. Volcanol. Geotherm. Res. 
258,  113-125. [2] Ichihara & Rubin (2010) J. 
Geophys. Res. 115, B12202.  
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We carried out numerical simulations on the 

upwelling plumes in the mantle of the Earth and that 
of super-Earths. The objects of our study are (1) to 
confirm the validity of our program which is newly 
developed for this study by comparing our numerical 
results with those of earlier studies on the upwelling 
plumes in the Earth's mantle and (2) to examine the 
effects of temperature-dependent viscosity and 
internal heating rate on upwelling plumes in the 
mantle of super-Earths. In this study, we consider a 
major upwelling plume at the center of 2-D 
axisymmetric model. We have carried out two series 
of numerical simulations. In a first series, we 
calculated thermal convection in an incompressible 
Boussinesq fluid under the conditions identical to 
those in earlier studies. In a second series, we 
performed simulations under the conditions for the 
mantle of super-Earths using the truncated anelastic 
liquid approximation (TALA).  

In the first series of our simulations, we obtained 
the results similar to earlier ones, such as the increase 
in the heat flow at the top and bottom boundaries in 
proportion to Ra13, demonstrating the validity of the 
numerical simulation in this study. Furthermore, the 
second series of our study of the mantle of super-
Earths showed that (1) temperature-dependence of 
viscosity tends to reduce plume heat transport, and 
(2) the variation of compressibility does not affect the 
detail of the loss of plume heat flux during their 
ascent. We also found that heat can flow downward 
into the core when the chondritic rate of internal 
heating is present in the mantle of super-Earths, 
demonstrating significant effects of the internal 
heating rate on the convection and thermal state in the 
mantle of super-Earths. 
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The oxidation reactions in the atmosphere play 
significant roles to influence the lifetimes and the 
abundances of atmospheric trace compounds (e.g., 
CH4, CO). It is hence important to understand the 
abundances of atmospheric oxidants and the 
magnitudes of their contribution to oxidation 
processes, what is called “oxidative capacity“. 
Marine boundary layer has characteristic oxidative 
capacity induced by high solar radiation and humidity 
throughout the year which results in destruction of 
ozone [1]. However, the relative importance of the 
oxidation processes in the marine boundary layer are 
not fully understood [2]. In order to investigate the 
oxidative capacity, triple oxygen isotopic 
compositions (Δ17O) of atmospheric nitrate (NO3

-) 
and sulfate (SO4

2-) are used as unique tracers. The 
NO3

- and SO4
2- formed via O3 oxidation possess high 

Δ17O values, while the NO3
- and SO4

2- formed via 
other oxidants like HOx possess low Δ17O values. In 
this study, we measured Δ17O(NO3

-) and Δ17O(SO4
2-) 

values of atmospheric aerosols collected in the 
Pacific Ocean from 31°S to 64°N during two cruises 
of R/V Hakuho Maru (KH-13-7 and KH-14-3). 
 The Δ17O(NO3

-) values were widely 
distributed in the range of 21-32‰ and the 
Δ17O(NO3

-) values in winter of the North Pacific 
Ocean were higher than the values in summer of the 
South Pacific Ocean, indicating that the contribution 
of O3 and OH radical in oxidation processes were 
different between summer and winter. On the other 
hand, the Δ17O(SO4

2-) insignificantly varied in the 
range of 0-1.5‰. Based on the results, we discuss the 
atmospheric oxidative capacity in the marine 
boundary layer over the Pacific Ocean. 
 
[1] Read et al. (2008) Nature 453, 1232–1235. [2] 
Savarino et al. (2013) Proc. Natl. Acad. Sci. 110, 
17668-17673.  
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The carbonate grain and intergranular cement of 

grainstone provide helpful information for 
reconstruction of past sea-level and paleo-
environments. We examined grainestone samples 
cored from the shelf edge of the Great Barrier Reef 
(GBR) off Mackay (HYD-01C, 02A, 19.7oS) and 
Cairns (NOG-01B, 17.1oS) during Integrated Ocean 
Drilling Program (IODP) Expedition #325 under 
petrographic microscope and scanning electron 
microscope energy-dispersive X-ray spectrometer 
(SEM-EDS). We observed low-Mg calcite cement 
precipitated under meteoric environment in the shelf-
edge reef cores. The presence of freshwater cements 
shows a sea-level fall was occurred in the last glacial 
period during the development of shelf-edge reef. We 
also observed distinct early submarine cements in 
some grainstone samples by the precipitation of 
intergranular cements of bladed Mg-calcite spar or 
the growth of scalenohedral or rhombohedral crystals 
of Mg-calcite on spherulitic fascicles of peloids. 
These early submarine cements reflect the sea-level 
lowstand associated with the last glacial period by 
indicating the place of shallow fore-reef. 
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Here we investigate elemental (C, N) and isotopic 

(δ13C, δ15N) compositions of total suspended matters 
(TSM), surface sediments (SS) and subsamples from 
short box cores (BC) collected from the continental 
shelf of East China Sea to understand the provenance 
and dynamics of organic matter (OM) in the shelf 
region, which is thought to be 'starved' from the 
modern terrestrial input of Yangtze River. Our results 
suggest that TSM are relatively enriched in terrestrial 
OM with apparent inner shelf-outer shelf distribution 
patterns, while SS are relatively enriched in marine 
OM. Consistent to a decreased sediment input from 
Yangtze River to the East China Sea in recent years, 
our δ13C and δ15N results from short cores support the 
transportation of organic-rich fine materials away 
from the estuary. Although ranges of C/N ratios in 
three short cores indicate the predominance of 
marine-sourced OM in the inner shelf region, δ13C 
and δ15N values favour the influence of varying 
terrestrial OM input in sediments buried in shallow 
water depths (<75 m). Estimation of the fractional 
contribution of terrestrial OM to TSM, SS and BC 
using a combination of elemental and isotopic mixing 
models indicated that organic matter buried in the 
inner shelf region of East China Sea, especially 
during the last around two decades, was 
predominantly sourced from the marine origin.    

 



Goldschmidt Conference Abstracts 1423 

Lowermost mantle evolution 
coupled with the plate 

subduction 
T. KANEKO1 AND T. NAKAKUKI1 

1Hiroshima University, Higashi-Hiroshima 739-8526, 
Japan (d154713@hiroshima-u.ac.jp) 

 
Subducted plates is expected to be one of the 

significant factor deciding structures and the 
evolution of the Earth’s lower mantle. Seismic 
analyses indicate that spatial distribution of the large 
low shear velocity provinces on the lowermost mantle 
have prominent features, for example, correlation 
with hot spot locations [1]. We investigate that 
influence of the lower mantle properties on 
mechanical interaction between the subducted plate 
and the compositionally dense layer, using a mantle 
convection model in which plate-like motion is 
realized without any forces imposed on the surface 
plate [2]. Our 2-D Cartesian numerical model has 
chemically distinct dense material layer with the 
density contrast of +77.3 kg m-3 on the core mantle 
boundary (CMB). We also incorporate phase changes 
of hydrous minerals [3] and hydration effects on the 
density and the viscosity into the model [4]. In this 
study, we focus on the following parameters; depth 
dependence of the thermal expansivity, the depth 
profile of the background mantle viscosity and the 
yield strength of the slab.  

We found that two types of systems of rising 
plumes. When the thermal expansivity is constant in 
the whole model space, the dense segments deform 
strongly and rise off the CMB as the plume so that 
the subducted slab plunges into the dense piles. In 
this case, the dense segments become unstable. When 
the thermal expansivity decreases with the depth, 
plumes are generated on the top of the dense piles. In 
this case, the plate velocity slows down and mantle 
convection becomes gentler, even when the lower 
mantle viscosity is small. This effect leads to the 
convection layered at the boundary between the 
regular mantle and the dense segments, such that the 
active convection is induced in the dense layer while 
the slow convection is generated in the regular mantle 
layer. Steep temperature increase overlaps at the 
chemical boundary above the dense materials. These 
plumes entrain only small amount of the dense 
materials and, consequently, the dense piles are 
stablily sustained for a long term. 

 
[1] Torsvik, T. H., M. A. Smethurst., K, Burke. & B, 
Steinberger. (2006): Geophys. J. Int, 167, 1447-1460; 
[2]T. Nakakuki. & Mura (2013): Earth and Planetary 
Science Letters, 361, 287-297; [3] H. Iwamori. 
(2004): Earth and Planetary Science Letters, 227, 57-
71; [4] S. Karato. & H. Jung (2003): Philosophical 
Magazine, 83, 401-414. 
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Eucrites belonging to HED meteorites correpond 
to the material in the crust of a large asteroid possibly 
equivalent of 4 Vesta. These meteorites contain 
various silica polymorphs. Quartz in eucrite has been 
identified by a new method of color CL imaging. In 
this study, we have conducted to clarify the origin of 
the silica minerals, especially the genesis of quartz in 
eucrite.  

Seven eucrite (NWA 1466, NWA 5356, NWA 
7188, Juvinas and Agoult) were selected for CL 
measurements. CL color images were obtained using 
the Luminoscope (ELM-3) with electron beams 
generated by an excitation voltage of 10 kV and a 
beam current of 0.5 mA. CL spectra were obtained 
employing a system of CL-SEM, which comprises a 
SEM (JEOL: JSM-5400) combined with an integral 
grating monochromator (Oxford: Mono CL2) over 
the wide wavelength range of 300 nm to 800 nm. The 
system was operated at 15 kV with 2 nA incident 
beam current in a scanning mode. All CL spectra 
were corrected for the total instrumental response. 

CL color imaging at high magnification can 
identify the quartz in Juvinas as a red-brown to 
maroon color, which occurs in the fissures and /or 
rim of tridymite with blue-gray CL. A spot analysis 
by Raman spectroscopy confirms the silica 
polymorphs, whereas CL imaging can easily picture a 
two-dimensional view of these minerals. CL 
spectrum of the quartz shows two emission bands at 
380-390 nm in a blue region and 640-650 nm in a red 
region. Spectral deconvolution analysis using a 
Gaussian curve reveals that the emission components 
at 3.3 eV and 2.8 eV in a blue region are assigned to 
defect centers related to Al-O Bridge and Ti impurity, 
respectively, also the component at 1.9 eV to a non-
bridging oxygen hole center (NBOHC). Low 
emission component derived from Ti center indicates 
a quartz crystallization at a relatively low 
temperature. NBOHC has the emission center related 
to the OH in the lattice such as a O3�Si-O-H 
precursor. These results imply that the quartz in 
Juvinas occurred as a secondary mineral altered from 
the tridymite under hydrothermal condition.  
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Past releases associated with metal plating 
activities resulted in an acidic sulfate plume with 
elevated concentrations of Ni, Cu, Cd, and Zn in the 
shallow aquifer beneath a metal plating facility 
located adjacent to a waterway in the northwestern 
United States. Extensive field and laboratory 
investigations, including subsurface stratigraphy, 
hydraulic testing, aquifer mineralogy, sorption 
capacity, and hydrochemistry, provided the basis for 
developing a conceptual model for Ni fate and 
transport in groundwater and parametrizing a reactive 
transport model using PHAST to assess the viability 
of natural attenuation processes for long-term 
protection of groundwater and surface water quality. 
Simulations were performed to generate spatially 
distributed dissolved, adsorbed, and solid-phase Ni 
concentrations reflecting present-day conditions, and 
used as a starting condition for predictive simulations 
to evaluate effectiveness and cleanup timeframes of 
several remedial alternatives under considation. 
Long-term (1,000 year) simulation results indicate 
that millerite (NiS) precipitation and Ni adsorption on 
iron oxides effectively attenuate the elevated Ni 
concentrations in groundwater immediately 
downgradient of the source area, resulting in an 
essentially immobile groundwater plume that shrinks 
over time. Sensitivity analyses were conducted to 
assess the influence of sulfate reduction rates in 
driving millerite precipitation and overall natural 
attenuation of Ni. Reactive transport modeling 
quantitatively demonstrated the robustness of natural 
processes in regulating Ni concentrations and 
transport in groundwater and provided support for 
continued protectiveness of water quality in the 
waterway. 
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The chemical state of the deep mantle (lower 

mantle) has been generally estimated by the 
combined knowledges of chemical and isotope 
signatures for mantle-related materials  and CI-
chondrites. It may be a prevalent image that the 
convection prevails the whole mantle and the lower 
mantle would also keep a relatively depleted chracter 
as observed in MORBs and oxidized  state[1].  

  However, we should not neglect signatures 
which seem to be incompatible with such images. 
Noble gas isotopes (e.g., 3He/4He) definitely indicate 
that OIB magma sources should be less degassed than 
those of MORBs. It requires the existence of world-
wide less degassed region in the nonconvective 
mantle through the Earth’s history,  possibly in the 
deeper part of the lower mantle[2].  

In addtion, kimberlites show quite notable 
characteristics.  Kimberlites are effusive diamond-
bearing ultramafic rocks, enriched with alkali 
elements and volatiles, formed under a rather reduced 
condition at a depth of more than 150km until the 
uppemost part of the lower mantle. Initial ratios of Sr, 
Nd and Hf isotopes for kimberlites (group I) 
concentrate to a rather narrow range close to the bulk 
Earth value [3]. Ne isotopes suggest its magam 
source to be similar to the OIB-type[4]. Such 
kimberlite magmas seem to reflect properties of a less 
fractionated and reduced part in the deep mantle. 

  Furthermore, oxygen isotope systematics of CI-
chondrites (highly oxidized) show the different trend 
with that of terrestrial materials, while E-chondrites 
have the same one like lunar samples with terrestrial 
materials[5]. Hence, E-chondrites, which are highly 
reduced, might be related to the chemical properties 
of the Earth at least partly. The deep mantle might be 
more reduced than what has been inferred from a 
model based on  CI-chondrites.  

Thus, noble gases, kimberlites and E-chondrites 
suggest the possible existence of less-degassed, less-
fractionated and reduced part in the lower mantle. To 
unravel the properties of the deep Earth, they should 
be examined in more details. 

 
[1]ex.) White (2015) Geochem. Perspect. 4, 95-251, 
[2]ex.) Kaneoka (2008) Geochem. J. 42, 3-20, [3] ex.) 
Schmidtberger et al. (2001) GCA  65, 4243-4255, [4] 
Sumino et al. (2006) GRL 33, L16318, [5] ex.) 
Clayton and Mayeda (1984)  JGR  89,  C245-C249.  
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Microbial metal reduction and mineral 

formation/dissolution not only play an important role 
in cycling of metals, carbon, and nitrogen, but also 
impact on the speciation and the fate of various trace 
metals and nutrients in anoxic subsurface 
environments. The objectives of this research were to 
study microbial diversity of aerobic and anaerobic 
bacteria enriched from sedimentary rock collected 
from the deep subsurface environments and to 
examine the forming capability of Fe-/Ca-/Mg-/Sr-
/Cd-carbonate minerals in aerobic and anerobic 
environments.  

The microorganisms were enriched from 
sedimentary rock samples collected at 670 ~ 1000 m 
depths of a candidate site for CO2 geologic 
sequestration (Pohang-si, S. Korea). The enriched 
bacterial strains were cultured in anaerobic medium 
containing various electron donors (i.e., acetate, 
glucose, hydrogen, lactate, and pyruvate) respectively 
and subsequently cultured in aerobic medium at 30°C 
and then analyzed by next generation sequencing 
(NGS) to characterize microbial diversity. The 
aerobic and anaerobic bacteria were used to 
investigate a possibility of Fe-/Ca-/Mg-/Sr-/Cd-
carbonate biomineralization coupled to Fe(III) 
reduction using buffer solutions of NaHCO3 (30 � 
240 mM). The precipitated or transformed phases 
produced during metal reduction and 
biomineralization by the aerobic and anaerobic 
bacteria were examined using XRD and SEM-EDS 
analyses.   

The anaerobic and aerobic bacteria were able to 
use the different electron donors while reducing 
Fe(III)-citrate at 30°C. NGS analysis showed that 
anaerobic bacteria included Shewanella sp., 
Clostridium sp. and aerobic bacteria included 
Shewanella sp., Providencia rettgeri. The anaerobic 
and aerobic bacteria exhibited precipitation minerals 
such as siderite (FeCO3), monohydrocalcite 
(CaCO3·H2O), huntite [Mg3Ca(CO3)4], strontianite 
(SrCO3), Mg-rich calcite (MgxCa1-xCO3) and 
cadmium carbonate (CdCO3) . 

Therefore, given the abundance of 
Fe/Ca/Mg/Sr/Cd ions, the carbonate mineralization 
process by enriched bacteria can provide us potential 
to mineral trapping of CO2 for geologic sequestration. 
Microbial processes on the formation of carbonate 
mineral under aerobic and anaerobic conditions will 
significantly advance management of carbon in 
diverse environments. 
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Lake Soyang is the deepest and largest artificial 
dam reservoir in South Korea constructed in 1973. 
Since 1980s, Lake Soyang had experienced an 
expansion of the fish farm area until the fish farming 
was prohibited in 1999. In this study, we investigated 
the impact of fish farming on sedimentary organic 
matter (OM) in Lake Soyang. We collected a 50-cm 
long sediment core in the past fish farm area and 
analysed total organic carbon (TOC) and total 
nitrogen (TN) contents and stable isotopic 
composition of TOC and TN (δ13CTOC and δ15N). The 
age model of the sediment core is based on the 210Po 
analysis. All parameters considered shows a 
distinctive shift at 10 cm core depth, which 
corresponds to the age of ~2000 AD. Our 
geochemical data indicate that OM derived from the 
fish farmingimpacted the sedimenatry OM 
composition in our study site until 2000 AD. After 
the removal of the fish farm, the aquatic contribution 
to the total carbon pool increased. Accordingly, our 
study indicates that the fish farm removal caused a 
drastic change in sedimentary OM composition from 
an anthropogenic source to a natural source. 
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To understand the weathering processes, we 
traced compositional changes of modern Khurar 
River sediments for 35 km, from the source to sink in 
Madhya Pradesh, India. The entire course of the 
Khurar River is composed of the Bundelkhand 
Granitic complex of Archean age. Here, all 
parameters including sediment petrography, 
mineralogy and geochemistry demonstrating 
weathering, grain-size, mixing and recycling are 
investigated in detail. The bed load sediments are 
very coarse to coarse grained and show a definite 
trend of sorting (poorly to moderately well sorted 
from source to confluence) downstream, but they do 
not show any trend in terms of elemental composition 
similar to the bed load sediments of Ganga River. 
The sediments samples are sub-arkosic in nature and 
XRD analysis show dominance of quartz, microcline, 
muscovite, albite, orthoclase, and oligoclase. The 
Khurar River sediments have lower FeO (≤ 1.49 wt 
%), TiO2 (≤ 0.27 wt %), Al2O3 (≤ 11.03 wt %), Cr (≤ 
66 ppm), Co (≤ 8 ppm), Cu (≤ 19 ppm) and Ni (≤ 12 
ppm) than UCC and PAAS; but the concentration of  
Pb (≤ 21 ppm) and Rb (≤ 142 ppm) are higher than 
UCC and PAAS. Lower concentrations of transition 
elements, such as V, Ni and Cr imply enrichment of 
felsic minerals in these sediments. Trace element 
compositions in some sediment samples (high Zn at 
some stations) suggest anthropogenic contamination 
in them. A-CN-K ternary plot indicates total 
alteration of plagioclase resulting in more removal of 
CaO and Na2O due to continuous weathering in the 
catchment area. In A-C-N ternary plot, sediments lies 
near to the albite concentration above the anorthite - 
albite line are gradually depleted in anorthite 
indicating that they are the weathering products of 
albite enriched parent material. The A-CNK-FM 
ternary plot shows that all the samples plot close to 
the feldspar apex indicating higher abundance of 
feldspars. The CIA (54 to 57), PIA (58 to 64) and 
CIW (70 to 78) values of the sediment samples 
suggest low to intermediate weathering environment. 
UCC and PAAS normalized pattern of REE (Rare 
earth elements) exhibit depletion of HREE with 
positive Eu anomaly suggesting weathering of 
feldspar and their secondary products, which are 
enriched in Eu. Thus, the major, trace and rare earth 
elements geochemistry in bed load sediments from 
Khurar River suggest that they are derived from the 
weathering of felsic rocks under sub-humid climatic 
conditions and the sediments present the signatures of 
the  



Goldschmidt Conference Abstracts 1430 

Guadalupian (Middle Permian) 
Sr isotope profile and reef 

collapse in low/mid-lattitude 
shelf carbonates in NE Japan 

and Primorye (Russia)  
TOMOMI KANI1 YUKIO ISOZAKI2  YURI 

ZAKHAROV3 
1 Department of Earth and Environmental Sciences, 

Kumamoto University, Kumamoto, 860-8555, 
Japan (kani@sci.kumamoto-u.ac.jp) 

2 Department of Earth Science & Astronomy, The 
University of Tokyo, Komaba, Meguro, Tokyo 
153-8902, Japan  

3 Far-Eastern Geological Institute, Russian Academy 
of Sciences (Far Eastern Branch), Stoletija 
Prospect 159, Vladivostok, RU-690022, Russia   

 
We report the 87Sr/86Sr of the Capitanian 

(Middle Permian) limestones from the Iwaizaki 
limestone in NE Japan and the Chandalez 
limestone in Primorye, Russia. Both limestones 
represent shallow-marine shelf carbonates 
deposited along the Pacific margin of South 
China at the low/mid-latitude. Both abundantly 
yield Capitanian index fusulines of genus 
Lepidolina.  

The Iwaizaki limestone, analyzed more in 
detail on litho- and biostratigraphy, is composed 
mainly of massive (ca. 100 m) reef complex 
with overlying (ca. 40 m thick) interbedded 
limestone/mudstone.  The latter represent the 
collapsing stage of reef on the continental shelf.   
The present results confirmed that extremely 
low 87Sr/86Sr values of ~0.7069 characterize 
the topmost limestone/mudstone interbeds. The 
values are equivalent to those of the “Permian 
minimum” interval, thus, suggesting that the 
Iwaizaki reef collapsed during the Capitanian.   
In the Chandalez limestone, extremely low 
87Sr/86Sr values of ~0.70690 occur not only 
from the Capitanian Lepidolina–horizon but 
also from the underlying Wordian Parafusulina–
horizon. This suggests that the “Permian 
minimum” had started sometime in the 
Wordian.  

The Phanerozoic lowest sea-level occurred 
in the late Capitanian.   The suggested 
appearance of global cooling is concordant with 
the Capitanian collapse of reef complex in the 
Iwaizaki limestone.  The “Permian minimum” 
appears also consistent with the putative cooling 
because the proportion of glacier-covered area 
regulate erosion/weathering rate of time-
integrated highly radiogenic continental silicate.  
The onset of the Guadalupian-Lopingian 
boundary extinction was possibly related with 
this global cooling. 
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Sea ice contains high concentrations of iron (Fe), 

and melting of sea ice is one of the possible processes 
that supplies Fe to surface waters. To provide an 
insight for understanding the contribution of 
particulate Fe (PFe) derived from sea ice to the 
phytoplankton growth, leachable Fe (LFe) from sea 
ice particles was quantified by a time-dependent 
leaching experiment. Two sea ice samples used for 
the experiment were collected from a subarctic 
marginal sea of the North Pacific. Filtered seawater 
(FSW) (<0.2-µm, Fe concentration 0.5 nM) under 
Antarctic sea ice was used as a leaching solution. 
First, melted sea ice was filtered through a 0.2-μm 
filter mounted on the Teflon filter holder to collect Fe 
particles. 100 mL of the FSW was then poured onto 
the holder to leach the Fe particles retained by the 
filter. The filter was allowed to sit at room 
temperature for the prescribed leaching time of 0, 0.2, 
0.5, 1, 4, 24, and 48 hours. The LFe was sequentially 
collected at the end of the each time step. The results 
showed that the LFe (%) increases with increasing 
leaching time in all cases and ranges from 1.0－6.8% 
over 48 hours of leaching (Figure 1 and Table 1). Our 
results indicate that the some labile Fe fractions of 
PFe in sea ice can constitute a bio-available source of 
Fe when the Fe is released from the melting sea ice to 
seawater. 

 
Figure 1: (a) Fe concentration in FSW as leaching 
solution. The procedural blanks (n = 2) are also 
presented. (b) LFe (%) in particle from sea ice 
accumulated at each time step. 
 
Experiments Samples Total Fe 

(TFe,nmol) 
PFe/TFe 

(%) 
LFe/Pfe 

(%) 
Exp. A-1 Sea ice-

A 
3.6 96 6.8 

Exp. A-2 Sea ice-
A 

5.3 89 1.6 

Exp. B-1 Sea ice-
B 

10.8 93 1.0 

Exp. B-2 Sea ice-
B 

13.1 94 1.2 

 
Table 1: Results from the leaching experiment. 
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Japanese Holocene stalagmites 

Stalagmite study in Japanese caves based on U-
Th dating has represented new aspects on the Late 
Pleistocene-Holocene paleo-moisture in Japanese 
Islands [1-3]. In turn, results of the U-Th dating 
imply that growth of many studied stalagmites 
slowed or stopped in 4000-6000 years ago although 
dripwater are still active on these stalagmites. This is 
clearly due to low Ca concentration of the dripwater, 
and only a few stalagmites are fed by enough Ca 
concentration for calcite precipitation. Thus, Ca 
concentration of dripwaters in Japan decreased in 
mid-Holocene. 
Did Jomon Man kill the stalagmites? 

Dripwater Ca concentration is primary controlled 
by pCO2 at soil/limestone interface where limestone 
is dissolved. Then, temperature, moisture, and 
vegetation abundance are main factor for soil CO2 
produced by root respiration and microbial 
decomposition of organic matter. If the soil CO2 in 
the limestone areas decreased in 4000-6000 years 
ago, at least one of the factors drastically changed at 
this period. 

Considering relatively stable climate during 
Holocene, the most likely factor was declined 
vegetation. Inferring from the age of 4000-6000 years 
ago, cooling and drying were unlikely and not 
supported from the stalagmite data. Instead, more 
likely cause was farming by Jomon Man that had 
expanded in Honshu in mid-Holocene. In addition, it 
is well known that they preferred to live in limestone 
areas because they could hide from rain. Their burnt 
farming may have destroyed thick forest vegetation, 
resulted in decreasing soil pCO2 and dripwater Ca, 
and ultimately declined the growth of the stalagmites. 
We have only little supporting evidence for this 
hypothesis, but the mid-Holocene peak of fine-
grained charcoal in lake deposits implies active 
farming by Jomon Man. Another consequence from 
the farming could be wide distribution of black-
colored soil (Kuroboku). Further examination is 
required to study detailed charcoal-pollen occurrence 
in lake deposits, as well to perform radiocarbon 
dating for Kuroboku and burnt wood from the 
Holocene soil and archeological sites in Japanese 
Islands. 

 
[1] Shen et al. (2010) Quatern. Sci. Rev. 29, 3327-
3335. [2] Hori et al. (2013) Chem. Geol. 347, 190-
198. [3] Sone et al. (2013) Quatern. Sci. Rev. 75, 
150-160. 
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Granitic waste rock is the world’s 2nd most 

important waste material produced by uranium 
mining. Although waste rocks are not especially 
concentrated in uranium, the stability of those 
millions of tons of granitic waste rocks, piled in the 
landscape, might become questionable during long 
term weathering. Compared to massive granite, these 
rocks have a higher specific surface and are more 
reactive to chemical and mechanical alteration. Our 
study focuses on waste rock piles exposed to 50 y of 
weathering.  

We use a multi-scale approach, associating field 
observations with mineralogical and geochemical 
investigations, to assess the impact of incipient 
weathering on U-migration in the waste rock piles 
and the surrounding environment.  

The main results are comparable with a previous 
study on a smaller site [1] and show: 1) The 
occurrence of arenization processes enhanced by 
vegetation, with protosoil occurrence. 2) The 
formation of weathering products such as clay 
minerals, iron oxides and secondary phosphates 
especially concentrated in the clay fraction. 3) Re-
concentration of uranium in the clay fraction. 4) 
Neoformation of micrometric U-phosphate minerals. 
5) Increase in U concentration correlated to increases 
in clay fraction, iron oxides, phosphates and 
accessory minerals, which confirm the 
immobilization of U even in oxidizing conditions. 

 
[1] F. Boekhout, M. Gérard, A. Kanzari, A. Michel, 
A. Déjeant, L. Galoisy, G. Calas and M. Descostes 
(2015), Appl. Geochem., 58, 123-135. 

 
 
 



Goldschmidt Conference Abstracts 1434 

Seasonal changes in uranium 
porewater chemistry in a 

contaminated wetland 
DANIEL I. KAPLAN1, CHEN XU2, PETER H. 

SANTSCHI2, DIEN LI1, JOHN C. SEAMAN3, PETER 
R. JAFFÉ4 

1 Savannah River National Laboratory, Aiken, SC, 
daniel.kaplan@srnl.doe.gov 

2 Texas A&M University – Galveston, Galveston, TX 
3 Savannah River Ecology Laboratory, Aiken, SC  
4 Princeton University, Princeton, NJ  
 

Wetlands can concentrate groundwater 
contaminants.  Understanding the highly coupled 
hydrology, microbiology, and geochemistry 
responsible for this concentrating process is needed to 
make informed decisions about the long-term 
stewardship of such sites. Four depth-descrete 
diffusion samplers in a uranium contaminant wetland 
on the Savannah River Site in South Carolina were 
sampled repeatedly over two years.  Trends in pH, 
Fe, Mn, and Eh data suggested that the more 
oxidizing conditions near the soil surface may 
influence dissolved U concentrations. Based on 
XANES, U was bound to the soil at the study site 
primarily as U(VI) and generally >80% in the U was 
in the +6 oxidation state.  The soil U(VI) was 
primarily sequested by natural organic matter (NOM) 
via bidentate bonds with C.  Sequential extractions of 
the soil indicated that 70 – 90% of the soil U was in 
an organic fraction (as operationally defined by a 
H2O2-extracted).  Further studies indicated that plant 
root zones, the rhizosphere, were especially enriched 
in U.  Based on SEM analyses, the rhizosphere U 
distribution was correlated to P.  These results 
suggest that the NOM complexation and to a lesser 
degree, redox conditions, played especially important 
roles in uranium geochemistry in this wetland system.   
These finding have implications on the management 
of contaminated wetlands so that these “sinks” do not 
become “sources” of environmental contaminants.   
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Iron is abundant in freshwater and marine 

sediments where it can be biogeochemically cycled 
between its divalent and trivalent redox state (1). The 
neutrophilic microbiological Fe cycle involves 
Fe(III)-reducing and three different physiological 
groups of Fe(II)-oxidizing microorganisms, i.e. 
microaerophilic, anoxygenic phototrophic, and 
nitrate-reducing Fe(II)-oxidizers. However, it is 
unknown whether all three groups of Fe(II)-oxidizers 
co-exist in one habitat or how they are spatially 
distributed with relation to gradients of O2, light, 
nitrate and Fe(II). We investigated Fe(II)-oxidizers in 
both freshwater and marine sediments at Lake 
Constance (Germany) and Aarhus Bay (Denmark), 
respectively, by cultivation, most probable number 
(MPN) studies and qPCR (2). We isolated 
representatives of all three metabolic types of Fe(II)-
oxidizers and are now using a combination of batch 
microcosms, core incubations, and chemostat 
experiments to study their spatial distribution, their 
activities and, in particular, their interrelation and 
competition. Additionally, we are investigating the 
environmental consequences of their activities for 
Fe(III) mineral formation and the fate of trace metals 
(Ni, Co) in the sediment, as well as the role of these 
microbial processes in the emission of greenhouse 
gases. The ultimate goal of this work is to determine 
the importance of microbial Fe(II) oxidation in both 
modern and ancient aqueous habitats. 

 
(1) Laufer, K., Nordhoff, M., Roy, H., Schmidt, C., 
Behrens, S., Jorgensen, B.B., Kappler, A. (2016) Co-
existence of microaerophilic, nitrate-reducing, and 
phototrophic Fe(II)-oxidizers and Fe(III)-reducers in 
coastal marine sediment. Appl. Environ. Microbiol., 
in press.  
(2) Melton, E.D., Swanner, E.D., Behrens, S., 
Schmidt, C., Kappler, A. (2014) The interplay of 
microbially mediated and abiotic reactions in the 
biogeochemical Fe cycle. Nat. Rev. Microbiol., 12, 
797-808. 
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Scope 
The Saronikos Gulf in the Central Aegean Sea is 

a fairly complex coastal system, being the main 
receptor of domestic and industrial effluents of 
Athens metropolis (5,000,000 inh.), and recognized 
as a heavily impacted marine area [1]. We present an 
assessment of heavy metal contamination based on 
the analysis of 95 surface sediment samples obtained 
between 1999 and 2013, analyzed by XRF [2]. 

Discussion and conclusion 
Heavy metal (Cr, Ni, Cu, Zn and Pb) and As 

contents compared against empirical sediment quality 
guidelines ERM-ERL and TEL-PEL exceeded all 
criteria pointing to high probability for severe 
impairment of the marine life. Subsequently, 
enrichment factors were estimated for selected 
elements, using Al as normalizer and a local deep 
sediment as background. Mean EFs for V, Cr, Mn, 
Co, Ni, Mo and As were found to be <2 and 
corroborate for natural occurrence for those elements. 
On the contrary, mean EFs for Cu, Zn and Pb were 
high and reached values of 45, 25 and 22, for Pb, Cu 
and Zn, respectively. Elefsis Bay and the area around 
the Waste Water Treatment Plant on Psyttalia island 
are the most impacted areas of the Gulf. A decreasing 
trend in spatial EF distribution was observed from the 
NE to SW, i.e. as the distance from the heavily 
urbananized sectors of Athens increases. 

General linear model multivariate analysis was 
used to identify trends in heavy metal enrichment 
during the 14-year period of observations. Despite the 
enforcement of several measures aimed to the 
impovement of the marine environment,   no 
significant decreasing (or increasing) heavy metal 
contamination trends could be identified. 

 
[1] Paraskevopoulou et al. (2014) Mar. Pollut. 

Bull. 87, 323–337. [2] Karageorgis et al. (2009) 
Water Air Soil Pollut. 204, 243–258 
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The physical and chemical properties of spa 
water samples taken from 20 springs were 
investigated. The order of anions in thermal waters 
are Cl->HCO3

->SO4
2->CO3

-. B, Cl, SO4 and HCO3 
contents varies widely. Alkali-alkaline earth cation 
contents of the water are determined as 
Na+>Ca2++Mg2+>K+. pH, Eh, and temperatures, 
values of waters range from 6.4 to 9.3, and 880 to 
43600 (µS/cm) and 27 to 86 °C, respectively. Total 
dissolved solids (TDS), alkalinity and salinity values 
are between 589 and 2900 ppm, 241 and 2714 mg/l, 
and 0.4 and 28 ppt. The most of TDS contents of the 
spa waters are between acceptable ranges in 
swimming pools. In many spa waters, concentration 
of Al, Cr, Ni, Fe, and Mn are usually higher than 
those of the drinking water. As content is over 100-
220 times the drinking water limit, its content may be 
caused some skin irritations in bath therapy. Most of 
the spa waters are characterized as hard waters. Due 
to containing very high SO4 than drinking water may 
be suitable for the treatment of some skin diseases. 
The spas water is defined as “thermo-mineral” water. 
In general, spa waters can be used for relaxation of 
muscles, reduction of pain, and the elasticity of 
connective tissue and for joint mobility treatments in 
the spa environment. The majority of the analyzed 
spa waters is suitable for thermal and hyper thermal 
bathing. 
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Fresh water re-flooding of former acid sulfate soil 
(ASS) wetlands is a remediation approach which 
generates alkalinity and leads to the reformation of 
various Fe(II) and reduced inorganic sulfur (RIS) 
species in surface soil layers. However in highly 
dynamic climate regimes, the newly formed RIS and 
Fe(II) species,  are likely to be vulnerable to 
oxidation during dry periods, thereby generating 
substantial amount of acidity[1]. However, the 
kinetics and magnitude of acid generating reactions 
and competing acid neutralisation reactions during a 
dry episode are poorly constrained. In addition, the 
initial first flush of flooding following a dry period 
can mobilise a substantial amount of acidity and 
metals to the adjacent water bodies, prior to eventual 
re-establishment of reducing conditions. Effective 
management of these wetlands requires clear insights 
into the redox cycling of Fe, S and acidity within 
sediments and surface waters during wet-dry periods. 
In the first phase of the study, ten surface soil 
samples from two freshwater re-flooded ASS 
wetlands and subjected to oxidative incubation for 
130 days. During the oxidative incubation, soil pH 
decreased rapidly by ~2–3 units, whilst titratable 
actual acidity increased. RIS species decreased over 
time whilst the reactive pool of Fe (III) minerals (e.g. 
schwertmannite) increased. Importantly, the highest 
rates of acidity generation occurred within the first 20 
days, suggesting that surface soil layers in these 
remediated wetlands are prone to rapid acidification 
during future droughts. In the second phase of the 
experiment we re-flooded selected oxidised 
sediments from both wetlands under anaerobic 
conditions, for 84 days. During early stages of the re-
flooding experiment (up to 7 days) we observed the 
initial pulse of acidity and metals, followed by quite 
rapid (4-6 weeks) reversion to anaerobic /sulfate-
reducing conditions which ameliorates acidity and 
sequesters Fe / S and trace metals. Although 
management of these wetlands in a highly dynamic 
climate such as Australia will remain challenging 
over the long term, knowledge of the timing of redox 
oscillations and the associated changes in water 
geochemistry can be helpful to mitigate of risks to 
downstream estuarine water quality. 

 

[1]Johnston, S.G., Burton, E.D., Aaso, T., 
Tuckerman, G., 2014. Sulfur, iron and carbon cycling 
following hydrological restoration of acidic 
freshwater wetlands. Chemical Geology, 371(0): 9-
26.  
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Microstructures, major and trace element 
composition of rocks and minerals from pyroxenites 
and harzburgites of Egiingol massif (Dzhida terrain, 
Central Asian Orogenic Belt) were investigated. 
Pyroxenites occur as veins (up to 1-2 meters wide) in 
harzburgites. Harzburgites have geochemical 
characteristics of supra-subduction peridotites. 
Orthopyroxenites contain relics of olivine in 
orthopyroxenes (Opx); websterites contain relicts of 
orthopyroxenes in clinopyroxenes (Cpx). Spinels of 
pyroxenites are inherited from harzburgites. 
Composition of the spinel may have been changed 
due to metamorphic transformations (over 600 °C) 
and interaction with a melt. Olivines of pyroxenites 
have Mg# resemble those of harzburgites but show 
higher NiO concentrations. Orthopyroxenes of thin 
veins show similar compositions for orthopyroxenites 
and contact harzburgites. Mg# of Opx and Cpx are 
correlate with each other, and decrease from 
orthopyroxenites to websterites. Compared to 
orthopyroxenites, wesbterites show larger variation of 
the pyroxene composition (Al2O3, Cr2O3, Mg#). Also, 
composition of websterite pyroxenes is more close to 
pyroxenes from high-Ca boninites. Apparently, 
orthopyroxenes were more equilibrated with boninitic 
melt than clinopyroxenes. Clinopyroxenes are 
characterized by low HREE, decrease to MREE, and 
depleted to enriched LREE. Level of M-HREE 
concentrations of clinopyroxene from 
orthopyroxenites and websterites is the same. The 
composition of calculated equilibrium melt for 
clinopyroxene of websterites is similar to primary 
composition of high-Ca boninites of Troodos 
ophiolite [1]. Orthopyroxenites from thin veins have 
PGE and Re distribution similar to enclosing 
harzburgites, with lower Os and Ir concentrations in 
orthopyroxenites. PGE distribution of 
orthopyroxenite and websterite from thick veins is 
similar to pattern for boninites. All clinopyroxenes 
and most orthopyroxenes are enriched in 18O 
compared with pyroxenes from mantle peridotites. 
The δ18O values increase from harzburgite to 
orthopyroxenite than websterite, from +5.5 to 6.6 ‰. 
Thus, the model of pyroxenite formation by the 
interaction of peridotite with high-Ca boninitic melt 
and replacement sequence: 
Ol(peridotite)→Opx→Cpx is more consistent.  

[1] Sobolev et al. (1996) Petrology 4, 307–317. 
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The Australian Alps are the highest water 

yielding landscape in South-Eastern Australia and are 
projected to be impacted by climate change through 
longer dry periods and more episodic rainfall. In this 
work we studied the major ion and dissolved organic 
carbon (DOC) responses of three alpine peatlands 
(and the broader catchment containing these systems) 
to a high intensity (summer) storm event. Despite the 
high volume of rainfall, major ions in stream waters 
remained strongly chemostatic throughout the event. 
This was particularly the case for Ca2+ and Mg2+, as 
well as the alkalinity by association, and suggests that 
chemical regulation of these particular cations occurs 
through rapid mineral exchange reactions. DOC 
concentrations increased during the storm pulse, 
leading to shift in the partitioning of alkalinity from 
bicarbonate to organic anions and a decrease in pH, 
as mediated by the CO2 saturation levels in the stream 
water. Our results suggest that alkalinity generation 
(Ca2+ and Mg2+ dissolution) and partitioning (DOC 
export) are decoupled processes that may respond 
differently to repeat storm events depending on the 
capacity of these systems to provide these 
constituents. Under extreme case scenarios depletion 
of DOC (at constant alkalinity) would lead to a 
smaller pH excursion during a storm pulse, while 
depletion of alkalinity would lead to a larger pH 
excursion, with buffering controlled by free acid. 
While we have not identified the mineralised source 
of Ca2+ and Mg2+ (and therefore alkalinity) in this 
work, this will be critical to understanding the 
capacity of these peatlands to respond to repeat and 
more intense storm events. 
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Thorium is a significantly radioactive element 

that occurs in most rocks and soils, with relatively 
high concentrations of ~10 ppmw on the Earth’s 
crust. Thorium is also present in Al-ores (bauxites) 
and is concentrated into their metallurgical residues 
produced through the industrial Al production 
process [1]. However, the nature of Th in the 
metallurgical residues is not fully understood. Here, 
we use advanced electron microscopy to identify the 
location of Th and its carrier minerals in a 
metallurgical residue. The sample was provided from 
the Aluminium of Greece S.A. company and contains 
a significant amount of Th, ~110 ppmw [2].  

The sample is composed of gibbsite (Al(OH)3), 
diaspore (AlOOH), hematite (Fe2O3), calcite 
(CaCO3), cancrinite- and hydrogarnet-like phases as 
major minerals along with fine-grain aggregates with 
the “Na, Al, Si, Ca, Ti, Cr, Fe” composition, which 
was examined by XRD and SEM [2]. There is no sign 
of Th in the SEM observations, implying either the 
very low concentration over the sample or the local 
accumulation with below submicron size (in minerals 
or as precipitate). Several major mineral phases are 
identified by TEM; diaspore, hematite, anatase (TiO2) 
and clay-like minerals but none of them contains 
detectable Th. However, long dwell time and high 
count rate TEM-EDS measurements allowed Th in a 
perovskite-type (CaTiO3) mineral to be detected with 
sufficient signal levels, ~700 ppmw Th. The 
identified perovskite-type mineral has typically ~200 
nm in size and contains a significant amount of Na 
(Na/Ca=0.25). Electron diffraction patterns from this 
phase show diffraction spots additional to those from 
perovskite, which might be caused from the presence 
of Na and/or O vacancies. The incorporation of Th 
into perovskite also has been supported by EXAFS 
study [2]. Our measurements suggest the perovskite-
type mineral can be one of the major Th carriers but 
from the small volume fraction of the perovskite 
(<<1%) in this sample, Th should also exist in other 
forms, in which the concentrations of Th are below 
the detection limit of the used instrument (<100 
ppmw). 

 
[1] Adams & Richardson (1960) Econ. Geol. 55, 
1653.  
[2] Gamaletsos et al. (2016) Sci. Rep. 6, 21737 (in 
press) 
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X-ray absorption Fine Structure analysis in 
fluorescense mode (FL-XAFS) has played a crucial 
role in speciation of trace elements in various 
environmental samples.  However, this method does 
not nessecerily work well for precious metals in ore 
deposits because high concentrations of coexisting 
elements can cause serious interference.  Here, we 
report high-sensitivity speciation of platinum (Pt) in 
marine ferromanganese oxides by the application of 
the wavelength-dispersive XAFS method. This 
method places a Bent Crystal Laue Analyzer (BCLA) 
in front of the detector[1], which enables the selective 
extraction of fluorescence X-rays of Pt.    
    Marine ferromanganese oxides are aggregates of 
Fe and Mn (oxyhydr)oxides that accumulate a variety 
of elements from seawater, including ~1.8 ppm of Pt 
(Lα: 9.443 keV) and ~1000 ppm of Zn (Kβ: 9.572 
keV)[2].  Introduction of BCLA in front of the 
detector succesfully reduced the spectral background 
by about 100 times compared with conventional FL-
XAFS; this allowed us to find the white line of Pt L3-
XANES of natural ferromanganese oxides for the 
first time.  Although spectal quality was still poor for 
the determination of its host phase by EXAFS 
analysis, the white lines in XANES region clearly 
indicated that Pt is present as a tetravalent species 
coordinated by O atoms, which is different from the 
tetrachloro complex of P(II) dissolved in seawater.  
Two opposite mechanisms for Pt accumulation have 
previously been proposed: (i) oxidation to insoluble 
form of Pt(IV) on the solid surface or (ii) reduction to 
the insoluble metal phase. Direct evidence for the 
oxidative Pt accumulation, obtained from natural 
samples, provides significant progress applied to the 
future exploration of Pt-rich ferromanganse oxides in 
the marine environment.   
 
[1] Kashiwabara et al. (2010) Chem. Lett. 39, 870-
871. 
[2] Hein et al. (2016) Deep-sea Res. I, 110, 1-19. 
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The increasing production of municipal sewage 

sludge (MSS) from wastewater treatment brings 
environmental challanges since it is treated as waste. 
MSS landfilling is no longer possible due to 
tightening the EU directives, therefore MSS 
incineration is regarded as an interesting option for its 
management and energy recovery (waste-to-energy). 
As a result of MSS incineration, bottom ash (BA) and 
air pollution control (APC) residues are produced. 
Due to volume and mass reduction valuable metals 
are concentrated in these residues.  

In this study we investigated possible ways of 
management of residues produced in MSS 
incineration plant in Poland and characterized thier 
resource potential based on results of chemical 
analyses (ICP-OES, ICP-MS). 

The values of allowable concentrations of metals 
in the soil at industrial sites at depths 0-2 m with 
accordance to Polish norms (Dz.U.02.165.1359) were 
exceeded both in BA (Cr, Sn, Zn, Cu and Ba) and 
APC (Sn, Zn, Cd, Hg) indicating these materials 
should not be stored. 

The high content of P2O5 and K2O in BA allowed 
to consider usage of this material as a fertilizer. For 
solid organic-mineral fertilizers (Dz. U. Nr 147, poz. 
1033) standards for Cr and Ni were exceeded, thus 
disqualifing this material however all standards for 
solid mineral fertilizers were fulfilled. APC do not 
meet required criteria for any fertilizer due to too low 
concentration of P2O5 and K2O and too high 
concentration of toxic elements.  

The relatively high content of valuable elements 
in both materials can indicate their recovery potential, 
however after comparing the concentration of 
valuable metals in residues with minimum 
concentration in ores currently explioted only Ba and 
Cr in BA, and Sb concentrations in the APC were 
elevated. Further analysis will determine the 
prevalence of metals in residues (metals in the form 
of inclusions or bound or dispersed in minerals) and 
will allow estimating whether in a simple and 
economically reasonable way they can be recovered. 

Acknowledgement: The study was supported by 
NCN grant No UMO-2014/15/B/ST10/04171. 
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The chemical and isotopic compositions of pore 

fluids provide important insights on fluid-rock 
diagenetic or metamorphic reactions, as well as on 
the subsurface hydrology. Li is one of the most 
prominent tracers used for these objectives. Like the 
other alkali elements, it strongly partitions into the 
fluid-phase, in particular at moderate to high 
temperatures. The partitioning is strongly temperature 
dependent. Evidence of large-scale fluid flow, 
primarily focused along faults, is manifested by 
widespread seafloor venting. The nature of fluid 
venting, however, seems to differ at erosional and 
accretionary subduction zones (SZs). At both, venting 
sites are primarily associated with faults.  
     Lithium and δ7Li data from five well-studied, 
representative erosional and accretionary SZ forearcs 
will be presented. Most characteristically, the 
expelled fluids from forearcs generally have higher Li 
concentrations and lower δ7Li values than seawater 
(SW). These together with other important 
geochemical characteristics, e.g., Cl dilution, SO4, Ca 
and Mg depletions, higher B, Si, Sr, alkalinity, and 
hydrocarbon concentrations, and often distinctive 
δ18O, δD, δ11B, and δ37Cl values, provide key 
insights on the source of the fluid and the temperature 
at the source. Most importantly, based on recent 
extrapolated fluid reflux to the ocean at SZ forearcs, 
these reflux fluids contribute significantly to both, the 
Li concentration and 6Li in the ocean.  
     Recent hydrothermal experiments with MORB-
SW and smectite-SW, at 35-350 °C at 25 °C steps, 
and 600 bars, show that Li is released into the fluid 
throughout the experimental temperature range, with 
a significant release at ~250 °C. 
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Thermodynamic Analysis 
Na-bentonite which is one of the natural clays is 

used as a buffer material and a backfill material for 
the radioactive waste disposal system. Bentonite has 
the nature of swelling by contacting with water and it 
is important for sealing function. 

In this study, the effect of sodium hydroxide 
(NaOH) on swelling stress of Na-bentonite was 
analyzed based on the thermodynamic approach [1, 
2].  Figure 1 shows the calculated results of bentonite 
as a function of montmorillonaite partial density and 
NaOH concentration. 

 

 
Figure 1: Comparison between calculated swelling 
stresses and measured values for each NaOH 
concentration. 
 

Discussion of results 
 The calculated swelling stress decreased with 

increasing NaOH concentration. However, although 
the experimental data were obtained in the condition 
of high ionic strength, those were approximately the 
same as results calculated in the condition of distilled 
water. Considering the experimental period was 
several tens of hours, there is a possibility that power 
water dose not reach equilibrium state.  
 
[1] H. Sato (2007) ICONE15, ICONE15-10207, 7 

pages. 
[2] H. Sato (2008) Phys. and Chem. of the Earth 33, 

S538-S543. 
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The forest canopy is an important interface 
between atmosphere and soil horizon and act as an 
effective receptor of atmospheric fallout. The 
atmospheric fallout will be partitioned into two 
fractions, namely interception by forest canopies and 
that directly reaches forest floor through the canopy. 
Thus, interception processes significantly affect 
initial distribution and subsequent redistribution of 
atmospheric fallout under forest canopies. 

Radioncesium deposited on forested areas by 
either wet or dry processes encounter the canopy. 
Most radiocesium (> 90%) deposited onto the 
coniferous forest canopy is intercepted and retained 
by tree leaves and branches and subsequently 
transferred to the forest floor as a result of weathering 
processes in association with rain and wind. 
Radiocesium leaching by rainwater seems to be huge 
source of secondary contamination of forest floor 
during initial phase of accidents, however effects of 
canopy interception and subsequent transfer of 
atmospherically deposited radiocesium have not been 
linked with spatial variability of radiocesium and its 
temporal evolution at the forest floor.  

The purpose of this study is to investigate spatial 
pattern of atmospherically deposited radiocesium at 
forest floor and its temporal evolution in evergreen 
cedar and mixed broad-leaved forest affected by the 
Fukushima reactor accident. We monitored the 
cesium-137 (Cs-137) contents in throughfall, 
stemflow, and litterfall in two coniferous stands 
(plantation of Japanese cedar) and a mixed deciduous 
broad-leaved forest stand (Japanese oak with red 
pine). In addition to that, the repeated in-situ 
measurement of radiocesium was conducted in order 
to determine radiocesium distribution at forest floor.  

We discussed the effect of initial canopy 
interception and subsequent redistribution of canopy-
radiocesium on its spatial patterns at the forest floor. 
The results of this study give a better understanding 
of  the fate of atmospheric fallout in Japanese forest 
environment. 
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Various radionuclides such as 90Sr were released 
into seawater during the accident of the Fukushima 
Daiichi nuclear power plant. We need to establich 
techniques to eliminate such radionuclides from the 
contaminated seawater. 

Mn oxides, particulary biogenic Mn oxides 
(BMOs) are known to sorb various metal ions [1, 2]. 
BMOs have been produced by microbial oxidation of 
Mn2+. However, rate of microbial oxidation is usually 
slow.  Therefore, it will take  several day for 
production of BMO. On the other hands, they can be 
also produced by reduction of MnO4

-  using biomass 
(biomass-MnOX) [3]. Nevertheless, there are little 
information on metal uptake mechanisms during the 
formation of biomass-MnOX. In this research, we 
have demonstrated the uptake of Sr2+ during the 
formation of biomass-MnOX. 

Biomass-MnOx ware produced by reduction of 10 
mg/L KMnO4 with Pseudomonas  fluorescens in 40 
mL of 0.1 M NaCl containing 4 mg/L Sr2+. The 
concentrations of Mn and Sr in the aqueous phase 
were determined by ICP-OES after filtration. 
Oxidation states of Mn and Sr in BMOs were 
characterized by Extended X-ray Absorption Fine 
Structure (EXAFS) analysis. 
  The concentration of Mn and Sr decreased up to 
10% and 73% within 4 h, respectively, after 
inoculating the cells into the Mn(VII) and Sr2+ 
containing solution. The blackish precipitates were 
formed in the bottom. In the precipitates, Mn(VII) 
was reduced to Mn(IV), Mn(III), and Mn(II) by 
XANES analysis, showed the formation of biomass-
Mn oxides. EXAFS analysis of Sr showed that the 
presence of Mn around Sr. These results indicate that 
Sr was formed inner-sphere complex with Mn during 
coprecipitation. 
  At 24 h after the inoculation, the concentration of Sr 
increased from 73% at 4 h to 83%, suggesting the 
dissolution of Sr from biomass-Mn oxides. In the 
absence of Sr, higher amounts of Mn ions were 
dissolved from the biomass-Mn oxides than without 
Sr.  
  These results indicate that Sr2+ was sorbed by the 
biomass-Mn oxides in the initial stage of the 
coprecipitation, followed by the dissolution by the 
exchange with Mn2+ produced by the reduction of the 
biomass-Mn oxides. 

 [1] Suarez DL. et al. (1976) Geochim. Cosmochim. 
Acta 40, 589-598.  
[2] Yu Q et al. (2013) Geomicrobiol. J. 30, 829-839. 
[3] Lei L et al. (2014) Environ. Sci. Technol 48, 
2885-2892. 
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The potential of deep-sea “REY-rich mud” in the 
Pacific Ocean as a new resource for rare-earth 
elements and yttrium (REY) has been reported in 
2011 [1]. The mud has multiple advantages as a 
mineral resource: e.g., enormous resource potential, 
very low contents of radioactive elements, easy 
leaching/refining. In 2013, JAMSTEC and the 
University of Tokyo revealed that the REY-rich mud 
with ΣREY contents more than 6,000 ppm exists at a 
very shallow depth (2 to 4 meters) below the seafloor 
in the Japanese Exclusive Economic Zone (EEZ) 
around Minamitorishima Island that is located ~1,900 
km southeast of Tokyo [2]. 

Since the discovery of the “extremely REY-rich 
mud”, we have conducted a comprehensive study 
with various approaches such as geochemical 
analyses, detailed microscopic observations, REY-
leaching experiments, application of sub-bottom 
profiling to the exploration, and statistical analysis of 
the geochemical data set, towards the exploitation of 
the new and highly promising REY-resource in the 
near future. In addition, together with private-sector 
corporations, we are also starting to address the 
challenges for developing the deep-sea REY-rich 
mud deposit, including various technical issues (e.g., 
how to lift the mud from the seabed deeper than 
5,000 m of water depth) and economic evaluations. 
The collaborative efforts of industry, academia, and 
the government are the key to success of deep-sea 
mining of REY-rich mud. 

Here we report a general overview of our latest 
researches to unravel the genesis of the REY-rich 
mud in the Minamitorishima EEZ, together with our 
development system for the REY-rich mud deposits. 
 
[1] Kato, Y. et al. (2011) Nature Geoscience 4, 535–
539. 
[2] Fujinaga, K. et al. (2013) JpGU Meeting 2013, 
SGC54-05. 



Goldschmidt Conference Abstracts 1449 

Does organic sulfur make a 
significant and overlooked 

contribution to sedimentary S 
cycling in low sulfate 

environments? 
SERGEI KATSEV1,  MOJTABA FAKHRAEE, JIYING 

LI, KATHRYN SCHREINER, CODY SHEIK 
Large Lakes Obsevatory, University of Minnesota 

Duluth, 2205 E. 5th St., Duluth, MN, USA 55812, 
1skatsev@d.umn.edu 
 

Microbially mediated sulfate reduction 
mineralizes organic carbon, generates hydrogen 
sulfide, and mediates the geochemical cycles of iron, 
phosphorus, and other elements. Under the prevailing 
paradigm, the sulfate for this process is assumed to be 
supplied into sediments by diffusion from the 
overlying water column. Under low-sulfate 
conditions, however, a significant or even dominant 
contribution may come from organic sulfur that is 
buried into the sediment with the deposited organic 
matter. In deeply oxygenated sediments of Lake 
Superior, for example, the concentrations of 
porewater sulfate below the sediment-water interface 
are higher than in the overlying water column, and 
the sediment serves as a source rather than a sink of 
sulfate to the water column. Under such conditions, 
activities of sediment sulfur-reducing microbes must 
be supported entirely by the in-sediment production 
of oxidized S compounds from organic S. Modeling 
indicates that contributions from organic sulfur may 
be pervasive in environments such as oligotrophic 
freshwater lakes or the Earth’s oceans during certain 
past geologic periods. The organic sulfur compounds 
buried into the sediment below the depth of sulfate 
penetration may also potentially support cryptic 
biogeochemical cycling there, affecting in particular 
the redox cycling of iron. Drawing on literature data 
compilation, we make modeling estimates for the 
contributions of organic S to sediment sulfate 
reduction in different types of sediments, simulate the 
expected geochemical and isotopic signatures of such 
contributions, and discuss current knowledge gaps. 
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Introduction 

Forest catchments are important source of 
terrestrial DOC to the downstream ecosystem. 
However, although the DOC properties may vary 
depending on the difference of rainfall-runoff 
characteristics between catchments, how the 
characteristics affect on the DOC properties is still 
unknown. In this study, we  discuss the relationship 
between ranifall-runoff characteristics and DOC 
properties based on the observations in five well-
organized granite catchments.  
Methods 

The observations were conducted in Kiryu 
Experimental Watershed (KEW) in Japan. We set up 
five catchments within KEW. Unsaturated soil waters 
(SW) through the profile, groundwater occurred in 
hillslope during rainstorms (HGW), transiently or 
seasonally occurred groundwater (TGW), and  
groundwater existed throughout the year (SGW) as 
well as the streamwaters in each catchment were 
sampled for four years. DOC concentrations, an 
indcator of molcular weight (SR) [1] and the 
humification index (HIX) [2] and relative 
contribution of three fluorescent components (%C1-
%C3) identified by EEM-PARAFAC were 
considered. The C1 and C2 were humic-like, and C3 
was protein-like component.  
Results and Discussion 

Results of the principal component analysis with 
six parameters revealed the difference of DOC 
properties along with each hydrological process.  The 
properties in SW at A0 layer and in HGW were 
similar, and in SW at infiltration processes and in 
TGW were similar, respectively. The properties in 
SGW were clasified by the depth; %C1 was dominant 
at the shallower layer, and %C3 increased at the 
deeper layer. The properties in the streamwaters at 
each catchment were different depending on the 
relative contributions of SGW from shallow and deep 
layers.  Therefore, hydrological processes within 
catchments and runoff proceses of groundwater are 
key factors of  the DOC properties in streamwater. 
 
[1]Helms et al. (2008) Limnol. Oceanogr. 53, 955-
969.  [2]Ohno (2002) Environ. Sci. Technol. 36, 742-
746. 
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Model of Proterozoic silicocarbonatite 
magmatism  

We use Davies’ (1995) [1] model of the thermal 
evolution of the Earth’s mantle and the experimental 
literature of melting in a carbonated mantle to 
investigate the relationship between the formation of 
Proterozoic mantle metasomes and the occurrence of 
the most economic carbonatite deposits. The 
temperature of the carbonate-mica-peridotite solidus 
was significantly lower than the geotherm during 
episodic intervals of large thermal events in the 
Proterozoic mantle.  The implication is that 
underplating by voluminous magmas would either 
enrich metasomes in established Sub Continental 
Lithospheric Mantle (SCLM) or destroy metasomes 
by large fraction melting in new SCLM with higher 
heatflow.  Between thermal peaks, the carbonate-
mica-peridotite solidus largely coincided with the 
geotherm at P > 4 GPa, implying that the formation 
of small-fraction, volatile-rich metasomatising melts 
was common and widespread.  Magmas with 
compositions between carbonatite and kimberlite 
would generate extensive metasomes in the 
Proterozoic SCLM that acted as reservoirs for post-
Proterozoic magmatic events, or transported critical 
metals such as REE to the crust, where they were 
further concentrated in carbonatite by fractionation 
from silicocarbonatite parental magmas.  

Application to carbonatite-hosted ore deposits 
The largest carbonatite-related ore deposits are 

often Proterozoic: examples include Mountain Pass 
(USA), Mount Weld (Australia), Bayan Obo (China) 
(REE, Nb), and Phalaborwa (RSA) (Cu). Our model 
neatly explains the enriched nature of Proterozoic 
carbonatites, the location of the most critical-metal 
enriched Phanerozoic carbonatites in Proterozoic 
terranes and the association of carbonatites with 
ultramafic cumulates that fractionated from parental 
carbonate-rich magmas. 
 
[1] Davies (1995) Earth Planetary Letters 136, 363-
379. 
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The Bowers Ridge is an 800 km-long arcuate 
aseismic ridge extending northward from the Central 
Aleutian Ridge. IODP Expedition 323 drilled a total 
of 41.54 m of igneous basement at site U1342 in the 
northwestern Bowers Ridge. The recovered 
basement, composed of andesitic lavas and basaltic to 
andesitic volcaniclastic rocks, provide an opportunity 
to explore temporal change in magma composition at 
Bowers Ridge just before the cessation of arc 
magmatism in the Oligocene. The recovered volcanic 
samples yield 26–34 Ma 40Ar-39Ar ages and have arc 
signatures characterized by depletion of HFSE and 
enrichment of LILE on the multi-element diagrams 
normalized to NMORB. The trace element features 
confirm the arc-origin of the ridge that was deduced 
from the dredge samples around Site U1342. In arc 
magmatism, flux from subducted oceanic crust 
played an important role as suggested by high Ce/Pb 
and unradiogenic 206Pb/204Pb. Temporal change of 
magma chemistry was examined from both the core 
and the dredge samples. Lower units of the core 
samples exhibit low to medium-K series, whereas 
both the upper units of the core and the dredge 
samples show medium- to high-K series. In addition, 
the dredge samples are more enriched in LREE, Rb, 
and Ba, and show higher (LREE, MREE)/HREE 
ratios than the core samples. The dredge basalts and 
andesites fall within the adakite field on the adakite 
discrimination diagrams, whereas all the core samples 
are non-adakitic basalts and andesites. These 
geochemical results suggest that the difference in 
magma compositions between the core and the 
dredge samples reflect the difference in the amount of 
slab-derived flux and/or the flux compositions. In this 
context, the inferred slab melting event may not be a 
unique scenario for producing the adakitic dredge 
basalts and andesites. Larger amount of slab-derived 
flux and higher melting pressure can also explain the 
change in magma compositions from the non-adakitic 
to adakitic suites.  
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The self-potential method can be traced back in 

the literature in the nineteenth century as a tool for 
exploring ore deposits in land environments [1] but 
now it has been replaced by active electromagnetic 
surveys. The reason is simple: The self-potential 
method in land environments takes an effort to obtain 
reliable data set. The self-potential method, however, 
has been revived as a tool for imaging subsurface 
fluid flow associated with volcanoes, geothermal 
systems, and contaminated aquifers combined with 
numerical modeling of fluid flow [1].  

The self-potential method can be revived as a tool 
for exploring buried ore deposits in marine 
environments; though, it has not been used in these 
environments except for a few exceptions [2,3]. A 
conceptual model for land environments [4] indicates 
that a negative self-potential anomaly is expected 
above an ore body. Our numerical modeling extended 
to marine enviroemnts indicates that self-potential 
signals from an ore body several tens of meters below 
the seafloor is detectable several tens of meters above 
the seafloor. We report a preliminary result of self-
potential surveys conducted in a known hydrothermal 
field near the Japan Islands.  
 
[1] Revil & Jardani (2013), The Self-potential 
Method, Cambridge University Press, Cambridge, 
U.K. [2] Heinson et al. (1999), Marine self potential 
exploration, Explor. Geophys., 30(1-2), 1–4. [3] 
Heinson et al. (2005), Marine self-potential gradient 
exploration of the continental margin, Geophysics, 
70(5), G109–G118. [4] Sato & Mooney (1960) The 
electrochemical mechanism of sulfide self-potentials, 
Geophysics, 25(1), 226–249. 
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Photochemistry is important for the origin of life 

and the early earth’s environment. Previous 
photochemical experiments suggest that the reaction 
initiated by UV in CO-rich atmosphere can produce 
simple organic compounds mainly formaldehyde and 
methanol [1,2]. The amount and speciation of organic 
molecules are known to depend on redox state of 
atmosphere. Under the presence of liquid H2O, 
production rate of organic molecules are an order of 
magnitude faster than the H2O-unsatulated condition, 
suggesting photolysis of water is critical to initiate 
the abiotic UV synthesis. Also, the reducing ocean 
containing ferrous iron may possibly control the 
redox state of the ocean-atmosphere system, though 
the role of ferruginous ocean for abiotic UV synthesis 
is poorly understood. We have conducted a new 
photochemical experiments to simulate the reducing 
atmosphere and Fe(II)-bearing ocean. The results of 
our experiments suggest that formate, acetate, 
propionate, and normal alkanes are synthesized under 
CO-atomosphere in contrast to previous expeirment. 
Under the presence of Fe(II)-bearing water, the 
production rate of formate is about three times faster 
than the simple CO-H2O system without ferrous iron. 
Furthermore, formate is formed even when the gas 
phase is pure CO2 when liquid-phase contains Fe(II). 
These results suggest that the production rate and 
speciation of organic matter depends on the 
availability of H2O as well as total redox state of the 
whole atmosphere and ocean systems. Based on the 
results, we have modeled the reaction network and 
calculate supply rate of each organic compounds into 
early ocean. 

 
[1] Bar-Nun & Chang (1983) JGR, 88, 666. [2] Pinto 
et al. (1980) Science 210, 183 
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The stable isotope ratios of carbon (13C/12C) and 

hydrogen (D/H) in methane have been used as 
geochemical tracers to deduce its origin. The stable 
isotope diagnosis is justified by the current 
understanding of stable isotope systematics with 
respect to each of the methanogenic processes and 
factors. It has been well confirmed that the magnitude 
of the carbon isotope fractionation depends on the 
substrate availability of the methanogenic 
environment: a greater 13C-depletion in the produced 
CH4 occurs under a lower H2 concentration [1]. In 
contrast to the carbon isotopic characteristics, the 
hydrogen isotope characteristics of methanogenesis 
remain less understood in terms of the factors 
affecting fractionation such as the H2 availability. 
While possible relationship between the CH4–H2O 
hydrogen isotope fractionation and the H2 availability 
has been reported, as well as the case in carbon, we 
recently demonstrated that the hydrogen isotope ratio 
of substrate H2 also affects the hydrogen isotope ratio 
of the produced CH4 [2], called “δDH2 effect.” 

In this study, we examined patterns of both 
carbon and hydrogen isotope fractionations among 
CO2-H2-H2O-CH4 with respect to H2 availability for 
hydrogenotrophic methanogens by laboratory 
incubations of pure culture (high pH2 condition) and 
coculture with hetrotrophic H2-producing bacteria 
(low pH2 condition) [3]. The CH4-H2O isotope 
fractionation at high pH2 varied due to the δDH2 effect 
while that at low pH2 ranged narrow and agreed with 
that examined previously. Noteworthy the CH4-H2O 
isotope fractionation at low pH2 exhibited in 
laboratory cultures is lower than that found in the 
corresponding geological samples. The observations 
including δDH2 effect can be interpreted consistently 
by kinetics of methanogenic pathway and molecules 
transport across the cell membrane.  
 

 
References 
[1] Valentine, D. et al. (2004) Geochim. Cosmochim. 

Acta  68, 1571-1590. 
[2] Kawagucci, S.. et al. (2014) Geochim. 

Cosmochim. Acta  142, 601-614 
[3] Okumura, T. et al. (under review) 
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We formulate the inverse problem of waveform 

inversion for localized 3-D seismic structure, 
computing partial derivatives of waveforms with 
respect to the elastic moduli at arbitrary points in 
space for anisotropic and anelastic media. In this 
study we minimize computational requirements by 
using the Born approximation with respect to a 
laterally homogeneous model, but this is not an 
inherent limitation of our approach. We solve the 
inverse problem using the conjugate gradient (CG) 
method, using Akaike’s Information Criterion (AIC) 
to truncate the CG expansion. We apply our method 
to invert for 3-D shear wave structure in the 
lowermost mantle beneath Central America, the 
western Pacific, and Alaska at periods from 12.5 to 
200 s for deep and intermediate-depth events. The 
resulting model beneath Central America shows 
lateral heterogeneity in the E–W direction, which 
may be associated with a subducted cold slab 
surrounded by hotter materials with slower velocities 
[Kawai et al. GJI 2014] and also shows another high 
velocity anomaly located beneath the north of South 
America [Borgeaud et al. AGU Fall meeting 2015]. 
Next, we find two low-velocity zones at the bottom 
of the target region, with a high-velocity zone in the 
middle, and a low-velocity zone above the high- 
velocity zone and contiguous with the two deeper 
low-velocity zones at a depth of 200–300 km above 
the core-mantle boundary (CMB) beneath the western 
Pacific. This supports the idea that the Pacific LLSVP 
may be an aggregation of small upwelling plumes 
rather than a single large thermochemical pile 
[Konishi et al. GJI 2014]. Various tests show that our 
model is robust. 
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 In-situ U-Pb chronology with Secondary 

Ion Mass Spectrometer (SIMS) has been widely used 
to understand the history of the solar system 
including the Earth, Moon, and asteroids (e.g. [1]). 
One of the disadvantages of the SIMS, however, is 
that the secondary ion yield is low (less than a few 
%), and a large fraction of the samples sputtered by a 
primary ion beam are lost as neutrals without being 
analyzed. The severely low useful yield leads to 
difficulty in analyzing trace elements with a sub-
micron scale resolution. 
 To overcome this difficulty, we have been 
developing Secondary Neutral Mass Spectrometer 
(SNMS), which post-ionizes sputtered neutrals with 
an intense pulsed laser beam [2]. The instrument 
consists of a focused ion beam, a femtosecond laser 
and a multi-turn Time-of-Flight (ToF) mass 
spectrometer (MULTUM). The sample is sputtered 
by a 30 keV Ga+ ion beam which can be focused to a 
spot diameter of 40 nm. The ejected neutrals are 
irradiated with the femtosecond laser and ionized in 
the intense laser field through the non-resonant 
ionization regime, thereby increasing the ionization 
yield. The produced ions are introduced into the 
MULTUM which performed an ultra high mass 
resolving power of 250000 [3]. As the result of the 
performance evaluation of this system with a lead 
plate, it was demonstrated that the post-ionization 
with a high power laser increases Pb+ signal intensity 
more than 10000 times higher and the mass 
resolution greater than 12000 can be achieved by 
utilizing the MULTUM. 
 Toward the application to U-Pb 
chronology, 91500 zircon which contains around 100 
ppm uranium and is used as a standard specimen of 
zircon U-Pb dating was measured. From a sputtered 
area of around 1 μm in diameter, U+, UO+ and UO2

+ 
signal peaks were detected. In this presentation, we 
will also report the result of the lead isotope ratio of 
the same specimen and discuss the feasibility of sub-
micron scale in-situ U-Pb chronology with this 
instrument. 
  
[1] Terada & Sano (2012) Mass Spectrometry, 1, 
A0011. [2] Ishihara, et al. (2010) Surf. Interface 
Anal., 42, 1598. [3] Toyoda, et al. (2012) J. Mass 
Spectrom. Soc. Jpn., 60, 87. 
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Chlorine-rich (>0.3wt%Cl) biotite (Bt) inclusions 

in the core of garnet porphyroblasts in the garnet-
sillimanite (Grt-Sil) gneiss from Skallevikshalsen, 
Lützow-Holm Complex (LHC), East Antarctica is 
estimated to be stable under >1.2 GPa, 820-850 oC, 
coexisted with granitic melt as suggested by the 
nanogranite/felsite inclusions. Rare occurrence of 
matrix Bt suggests almost complete consumption of 
pre-existed matrix Bt during the prograde to peak 
metamorphism. Brine infiltration during prograde to 
peak metamorphism is supported by Cl-rich scapolite 
[1]. Brine infiltration and progress of continuous Bt-
consuming melting reactions were probably 
responsible for elevating the Cl content of Bt. 

Electron microprobe U-Th-Pb dating of monazite 
(Mnz) and the in situ LA-ICPMS U-Pb dating of 
zircon (Zrn) in the Grt-Sil gneiss revealed that both 
Mnz and Zrn has the ‘older age population’ with ca. 
650-580 Ma and the ‘younger age population’ with 
ca. 560-500 Ma. The REE and trace element pattern 
of one of the P-rich patches in the Grt core is 
different from the P-rich Grt rim. The isotope 
mapping of the same patch by LA-ICPMS revealed 
that the patch is also observed as a domain depleted 
in 51V, 89Y, 165Ho, 166Er, 169Tm, 172Yb, and 175Lu. Clear 
difference in 51V concentration between the patch and 
the Grt rim suggests that this patch is not a 
continuous part from the Grt rim, but is likely a relic 
of preexisted garnet. Kyanite included in the patch 
suggests that the precursor rock was presumably a 
medium- to high-pressure type metamorphic rock. 
Presence of the older age population (ca. 650-580 
Ma) Mnz in Skallevikshalsen and Skallen [2] also 
suggest that rocks in these areas experienced 
polymetamorphism, and resetting by the ca. 560-500 
Ma metamorphic event was incomplete in these 
areas. Taking into account the presence of Cl-rich Bt 
inclusions in Grt, infiltration of brine accompanied by 
partial melting is one probable event that took place 
at ca. 560-500 Ma in the Skallevikshalsen area, and 
part of the Mnz possibly recrystallized by this brine 
infiltration.  
References: [1] Satish-Kumar et al., 2006, JMG. [2] 
Hokada and Motoyoshi, 2006, Polar Geosci. 
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High-pressure and high-temperature experiments 

suggest that saline fluids can effectively transport 
large-ion-lithophile elements such as Pb, Rb, and Sr 
(Kawamoto et al., 2014, Earth Planets and Space) and 
carbonate (Newton and Manning, 2002, Am 
Mineral). In order to understand chlorine and fluid-
mobile elements recycling in subduction zones, we 
determine the salinity of natural fluid inclusions in 
mantle xenoliths and jadeitites from serpentine 
mélanges of Southwest Japan and Dominican 
Republic. The salinity of aqueous fluids in the mantle 
wedge seems to decrease from trench side to back-arc 
side: from 5.1 ± 1.0 wt% NaCl equivalent in 
harzburgite xenoliths of the Pinatubo, a frontal 
volcano of the Luzon arc, the Philippines, to 3.7 ± 0.8 
wt% NaCl equivalent in lherzolite xenoliths of the 
Ichinomegeta, a rear-arc volcano of the Northeast 
Japan arc (Kawamoto et al., 2013, Proc Natl Acad Sci 
USA, Kumagai et al., 2014, Contrib Mineral Petrol). 
Abundances of chlorine and H2O in olivine-hosted 
melt inclusions also suggest that frontal basalts have 
higher Cl/H2O ratios than rear-arc basalts in the 
Guatemala arc (Walker et al., 2003, Contrib Mineral 
Petrol).  

In addition to these data, fluid inclusions in 
quartz-free jadeitites contain aqueous fluids having 7 
± 0.3 wt% NaCl equivalent and those in quartz-
bearing jadeitites contain aqueous fluids having 4.6 ± 
1.2 wt% NaCl equivalent in supra-subduction zones 
in the Southwest Japan arc (Mori et al., 2015, 
International Eclogite Conference). Quartz-bearing 
jadeitites contain fluid inclusions of aqueous fluids 
having 4.3 ± 1.3 wt% NaCl equivalent in Rio San 
Juan Complex, Dominica Republic (Kawamoto et al., 
2015, Goldschmidt Conference). These data indicate 
that aqueous fluids with higher salinity are found at 
shallower than the reaction of albite = jadeite + 
quartz occurring at 1.5 GPa, 500 °C. All of these 
salinity data in natural fluid inclusions have values 
similar to or slightly greater than the value of salinity 
of seawater (3.5 wt% NaCl equivalent) and show 
decreasing salinity from trench to back-arc side in the 
mantle wedge and subduction channels. This can 
suggest that aqueous fluids dehydrated from the 
subducting hydrous minerals “wash out” salt 
components during dehydration reactions due to the 
preference of halogen to fluids (Scambelluri, et al., 
2004, Earth Planet Sci Lett, Bernini et al., 2013, 
Contrib Mineral Petrol, Debret et al., 2013, Terra 
Nova). 
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   Interaction between clay minerals, zeolites, etc. 
and  gas/water/aqueous solutions have impotant rolls 
in the earth's surface environments.  The 
physicochemical processes  are generally complex 
and often difficult to understand because of the 
complicated molecular structures/texture and the 
ambient conditions under wet circumstances.  We 
have investigated the structure and 
physical/dynamical properties of the mineral-
gas/liquid systems by means of  molecular simulation 
methods; molecular dynamics (MD) and Metropolis 
Monte Carlo (MC) methods.  We have investigated 
adsorption, diffusion, hydration, interface properties, 
etc. of those systems. 

   We have developed atomic interaction models 
of inorganic systems.  The models compose of 
Coulomb, short range repulsive, van der Waals and 
covalent (radial and angular) terms with respect to all 
the elements appeared in the mineral-water systems.   
MD simulations were performed with full degree of 
freedom of atom motions.  Using the model for H2O 
molecule, the structure and physical properties such 
as density, diffusion coefficients, etc. of ice 
polymorphs and water are well reproduced.  Alkali 
haride aqueous solutions and gas hydrates and their 
(hydrophobic) solutions are also reasonably 
simulated.  

   We discuss in my presentation on : 
1) effective and transferable atom/molecule 

models for molecular simulations: model forms and 
parameter determinations, 

2) relaxation/equilibration of some systems in 
MD simulations, 

3) possibility of large/complex simulations of the 
earth's surface environments based of atoms, 

4) extension to macro systems and meso-scale 
modeling, 

5) others. 
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Low molecular weight (LMW) dicarboxylic acids 
such as oxalic (C2), malonic (C3), and succinic (C4) 
acids are major species of ambient organic aerosols 

[1]. To better understand dynamics of diacids in 
marine aerosols, we collected marine aerosol samples 
in 2001-2013 on weekly basis at Chichijima Island 
(27°04'E; 142°13'N) in the western North Pacific, an 
outflow region of Asian aerosols and their precursors 
and determined stable isotopic composition (δ13C) of 
diacids (C2-C9) and oxoacids (C2-C9) using 
GC/C/IRMS after BF3/n-butanol derivatization [2].  

We found  relatively high δ13C values (-22‰ to -
2‰, av. -12‰) for oxalic acid. The δ13C values 
increased from winter to summer. The summertime 
maxima may be associated with photochemical aging 
of organic aerosols with a significant enrichment of 
13C in oxalic acid in the remote marine atmosphere. It 
may be caused by kinetic isotopic fractionation 
during the photochemical degradation of oxalate-Fe 
complex[3] and/or the gas/particle partitioning of 
glyoxal and glyoxylic acid, which are important 
sources of oxalic acid. We also found a gradual 
decrease in δ13C of oxalic acid from 2001 to 2013. 
The decadal trend will be discussed in terms of 
changes in the atmospheric oxidation capability in the 
western North Pacific. 
 
[1] Kawamura and Bikkina (2016) Atmos. Res., 170, 
140-160. [2] Kawamura and Watanabe (2004) Anal. 
Chem. 76, 5762-5768. [3] Pavuluri and Kawamura 
(2012) Geophys. Res. Lett., 39, L03802. 
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The formation process of CaCO3 polymorphs 

from aqueous solutions has attracted research for 
more than a century. Recently, a crystallization 
pathway through non-classical mechanisms has been 
put forward as a possible process for early-stage 
CaCO3 formation [1]. Molecular dynamics simulation 
studies with accurate force fields have succeeded to 
provide to a new picture of how CaCO3 growth 
occurs [2], however this technique cannot be adopted 
to systems including Mg2+, which is considered to 
have an influence on CaCO3 polymorph selection, 
because a Mg2+ ion in aqueous solution cannot be 
released from a tight hydration shell within the time 
scale of computer simulations. 

Therefore in the present study, to investigate the 
effect of Mg2+ incorporation on CaCO3 nucleation, 
the stable structures of anhydrous additive-free and 
Mg-containing CaCO3 clusters are derived by using 
the anharmonic downward distortion following 
(ADDF) method, which is recently developed to 
make an automated global exploration for reaction 
pathways on the quantum chemical potential energy 
[3-5]. As a result, in the case of the additive-free 
CaCO3 system, structures similar to calcite appear 
when four CaCO3 units aggregate into the cluster, 
while the structure of the Mg-containing CaCO3 
tetramer resembles the aragonite structure in the way 
that CO3 ions are stacked [6]. These results indicate 
that Mg2+ can play a key role in aragonite formation 
in the early stages of CaCO3 formation, not only by 
inhibiting the growth of calcite but also by directly 
promoting aragonite nucleation. 

 
[1] Gebauer et al. (2008) Science, 322, 1819. [2] 
Demichelis et al. (2011) Nat. Commun., 2, 590. [3] 
Ohno and Maeda, (2004) Chem. Phys. Lett., 384, 277. 
[4] Maeda and Ohno, (2005) J. Phys. Chem. A, 109, 
5742. [5] Ohno and Maeda, (2006) J. Phys. Chem. A, 
110, 8933. [6] Kawano et al. (2016) Phys. Chem. 
Chem. Phys., 18, 2690. 
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Background 
Environmental magnetic results are reported for 

the mine tailings of the historic Kamegai Pb-Zn-Ag 
deposit at Mt. Hachibuse in Toyama, Japan. The 
Kamegai deposits were mined between 1567 and 
1926, leaving a great amount of mine tailings in the 
region. These tailings may generate acidic waters 
containin high concentrations of suphide and metals. 
The areas where the mine tailings were discaded at 
Mt. Hachimuse are eailisy recognized by the little 
vegetation. The fern Athyrium yokoscense is the most 
common species in the area and it is known to to 
flourish at sites that are highly polluted with heavy 
metals such as cadmium, copper, lead and zinc [1]. 
Also this fern is well known to accumulate a large 
amount of metals in the tissues, particularly in its 
roots. 

Discussion of Results 
Environmental anaylyses have been used to 

charactrize the pedogenic processes resulting from 
fern growth in the tailings. In-field and in-laboratory 
magnetic susceptibility measurements  show that the 
closer to the fern, the lower the observed 
suscetpbility.  In addtion, the rock magnetic analyses 
of auger core soil samples that were taken at 0 m, 
0.15 m, 0.6 m from the fern indicate an increase in 
the relative amounts of low coercivity minerals at a 
depth of ~0.15 m at the 0 and 0.15 m locations. 
Conversely, an increase in the relative amounts of 
high coervitiy minerals are observed at the same 
~0.15 m depths at the 0.6 m location. The results 
indicate that the changes of the rock magnetic 
properites of the subsurface are reflected either by the 
physicochemical conditions caused by the growth of 
the Athyrium yokoscense or by the effecst of the 
fern’s metal uptake although a variety of geologic, 
biologic, meteorologic and anthropogneic factors 
need to be considred to interprete the subsrface 
pedogenic processes.  
 
[1] Kamachi et al. (2005) J. Plant. Res. 118, 137-145. 
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Oxygen isotopes in coarse-grained CAIs are 

disturbed heterogeneously among the constituent 
minerals along a slope-1 line on an O three-isotope 
diagram [1]. The origin of the heterogeneous O 
isotope distributions in Type B CAIs still remains 
controversial. Here we propose O isotope evolution 
of CAI melt during crystallization to explain the O 
isotopic distributions in an Allende Type B1 CAI 
TS34, based on the petrographic observations and in-
situ O isotope measurements; we also conducted an 
investigation of 26Al−26Mg chronology of the CAI. 
The O and Al−Mg isotopes have been measured by 
using a SIMS instrument, Cameca ims-1280HR, 
installed in Hokkaido University. 

The TS34 CAI mainly consists of melilite, 
fassaite, and spinel, in an igneous texture. Spinel is 
uniformly 16O-rich (Δ17O = −22.7 ± 1.7‰, 2SD), 
while melilite is uniformly 16O-poor (Δ17O = −2.8 ± 
1.8‰). Chemical zoning of Ti in fassaite crystals in 
TS34 CAI corresponds to the direction of crystal 
growth: they grew from Ti-rich to Ti-poor 
compositions [2]. The fassaite crystals show 
continuous variations in Δ17O along the inferred 
directions of crystal growth, from 16O-poor (Δ17O ~ 
−4‰) to 16O-rich (Δ17O ~ −23‰).  The 16O-poor side 
of the fassaite is equilibrated with the melilite. The O 
isotopic distribution in fassaite likely correlates with 
the O isotopic evolution of the melt during fassaite 
crystallization, from 16O-poor to 16O-rich, which may 
have been originated by O isotope exchange with 
16O-rich surrounding nebular gas. The melilite may 
have crystallized from the 16O-poor melt at the 
earliest stage of crystallization, equilibrated with the 
most 16O-poor fassaite. The 16O-rich spinel is a relict 
at the melting and crystallization event. These 
melting and crystallization relationships are 
consistent with phase diagram [3]. Internal 26Al−26Mg 
isochron of the melilite and fassaite in TS34 CAI 
shows an initial value of (26Al/27Al)0 = (5.003 ± 
0.075) × 10−5, which corresponds to relative age of 
0.05 ± 0.02 Myr, from the canonical [4]. Our data 
demonstrate that both 16O-rich and 16O-poor 
reservoirs had been existed in the solar nebula at least 
~0.05 Myr after the birth of the Solar System. 

[1] Clayton et al. (1977) EPSL 34, 209−224. [2] 
Simon et al. (1991) GCA 55, 2635−2655. [3] Stolper 
(1982) GCA 46 2159−2180. [4] Larsen et al. (2011) 
ApJL 735 L37−L43. 
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Creep strength of ringwoodite is important for 

understanding complicated patterns of the mantle 
convection in and around the mantle transition zone. 
We measured the creep strength of ringwoodite at 
16.9-18.0 GPa and 1300-1700 K during axial 
deformation with strain rates of 1.48-3.59 × 10-5 s-1 to 
strains of 13.2-24.9 % using a deformation-DIA 
apparatus with synchrotron X-ray. We characterized 
deformation microstructure and water content of 
recovered samples by scanning and transmission 
electron microscopies and infrared spectroscopy, 
respectively. Based on mechanical and 
microstructural observations, we infer that 
ringwoodite deformed by two deformation 
mechanisms: (1) exponential dislocation creep 
through the Peierls mechanism at 1300-1400 K and  
(2) power-law dislocation creep at 1500-1700 K. The 
creep strength of ringwoodite is apparently lower 
than those of bridgmanite [1-2], wadsleyite [3-4] and 
olivine [5-6]. The present result might imply that the 
lower part of the mantle transition zone is a low-
viscosity layer. Further creep-strength data of these 
minerals are necessary to be determined above 13.5 
GPa and high temperatures to determine viscosity 
structure in and around the lower part of the mantle 
transition zone at strain rates relevant to the mantle 
convection. 
 
[1] Girard et al. (2016) Science 351, 144-147. [2] 
Yamazaki et al. (2000) PEPI 119, 299-309. [3] 
Kawazoe et al. (2011) Am. Mineral. 96, 1665-1672. 
[4] Kawazoe et al. (2010) JGR 115, B08208. [5] 
Karato & Jung (2003) Philos. Mag. 83, 401-414. [6] 
Kawazoe et al. (2009) PEPI 174, 128-137. 
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Amounts of aqueous fluids are released from 

pores and hydrated minerals in the subducting slabs 
(e.g., Jarrard [1]; Hacker [2]). A part of the slab-
derived fluids contribute to generate partial melt in 
the wedge mantle and others upwell directly through 
the mantle as aqueous fluids. We have conducted 
groundwater surveys in Japan islands and analyzed 
chemical and isotopic compositions to detect slab-
derived components in groundwaters collected from 
over 10,000 places from natural springs and deep 
bore holes. We report here areal distribution of 
upwelling of the slab-derived (and magmatic) fluid 
into groundwater system in Japan as geochemical 
evidence, and discuss water circulation style and 
processes in Japanese subduction systems. To detect 
slab-derived fluid, use of lithium (Li) and halogens 
(Cl, Br, I) is proposed as an indicator, which can be 
applied even for complicated mixing groundwater 
systems. The areal distribution indicates that 
upwelling process of slab-derived fluid is 
distinctively different between SW and NE Japan 
arcs, and is well explained by water circulation 
models for SW and NE Japan arcs (e. g., Iwamori 
[3]). Hydrologically determined slab-derived fluid 
fluxes are also shown as an evidence of upwelling 
that gives consistent values with the presumed values 
calculated by Hacker [2].  

 
[1] Jarrard (2003) GGG 4, 5. [2] Hacker (2008) GGG 
9, 3. [3] Iwamori (2008) EPSL 160, 65-80. 
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Characterization of magma transport under a 

volcano is crucial to understand the magma plumbing 
system of the volcano. Complementing geochemical 
and geodetic studies, we evaluated the magma 
transport at Asama Volcano, Japan. Multiple cycles 
of the intensive volcanic gas discharge and ground 
deformation (inflation and deflation) were observed 
at Asama Volcano, Japan, from 2000 to 2011. 
Magma budget of the shallow magma plumbing 
system was estimated on the basis of the volcanic gas 
emission rates and ground deformation data. Recent 
inflations observed in 2004 and 2008 were modeled 
as a dike intrusion to 2–3km west of Asama Volcano. 
Previous studies proposed that magma ascends from a 
mid-crustal magma reservoir to the dike and reaches 
the surface via a sinuous conduit which connects the 
dike to the summit. The intensive volcanic sulfur 
dioxide discharge of up to 4600 t/d at the volcano 
was modeled by magma convective degassing 
through this magma pathway. The volcano deflates 
as shrinkage of the magma in a reservoir by volcanic 
gas discharge. We estimated the volume change of 
the dike modeled based on the GPS observations, the 
volume decrease of the magma by the volcanic gas 
discharge, and the amount of degassed magma 
produced to calculate the magma budget. The results 
show that the volume decrease of the magma by the 
volcanic gas discharge was larger than the volume 
change of the dike during the inflation periods. This 
indicates that a significant volume of magma at least 
more than 2 times larger than the volume change of 
the dike was supplied from the mid-crustal magma 
reservoir to the dike. The volume decrease of the dike 
was comparable with the volume decrease of the 
magma by the volcanic gas discharge during the 
deflation periods. These results strongly suggest that 
an amount of magma moved through a magma 
reservoir is possible to be significantly larger than 
volume change of the magma reservoir estimated by 
the geodetic observations. 
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There is an overwhelming consensus that the 

Sudbury Igneous Complex (SIC) and its Ni-Cu-PGE 
platinum group element (PGE) sulphide ores are the 
products of a meteorite impact at 1.85 Ga and that the 
3 km thick melt sheet produced by that impact was 
entirely of crustal origin [1]. However, the source of 
the ore-forming metals within the SIC remains 
problematic because significant Ni-Cu-PGE sulphide 
deposits are normally only produced by mantle-
derived mafic magmas.  In addition, Sudbury is the 
only example of economic Ni-Cu-PGE sulphide 
mineralisation that is associated with the products of 
a meteorite impact.  

 
There is a strong probability that the Ni, Cu and 

PGEs in the SIC ore deposits were sourced from pre-
existing mineralisation and mafic rocks associated 
with two Large Igneous Provinces (LIPs) within the 
Proterozoic target rocks.  The 2.45 Ga Matachewan 
Large Igneous Province (LIP) includes the 
Matachewan and Hearst Dyke Swarms, the East Bull 
Lake intrusive (EBLI) suite, and bimodal volcanics 
and felsic plutons that occur in the footwall of the 
SIC [2].   The 2.2 Ga Nipissing Diabases are 
comagmatic with the Senneterre Dyke Swarm and 
represent the remnants of an eroded continental flood 
basalt province [3].  A number of the mafic intrusive 
bodies within each of these LIPs host significant Cu-
Ni-PGE sulphide mineralisation.  For example, the 
River Valley Intrusion, which is a part of the EBLI 
suite of intrusions, has a resource of 91 million 
tonnes averaging 0.02 % Ni, 0.0.06 % Cu, 0.22 g/t Pt, 
0.58 g/t Pd and 0.04 g/t Au [4] and the Shakespeare 
Intrusion, one of the Nipissing Diabase intrusions, 
has a resource of  11.3 tonnes grading 0.33 % Ni, 
0.35 % Cu, 0.33 g/t Pt, 0.37 g/t Pd and 0.19 g/t Au 
[3]. All of this suggests that the SIC impact melt may 
have sourced significant metals from pre-existing 
LIP-related magmatic sulphide deposits similar to the 
River Valley and EBLI mineralisation. 
 

[1) Keays & Lightfoot (2004] Mineral Petrol 82, 
217-258.  [2] James et al. (2002) Econ Geol 97, 
1577-1606.  [3] Sproule et al. (2007) Applied Earth 
Science 116, 188-200. [4] Holwell et al. [2003] Econ 
Geol 109, 689-712. 
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The Platinova Reef of the Skaergaard Intrusion in 

East Greenland comprises a resource of 203 million 
tonnes @ 0.88 g/t Au, 1.33 g/t Pd and 0.11 g/t Pt [1]. 
The Skaergaard Intrusion was formed from a single 
batch of magma that crystallized in its entirety as a 
closed system [2].  Unlike all other examples of 
significant magmatic PGE and Ni-Cu-PGE 
mineralization, the Skaergaard rocks exhibit no 
evidence of contamination by S-bearing crustal rocks, 
the major factor responsible for driving magmas to 
sulphide saturation and ore genesis [3].  Although the 
Skaergaard rocks and mineralized zones have 
extremely low S contents, the mineralization is 
believed to be the product of late stage sulphide 
saturation of the magma. Factors that drove the 
magma to sulphide saturation include: (1) prolonged 
build up of S and Cu in the residual melt of the 
fractionating magma; (2) crystallization of magnetite 
which resulted in a decrease in FeO and in the 
conversion of SO-4 to S-2 (3) saturation in Cu 
sulphides as a result of fractionation; and (4) cooling 
of the magma [4]. High quality PGE, Au, Cu, S, Se 
data and other geochemical data for samples from a 
detailed stratigraphic section through the Skaergaard 
intrusion are used to model these elements throughout 
its crystallization history, estimate their 
concentrations in the Skaergaard parental magma, 
and to establish the timing of sulphide saturation and 
the causes of PGE-Au mineralization.  
The Skaergaard magma first became sulphide 
saturated ~300m below the Platinova Reef.  
However, sulphide saturation was initially limited 
to the border zone between the magma and the 
crystallization front.  The remaining magma in the 
chamber did not become completely sulphide 
saturated until after the formation of the Platinova 
Reef at which time there was a significant 
increase in the amount of Cu-rich sulphides 
segregating from the magma.  
[1] 
www.platinaresources.com.au/projects/skaergaard
/ [2] Andersen et al. (1998) Econ Geol 93, 488-
509. [3] Keays & Lightfoot (2010) Miner 
Deposita 45. 241-257. [4] Keays & Tegner (2016) 
Jour Petrol,  doi: 10.1093/petrology/egv075. 
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Simple molecules such as H2CO and NH3 were 
expected to incorporate into the planetesimals with 
water ice in the early accretion history. Cooper et al. 
[1] identified sugar-related compounds in 
carbonaceous chondrites, and speculated that these 
compounds, and possibly insoluble organic matter 
(IOM), were derived from interstellar H2CO via the 
formose reaction. The spectroscopic data supported 
the hypothesis that IOM and refractory organics in 
comets may have formed through the condensation of 
interstellar H2CO after planetesimal accretion, in the 
presence of liquid water in the early solar system 
[2,3]. The addition of NH3 to the solution enhanced 
the rates of organic solid yields at lower temperatures 
and results in substantial incorporation of nitrogen 
into the organic solids [3,4]. 

We are now focusing on the liquid phases of the 
reaction products obtained from H2CO and NH3 with 
various analytical methods, e.g., electrospray 
ionization mass spectrometry (ESI-MS), X-ray 
absorption near edge structure (XANES), infrared 
(IR) spectroscopy and amino acid analyses using high 
performance liquid chromatography (HPLC). The 
analytical results showed that soluble fraction contain 
various carbohydrates (CHO molecules) and these 
with nitrogen (CHON molecules), and 
aromatic/olefinic C=C bond abundance increased 
with temperature. Acid hydrolysis of the solutions 
produced various amino acids up to four carbons. We 
also evaluate the effects of γ-ray as an energy source 
for chemical reactions. γ-ray is expected from decay 
of 26Al which is considered as a heat source for 
aqueous activity in the planetesimals. Our 
preliminary results show that γ-ray induces different 
chemistry from heating experiments. We will discuss 
further the aqueous chemistry of H2CO and NH3 in 
the early planetesimals. 

[1] Cooper et al. (2004) Nature 414, 879-883. [2] 
Cody et al. (2011) PNAS 108, 19171-19176. [3] 
Kebukawa et al. (2013) ApJ 771, 19. [4] Kebukawa 
& Cody (2015) Icarus 248, 412-423. 
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The geodynamic setting of formation of Archean 

layered ultramafic to mafic intrusions is a topic of 
considerable debate. This study reports field, 
petrographic, mineral chemical, geochemical and 
isotope chemical data on meta-ultramafic and meta–
mafic rocks of the ~3.35 Ga Messina layered 
intrusion occurring within the high-grade 
(amphibolite- to granulite-facies) metamorphic 
Central Zone of the Limpopo Complex, southern 
Africa. 

Mapping of a section along the Sand River in the 
Central Zone, delineated meta-peridotite, meta-
pyroxenite and meta-gabbro occurring as 
conformable layers in the host supracrustal rocks. U-
Pb zircon geochronologic data obtained from these 
rocks indicate evidence for polymetamorphic (~2.65 
Ga and ~2.03 Ga) overprint.  

Although metamorphic re-equilibration is 
obvious, no new metamorphic mineral is formed in 
the different rocks studied. Detailed evaluation of 
grain margins between the prominent minerals 
indicated two types of grain margins, with their 
mutual relation used to support the poly-metamorphic 
nature of overprint on the different rocks. Inclusion-
host relations between the prominent minerals helped 
to infer the original igneous order of crystallization. 
Petrographic and mineral chemical analyses 
permitted distinction of two varieties of amphiboles 
in the different rocks, the earlier primary magmatic 
ones occurring as polygonal grains as well as 
inclusions in olivine and pyroxenes, and the later 
occurring along grain margins, often replacing 
clinopyroxene.  

Considering the polymetamorphic nature of the 
study area, detailed element mobility tests were 
carried out to address their effect on the whole-rock 
geochemical data. Different prevailing models on the 
origin of layered intrusions are tested using trace and 
rare earth elements. In the process, a set of immobile-
element based tectonic discrimination diagrams is 
highlighted for their ability to infer the likely tectonic 
setting of Archean layered intrusions. Like the 
scenario of experiments, which simulate natural, arc 
magma compositions, possible derivation from a 
hydrous parental melt like those characteristic of arc 
magmas is suggested for the Mesoarchean layered 
intrusion from the Limpopo Complex. 
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Particle-size distribution (or texture) is an 

important predictor of long-term soil organic carbon 
(SOC) storage and its sensitivity to global change 
impacts in current terrestrial ecosystem models. 
Positive correlations between texture and SOC 
persistence have long been attributed to protective 
associations between clay-sized minerals and organic 
compounds that prevent microbial and enzymatic 
access – a mechanism commonly referred to as 
‘mineral protection’.  

Here we show that the protective effect of texture 
is not only due to mineral protection, but also to the 
formation of anaerobic microsites. Combining micro-
scale laboratory experiments with field-scale 
observations, we find that oxygen diffusion 
limitations within clay-rich domains create anaerobic 
microsites within seemingly well-aerated soils, 
shifting microbial metabolism to less efficient 
anaerobic SOC oxidation pathways. Kinetic and 
thermodynamic constraints reduce SOC oxidation 
rates within these anaerobic microsites by an order of 
magnitude relative to aerobic rates, and caused the 
preservation of bioavailable, polymeric and reduced 
organic compounds. Lifting these metabolic 
constraints through increased soil aeration (e.g., 
changing precipitation patterns or land use) may 
stimulate microbial oxidation of this inherently 
bioavailable SOC pool. Models that attribute the 
effects of texture merely to ‘mineral protection’ may 
therefore underestimate the vulnerability of soil C to 
global change impacts. 
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Olivine is a major constituent of chondritic 

bodies and its response to space weathering processes 
likely dominates the optical properties of asteroid 
regoliths (e.g. S- and many C-type asteroids).  
Analyses of olivine in returned samples and 
laboratory experiments provide details and insights 
regarding the mechanisms and rates of space 
weathering.   

Analyses of olivine grains from lunar soils and 
asteroid Itokawa reveal that they display solar wind 
damaged rims that are typically not amorphized 
despite long surface exposure ages, which are 
inferred from solar flare track densities (up to 107 y) 
[1]. The olivine damaged rim width rapidly 
approaches ~120 nm in ~106 y and then reaches 
steady-state with longer exposure times. The 
damaged rims are nanocrystalline with high 
dislocation densities, but crystalline order exists up to 
the outermost exposed surface. Sparse nanophase Fe 
metal inclusions occur in the damaged rims and are 
believed to be produced during irradiation through 
preferential sputtering of oxygen from the rims. 

 The observed space weathering effects in lunar 
and Itokawa olivine grains are difficult to reconcile 
with laboratory irradiation studies and our numerical 
models that indicate that olivine surfaces should 
readily blister and amorphize on relatively short time 
scales (<103 y). These results suggest that it is not just 
the ion fluence alone, but other variable, e.g. the ion 
flux that controls the type and extent of irradiation 
damage that develops in olivine [e.g. 2]. This flux 
dependence argues for caution in extrapolating 
between high flux laboratory experiments and the 
natural case.  

Additional measurements, experiments, and 
modeling are required to resolve the discrepancies 
among the observations and calculations involving 
solar wind processing of olivine. 

 
References: [1] Keller, L. P. et al. (2016) 46th 

LPSC abstract #2525. [2] Matsumoto, T. et al. (2015) 
LPI Workshop on Space Weathering, LPI 
Contribution No. 1878, 2045. 
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Early Fe depletion of arc magmas (i.e., calc-
alkaline affinity) drives them towards the 
composition of bulk continental crust. Arc magmas 
may develop early Fe depletion due to high magmatic 
H2O, which suppresses silicates, high oxygen 
fugacity (fO2), which promotes early Fe-oxide 
crystallization, or primary Fe-poor magmas may 
emerge via slab melting and mix with Fe-rich basaltic 
magmas, causing an apparent Fe-depletion trend that 
is unrelated to differentiation of a single parent 
magma. Yet, the relative importance of these key 
factors in generating calc-alkaline trends in natural 
arc magmas remains under-constrained. 

In the oceanic Aleutian island arc, magmas 
become strongly calc-alkaline towards the west, 
where convergence is highly oblique. This unique 
setting provides an ideal locale to test the effects of 
H2O, fO2, and parental magma composition on the 
development of Fe-depletion in arc magmas. Here, 
we present new measurements of western Aleutian 
whole-rock lavas paired with Fe3+/∑Fe ratios (a proxy 
for magmatic fO2; acquired by XANES), dissolved 
volatile contents, and major elements of olivine-
hosted melt inclusions from western and central 
Alaska-Aleutian arc volcanoes. The Tholeiitic Index 
(THI; [1]) quantifies Fe depletion in the magma 
series at each volcano (<1 is Fe-depleted, >1 is Fe-
enriched). Over a range of THI, from 0.9-0.65, the 
Fe3+/∑Fe ratios of Aleutian basalts, referenced to 6 
wt.% MgO (i.e., Fe3+/∑Fe6.0) range from 0.22-0.31 
and correlate strongly with THI, such that more Fe-
depleted magmas contain proportionally more 
oxidized Fe. Maximum dissolved H2O contents of 
these volcanoes also negatively correlate with THI 
and with Fe3+/∑Fe6.0 ratios, suggesting Fe-depletion 
originates by differentiation rather than by mixing. 
The effects of H2O and fO2 on arc magmatic 
differentiation are challenging to isolate in nature, but 
experimental data suggest that fO2 exhibits stronger 
control than H2O on the relative appearance of 
magnetite vs. silicates on the liquidus, thus exerting 
greater leverage on the THI. 

 
[1] Zimmer, M.M., et al., 2010, J. Pet. 51, 2411-

2444, doi:10.1093/petrology/egq062. 
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Differences in interpretation of radiometric ages 

for lunar rocks and impact melts limit our ability to 
fully characterize the impact history of the Moon, 
such as the extent of early bombardment flux and the 
nature of flux decay through time. Implementing 
more thermally-sensitive radiometric systems 
provides a means to further document the timing and 
extent of lunar impacts, and that of the inner solar 
system.  

New research on lunar impact-melt breccia 
samples integrates existing U-Pb zircon ages of pre-
impact lunar crust with new low-temperature zircon 
(U-Th)/He (ZHe) thermochronometry from the same 
grains. The diffusion of 4He from zircon closes at 
temperatures between ~220 and <100°C depending 
on accumulated radiation damage to the crystal 
structure [1]. As such, the ZHe method is sensitive to 
peak temperature and rate of cooling during and 
following impact events, with more damaged grains 
susceptible to He loss during lower temperature 
thermal events. 

We present new ZHe results from Apollo 14 
breccia 14311, interpreted to have formed in the 
Imbrium impact at c. 3.95 Ga [2,3]. ZHe dates range 
from c. 4250-3500 Ma at low eU (= U + 0.235*Th < 
100 ppm), dropping to a consistent population of 
younger dates at higher eU. The date-eU correlation 
is typical of that observed in normal terrestrial zircon 
samples. Forward modeling performed using the 
HeFTy software [4] indicates a best-fit thermal 
history dominated by two thermal events, 
corresponding to the age of Imbrium impact (~3.95 
Ga) and a second, more recent event.  

ZHe thermochronometric results from this study 
yield new insights into solar system chronology and 
underscore the utility of low-temperature 
thermochronometers in ancient samples. Data show 
that zircon grains with long histories of accumulated 
radiation damage can nevertheless retain He over ~4 
Gyr timescales and still yield meaningful ZHe dates. 
 

References: [1] Guenthner et al. (2013) 
American J. Sci. 313, 145-198. [2] Simonds et al. 
(1977) LPS VIII 1869-1893. [3] Wilshire & Jackson 
(1972) USGS Prof. Paper 785, pp. 26. [4] Ketcham 
(2005) Reviews Min. Geochem. 58, 275–314. 
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In the Southern Ocean, the nitrogen (N) and 

oxygen (O) isotopes of nitrate (NO3
-) have previously 

been used to investigate modern and past N cycling 
during summertime phytoplankton growth [1]. 
However, recent studies indicate the significance of 
processes in other seasons for producing the annual 
cycle of N isotope changes [2]. We explore the 
impact of fall conditions on the 15N/14N (δ15N) and 
18O/16O (δ18O) of NO3

- and nitrite (NO2
-) in the 

Pacific Antarctic Zone of the Southern Ocean using 
eight depth profiles collected across the Ross Gyre in 
late March and early April 2014. In the mixed layer, 
the δ15N and δ18O of NO3

-+NO2
- increase roughly 

equally, as expected from phytoplankton NO3
- 

assimilation; however, the δ15N of NO3
--only 

(measured after NO2
--removal) increases significantly 

more than does its δ18O. Differencing the 
measurements indicates that NO2

- has an extremely 
low δ15N, often less than -70‰ vs. air. These 
observations are consistent with the expression of a N 
equilibrium isotope effect between NO3

- and NO2
-, 

likely catalyzed by the nitrite oxidoreductase (NXR) 
enzyme of nitrite-oxidizing microorganisms that have 
been entrained into shallow waters from the 
subsurface as the mixed layer deepens during the fall. 
Although existing data suggest that the signal of this 
process is destroyed in winter and is thus not retained 
in the NO3

- available for consumption the following 
spring, further investigation of the isotopic 
consequences is warranted. Moreover, a related 
NXR-catalyzed isotope exchange process may 
explain recent evidence of NO2

- oxidation in oceanic 
oxygen-deficient zones, which is difficult to reconcile 
with the lack of appopriate oxidants.  

 
[1] Sigman et al. (2009), Deep Sea Research Part I 
56, 1419-1439. [2] Smart et al. (2015), GBC 29, 427-
445. 
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A pronounced excursion in the carbon isotope 

composition of biospheric carbon and coeval 
seawater warming during the early Toarcian (~182 
Ma) has been linked to the rapid transfer of 12C-
enriched carbon to the oceans and atmosphere. 
Coupled with this disturbance to the carbon cycle, 
there is associated evidence for seawater anoxia, an 
increase in chemical weathering, and ocean 
acidification. A Euro-centric bias in the distribution 
of available data means that the precise pattern and 
expression of the carbon cycle perturbation, and 
hence its true global significance, is uncertain. In this 
contribution, we present a new high-resolution 
geochemical dataset through the early Toarcian 
Oceanic Anoxic Event from Toyora area, Japan. 
Organic-rich rocks in this succession were deposited 
at the margin of the Panthalassa Ocean. We define at 
high resolution (cm-scale) the precise structure of 
carbon isotope changes in the succession, and couple 
these analyses with similarly high resolution organic 
geochemical and elemental data. Our new data 
provide compelling evidence that 12C enriched carbon 
was effused to the biosphere abruptly (likely sub-
millennial scale). Moreover, the data indicate the 
presence of short-lived, millennial-scale increases in 
terrestrial organic matter flux and burial, that are 
broadly coeval with sedimentary structures indicative 
of high energy conditions in the depositional 
environment. We attribute these features to transient 
strengthening of the hydrological cycle and 
weathering in direct response to carbon release and 
warming. The new data help to elucidate both the 
global character and rapidity of climate change 
during the early Toarcian, as well as the local 
environmental responses to carbon release and 
consequent warming. 
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The Mo (δ98Mo) and U (δ238U) isotope 

compositions of euxinic organic-rich mudrocks 
(ORM) are used to reconstruct the global extent of 
ancient ocean oxygenation. However, both isotope 
systems are affected by local depositional conditions. 
Inferring global ocean redox conditions using Mo 
isotopes relies on direct capture of the global 
seawater δ98Mo by euxinic ORMs, but isotope 
fractionation sometimes occurs between seawater and 
euxinic sediments. Inferring the δ238U of global 
seawater relies on an assumed isotope fractionation 
factor between seawater and euxinic sediments, 
which is affected by multiple factors, including the 
degree of basin restriction. Hence, using both δ98Mo 
and δ238U from ORMs yields more robust inferences 
of global ocean redox conditions compared with 
individual use of these isotope systems. We are 
applying this approach to many Precambrian and 
Phanerozoic euxinic ORMs. The late Ediacaran 
Doushantuo Formation (Member IV) is dominated by 
high δ238U, suggesting widespread ocean 
oxygenation. In contrast, high Mo concentrations and 
low δ98Mo in most samples indicates that pronounced 
isotope fractionation occurred between seawater and 
sediments, possibly due to weakly euxinic conditions 
and/or a Fe-Mn particulate shuttle. The δ98Mo and 
δ238U of the Late Ordovician Fjäcka Shale and early 
Mesoproterozoic Velkerri Formation are consistent 
with appreciable ocean oxygenation, albeit less than 
that of today. The δ98Mo from these two Mo-rich 
units are probably at least slightly lower than coeval 
seawater δ98Mo because of non-quantitative Mo 
removal from bottom waters. Post-depositional 
hydrothermal fluid flow may have shifted the δ238U 
and δ98Mo of the late Paleoproterozoic Wollogorang 
Formation to higher and lower values, respectively. 
Ongoing studies are exploring the paired Mo-U 
isotope systematics of other Neoproterozoic and 
Paleozoic ORMs. 
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 The establishment of a radioactive waste 

facility in the deep subsurface involves proving that 
natural barriers can prevent the escape of actinides to 
the surface via fractured rocks. Since much of the 
waste will be stored encased in cement, the 
dissolution of the cement will leave the near-field 
pore waters at pH values above 10.5 for several 
hundred thousand years.  Much has been done to 
understand the mobility of uranium in neutral to low 
pH environments, but little has been done to 
understand the complexity of sorption to multi 
mineral systems in the high pH environments 
associated with radioactive waste disposal.  

 To this end we investigated U sorption on 
the Borrowdale Volcanic Group (BVG) and St. Bees 
Sandstone (SS) in order to mimic the crystalline 
basement rock with sedimentary overburden model 
for waste disposal, which is a model put forth as an 
option for waste disposal in the United Kingdom. In 
addition, adsorption experiments using a single 
mineral, quartz - a common rock forming and fracture 
sealing mineral, were used to calibrate our 
experimental set up.  

Batch adsorption experiments were conducted as 
a function of pH and uranium concentration, with and 
without the addition of sodium bicarbonate. Various 
uranyl aqueous species are formed at different U 
concentrations.  To understand whether these 
different species can influence the adsorption of U we 
varied the concentration of U in our adsorption 
experiments from 10 ppb up to 10ppm. We found that 
the percentage of U sorbed to the geomaterials did 
not depend on the concentration of U added. This 
indicates that the sorption of U to the geomaterials 
goes against the electrostatic gradient.  
 Bicarbonate was added to the system as it is 
a common component of groundwaters. While the U 
species in solution changes significantly as a function 
of U concentration when no bicarbonate is added, the 
addition of bicarbonate produces different U species 
that do not change as a function of U concentration. 
The effect of bicarbonate on the adsorption of U was 
to lower the percent of sorbed U onto all single and 
multi-mineral systems when pH is greater than 7. The 
predominant U species in that pH range is 
UO2(CO3)3

4-. While the sorption of U in bicarbonate 
free systems was able to overcome the electrostatic 
gradient, the electrostatics governed the adsorption in 
the bicarbonate system. 
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Convergent margin systems are characterized by 

uniquely high production rates of intermediate and 
silicic magmas. Compositional characteristics of 
these magmas are shared by bulk average continental 
crust, and thus there has been a longstanding interest 
in the role of convergent magma systems in crustal 
production and evolution. Despite this little clear 
consensus exists about the dominant processes that 
control formation of intermediate magmas in arc 
settings. Key questions include the roles of 
fractionation vs. mixing; the relationships between 
magmatic and liquid compositions; and the interplay 
between plutonic and volcanic processes.  

This presentation will summarize recent results 
regarding the origin of intermediate magmas within 
subduction zones, and the relationship between 
magmatism and crustal growth, focussing on large 
global petrologic data sets as a source of information. 
Extensive data for rock, melt inclusion, and mineral 
compositions are widely available. Coupled with 
increasing sophistication of approaches to 
interpretation, these data sets provide important 
insights into the origin of intermediate magmas in 
convergent margins, and the role of magmatism in 
crustal evolution. However differences of opinion 
still persist; for example, some data sets indicate the 
importance of high level mixing processes in the 
generation of intermediate magmas, whereas others 
are interpreted to reflect the importance of 
fractionation. Despite these on going issues the 
application of big(ger) data provides important means 
for identifying important processes and testing 
models of convergent margin processes and crustal 
growth. 
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Silicic magmas erupted in convergent margin 

volcanic systems experience extended residence in 
shallow magma storage systems. Conditions within 
these zones strongly influence eruptive behaviour, 
and thus considerable effort has been placed on 
constraining the physical conditions and thermal 
evolution of stored magmas. The thermal conditions 
of stored magma is of interest due to the strong 
dependence between temperature and viscosity, and 
the potential for using the thermal history for 
monitoring the interplay between addition of hot 
magma via recharge versus convective and advective 
(eruptive) heat loss.  

We constrain the thermal history of stored 
magmas by combining thermally dependent crystal 
residence estimates based on diffusion and crystal 
growth and absolute ages estimated by radiometric 
techniques. Initial application to Mount Hood, OR 
suggests that only a small proportion of the duration 
of magma storage is spent at temperatures > 750°C 
where magma is rheologically mobile. Mount Hood 
represents the low-volume end of a spectrum of 
erupted volumes in convergent margins, and we are 
now exploring silicic eruptions of considerable larger 
volume, including several of largest known eruptions 
on Earth. Results to date using multiple approaches 
suggest that residence times at 750°C remain in the 
decade to millennia range, and are far shorter than 
estimates of the total duration of magma storage. 
Importantly we see no indication that very large 
eruptions require an extended “incubation” of mobile 
magma. 
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The gold deposit in the Jonnagiri 
greenstone belt, Eastern Dharwar Craton, southern 
India, is hosted in granodiorites. This is of the only 
one of this kind so far reported from India [1]. The 
Schist belt includes metabasalts, meta acidic 
volcanics and meta sediments which have undergone 
polyphase deformation and lower Amphibolite facies 
of metamorphism [2]. It also hosts two intrusive 
granites known as Pagadarayi granodiorite and 
Chennapalli (Gooty) granite. A crustal scale shear 
zone has traversed through this schist belt which too 
has affected the Pagadarayi granodiorite at many 
places. Archaean “lode gold” or ‘Orogenic style’ 
mesothermal gold mineralization has been emplaced 
in laminated quartz carbonate veins in zones where 
this granitoid body has been affected by this shear 
zone.  In this work we report the principal 
geochemical nature of these two granitoids[1]. 

The major, trace and REE data of these two 
units reveal that, the Pagadarayi granodiorite is of 
metaluminous and calcic to calc-alkali nature.  They 
show LREE enriched pattern with negative Eu 
anomaly (average 0.88 ± 0.10) and the tectonic 
discrimination diagram [3] shows that they have been 
emplaced in a volcanic arc granite (VAG) tectonic 
environment. However, the Gooty granite shows 
weakly peralkaline and alkali nature. They are also 
characterized by LREE enriched REE pattern with a 
stronger negative Eu anomaly (average is 0.55 ± 
0.11), emplaced in a syn collision (syn COLG) to 
VAG tectonic environment. Other detailed works are 
under progress to study the role of these two granite 
bodies in the gold mineralization in the schist belt.                        
 
[1] Saravanan, et al. (2009) OGR 36, 233-249 
[2]Srinivasan K (1991) Rec.GSI 124 (Pt 5), 261–263 
[3] Pearce et al. (1984) J. Petrol. 25, 956-983.  
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Greater Ararat is the largest (~40 km diameter 

with a footprint area of ~1250 km2) and tallest (5165 
m) stratovolcano in Anatolia, still preserving its 
typical conical shape. It is made up of the Quaternary 
lavas intercalated with pumice fall and flow units. 
Lavas of the Greater Ararat volcano are calcalkaline 
in character, varying in a wide compositional range 
from trachybasalt to rhyolite. Porphyiritic andesite is 
the most abundant lithology. Lavas of the Ararat 
volcano plot into the sub-alkaline fields on the 
clasification diagrams. MORB-normalized multi 
element patterns of these lavas display a clear 
subduction signature. Result of our melting models 
suggest derivation of the primitive lavas from a 
metasomatized, spinel-rich sub-lithospheric mantle 
source.  

Chondrite-normalized REE patterns show 
downward concave patterns with enrichment in 
LREEs and a notable depletion in MREEs relative to 
LREEs and HREEs, implying crystallization of 
amphibole and plagioclase from evolved magmas. 
Results of our fractionation and assimilation models 
indicate that the magma chambers beneath the 
Greater Ararat volcano must have been periodically 
replenished by primitive basaltic magmas. We argue 
that these lavas owe their intermediate composition 
and sub-parallel fractionation trends on the Harker 
diagrams to the aforementioned magma 
replenishment and homogenization processes. Our 
AFC models imply that the degree of crustal 
assimilation was variable in these lavas (i.e. r values 
reaching up to 0.7) but mostly display moderate to 
low values. The fact that the data points are clustered 
in a very narrow F (F: the melt remaining) range on 
the modeled AFC curves can be explained by the 
replenishment of the evolving magma body with 
basic primitive magmas throughout the fractionation 
history. It appears that the dominance of the magma 
replenishment was the main reason for lower degrees 
of crustal assimilation and homogeneous intermediate 
character of the lavas. 
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To constrain the rift-related volcanic evolution of 

the Gulf of Suez, macro-scale tectonic studies, 
paleostress, and fission track data were performed at 
Wadi Matulla.The results provide insights into the 
processes driving late stage vertical motion and the 
timing of exhumation of  the study area. Fission track 
ages of individual crystals of detrital apatite  
separated from Coniacian-Santonian sandstones 
(Matulla Formation) indicate the contribution of 
detritus from source rocks of at least four distinct age 
groups. All the measured apatite grains are of 
fluorapatite composition. The rift-related volcanics at 
Wadi Matulla are represented by doleritic sills and 
dikes intruding different stratigraphic horizons of 
Coniacian-Santonian, Campanian-Maastrichtian and 
Middle Eocene ages. The data are interpreted to 
represent an intraplate thermotectonic episode during 
the Late Oligocene. Structural data collected from 
Neoproterozoic basement, Late Cretaceous and 
Tertiary sedimentary cover suggest extensional 
tectonics resulted in formation of half-graben basins. 
Basin axes are parallel to the trend of Pan-African 
structural elements which acted as stress guides.  

The resultant apatite fission track ages are nearly 
concordant with a mean age of 31±1.5 Ma, where the 
mean track length is ~14.8 µm with ~1.12 µm 
standard deviation. At that time, the intraplate 
stresses responsible for deformation, uplift and 
erosion, were induced by the collision of Africa with 
Laurussia. Assuming a geothermal gradient of 
25oC/km, such lengths suggest that these apatite 
grains were subjected to temperature over 110 oC at 
level above 2 km with extremely rapid cooling during 
the Early Oligocene time (31±1.5 Ma). In other 
words, these rocks were never subjected to 
temperature in excess of 40-50 oC after the thermal 
event of the volcanic injection. Apatite fission track 
data indicate that the  cooling phase started in 
Oligocene and was related to extension, flank uplift 
and erosion along the actual margin of the Red Sea. 
Relations between structures, depositional ages of 
sediments and apatite fission track data indicate that 
the initiation of rift flank uplift, erosion and plate 
deformation occurred nearly simultaneously. It is 
proposed that the present apatite track age dates the 
injection time of the rift-related volcanics and 
accordingly the initiation of the Suez rift.  

Compared to the previously reported apatite data 
from the  Gulf of Suez  of the studied area, the age 
here is older and indicates less exhumation of the 
studied region. Given reasonable assumptions, the 
difference in the amount of exhumation since 
Oligocene is estimated being larger than ~1 km, 
probably controlled by the material to be exhumed 
and local geological setting. 
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Ahovan area located at about 30 km northeast of 

Semnan is part of Central Iran structural zone. 
Semnan province is one of best province from Iran 
for mining. Previous field and geochemical studies 
showed that the presence of intrusive gabbro and 
granite among volcanics, marl, limestone, sandstone 
and conglomerate is likely for hydrothermal 
alteration and finally mineralization in the Ahovan 
area. Remote sensing has been widely used to map 
geological structure, rock types and hydrothermal 
alteration. Here, it was tried to update the geological 
map and alteration zones in the Ahovan area by 
ETM+ (Enhanced thematic mapper plus) and ASRER 
(Advanced space borne thermal emission) sensor data 
from Landsat and Terra satellites. The results of 
ETM+ and ASTER data by crosta technique, PCA 
(Principal components analysis) and Ls-Fit (Least 
square fit) represent that most the alteration zones are 
located in North, central and western parts of Ahovan 
area which might be suitable for mining. The results 
also consist with the field studies and the presence of 
Iron, Barite, Kaloin and Tuff mimes in some of those 
areas. The False color composite, band ratio and OIF 
(Optimum index factor) has been used for precise 
difning of lithological variety of the study area. False 
color composite method based on bands composite 
(5,4,3) of  ETM+  and (14,4,13) of ASRER and their 
integrating with above methods provided a good 
geological map for the study area. In False color 
composite method of bands composite (5,4,3) of 
Landsat data, basalts is shown in black, gabbro in 
magenta as small patches and granite in bluish- gray 
colors. Moreover, when 7/5, 5/4,3/1 band ratios were 
used, the metavolcanics are observed in green to 
yellowish colors in East and central regions, andesites 
are identified with cyan color in West and southeast 
of the study area. 
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Fishbones can be applied to lead-polluted soils as 

a source of phosphorus (P), which can precipitate 
with lead (Pb) to form pyromorphite (Pb5(PO4)3Cl) 
[1]. This mineral phase, although considered as very 
stable, can be dissolved by oxalic or humic acids [2-
3]. The capacities of these acids to dissolve 
pyromorphites that contain calcium (Ca) substituting 
for Pb in the mineral structure has never been studied, 
although high Ca/Pb mol ratio (e.g. 31 % [4]) can 
occur in pyromorphites naturally present in soil. 
Since fishbones are principally made of 
hydroxyapatite (Ca5(PO4)3Cl), pyromorphite that 
forms after fishbones applications to Pb-contaminated 
sites may contain some amount of Ca substituting for 
Pb in the mineral structure. This study aimed to 
determine the difference in chemical structure and 
dissolution capacities by oxalic or humic acids 
between a Ca-free pyromorphite and a pyromorphite 
containing P and Ca released from fishbones.  

A Ca-bearing pyromorphite formed on the 
surface of a dialysis bag filled with fishbones and 
dipped into a Pb2+ solution. Results indicated that 
more Pb was released by oxalic or humic acids from 
this pyromorphite than the amount of Pb released 
from a Ca-free pyromorphite. The chemical structure 
of this pyromorphite was constrained by XAFS, 
Raman and FTIR. This study provided important 
information on the chemical properties of 
pyromorphite that may form subsequently to fishbone 
application to Pb-contaminated soils.        

 
[1] Admassu & Breese (1999) J. Hazard. Mat. 

B69, 187-196. [2] Debela et al. (2010) Chemosphere 
80, 450-456. [3] Bolan et al. (2014) J. Hazard. Mat. 
266, 141-166. [4] Cotter-Howells (1996) Environ. 
Pollut. 93(1), 9-16. 
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In soil, lead (Pb) can precipitate with phosphate 

to a very stable mineral phase, pyromorphite. This 
metal is known to have a strong affinity for Soil 
Organic Matter (SOM) [1]. The effects of SOM on 
pyromorphite formation when phosphate-bearing 
materials are applied to contaminated soils are not 
well understood. In this study, contaminated soil 
samples were collected in Klity Village, 
Kachanachaburi, Thailand. These soil samples were 
analyzed by XAFS at the Pb LIII edge to identify the 
main Pb species present in the soil samples. To 
complement these results, the soil samples were also 
analyzed by wet chemistry, SEM-EDS, and XRD.  

Fishbone or phosphoric acid was added to three 
soil samples, which were put in columns to perform 
incubation experiments. After two weeks, the soil 
samples were analyzed by XAFS analyses at the Pb 
LIII and P K edges, SEM-EDS, and XRD. In the P 
treated soil samples containing a high SOM content 
(i.e. ~10 %), pyromorphite was not detected by any 
of the analytical methods employed in this study. In 
contrast, Pb was mainly precipitated as pyromorphite 
in the P treated soil that contained a low SOM 
content (2%). Therefore, results from this 
investigation indicated that the efficiency of the 
method consisting in stabilizing lead in contaminated 
sites by adding P-bearing materials to the soil may be 
strongly dependent on the SOM content.  
 

[1] Bunzl et al. (1976) J. Soil Sci. 27, 32-41.  
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In numerous studies it was shown that the 

patterns of the rare earth elements including yttrium 
(bring together to REY) of the groundwater reflect 
those of their host rock [1, 2].  

The first data about REE geochemistry in 
groundwaters from Sikhote-Alin ridge were presented 
in [3, 4], but these data deal with only one type of 
water in region (high pCO2 springs). Presently, we 
indicated new results of REY contens and 
distributions in several types of water (fresh, cold 
CO2-rich, thermal and brackish) and corresponding 
bedrocks (sandstone, granite and rhyolite) of Sikhote-
Alin ridge.  

In fresh groundwaters the REY concentrations are 
low (up to 1.01 ppb) and REY-patterns rise from La 
to Eu and decline from Eu to Lu with clear positive 
Eu anomaly, negative Ce anomaly. In cold CO2-rich 
mineral springs the REY contents are sufficiently 
high and can reach 25.0 ppb. REY-patterns show 
positive Eu anomaly, small negative Ce and 
pronounced rise from La to Lu. Thermal waters are 
characterized by very low REY contents (up to 0.29 
ppb) and REY patterns, which is almost flat with 
minor increment from La to Gd and smooth reduction 
from Ga to Lu. Variable negative Ce and Eu 
anomalies are exhibited. The sum of REY in the 
brackish water is almost an order of magnitude higher 
than in the thermal water, ranging from 0.11 to 0.92 
ppb. REY patterns resemble closely those of thermal 
waters but with remarkable positive Eu anomalies.  

REY-patterns of corresponding bedrocks are 
decline from La to Lu with obvious Eu anomaly. 
Negative Eu anomaly is fixed in sandstone and 
garnites, whereas positive Eu anomaly is typical for 
rhyolites. Comparison REY pattern of groundwater 
with their bedrocks indicate that in whole REY can 
used as fingerprints for all types groundwaters from 
Sikhote-Alin ridge excluding high pCO2-rich springs.  

 
This study was supported by the Russian Science 

Foundation (RSF), project № 14-17-00415. 
 
1]Smedley (1991) Geoc.Cosmoc.Acta 55 2767–2779. 
[2] Johannesson et al (1997). Geoc.Cosmoc.Acta 61 
3605–3618. [3] Kharitonova et al. (2007) Proc. of 
WRI-12. 969-972. [4] Kharitonova et al. (2007) 
Appl.Geoch. 22 1764-1776. 
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The Dahanib intrusions in the Southern Eastern 

Desert of Egypt, shows the concentric zonation, from 
dunites at the core, through chromitites, 
clinopyroxene-rich dunites, wehrlites, harzburgites, 
gabbronorites, and layered gabbros, to hornblende 
gabbros/diorites at the rim, similar to Alaskan-type 
complexes. These lithologies show typical cumulate 
textures and layering. Their clinopyroxene (Mg#s, 
0.62–0.95) shows Fe, Mn and Na enrichment, but Al, 
Cr, Mg and Ti depletion with differentiation. Their 
chromian spinels have a wide range of Cr# (0.31‒ 
0.61) along with higher average contents of TiO2 (0.7 
wt.%) and YFe (0.18) relative to the nearest ophiolitic 
peridotites due to their origin by crystal accumulation 
and reaction with interstitial melts/liquids. The 
olivines in cumulate peridotites are lower in 
foresterite (Fo83‒Fo92) and NiO2 (0.15‒0.37 wt.%) 
relative to the nearest ophiolitic olivines because of 
the reaction with interstitial liquids and its parent 
melts. The large variations of lithology and chemistry 
as well as the occurrence of scattered chromitite clots 
in the Dahanib peridotites are related to continuous 
injection of primitive magmas and/or the reaction 
between the intercumulus liquids and the early 
cumulus crystals; this is associated with high rate of 
crystal segregation by multistage fractional 
crystallization. The changes in lithology type, mineral 
composition and chemistry between Dahanib 
intrusions and the nearest intrusions (distance ∼ 50 
km) suggest variations of their parental melts 
attributed to the mantle heterogeneity and the 
subducted-slab inputs. The clinopyroxenes (Cpxs) in 
peridotites and gabbroic rocks are depleted in LREE 
relative to HREE, similar to those of Cpx crystallized 
from asthenospheric melts. The mineral inclusions in 
spinel, chemistry of Cpx in peridotites (enriched in 
Al, Cr, Na, Ti, ΣREE=13.7) and Cpx equilibrium 
melts (6‒100 times chondrite) suggest that the 
Neoproterozoic lithosphere were partially refertilized 
by trace asthenospheric melts. The early magmas 
were possibly enriched in Mg, Cr, Ni, Ti, V, and Sr, 
while the evolved types were rich in Fe, Mn, Na, Li, 
Zr, Co and REE contents via crystal accumulation 
and interaction with interstitial liquids. The 
Neoproterozoic island-arc magmas are tholeiitic 
affinity with high Fe, Mg, Na, Ti, Ni, Al, Cr, Sr and 
REE, but low in K and HFSE (Nb, Ta and Zr). 



Goldschmidt Conference Abstracts 1490 

Unusual uranium 
mineralization from central 

Jordan 
 

*HANI N. KHOURY 
Department of Geology, The University of Jordan, 

Amman 
(*correspondence: khouryhn@ju.edu.jo) 

	  
Uranium Mineralization 
Unusual uranium resources are widely distributed 

in central Jordan. The outcropping rocks consist 
mainly of organic-rich bituminous limestone and 
marl (oil shales) that overlie phosphorite beds and 
underlie the varicolord marble. The sequence is 
overlain by travertine and regolith deposits of 
Pleistocene – Recent age. The rocks are unusually 
enriched with reduced sensitive elements (U, Cr, Ti, 
Mn, Ni, Cr, Cu, Mo, V, Ba, Ag, Cd, Zn, Zr, Cl, F, Se 
and REE).  

Discussion of Results 
Secondary yellow uranium minerals (uranyl 

vanadates) together with unique green smectites (Cr-
rich smectite/volkonskoite) are hosted by the thick 
altered varicolored marble, travertine and regolith 
either as encrustations, impregnations, or filling joints 
and cavities [1].  

Tyuyamunite Ca(UO2)2V5+
2O8•3(H2O)-strelkinite 

Na2(UO2)2V2O8•6(H2O) solid solution series 
(uranmica) are the major components. The surficial 
uranium deposits in central Jordan have resulted from 
the interplay of tectonic, climatic, hydrologic, and 
depositional events. The deposits are related to the 
highly alkaline circulating water (hydroxide–sulfate 
type) enriched with redox sensitive elements among 
which were U and V [1]. 

The varicolored marbles are strongly altered in 
fractured and weak zones, where high-temperature 
minerals are partially or totally replaced by secondary 
Ca-carbonate, CSH’s, and sulfate minerals (most 
often gypsum, barite, hashemite and ettringite). New 
primary calcium uranate phases (CaUO4, Ca2UO5, 
Ca3UO6, Ca3U2O9, Ca4UO7, Ca5UO8, and Ca6UO9), U-
bearing lakargiite Ca(Zr,Ti,U)O3, tululite (Ca-
zincate-aluminate), Ca-Cd Oxide, oldhamite (Ca S), 
Fe-Ni phosphides were identified in the varicolored 
marble [2]. Primary calcium uranate phases are the 
result of combustion of phosphorus-rich bituminous 
marl and the oxidation of U+4 at high temperature into 
U+6under high oxygen fugacity. The varicolored 
marbles closely resemble cement-immobilized waste, 
exposed to supergene weathering and alteration over 
time spans are considered as unique natural analogs. 

 
[1] Khoury et al. (2014) Applied Geochemistry, 43, 
49–65. [2] Khoury et al. (2015) Canadian 
Mineralogist, 53(1), 61–82 
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The western equatorial Pacific (WEP) is a water 

mass cross road, where key elements of the 
iconographic “ocean conveyor” can be monitored: 
The Indonesian Throughflow (ITF) is the only 
tropical inter-ocean current, linking the equatorial 
Pacific and Indian Oceans, a critical component of 
the return branch of the thermohaline circulation. At 
the same time, subsurface/intermediate waters from 
both hemispheres impinge on the margin in the low 
latitude western Pacific, making this an ideal site to 
monitor cross-hemispheric and inter-basin ocean 
circulation. Finally, the WEP is tightly connected to 
the eastern equatorial Pacific (EEP) through 
equatorial current systems.  

Here we will present water column profiles 
collected during the RV SONNE 228 expedition of 
δ13CDIC, δ15NNO3-, and eNd from the SE tip of the 
Philippines, off Mindanao, and north of Papua New 
Guinea (PNG). These profiles allow identification of 
Antarctic Intermediate Waters off PNG, and their 
erosion as they flow north. The North Pacific 
Intermediate Water is identified at the entrance of the 
ITF. Finally, differences in the nitrate isotopic 
composition off PNG and off Mindanao imply 
different sub-thermocline water masses in the 
northern and southern WEP, respectively. These 
latter findings will be discussed in the context of 
nitrogen isotope variability of the WEP during the 
last glacial-interglacial cycle. 
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Non-ferrous slags are by-products issued from 

pyrometallurgical processing of metallic (e.g., Cu, 
Zn, Pb, Ni etc.) ores. For several decades, due to the 
high demand for base metals, these wastes are 
produced in large quantities. Slags may constitute a 
valuable secondary source of useful substances as 
they often concentrate considerable amounts of 
metallic elements. Therefore, research focusing on 
slags is related to their potential application and/or 
environmental impact caused by weathering and 
metal(loid)s release. 

Recent mechanical removal of Zn-Pb slag heaps 
in Upper Silesia (Poland) led to the exposure of a fine 
grained and weathered material from the dump 
interior [1]. It is classified as Spolic Technosol 
(Skeletic, Toxic). The exposed, highly altered zone is 
characterized by high concentration of metallic 
elements such as Zn, Pb and Cd (up to 8.6 wt. %, 2.7 
wt. %, and 600 mg kg-1 respectively). Microprobe 
analyses indicate that Zn is associated with primary 
zincite, willemite and spinel group minerals and 
secondary Fe-oxyhydroxides (up to 30 wt. %). Lead 
and Cd are bound in primary Pb silicates (up to 60 
and 3 wt. % respectively) forming presumably at the 
last stage of slag solidification. Lead occurs in 
secondary Fe-oxyhydroxides (up to 16 wt %), but no 
secondary phases containing Cd have been identified 
by microprobe. However, laser ablation analyses 
showed that Cd is disseminated in ubiquitous 
secondary phases. This observations indicate that Cd 
is highly mobile and as a result of slag weathering it 
is easily released into solution. The results show that 
some slag types may be extremely hazardous to the 
environment and it puts in question they possible re-
use as, for example, construction material. 
Acknowledgment: This study was funded by the 
National Science Centre (project UMO-
2014/13/B/ST10/01120). 
 
[1] Tyszka R. et al., 2014, Appl.Geochem.40, 70-81. 
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Compared to detailed investigations of the 
sorption behavior at macro scale, experimental 
researches on the Cs sorption at a micro scale are not 
sufficient yet. In this study, the Cs sorption behavior 
into weathered biotite, which is actually mixed layer 
biotite/vermiculite (‘B/V’), and Cs distribution inside 
the mineral were investigated at wide range of Cs 
concentration in solutions (10-2 – 10-13 M). 

Single-crystalline B/V grains from Palabora in 
the Transvaal, South Africa Republic, was used for 
sorption experiments. Based on scanning electron 
microscopy, this has distinct chemical heterogeneity 
among individual grains. The amount of the sorbed 
Cs were estimated by autoradiography with imaging 
plate (IP) and radioactive cesium (137Cs) as a tracer.  

Relationship between sorbed Cs and K originally 
contained in the grains depended on the Cs 
concentrations in the solution. At higher 
concentrations (> 10-5 M), negative correlation 
between K content and Cs in the mineral was 
observed, while such relation was obscure at lower 
concentration (< 10-7 M). Cs distributions inside the 
crystals were determined by repetition of grinding 
and IP-autoradiography. The depth profiles with a 
duration one week indicated that Cs was 
homogeneously incorporated inside the crystals down 
to ~300 μm in depth. On the contrary, the specimen 
sorbed Cs from 10-11 M solution for one day showed 
a gradient of the concentration along the depth. The 
apparent diffusion coefficient estimated from this 
profile was 1.3×10-13 m2s-1, which is the same 
magnitude as that of the specimens sorbed Cs at 10-2 
M. 
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Microbial reduction of Fe(III) oxyhydroxides is 
an important process in Fe and carbon cycles of 
aquatic sediments. However, the factors controlling 
the extent of Fe(III) oxyhydroxide reductions in 
natural sediment is not well understood. The surface 
precipitation of secondary Fe minerals on Fe(III) 
oxyhydroxides have been suggested to limit the 
extent of microbial Fe(III) reduction, but this 
phenomenon has not been observed in nature. Here 
we report secondary Fe mineral (goethite) 
encrustation on ferrihydrite surface within freshwater 
sediment.  

This study identified vertical changes in Fe-
mineral composition at freshwater sediment up to 10 
cm deep, using two modes of Fe K-edge extended X-
ray absorption fine structure (EXAFS): (i) 
transmission (TR) mode which provides bulk Fe-
mineral information, and (ii) conversion electron 
yield (CEY) mode for Fe minerals formed at the 
particle surface. The sediment at depths above 3 cm 
was characterized by the predominance of 
ferrihydrite with biogenic stalks and sheaths. At 
depths below 3 cm, goethite and siderite were 
detected by TR-EXAFS. The change in the bulk Fe-
mineral composition was restricted to sediment 
depths between 3 and 4 cm, and ferrihydrite remained 
as a dominant Fe-mineral phase at depths below 4 
cm. In contrast to the results obtained from TR-
EXAFS analysis, CEY-EXAFS for the 10 cm depth 
detected goethite as a dominated Fe-mineral phase, 
suggesting coatings of goethite at the particle surface. 
An increase in CH4 concentration was observed at 
sediment deeper than 6 cm. Stable isotopic analysis 
of CH4 in the pore water indicated that acetoclastic 
CH4, which is usually inhibited in the presence of 
dissimilatory Fe(III) reducing bacteria, occurred at 
sediment depths below 7 cm. Based on these results, 
the incomplete reduction of ferrihydrite below depth 
of 4 cm was not due to the lack of organic carbon, but 
was possibly due to the surface encrustation of 
goethite on ferrihydrite [1]. 
 
[1] Kikuchi et al. (2016) Geobiology, in press. 
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The micron- to sub-micron scale interaction 

between fluids and minerals is key to understanding 
large-scale geological phenomena such as 
metasomatism, element transport, and the deposition 
of ore bodies. Yet the processes occurring at the 
mineral-fluid interface are not well understood. 
Stable isotope labelling has been used to track the 
movement of molecules within biological systems for 
many years. The technique involves replacing atoms 
in the starting material with their rare isotopic 
counterpart (e.g., 13C or 15N) and using mass 
spectrometry to monitor their movement, behaviour 
and ultimate fate. The development of high spatial 
resolution imaging mass spectrometry techniques, 
such as NanoSIMS, allows this investigation to be 
carried out of the sub-cellular scale. The same 
technique can be readily applied to experimental 
petrology systems involving water, CO2 or other 
volatile species. We have conducted experiments to 
investigate the feasibility of studying the interaction 
between minerals and hydrous melt, using 2D- and 
18O-labelled water in the starting composition. 
NanoSIMS was used to isotopically image the 
mineral-melt interface, revealing the intricate 
processes occurring at the nano-scale. This 
presentation will introduce the concept of stable 
isotope labelling in experimental petrology, and 
discuss the technical advantages of SIP + NanoSIMS 
to investigate element exchange processes at the sub-
micron scale. 
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Aerosols emitted by volcanic activities reduces 
the solar radiation that reaches the earth's surface by 
scattering the sun-light in the stratosphere, which 
results in the cooling of the atmosphere. Mt. Baekdu, 
located at the border between China and North Korea, 
is a dormant volcano which has recently attracted 
national attention for its possibility of eruption. It’s 
attracting many academic interests also, for the 
eruption in the A.C. 946 was as strong as Pinatubo 
[1].  

In this study, we examined the effect of the 
volcanic aerosols on the climate of East Asia through 
experiments with artificial Mt. Baekdu’s eruption. 
The model used in this study is UM version 10.0, 
which developed at UKMO [2]. The model has the 
spatial resolutions of 192x144 (1.875°x1.25°) 
horizontally and the 85 vertical levels with model top 
at about 85km, and which includes the most part of 
the mesosphere. In order to investigate the influence 
of the volcanic activity, it is assumed that the 
comparable amount of sulfur dioxide from the 
eruption of Pinatubo would be emitted. We simulated 
two experiments to investigate the seasonal effects of 
the eruption in stratosphere and each eruption was 
assumed to occur at the location of Mt. Baekdu on the 
11th day after the integration started, and the 
experiment were integerated for 3 years. Each 
experiment consists of 10 ensemble members, and the 
initial conditions for each experiment were generated 
using a random perturbation method. The differences 
between the experiments and the control run, in 
which no eruption was assumed to occur, were used 
to show the impacts of sulphate aerosols on the 
climate of the East Asia. 

Our model results simulated a hemispheric 
ensemble mean e-folding time for the removal of 
sulphate aerosol would be about 725 days for the 
summer case, and this e-folding time would be 
significantly longer than that of the Pinatubo 
eruption, which was estimated to be a year [3]. The 
results also showed that the bulk of volcanic aerosols 
would stay near the North Pole similar to the previous 
studies [4]. The eruption’s impacts on global and East 
Asia climate will be investigated further, and the 
detailed results will be presented later. 

[1] Guo (2001). [2]  Davies (2005). [3] Barnes 
Hoffman (1997). [4] Kravitz (2011) 
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In 2015, the concentration distribution of 36 
polychlorinated biphenyls (PCBs) and 27 
polycyclic aromatic hydrocarbons (PAHs) 
concentrations in bottom sediments were 
analyzed and compared to the records of 
previous years in order to evaluate the remedial 
effectiveness of “the rest-year zone (RY zone) 
system” in the dumping sites of  the East Sea-
Byung and the Yellow Sea-Byung, Korea 

After of the introduction of the RY zone system 
in 2006, wherein dumping activities were banned, 
annual variation in the concentrations of POPs at the 
stations within RY zone have shown a gradual 
decrease over time by 20-80%. This indicates that the 
implementation of the RY zone system has been quite 
effective. 
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In this study, using the carbon, nitrogen and 

oxygen stable isotope ratio of particulate organic 
matter(POM) and sediments in Shingil creeks, we 
evaluate the effect of pollution sources from the 
surrounding industrial area,  

The carbon stable isotope ratios of POM showed 
wide range (-23~-29‰), but had no significant 
difference according to land uses. The oxygen stable 
isotope ratio also show similar value in all sites (-
22~-26‰). On the other hand, the nitrogen stable 
isotope ratio of the POM and sediments show very 
distinctive values according to surrounding area. 
Especially, POM and sediments near industrial 
regions including there’s sewer outlet sites had 
extremly light nitrogen isotope values below 0‰ (up 
to -8‰) compared to other rural or urban sites( > 
4‰), except for only one site(St. 9), where is no 
sewer outlet in spite of its location in industrial 
complex, indicating the enriched nitrogen isotope 
value similar with other rural and urban areas. This 
means that POM derived from industrial regions 
through the sewer outlet has strong impact on the 
nitrogen source of sediment as well as POM in 
downstream. So, the current study demonstrates that 
nitrogen stable isotope ratio can distinguish different 
nitrogen source and trace the origin of organic matter 
in various surrounding areas including multiple 
nitrogen source.  
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Faujasite is one of the natural zeolites and occurs 

with olivine in basaltic volcanic rocks or augite in 
limburgite.  Faujasite crystallizes in Fd  space group 
containing sodalite cages arranged in the diamond 
structure via double 6-membered ring.  This results in 
forming supercages outlined by 12-membered rings.  
Faujasite-type zeolites have been used in industrial 
applications for ion exchange, molecular sieving and 
catalysis.  One of the synthetic faujasites with lowest 
silica content is called low-silca X (LSX, Si/Al =1.0), 
which has been studied intensively because of its ion 
exchange performance. Amongst exchangeable 
cations, Ag2+ is known to be strong oxidizer but 
difficult to synthesize.  We have, however recently 
shown that Ag2+-form of zeolite can be stabilized via 
pressure and temperature treatment in small-pore 
zeolite, natrolite.  In order to develop a potentially 
novel catalytic property in large-pore zeolite, Ag+-
exchanged LSX (Ag-LSX:Ag96Al96Si96O384·nH2O) 
has been prepared and treated under moderate 
pressure and temperature conditions.  We observe the 
formation of zero-valent silver particles at 1.4GPa 
which is recovered after pressure release.  We have 
derived structural models of the as-prepared Ag-LSX 
and pressure- and temperature-treated Ag-LSX using 
high-resolution synchrotron X-ray diffraction data. 
We found 96 silver cations and 245 water molecules 
distributed at seven and five distinctive sites, 
respectively, in the as-prepared Ag-LSX model.  On 
the contrary, pressure- and temperature-treated Ag-
LSX exhibits reduced amount of silver cations by 
47.4% and increased amount of water molecules by 
40.8% at six and seven distinctive sites, respectively.  
Electron paramagnetic resonance (EPR) and scanning 
electron microscopy (SEM) measurements indicate 
that charge-disproportionation has occurred via 
pressure- and temperature-treatment to turn the 
original monovalent silver cations to divalent silver 
cations and zero valent silver nanoparticles.  Ethylene 
epoxidation measurements are underway to test novel 
catalytic performance of pressure- and temperature-
treated Ag-LSX.   
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The complexation of metal ions with natural 

organic matter (NOM) greatly influences metal 
speciation, bioavailability, and toxicity in the 
environment. Consequently, many researchers have 
studied the affinity of metal ions and NOM using ion-
selective electrodes or potentiometric titration to 
determine equilibrium constants. However, the 
mechanisms of metal complexation remain poorly 
understood [1]. In the present study, we have applied 
isothermal titration calorimetry (ITC) to investigate 
the thermodynamics of metal-NOM interaction in 
aqueous solution.  
 

Figure 1: Thermodynamic parameters for metal 
binding to HA (Ca2+: left; Cu2+: right).  

 
ITC data for Ca2+ and Cu2+ association with 

humic acid (HA) are consistent with the presence of 
two types (high- and low-affinity) of binding sites, as 
commonly observed in previous studies [2]. Metal 
binding to these sites in HA is achieved by entropy 
changes, demonstrating the importance of 
dehydration of metal ion and HA upon their 
association. However, Ca2+ and Cu2+ exhibit different 
trends in binding enthalpies that suggest differences 
in the macromolecular interations with these metals. 
Complementary atomic force microscopy (AFM) 
studies reveal differences in the ability of these ions 
to flocculate NOM.  
 
[1] Bryan et al. (1998) J. Chem. Soc. Faraday Trans. 
94, 95-100. [2] Lamelas & Slaveykova (2007) 
Environ. Sci. Technol. 41, 4172-4178.  
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To obtain insights into methylmercury (MeHg) 
dynamics including major sources (in situ 
methylation of inorganic Hg(II), vertical and 
horizontal transport, and deposition) and sinks 
(bioaccumulation, photochemical decomposition, and 
evasion) in the surface and subsurface waters of the 
ocean, we estimated mass fluxes of MeHg at the 
water depth of 0 to 500 m in four regions (Western 
Subarctic Gyre, North Pacific Gyre, Western Pacific 
Warm Pool, and South Pacific Gyre) of Western 
Pacific Ocean, using the field data obtained from the 
SHIPPO 2012 and 2014 surveys. For surface mixed 
water where MeHg concentration ranged from 3.9 fM 
to 34 fM, the input from subsurface layer through 
vertical diffusion was the major source of MeHg. 
This source flux in the Western Subarctic Gyre (2304 
ng m-2 y-1) was two to six times that in the North 
Pacific Gyre (925 ng m-2 y-1), Western Pacific Warm 
Pool (1149 ng m-2 y-1), and South Pacific Gyre (366 
ng m-2 y-1) due to the occurrence of shallow 
thermocline. For subsurface water, major source of 
MeHg was estimated to be the in situ methylation 
(700-2851 ng m-2 y-1), which was balanced by vertical 
diffusion to the surface (366-2304 ng m-2 y-1) and 
deeper waters (345-1121 ng m-2 y-1). The large 
increase of in situ methylation flux in the Western 
Subarctic Gyre was attributable to enhanced organic 
carbon remineralizarion rate. These findings agree to 
the recent literature results of sharp decreases in 
Δ199Hg and Δ201Hg by water depth indicating that 
most methylation occurs below the surface mixed 
layer.   
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It is important that ozone-climate response as 
atmospheric CO2 concentration increases, the lower 
stratosphere ozone depletion and stratospheric 
cooling draw much attentions by many researchers. A 
variations in stratosphere ozone influence climate via 
direct radiative effects and the resulting temperature 
and circulation changes. We have investigated the 
effect of the ozone concentration change and its 
relation to climate change over the East-Asia. We 
have used the climate model which is HadGEM2-AO 
with a horizontal resolution of N96 (1.875x1.25) and 
38 vertical levels (L38, from the surface to 
approximately 40km) and perform two 36-year 
integrations using prescribed ozone. The model 
simulation have used a AC&C/SPARC ozone dataset. 
One experiment follows historical ozone 
concentration change, another is fixed ozone 
concentration at 1970 value. The largest decrease in 
the lower stratosphere during spring have occurred at 
high latitudes because of large depletion in polar 
region. The reduction of ozone concentration affects 
directly temperature and wind fields in upper 
troposphere and lower stratosphere. Temperature 
decrease due to ozone concentration reduction have 
appeared in the lower stratosphere during spring and 
it have been accelerated poleward side of subtropical 
jet during Summer. 
 
Acknowledgements. This study is supported by the 
National Institute of Meteorological Sciences, Korea 
Meteorological Administration (NIMS-2016-3100) 



Goldschmidt Conference Abstracts 1503 

Determination of heavy metal 
element in USGS SRMs and 

tree-ring by LA-ICPMS 
JEE-YOUNG KIM1,2, MYUNG JIN KIM1, JAESEON 

PARK1, HYUN WOO PARK1, MIN SEOB KIM1, 
JONG WOO CHOI1 

1Environmental Measurement & Analyasis Center, 
National Institute of Environmental Research, 
Hwangyoun-ro 42, Seo-gu, Incheon, 22689, 

Republic of Korea, 
2Department of Earth System Sciences, Yonsei 

University, 50 yonsei-ro, Seodamun-gu, Seoul, 
03722, Republic of Korea, 

 jykim1984@korea.kr, mjkim85@korea.kr, 
jspark0515@korea.kr, rhloves87@korea.kr, 
candyfrog77@hotmail.com, cjw111@korea.kr 

 
In order to evaluate the precision and accuracy 

using LA-ICPMS, thirty major and trace elements 
were analyzed with 3 USGS SRMs. And we 
investigated correlation between metal concentrations 
in five species tree-ring and ambient air heavy metal 
pollution history in ambient air. Total thirty major 
and trace elements in three USGS basalt glass 
reference materials, BIR-1G, BCR-2G and BHVO-
2G were determined using LA-ICP/MS. Calibration 
was performed using NIST glass SRM 610, 612 and 
614 in conjunction with internal standardisation using 
Ca. Relative standard deviation(RSD) of 
determinations was below 10% for most elements in 
all glasses under investigation. All the USGS SRMs 
showed negative correlations between RSD and 
concentrations for elements with logarithmic 
correlation coefficients ranging from –0.867 to -
0.790. Furthermore, these values were similar results 
obtained in NIST glass SRM 610, 612, 614. In 
natural sample analysis, 7 heavy metals in 5 tree 
species(Platanus occidentalis, Salix koreensis, 
Chamaecyparis obtusa, Pinus densiflora, Ginkgo 
biloba) were determined using LA-ICP/MS, and 
calibration was performed using cellulose - matrix 
matched standards with 13C nomalization. Four tree 
ring series showed that the Pb and Fe accumulation 
rates were higher between ‘92~’99 except for Ginkgo 
sp., but other elements(Cr, Mn, Cd, Zn, Sr) varied 
depending on species, which was caused by the 
physiological process of element uptake and radial 
mobility. Pb and Cd concentrations in tree ring of 
Pinus sp. have correlated with the ambient air heavy 
metal monitoring data which showed the correlation 
coefficients of 0.879 and 0.579, respectively. Pb and 
Cd concentrations in tree-ring of Salix sp. and 
Platanus sp. showed positive correlation with 
coefficients of 0.671 and 0.825, respectively. 
Therefore, our results suggested that Pb and Cd 
concentrations of Pinus sp. can be interpreted in 
terms of ambient air heavy metal pollution history. 
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A millennial-scale paleoceanogrpahic record of 

the Okinawa Trough for the last 20,000 years was 
reconstructed based on variations in total mercury 
(THg) concentrations of the core sediments. THg 
concentrations showed a relatively wide range 
(40~350 ng/g) throughout the core, and dramatically 
increased upward from the bottom of the core, 
especially with an abruptly large increase at the core 
depth of ca. 100 cm. Such variations can be divided 
into three distinct intervals (Unit I, II and III), 
reflecting major paleoceanographic changes during 
the late Pleistocene. It might be associated with a 
systematic development of Kuroshio Current in East 
China Sea (ECS), coupled with the sea-level changes. 
Unit I (~20–15 ka), corresponding to the low sea-
level stands, was characterized by constant and low 
THg concentrations, implying most of sediments 
were derived from the Changjiang and/or paleo-
Huanghe, and further the Kuroshio Current was still 
absent in this area. A relatively high THg 
concentrations in Unit II sediments (15–9.4 ka) 
revealed the input of some mercury from the 
southerm Okinawa Trough with several active 
hydrothernal fields, with the inflow of Kuroshio 
Current. Unit III sediments (9.4 ka–Present) were 
characterized by the highest THg concentrations with 
some fluctuations. During this period, a significant 
sea-level rise and gradual landward retreat of river 
mouths led to decrasing terrigeneous sediments from 
mainland China rivers into the trough [1]. 
Accoridnlgy, such promiant high THg concentrations 
in Unit III were largely associated with fully evolved  
Kuroshio Current and/also low terrigeneous sediment 
input (i.e., low sedimentation rate). Interestingly, an 
abrupt decrease at approximately 4-5 ka appeared to 
have been caused by a decrease in input of mercury 
from the southern area of the trough in association 
with a suppression of the Kuroshio Current. 
Consequently, sedimentry mercury might be useful 
proxy for better understanding and reconstructing the 
paleoceanographic changes in ECS shelf, especially 
with related Kuroshio Current evolution.  
 
 [1] Xu et al. (2014) Paleogeogr. Paleoclimatol. 
Paleoecol. 399, 236-245. 
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Microbial Fe-reduction in smectite structure plays 

a significant role in illitization accompanying with 
the structural/chemical modification of smectite, 
closely linked to the physico-chemical properties of 
clays, Fe-liberation, water chemistry, elemental 
cycles, and fault behavior. Biotic dissolution of 
smectite is a major process that promotes illitization, 
however direct evidence of illite formation is not 
clearly understood. In the present study, a 
combination of spectroscopic, microscopic, and 
chemical analyses revealed evidence of illitization in 
bio-reduced smectite, with elemental composition 
measured on a nanoscale as incubation time 
increased. Fe-reducing bacteria (FeRB), Shewanella 
Oneidensis MR-1 was inoculated in M1 medium with 
nontronite (NAu-1) less than 0.2 µm as an electron 
acceptor and Na-lactate as a sole electron donor at 
30℃ in the anaerobic chamber for up to 120 days. 
The alkalinity was maintained at pH 8.0 in the whole 
experiment to enhance illite formation. The extent of 
Fe(III) reduction measured by 1,10-phenanthroline 
assay reached up to 10.6% in the experiment while 
less than ~1% of reduction was measured in no-
bacteria control. In biotic and abiotic control, 
increases of elemental concentrations (Si, Al, and Fe) 
in the supernatant indicated the dissolution of 
nontronite. The progress of bio-reduced nontronite 
reaction can be explained as follows: altered 
nontronite (AN) with a scouring surface texture → K-
nontronite (KN) with frayed edges → euhedral lath 
shaped illite. A progressive morphology change in 
bio-reduced nontronite corresponded to an increase in 
Al/Si and K/(K+2Ca) that ranged between 0.13 to 
0.28 and 0.16 to 1.0, suggesting the biotic reductive 
dissolution of nontronite and neoformation of illite. 
The precipitation of biotic amorphous silica 
supported the reductive dissolution of nontronite. In 
contrast, there was no clear evidence of mineral 
precipitation in no-bacteria control. Following 
treatment with Li and ethylene glycol for the long-
term incubation (70 and 120 days), the X-ray 
diffraction profiles confirmed illitization by 
displaying a 10-Å peak shoulder at around 8.9° 2θ in 
the bio-reduced nontronite. Indeed, a direct 
microscopic observation of distinct illite packets of 
16 nm in thickness with d001 = 1.0 nm in the wavy 
nontronite matrix with various spacings (d001 = 1.2 – 
1.3 nm) strongly suggested biotic illite formation. 
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To observe and understand the salinity-dependent 

thermal evolution, two ice mass balance buoys 
(IMBs) were deployed in two kinds (fresh and salty) 
of melt pond on a same ice floe on 13 August 2015 
during Araon Arctic cruise. The thermistor chain, 
extending from the air through the pond and ice into 
the sea water, was deployed through a drilled 
borehole inside the pond. Besides, the IMBs were 
also accompanied with three broadband solar 
radiation sensors (two (up and down) in the air over 
melt pond and one upward-looking under sea ice) to 
measure the net shortwave radiation at the pond 
surface and the penetrating solar radiation through 
ice. Also, the web camera was installed to observe 
any updates in the conditions of equipment and 
surrounding environment (e.g., weather, surface state, 
etc.). On the date of deployment, the fresh pond had 
salinity of 2.3 psu, light blue color, lots of slush ice 
particles which increased opacity, and under-pond ice 
thickness of 219 cm, whereas the salty pond had 
salinity of 20 psu, dark blue color, only transparent 
water, and under-pond ice thickness of 100 cm. 
Temporal evolutions of mean water temperature of 
the two ponds are contrasted and showed that the 
fresh pond had about 1degC warmer temperature than 
the salty pond. The existence of slush ice particles in 
the pond seems to be responsible for this temperature 
difference. Multiple scattering by slush ice particles 
could lead to more absorption of shortwave radiation. 
A comparison of vertical profiles of water 
temperature shows that there existed an internal 
maximum heating layer in the fresh pond. Possibly, 
this profile might indicate the the below layer 
unstable, which might have efficient thermal 
propagation to the ice surface. On the other hand, the 
vertical temperature profile of the salty pond had 
internal thermocline near the pond bottom, but so that 
the upper heating may not efficiently propagate 
downward to the ice surface. 



Goldschmidt Conference Abstracts 1507 

Non-biological production of 
active iodine in ice and its 
implication in polar region 

KITAE KIM,1 WONYONG CHOI2 
1 Korea Polar Research Institute (KOPRI), Incheon 

406-840, Korea 
2 School of Environmental Science and 

Engineering, Pohang University of Science and 
Technology (POSTECH), Pohang 790-784, Korea 
 

Reactive halogens play various key roles in the 
global environment. In particular, the presence of 
gaseous halogens in the polar and marine boundary 
layers is of great interest as these highly reactive 
species can affect the oxidative capacity of Earth’s 
atmosphere. The sources and impacts of iodine in 
polar atmospheric chemistry are much less 
understood in comparison with chlorine and bromine. 
Although the active iodine compound in the polar 
regions have been observed by ground and satellite 
based techniques, the sources and mechanisms of this 
large iodine burden are still being debated. 
Especially, abiotic sources of atmospheric iodine in 
Antarctic is less understood compared to biological 
iodine sources from micro- or macro algae. In this 
investigation, we shows that the production of 
triiodide (I3-) via iodide (photo-)oxidation, which is 
negligible in aqueous solution, is significantly 
accelerated in frozen solution – both in the presence 
and absence of solar irradiation. Outdoor experiments 
carried out in the Antarctic region (King George 
Island, 62°13′S 58°47′W) also showed that the 
production of triiodide via solar photooxidation is 
accelerated when iodide contained solution is 
solidified. We used CRDS(Cavity Ring Down 
Spectroscopy) for measurement of gaseous I2 
emission upon thawing the irradiated frozen solution 
of iodide. A modeling study was also carried out to 
reproduce the experimental results. The enhanced 
(photo)oxidation of iodide and the subsequent 
formation of triiodide and I2 in ice are ascribed to the 
freeze concentration phenomenon of iodide and 
dissolved O2 trapped in the ice crystal grain 
boundaries. These findings propose that an enhanced 
abiotic transformation of iodide to I3- and gaseous I2 
in ice media provides a previously unknown 
generation mechanism of active iodine compounds in 
the polar atmosphere. 
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We analysed the tree-ring metal concentration 
and isotope ratios of five street tree(plane tree, 
willow, hinoki cypress, pinetree and ginkgo gree) to 
infer the diffuse air pollution history of urban area. 
Tree-ring series show that metal  concentraton in 
1970-1980 year(event period) were 2-10 times higher 
in comparison with recent five years. Pb 
concentration of tree-ring were significantly correlate 
with pine tree(0.879), plane tree(0.825) and 
willow(0.671). Also, Pb isotope ratios of tree-rings 
during event period has a lighter value than those in 
recent period. The Pb concentration and isotope ratios 
indicate that the dominant source of lead was 
succeeded by the factory lead events. Our carbon 
isotope data approach anthropogenic effects on the 
tree-ring δ13C responses in air CO2. Diffuse air 
pollution by car exhaust gas(oil:-26.9‰, disel:-
27.9‰) casued an in 13C lack in willow(-24.5→-
29.2‰), pine tree(-23.6→-27.2‰) and ginkgo(-
23.7→-27.2‰) tree from 1970 to 2010 year. It is 
indicate that metal concentraton and stable isotope 
can trace environmental change and contribute 
powerful tool to reconstruct the air pollution history 
in the complex context of peri-urban regions.  
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We have determined the geochemical and Sr-Nd-

Hf-Pb isotopic compositions of the Late Triassic (ca. 
222 Ma) Andong ultramafic complex from South 
Korea, to better understand the petrogenesis. The 
complex is composed of dunites, wehrlites and 
pyroxene/hornblende peridotites, which formed by 
crystal fractionation of basaltic melts. Constituent 
minerals are olivine (Fo = 81.1-87.8), clinopyroxene 
(Wo43.4-48.1En46.2-50.0Fs5.0-7.1), orthopyroxene (Wo1.3-

2.6En81.6-86.2Fs11.9-16.8), calcic amphibole (CaB≥ 1.5), 
and Cr-spinel (Cr# = 26.7-62.7). The calculated melts 
in equilibrium with constituent clinopyroxenes of the 
complex exhibit arc-like LILE enrichment and HFSE 
depletion. Meanwhile, spinels from the complex have 
relatively lower Cr# at a given Mg# compared with 
those of arc-related rocks. Furthermore, 
clinopyroxenes separated from the Andong ultramafic 
complex are characterized by highly enriched Sr and 
Nd isotopic compositions [(87Sr/86Sr)i = 0.705546-
0.705957, (143Nd/144Nd)i = 0.512269-0.512309, (εNd)i 
= -7.2 to -6.4] compared with mid-ocean ridge basalt 
(MORB) or fore-arc basalt (FAB). They also have 
elevated initial 207Pb/204Pb (15.54-15.55) and 
208Pb/204Pb (38.06-38.17) ratios at a given 206Pb/204Pb 
(18.02-18.13) compared with MORB or FAB. The 
initial 176Hf/177Hf ratios of the clinopyroxenes range 
from 0.282771 to 0.282833 [(εHf)i = 0.0 to +2.2]. In 
an Nd-Hf isotope plot, they are characterized by 
highly radiogenic Hf in association with less 
radiogenic Nd, resulting in Nd-Hf decoupling 
referenced to the mantle array. These observations 
suggest that the metasomatized sub-continental 
lithospheric mantle (SCLM) might be the dominant 
source for the Andong magmatism. The paleo-Pacific 
subduction before continental collision between the 
North and South China blocks might have induced 
metasomatic overprinting in LILE in the overlying 
lithospheric mantle. Asthenospheric upwelling 
through the slab breakoff might be the heat source for 
melting of the SCLM.  
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The continental shelf with strong bottom tidal 

currents, such as the East China Sea (ECS), is 
generally characterized by the relative high 
planktonic productivity compared to the stratified 
open ocean water. We hypothesized that tidal stirring 
of the bottom sediment rich in planktonic or other 
biogenic matter might enhance the dissolution or 
decomposition of their components due to the 
increased collision and subsequent breakdown and 
further dissolution or decomposition reaction of 
suspended bottom sediments near the sea floor, 
particularly in the suspended matter rich nepheloid 
layer as the tidal energy being dissipated along the 
sea floor. The resuspension effect of sediment on the 
nutrients regeneration within water column was 
studied by shaking or non-shaking bottles, containing 
seawater only and seawater with the surface sediment 
from three different sites including one site with high 
turbulent kinetic energy in the ECS. Inorganic 
nutrient concentrations were measured at the 1-3 day 
intervals for two weeks. The anomaly of nutrient 
concentration between shaking bottles and non-
shaking bottles implies the sediment resuspension 
effect on the nutrient concentration. The phosphate 
and nitrate concentrations clearly showed logarithmic 
increase during the shaking experiment, suggesting 
positive sediment resuspension effect on the nutrient 
regeneration within the incubation bottle. The 
portions of phosphate and nitrate regenerated by 
massive resuspension during two weeks accounted 
for 0.77 - 2.80 and 0.65 - 1.28 % of organic 
phosphorus and nitrogen in suspended sediment, 
respectively. The increase of nutrient by sediment 
resuspension were more conspicuous in the surface 
sediment from sites with weak turbulent kinetic 
energy than that from sites with high turbulent kinetic 
energy . There was no apparent increase of silicate 
concentration during the shaking experiment, 
suggesting that the regeneration of silicate may be 
different from oxic-degradation of organic matter. 
This study indicates that the sediment resuspension 
by strong tidal current may play an important role in 
maintaining high productivity over the continental 
shelf of the ECS. 
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Experimental Discovery 

Under anoxic conditions experimentally 
synthesized siderite (FeCO3) has been aged in brine 
solutions consisting of (0.15 and 1.5m) NaCl and 
(0.01, 0.1, 0.5, 1.0, 1.5 and 2.0m) Na2CO3. During the 
aging process we have observed decreases of pH 
values over the aging times, indicating precipitation 
of an hydroxl-bearing phase consistent with 
chukanovite [1]. X-ray Diffraction (XRD) analyses of 
as-synthesized siderite and > 4-year-aged precipitates 
in sample reactors show the co-existence of 
chukanovite [Fe2(OH)2CO3] and siderite. The 
analyzed XRD spectra are shown in the figure below. 
Our results indicate that chukanovite and siderite are 
in equilibrium. 

 
Discussion of Results 

Based on this observation, we have implemented 
the Pitzer thermodynamic model to optimize the 
thermodynamic interaction factors for activity 
coefficient determination, and subsequently estimated 
the formation energy of chukanovite. 

 
[1] from technical exchange disussion with Dr. Helge 
Moog at GRS in Germany. 
 
This research is funded by WIPP programs administered by 
the Office of Environmental Management (EM) of the U.S 
Department of Energy. Sandia National Laboratories is a 
multi-program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin 
Corporation, for the U.S. Department of Energy’s National 
Nuclear Security Administration under contract DE-AC04-
94AL85000.   SAND2016-1619A 
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Zircon and allanite commonly found in granitic 
rocks are important accessory minerals for trace-
element evolution of melt as well as geochronology. 
An electron microprobe study with analyses of BSE 
and CL image was conducted on allanite and zircon 
from peraluminous granite where allanite, zircon, 
apatite, titanite and ilmenite occur as accessory 
phases. 

Textural observations of BSE images suggest that 
allanite crystallized incorporating early-crystallized 
apatite and zircon inclusion, and that the growth of 
zircon was closely related to allanite zoning. The 
zircon grains with typical oscillatory zoning are 
rimmed by the U-enriched overgrowth with low Th/U 
and Zr/Hf, but the U-Pb ages of the both domains 
give Triassic ages, ca. 219 Ma, indistinguishable 
within uncertainty. The euhedal to subhedral allanite, 
mantled by magmatic epidote, is characterized by 
oscillatory zoning and around partly altered (or 
metamictized) grains REE-carbonate (lanthanite or 
Bastnäsite?) veins are found. The bright domain in 
BSE images of allanite is more enriched in REE than 
the dark one. The REE contents and variation patterns 
may result from the fractionation of allanite from 
melt. However, the correlations between chemical 
composition and BSE image reveal that the coupled 
substitutions are distinct in the bright domains rather 
than in the dark ones. Thus, it is inferred that the 
chemical zoning of allanite and zircon can provide a 
clue for constraining the evolution of granitic melt 
along with isotopic ages. 
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Teeth of theropod, turtle’s carapace, bivalvia and 

dinosaur’s egg shell were excavated in Korea in 
2002. International Mongolian Fossil Expedition 
found Deinocheirus and Tarbosaurus bones from 
2006 to 2010. These fossils should have the same 
chemical features because the main parts are 
composed of apatite contiaing calcium and 
phosphorus elements. Fossils from Korea, however, 
are characterized with black and dark colors whereas 
fossils from Mongolia show light brown and white 
colors. In this work, we investigated mineralogical 
and geochemical correlations that determine the 
fossil’s color using synchrotron X-ray techniques. In 
order to probe composing elements and mineral 
phases, we have used synchrotron-XRD, X-ray 
imaging at Pohang Accelerator Laboratory(PAL) and 
synchrotron-XRF at Stanford Synchrotron Radiation 
Lightsource(SSRL). From X-ray imaging data, we 
have distinguished secondary mineral phases from 
the original bone phase. XRF data of Korean fossils 
showed iron content in the range of 5 -10 wt.% along 
with strontium, magnesium and other trace elements 
in less than 1 wt.%. Though, XRD data show that 
fluorapatite is the common mineral phase of all the 
fossils, iron-bearing chlorite group minerals, 
bernalite, and goethite, are identified as dominant 
minerals associated with the dark portions in all 
Korean fossils. We suspect that different geochemical 
evolution of the fossilization sites determines 
secondary mineralization and thus the color of fossils. 
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Adsorption experiments for radionuclides such as 

3H, 90Sr, and 99Tc were conducted using fractured 
rock collected in the unsaturated underlying the site 
of the Wolsong low- and intermediate-level waste 
(LILW) repository. The interaction of released 
radionuclides and fracture-filling materials controls 
the rate of migration of radionuclides in an aquifer. 
Therefore, it is important to investigate transport 
behavior (retardation) of radionuclides through 
fractured rock for when assessing the safety and long-
term performance of a repository. Fractured rock 
samples were characterized by X-ray 
microtomography (XMT) analysis, which can be used 
to develop a more robust unsaturated fracture 
transport model. The objective of this work was to 
investigate the sorption and transport behavior of 
radionuclides including measurements of the 
distribution coefficient (Kd) values of 3H, 90Sr, and 
99Tc for fractured rock sampled at the Wolsong LILW 
repository.  
Results 

The coating/filling materials of fractured rock 
were analyzed, and most (87%) of them were found 
to be zeolite (heulandite 32%, laumontite 55%). 

 
Fig.1. Fractured rock sample and the result of 
XMT for core sample with fractures  
 

Table 1. Distribution coefficient of 90Sr and 
99Tc (pH of groundwater: 6.8; initial concentration of 
radionuclides: 3H: 100 Bq/mL, 90Sr: 20 Bq/mL, 99Tc: 
100 Bq/mL; the amount of rock sample: 3H: 1.0 g, 
90Sr: 0.5 g, 99Tc: 1.0 g; w/: with, w/o: without) 

Kd (mL/g) 90Sr 99Tc 
w/ fracture filling rock 45.1 0.9 
w/o fracture filling 
rock 

30.3 1.1 

 
When fracture-filling materials were present, the 

Kd of 90Sr was higher than that of 90Sr with no 
fracture-filling materials. The affinity of 90Sr to 
fracture-filling materials can affect results. However, 
the result for 99Tc was different than for 90Sr. The Kd 
of 99Tc for samples with and without fracture-filling 
rock was similar. The fracture-filling material did not 
affect 99Tc adsorption. 

XMT imaging is capable of displaying spatially  
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Environmental Geochemistry and Anthropogenic 
Impacts 
The multiple sulfur isotope compositions (32S, 33S 

and 34S) of dissolved sulfate in precipitation of Seoul 
were analyzed to trace the source of sulfur from 2011 
to 2015. The δ34S values of samples are ranging from 
1.4 to 14.6‰ with no distinct seasonal variation. To 
exclude sea salt sulfate fraction, the δ34S values are 
converted to non-sea salt sulfur isotope values 
(δ34Snss). The δ34Snss values ranges from -1.1 to 8.8‰, 
indicating that the fraction of sea salt sulfate (F) in 
most samples is less than 0.10 with two anomalies, 
0.44 and 0.59. With backward trajectory models 
based on HYSPLIT by NOAA, it is considered that 
δ34Snss values of samples can be classified by the 
origin and pathway of air masses causing 
precipitation. Considering the δ34Snss of this study, the 
average sulfur isotopic values of coals used in china 
and the pathway of airmass, the combustion of coals 
in China is thought to be main source of the dissolved 
sulfate in the study area. The Δ33S values of samples 
range from -0.06 to 0.16‰. The measured anomalies 
(Δ33S values higher than 0.10‰) of this study (0.11-
0.16‰) are small that it is not clear whether these 
values are derived from mass-independent 
fractionation.  
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Soil is a significant source of CO2 emission to the 
atmosphere, and this process is accelerating at high 
latitudes due to rapidly changing climates.  In order 
to investigate the sensitivity of soil CO2 emissions to 
high temporal frequency variations in climate, we 
performed continuous monitoring of soil CO2 efflux 
with Forced Diffusion (FD) chambers at an interval 
of a half hour, within three representative Alaskan 
soil cover types with underlying permafrost.  These 
sites were established during the growing season of 
2015 located on the Seward Peninsula in western 
Alaska. The chamber system is conceptually similar 
to a dynamic chamber, but the FD is more durable, 
water-resistant and consumes less power, which lends 
itself to remote deployments. We first conducted 
methodological tests, testing different frequencies of 
measurement, but did not observe a significant 
difference when collecting data at 30-min 
measurement intervals, or at 10-min measurement 
intervals (averaged half-hourly) (p<0.001). At the 
study sites, we observed cumulative ecosystem 
respiration of 62.0, 126.3, and 133.5 gC m-2 for the 
growing period, at sphagnum, lichen, and tussock, 
respectively, corresponding to 83.8, 63.7, and 79.6% 
of annual carbon emissions.  All sites showed strong 
sensitivity to air temperature rather than soil 
temperature.  Growing season soil carbon emissions 
extrapolated over the region equated to 0.17 ± 0.06 
MgC over the measurement period, which is 47% 
higher than previous estimates from coarse-resolution 
manual chamber sampling, presumably because it 
better captured high efflux events. This finding 
demonstrates how differences in measurement 
method and frequency can impact interpreted 
seasonal and annual soil carbon budgets. We 
conclude that annual CO2 efflux-measurement with 
FD chamber networks would be an effective means to 
quantify growing and non-growing season soil carbon 
budget, and would optimally be paired with time-
lapse imagery to track local and regional changes in 
environment and climate in a warming Arctic. 
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The origin of particulates in the atmosphere has 

long been subject to debate and isotopic tools have 
been used to decipher the origin of particulate matter, 
which could help to design better management 
policies for its reduction. Weekly PM2.5 samples were 
taken from January, 2014 to November, 2015 at 
Seoul and Baengnyeong Island and isotopic 
compositions of lead, N-NO3, O-NO3, S-SO4, C, N 
and S isotopes in PM2.5 were analysed.  Baengnyeong 
Island, South Korea, located in the sea west of the 
Korean Peninsula, approximately 180 Km from the 
Chinese Shandong Peninsula, is a suitable monitoring 
site for investigating pollutants transport from China, 
North Korea and South Korea.  Among the isotopic 
results, δ15NNO3 in PM2.5 of Baengnyeong Island 
showed distinctive seasonal patterns while Seoul 
didn’t. Average δ15NNO3 of Baengnyeong PM2.5 were 
11.64 ± 2.53‰ for winter, 0.77 ± 3.32‰ for summer, 
4.49 ± 2.75‰ for spring and 5.16 ± 1.80‰ for 
autumn, respectively. In contrast, average δ δ15NNO3 
of Seoul PM2.5 was 6.14 ± 2.96‰ without seasonal 
changes. δ15NNO3 values of Baengnyeong in winter 
period are similar to NOx emissions from coal-fired 
power plants and the values of Seoul were similar to 
those of PM2.5 collected from mobile sources such as 
highway tollgate and tunnel.  Strong seasonal 
correlations of δ18ONO3 with δ15NNO3 were found and 
δ13C patterns also indicated same pollution source 
contributions with nitrate isotopes. 
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Surface concentrations and vertical fluxes of 

particulate organic carbon (POC) were assessed in the 
northern Ulleung basin of the East/Japan Sea during 
November 2010 and July 2014 by using satellite 
observations and sediment trap measurements. 
Primary production rates varied from 0.58 to 2.55 
gCm-2day-1 and the vertical total mass fluxes ranged 
from 0.12 to 1.47 gm-2day-1at 500m depth, 0.05 to 1. 
gm-2day-1 at 1000m depth and 0.12 to 1.43 gm-2day-

1at 2000m depth, respectively. Based on the these 
results, the ratio of the settling flux of POC to net 
production in the euphotic zone is roughly estimated 
at 10~100 % of primary production and about 5~10% 
of them were arrived at bottom sediment and buried. 
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The particular characteristics of biogenic 

minerals, such as their high specific surface area and 
high reactivity, as well as the presence of a bacterial 
carrier matrix make them interesting for various 
applications, for instance as adsorbents, catalysts, 
oxidants or reductants [1]. The objective of this study 
was to examine the removal of Cr(III/VI) using 
biogenic magnetite nanoparticles (BMNs) produced 
by metal-reducing bacteria.  

In order to produce BMNs, the metal-reducing 
bacteria (Geocha-1) enriched from intertidal flat 
sediments in S. Korea were grown with a poorly 
crystaline iron-oxide, akaganeite, as an electron 
acceptor, and glucose as an electron donor. The 
BMNs were harvested via washing and freeze-dry 
processes. The interactions between ionic Cr(III/VI) 
and freeze-dried BMNs were examined under 
different solution pHs (pH=2–12) using different 
dose of BMNs (0-6 g/L) for 2 weeks at 25℃. After 
reaction, the BMNs were separated from the Cr-
contaminated water using a magnet. The experiments 
using chemically synthesized magnetite nanoparticle 
(CMNs) were conducted  as control. Mineralogical 
characterization of BMNs was performed by XRD 
and TEM-EDS analyses. And XPS and ICP analyses 
were used to determine the amount of Cr(III/VI)  
removed after reaction. The BMNs were spherical in 
shape and around 10 nm in size. The surface area of 
the freeze-dried BMNs was measured to be 101 m2/g. 
Unlike CMNs, the BMNs were coated with organic 
matter containing an abundance of reactive carboxyl 
groups (-COOH). As results of Cr(III/VI) removal 
test, BMNs showed higher Cr(VI) removal efficiency 
(approx. 99%) than CMNs (approx. 82%) did for 2 
weeks of reaction time. The lower pH of Cr-
contaminated solution and longer reaction time, the 
higher Cr(VI) removal efficiency showed. BMNs 
coated with organic matter were more effective to 
lead adsorption of Cr(III) with electrostatic 
interaction (approx. 82%) and to prevent oxidation of 
Fe(II) within the magnetite structure than CMNs 
(approx. 13%). Therefore, microbially formed 
functional magnetite-organic complex nanoparticles 
have high potential to useful and applicable 
decontaminant for ionic chromium in environmental 
remediation technologies. 
[1] Hennebel et al. (2008) Trends. Biotechnol. 27, 90-
98. 
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Identifying trace metal hosts in mine waste is 
essential for remining waste and planning 
remediation efforts. Determining such phases can be 
challenging when host material is noncrystalline, 
nanoparticulate, or below the detection limit of 
readily available analytical techniques. Such 
challenges may be overcome with the recent 
emergence of automated mineralogy (AM) systems 
that interface with a scanning electron microscope 
(SEM) with energy dispersive spectroscopy (EDS) 
capability. These systems work to collect thousands 
of EDS spectra from a single thin section of epoxy-
mounted sediment, compare the spectra to known 
spectra in a customized database, then map the 
mineralogy of the thin section and quantify solid 
phase abundance and grain size. This technology 
preserves important textural relationships within 
single grains.  

In this study we compared the modal mineralogy 
obtained by quantitative bulk X-ray diffraction 
(XRD; using Rietveld refinements) to that obtained 
by AM on thin sections of sediments contaminated 
with metals at a historical mine site in Vermont, 
USA. The objective was to identify the solid phase 
hosts of copper, the trace metal present in highest 
concentration. The results were compared to copper 
speciation results from a previous study using 
synchroton-based X-ray spectrosopy (XAS) and X-
ray fluorescence (XRF).  

We analyzed seven contaminated stream sites and 
found that modal abundance based on XRD 
compared to that on AM was correlated best for 
muscovite (slope=0.5, r2 = 0.85) and least for 
chalcopyrite (slope=0.4, r2=0.06). XRD tended to 
give higher predictions than AM except for goethite, 
jarosite, chalcopyrite and garnet. Based on XRD 
results, 9-11 wt. % of the sediments were amorphous, 
which probably corresponds to Cu-, Mn-, and Fe-rich 
oxides detected with AM. Seventeen minerals were 
identified with AM that had not been recognized with 
XRD, including some that host copper and are 
consistent with XAS and XRF results. Our results 
highlight both the benefits and challenges in 
implementing AM techniques in studies of economic 
and toxic metals in mine waste. 



Goldschmidt Conference Abstracts 1521 

Chemical geodynamics in 
subduction zone: Implications 

from arc magmas 
JUN-ICHI KIMURA1 

1JAMSTEC, Natsushima-Cho 2-15, Yokosuka 237-
0061, Japan; jkimura@jamstec.go.jp 

 
Arc magmas are hydrous and rich in water-

mobile elements reflecting water from the subducted 
oceanic plate and subsequent hydrous melting of the 
mantle. Arc magmatism is a complex process 
occurring in such the dynamic system with the 
enigmatic water-bearing chemical reactions. This 
presentation aims to describe the processes of arc 
magma genesis based on chemical mass balance 
between the magmas and their source materials. The 
petrology/geochemistry-based mass balance model, 
Arc Basalt Simulator ver. 4, uses elemental-isotopic 
compositions and explores intensive-extensive 
parameters which control the chemistries. The 
determined parameters are then used to constrain the 
genetic conditions of 1. Slab dehydration/melting and 
slab liquid, 2. Slab flux transport in the mantle wedge 

3. Flux melting of the mantle, 4. Conditions of 
the arc slab and mantle, 5. Dynamics in the mantle 
wedge. 

The examinations focus on the contrasting NE 
and SW Japan arcs where the globally coldest and the 
hottest endmember subductions are taking place.  
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To obtain a clearer picture of the formation 

process of the early stages of crystallization, we 
believe that understanding the difference between 
bulk material and nanometer sized particles is crucial.  
Physical properties that appear exclusively in 
nanoparticles induce significant phenomena that 
depend on the particle size, called size effects.  For 
instance, surface free energy of nanoparticles is 
different from that of bulk [1, 2] and even in the 
melting point decreases to be 1100 K for a particle 
with 5 nm in diameter [3] and to be ~700 K for a 
particle with 2 nm in diameter [4] from 1337 K in 
case of gold. 

The ideal to understand crystallization would be 
atomic-scale in-situ direct observation of the 
clustering process of growth units.  Then, how such 
size effects of nanoparticles affect to the process 
should be observable.  Unforutunately, however, the 
processes are in too small and too rapid to investigate 
by traditional techniques.  To overcome the 
difficulties, we started and optimized real time in-situ 
observation of crystallization processes of a protein, 
lysozyme, from a solution by transmission electron 
microscopes (TEM). 

Lysozyme is a protein most extensively studied 
as a model protein molecule and has a relatively 
larger growth unit compared with inorganic crystals.  
Size of the unit cell and number of molecules/atoms 
in it are 2.4 × 105 Å3 (79.1 × 79.1 × 37.9 Å for 
tetragonal) and 8 for lysozyme, and 68 Å3 (d = 4.08 
Å) and 4 for gold, respectively.  Gold nanoparticles 
with 2 or 5 nm in diameter consist of ~250 or ~3900 
atoms.  In case of lysozyme, 250 or 3900 molecules 
are able to make a crystal with ~24 nm or ~60 nm in 
diameters, which are obserbable size scale using 
TEM.  Then, more than 10% of molecules/atoms 
located particle surface, i.e., the particle has large 
surface to volume ratio, which induces characteristcs 
of tiny particles.  Since the size of critical nuclei can 
be several nanometers to tens of nanometers, there is 
a chance to observe lysozyme nuclei and the 
processes including significant phenomena caused by 
its characteristic physical properties. Here, we show 
the resent results of the crystallization of lysozyme 
based on the concept. 
[1] H. Zhang, et al., Phy. Chem. Chem. Phys., 11 
(2011) 2553.  [2] Y. Kimura, et al., Crystal Growth & 
Design 12 (2012) 3278.  [3] J. Lee, et al., 
Nanotechnology 20 (2009) 475706.  [4] Ph. Buffat, 
et. al.,  Phys. Rev. A 13 (1976) 2287. 
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The rare earth elements, along with their 

compounds and alloys, play vital roles in many 
modern devices, including nearly all “clean energy” 
technologies.  They provide key functionality in 
devices that produce, transmit and manipulate light, 
and they are used in making magnets for motors, 
generators, sensors, actuators and other components 
in an enormous range of different applications.  In 
most cases, the capabilities provided by rare earth 
materials cannot be delivered by other substances, so 
the rare earths are considered to have very low 
substitutability.  In addition to being irreplaceable, 
rare earths are only provided from a small number of 
sources, and the combination of restricted source 
diversity and low substitutability makes the rare 
earths the leading example of what are called “critical 
materials.” 

The risks associated with manufacturing with rare 
earths can be mitigated through efforts to avoid waste 
during manufacturing, or provide for recycling at the 
end of life.  In a few cases, the risks can also be 
avoided if substitute materials can be invented.  
Ultimately, however, there will inevitably be a need 
for new sources of rare earths.  Source diversification 
– effectively the development of new mines – 
depends entirely upon economics: the cost of opening 
a mine, and the cost of operating the mine, must 
result in products that generate a return on the 
investment in the shortest possible time.  While the 
prices of the rare earths are not easy to predict, it is 
always important to find ways to reduce the capital 
expenditures (CAPEX) and operating expenditures 
(OPEX) for mining.  In this paper, we review the 
opportunities for reducing CAPEX and OPEX 
associated with converting ore into rare earth metals, 
improving mine revenues, and the contributions to 
these that can be made by fundamental scientific 
research. 
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O-isotope fractionation in phosphate driven by 

biological activity depends on temperature [1], and 
when this fractionation is preserved in phosphate 
adsorbed to Fe-oxides it can be used as a biomarker 
for temperature in ancient environments [2]. We have 
studied how biological phosphate signatures are 
retained within bacterial mats associated with stalk- 
and sheath-forming Fe-oxidizing bacteria using 
modern mat samples from the E/V Nautilus 
expedition to the Kickem’ Jenny seamount, leg 
NA039. State-of-the-art focused ion beam scanning 
electron microscopy-assisted nanotomography and 
nanoscale secondary ion mass spectrometry were 
conducted on a sample that showed extensive 
mineralization. These techniques demonstrated that 
the internal structure of the mineralized bacterial 
stalks was complex, with organic material localized 
within the Fe-oxide minerals. Phosphate was 
preferentially retained close to the organic material. 
These findings suggest that temperature-related 
biogenic signatures in phosphate deposited on the 
organic material during the initial mat mineralization 
should be the dominant phosphate signature in the 
geological record, even if further abiotic 
mineralization and seawater phosphate adsorption 
occurred at different conditions. This was confirmed 
by bulk analysis of the same sample, which led to a 
comparable temperature estimate to those determined 
from Fe-oxidizing bacterial mats from other 
seamounts where the degree of mineralization was 
much less extensive.  

 
[1] Chang & Blake (2015) Geochim. Cosmochim. 

Acta, 150, 314-329. 
[2] Blake et al. (2010) Nature, 464, 1029-1032.  
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The Palaeoproterozoic Bushveld Complex is the 

major world producer of  platinum (73%), rhodium 
(80%) and chromium (46%) and second largest 
producer of palladium (39%)  and vanadium (35%). 
Economic concentrations of PGE-Ni-Cu are hosted in 
the UG2, the Merensky Reef, the Platreef and the 
Waterberg Reefs. Chromium is sourced from the LG, 
MG and UG chromitite layers of the Critical Zone, 
whilst vanadium-bearing magnetite is derived from 
the Upper Zone. 

Research of the last ten years has cast doubt on 
several established views including: that the B1 
magma was parental to the Lower and Critical Zones, 
as Mg-rich olivines with Mg#93 cannot have been 
derived from a B1 magma. 

 For the Platreef of the northern limb, the 
recognition of multiphase sills, each with a distinct 
PGE-Ni-Cu budget, Pt-Pd ratio and tenor appears to 
preclude an úppers’ model as a mechanism for PGM 
concentration. At depths in excess of 500 m, the 
Platreef dip flattens allowing the more undisturbed 
lithologies to be potentially correlated with the 
Critical Zone elsewhere in the complex. Only part of 
the upper sill may be correlatable with the Merensky 
Reef of the eastern and western limbs.  

Strontium isotope studies of the chromitite layers 
from LG6 upwards have suggested a crustal 
contamination component was involved in thick 
chromitite formation, a concept that cannot be 
ignored in models for the formation of these 
chromite-rich layers.  

In the  Waterberg PGE deposit of the far northern 
limb, Bushveld aged rocks extend for >17 km north 
of the known exposures of the Bushveld Complex. A 
lower reef occurs in an ultramafic troctolite-
harzburgite basal unit, whilst an upper reef occurs 
close to the Main Zone-Upper Zone boundary, 
challenging ideas as to which magma carried the PGE 
elsewhere in the complex. Both of these reefs are Pd 
dominated with significant gold in the upper reef. 
Neither of these mineralised reefs has direct 
corrrelatives elsewhere in the complex. In addition, 
the >20 magnetitie layers of the Upper Zone are 
missing in Upper Zone of the Waterberg deposit 
north of the Hout River shear zone.  
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The Shetland Islands occupy a central position in 
the North Atlantic region and provide a geological 
link between widely dispersed fragments of the North 
Atlantic Craton.  The current disposition of 
geological units in Shetland reflects Caledonian 
orogenesis that affected previously metamorphosed 
terranes correlated with the Lewisian, Moine and 
Dalradian sequences of mainland Scotland, together 
with the Ordovician Shetland Ophiolite.  Major fault 
structures on Shetland have been correlated with the 
Moine Thrust and Great Glen Faults of the Scottish 
highlands. 

We have undertaken U-Pb dating to test some of 
these correlations and to better understand the 
Precambrian history of Shetland.  Our results confirm 
a late Archaean age for gabbroic and granitic 
basement gneisses of the North Roe area, previously 
assigned to the Lewisian.  These rocks show little 
pre-Caledonian disturbance.  Gneissic basement 
inliers east of the Walls Boundary Fault, however, 
include both units that have returned late Archaean 
ages, and those that represent more juvenile crustal 
additions in the Neoproterozoic.  These inliers are 
tectonically intercalated with previously poorly dated 
meta-sedimentary sequences of the Yell Sound Group 
and associated intrusive rocks.  Our work has 
indicated that the YSL likely accumulated from 
detritus sourced from the Grenville-Sveconorwegian 
orogens, i.e. broadly correlated with the Moine 
supergroup, and underwent high-grade 
metamorphism and magmatism ca 970 to 960 Ma 
ago.   Together with the ca 930 to 920 Ma 
metamorphic event identified previously within the 
Westing Group on the island of Unst [1], this adds to 
the regional evidence for post-1000 Ma ‘Renlandian’ 
tectonism along what was the margin of eastern 
Laurentia [2,3]. 
 
[1] Cutts et al. (2009) J.Geol.Soc.London, 166, 1033-
1047. [2] Cawood et al. (2010) Geology 38, 99-102. 
[3] Cawood et al. (2015) Bull.Geol.Soc.Am., 127, 
349–371. 
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The onset of the Great Oxidation Event at ~2.45-

2.32 Ga has been constrained with multiple, 
independent proxies [1]. However, the structure of 
ocean redox across this transition remains unclear. It 
has recently been proposed that during the 
Paleoproterozoic Lomagundi Event (LE; 2.22-2.06 
Ga), atmospheric oxygen levels rose dramatically 
before plummeting to lower levels in the mid-
Proterozoic [2]. This ‘oxygen overshoot’ may have 
been enabled by a positive feedback wherein 
enhanced oxidative weathering of sulfides reduced 
the pH of continental runoff, enhancing apatite 
dissolution and delivery of phosphorus to the oceans. 
Increased cyanobacterial primary productivity and 
subsequent organic burial may have caused as much 
as 12-22 times the amount of present atmospheric 
oxygen to be released [3].  

To test some predictions of this hypothesis, we 
examine the behavior of selenium (Se) – a redox-
sensitive trace element that is primarily delivered to 
the oceans via oxidative sulfide weathering. Here we 
present Se abundances and isotope ratios from 
kerogen-rich shales deposited in offshore 
environments across the LE. Se isotopes from shales 
ranging in age from 2.32 to 2.1 Ga consistently show 
more positive values (δ82/78Se = +0.98 ± 0.68‰) than 
those deposited during any other time in Earth’s 
history. This signature may reflect a redox-stratified 
ocean in which partial reduction of Se oxyanions in 
coastal, suboxic water preferentially removed lighter 
isotopes, enriching the residual offshore Se reservoir 
in heavy isotopes. Such a scenario has been invoked 
to explain the positive excursion in Se isotopes across 
the ~2.5 Ga oxygen ‘whiff’ in the Mt. McRae shale 
[4]. Our results suggest enhanced oxidative 
continental weathering, resulting in  a significant flux 
of selenium oxyanions to the ocean. Given the high 
redox potential of selenium, this is consistent with a 
dramatic increase in atmospheric pO2 and a redox-
stratified ocean during the LE.     
[1] Bekker et al. (2004) Nature 427, 117-120 [2] 
Bekker and Holland (2012) EPSL 317, 295-304 [3] 
Karhu and Holland (1996) Geology 24, 867-8870 [4] 
Stüeken et al. (2015) Geology 43, 259-262 
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In the United Kingdom, uranium (U) consitutes 

one of the largest radionuclides by mass, that will be 
disposed of in a cement backfilled, Intermediate 
Level Waste Repository. In order for the 
environmental safety case to be approved, it is of 
paramount importance to understand the mobility of 
U through fractured rocks in cement leachates leaving 
the repository, as this is ultimately the controlling 
process. This is best investigated through column 
studies. A key challenge to these studies is the 
accurate and precise determination of U in solutions 
with high ionic strength and low U concentrations.   

To this end, we tested and implemented an 
adsorptive stripping voltammetric technique, using 
chloranilic acid as a complexing agent, and potassium 
nitrate as background electrolyte.  We optimized 
various analytical parameters, including solution pH, 
deposition potential, and pulse frequency. The 
optimised method provides a precision of ca 7 %, a 
sensitivity of 0.92nA/ppb, and a reproducibilty of ca 
7% at the low ng/ml level. The detection range is 
between approx. 0.46 and 30 ng/ml. The methods was 
subsequently used to susscessfully determine the 
breakthrough curve of U in a solution of 0.1M KNO3 
and a U concentration of 10 µg/ml passing through a 
quartz column. We now have a rapid, robust method 
for analysing uranium to study the mobily of this 
toxic element in fractured rocks. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Breakthrough curve of 10 µg/ml uranium 
0.1M KNO3 solution from a quartz column. 
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At constant vegetation cover and under same 
climate, the soil type has a strong influence on water 
cycling in the forest ecosystem. The objective of this 
study is to evaluate the impact of much contrasted 
soils (their water holding capacity ranging between 
84 and 177 mm) on the water balance of a beech 
forest over contrasted years (the annual precipitation 
ranging between 875 and 1338 mm) by water balance 
modelling. 

The experimental site of Montiers corresponds to 
three plots of different soil types (Rendzic Leptosol, 
Eutric Cambisol and Dystric Cambisol) under an 
equivalent stand (same age and same management). 
Each plot consists of three replicates equipped with 
bulk precipitation, throughfall and stemflow 
collectors to sample the aboveground solutions. Soil 
moisture was measured daily in each soil layer by 
TDR probes at several depths. Meteorological data 
were measured on a nearby meteorological station. 
The rooting profiles, physicochemical properties and 
water retention curves of the studied soils were 
determined. 

The results displayed the impact of vegetation on 
water fluxes, the forest canopy intercepting 15% the 
mean annual precipitation and tree transpiration 
representing >30% of incident precipitation during 
the leafed period. This study also showed that the 
decrease of soil water reserves during summer was 
accentuated in the dry year; water stress duration was 
of 83 days in the deepest soil and of 106 days in the 
shallowest soil. The bedrock colonization by roots in 
the shallow soil could be an adaptation to this water 
stress. The water balance model BILJOU 
implemented in our study allowed to quantify 
drainage fluxes below each experimental plot and to 
estimate the depth at which root water uptake takes 
place throughout the year. 

The opportunity to monitor water fluxes over 
contrasted years permits to anticipate the behavior 
and the adaptation of such forest ecosystems faced to 
changing climatic conditions. 
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Transfer of soil organic carbon from land to sea 

by rivers plays a key role in the global carbon cycle 
by enabling long-term storage upon deposition in the 
marine environment, and generates archives of 
paleoinformation. Specific soil bacterial membrane 
lipids (branched glycerol dialkyl glycerol tetraethers, 
brGDGTs) can trace soil inputs to a river. BrGDGT 
distributions relate to soil pH and mean annual air 
temperature and can be inferred by a novel 
calibration [1]. In the Amazon Fan, down-core 
changes in brGDGTs have been used for paleoclimate 
reconstructions [2]. However, the effects of fluvial 
sourcing and transport on brGDGT signals in 
sedimentary deposits are largely unknown. 

In this study, we investigated the implications of 
upstream dynamics and hydrological variability 
(wet/dry season) on brGDGT distributions carried by 
the Madre de Dios River (Peru), a tributary of the 
upper Amazon River. The Madre de Dios basin 
covers a 4.5 km elevation gradient draining the 
eastern flank of the Andes to the Amazonian 
floodplains [3], along which we examined organic 
and mineral soils, and river suspended particulate 
matter (SPM). BrGDGT signals of SPM indicate 
sourcing of soils within the catchment, with 
concentrations increasing downstream indicating 
accumulation of this biomarker. River depth profiles 
demonstrated uniform brGDGT distributions and 
concentrations, suggesting no preferential transport 
and that brGDGTs are well-mixed in the river.  

These findings add to prior studies on brGDGTs 
in the downstream Amazon River [4, 5]. Our study 
highlights the importance of the upstream drainage 
basin to constrain the source of brGDGTs in rivers, to 
better interpret climate reconstructions with this 
proxy. 
 
[1] De Jonge et al. (2014) Geochim Cosmochim Act 
141, 97-112 [2] Bendle et al. (2010) Geochem Geoph 
Geosy 11 [3] Ponton et al. (2014) Geophys. Res. Lett 
41, 6420-6427. [4] Kim et al. (2012) Geochim 
Cosmochim Act 90, 163-180. [5] Zell et al. (2013) 
Front Microbio 4, 228.  
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Lin et al. [1] demonstrated recently that genes 

controlling magnetosome formation in magnetotactic 
bacteria (MTB) from Nitrospirae and Proteobacteria 
diverged most likely in mid-Archean time, well 
before the Great Oxygenation Event (GOE). The 
conserved magnetosome gene cluster, and their 
preserved ordering on the chromosmes, yield the 
same phylogeny as do the nucleic acids, making 
lateral gene trans-fer unlikely. This cluster controls 
rock-magnetic properties of the magnetosomes, 
implying natural selection specifically for 
magnetotaxis. That implies that the Archean magnetic 
field was ~ 6 μT or greater; in weaker fields the 
magnetostatic orientation energy falls below the 
background thermal energy and magnetotaxis is not 
favored evolutionarily. To the first order our genetic 
results on the MTB constrain the geodynamo to be 
active almost continuously since Archean time, with 
low-field gaps of no longer than ~ 100 Myr, a result 
that is independent, but consistent with, 
paleomagnetic constraints.  Given the recent 
recognition that Earth’s inner core nucleated rather 
late in Earth History, alternative mech-anisms for 
driving an uninterrupted geodynamo are needed. 

As the MTB use the geomagnetic field to 
navigate across redox gradients in every environment 
in which they have been found, their presence before 
the GOE is telling us something about the Archean 
environment. We note that an Archean origin for 
magnetosome biomineralization and magnetotaxis is 
compatible with at least three possible 
microenvironments, ranging from a sub-glacial 
peroxide system, to the ferric-ferrous zone of 
Walker’s “Inverted Biosphere”, to protective 
measures against harmful UV radiation. 
Magnetotaxis would have allowed early MTB to 
survive the harsh conditions on the Archean Earth 
and may have allowed them to diversify and colonize 
extensive shallow-water environments long before 
the GOE. The evolution of MTB therefore provides 
an unusual biological constraint on the history of 
Earth’s magnetic dynamo.  

 
[1]. W. Lin, G.A. Paterson, Q. Zhu, Y. Wang, J. 

Kopylov, Y. Li, R. Knight, D.A. Bazylinski, R. Zhu, 
J.L. Kirschvink & Y. Pan, Origin of microbial 
biomineralization and magneto-taxis during the 
Archean,  In review. 
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Captured CO2 streams from the burning of fossil 

fuels can contain impurities like SO2 and O2 as well 
as others. The presence of these impurities in CO2 
that is being geologically stored can result in 
significant impacts on the chemistry of the aqueous 
phase. Understanding how these changes in chemistry 
may affect the physical and chemical behaviour of 
the storage system is a vital component of the risk 
assessment process. Fundamental to that task is being 
able to correctly predict how the impurities react once 
dissolved in the water because the formation of 
strong acids and changes in redox state are expected 
to occur. When SO2 dissolves in water there are 
several possible reactions that can occur: 

SO2(aq) + H2O � HSO3
- + H+  1) 

SO2(aq) + H2O + ½O2(g) � H2SO4  2) 
4SO2(aq) + 4H2O � 3H2SO4 + H2S   3) 
1) is a simple hydration reaction that is reversible 

and can result in low pH. The second reaction 
involves oxidation (by O2 or other oxidents) and 
results in lower pH than 1). 3) is a disproportionation 
reaction that will produce both oxidized and reduced 
sulphur species and will result in pH higher than 2) 
but lower than 1). The H2S in 3) can be substituted 
for by elemental S as a product. A series of batch 
experiments were conducted to evaluate the effects of 
impurities on CO2 storage in sedimentary rocks from 
the Surat Basin, Australia (Farquhar et al., 2015; 
Pearce et al., 2015). The experiments were run using 
pure CO2, CO2 + 0.16% SO2 and CO2 + 0.16% SO2 + 
2% O2 at 12 MPa and 60°C. Here we report the 
observations regarding how SO2 reacted during the 
experiments. With 0.16% SO2 and no additional 
oxidant, disproportionation did occur with either S0 or 
H2S or both and very low pH. In the presence of O2, 
the SO2 was oxidized giving sulphuric acid and 
typically a lower pH than the experiments without O2. 
During the 15 days of the experiment runs, it was 
clear there was a rate control on the SO2 oxidation or 
disproportionation reactions. 

Farquhar et al. (2015) Chem. Geol. 399, 98-122; 
Pearce et al. (2015) Chem. Geol. 399, 65-86. 
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Recycling of oceanic lithosphere drives the 
chemical evolution of the Earth’s mantle supplying 
both solids and volatiles to the Earth’s interior. Yet, 
how subducted material influences mantle 
composition remains unclear. Ocean island basalts 
(OIB) tap different parts of the Earth’s mantle and 
allow us to probe the deep interior of the planet. OIBs 
are divided into different geochemical types that 
reflect primitive and recycled components in the 
mantle. We will present the trace element, volatile 
and the B isotope composition of basaltic glasses and 
melt inclusions in olivine from distinct end-member 
ocean island basalts to track the fate of recycled 
lithosphere and ultimately document how recycling 
contributes to mantle heterogeneity. The samples 
represent the different end member OIB compositions 
and include: EMI (Pitcairn); EMII (MacDonald); 
HIMU (St. Helena) and FOZO (Cape Verde & 
Reunion). The data is derived from both submarine 
and subaerial deposits, with B isotope determination 
of both basaltic glass and melt inclusions from each 
locality. The B concentrations of the entire sample 
suite range from ~1.5-4 ppm and H2O concentrations 
range from 0.6-1.6 wt%, extending the typical range 
of B in OIBs relative to existing bulk rock data.  The 
Cl concentrations are highly variable, ranging from 
250-2500 ppm. However, the variability in H2O, Cl, 
and B concentrations dominantly represent 
differences in source enrichments and fractionation, 
and are unlikely the result of seawater contamination 
as evidenced by relationships in Cl/Nb and Cl/K2O, 
making these samples suitable for B isotope work. 
Ultimately this work contributes to our understanding 
of the volatile budget of the deep mantle. 
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In order to inform projections of the ocean’s 

response to anthropogenic climate change, studies 
have focused on reconstruction and modeling of the 
global ocean overturning circulation across both past 
warm climate states and transient warming episodes, 
such as the hyperthermal events of the early Eocene 
epoch. Yet the impact of climatic warming on 
overturning circulation rates is dependent on the 
timescale (not just magnitude) of temperature 
increase. While enhanced stratification is the 
expected ocean response to abrupt increases in 
temperature, a sluggish ocean circulation is not a 
consequence of a persistently warm climate state. 
Past episodes of climatic warming over a variety of 
timescales, from millenial-scale warming to orbital-
scale trends, provide test cases for reconstructing the 
time-dependent sensitivity of ocean overturning to 
increasing global temperature. However, fully 
exploiting the paleoceanographic record requires that 
dynamic ocean models include representations of the 
measured tracers. For the Eocene hyperthermal 
events in particular, these are mostly passive tracers 
of the ocean circulation that do not directly record 
rates of overturning -- making detection of changes in 
circulation rate (as opposed to changes in global 
overturning patterns) across these events particularly 
challenging. Here we use the Earth system model 
cGENIE to evaluate the response of global ocean 
circulation to varying rates of temperature change 
similar to those postulated across the early Eocene 
hypthermals and demonstrate that a ‘sluggish ocean’ 
is only the initial response to warming. We further 
evaluate changes in modeled volumetric transport 
through the lens of two common proxies: the carbon 
isotopic compoisition of dissolved inorganic carbon 
(reconstructed via benthic foraminiferal carbon 
isotopes) and the distribution of seafloor sedimentary 
carbonate content. We demonstrate that changes in 
the spatial patterns of these variables can be used to 
elucidate changes in the rate of ocean overturning 
circulation through a combined data-model approach.   
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Our recent work (Kiseeva and Wood, 2013, 

2015) demonstrated that LogDM ((DM=[M]sulph/[M]sil) 
for trace element M should depend linearly on –
n/2log[FeO], where n is the valency of M and [FeO] 
is the weight% FeO in the silicate melt. Most 
chalcophile elements fit the model reasonably well, 
but there are deviations from the ideal slope due to 
the presence of oxygen in sulphide when [FeO] is 
>~7%. Deviations correlate with relative lithophile or 
chalcophile character of M. This “oxygen effect” was 
parameterised by Kiseeva and Wood (2015)  using 
the ε-model of non-ideal interactions in metallic 
liquids. A second significant compositional effect is 
that caused by the presence of Ni and Cu replacing Fe 
in the sulfide liquid. A simple ideal solution 
adjustment to the model suffices to correct for this 
effect. 

In addition to temperature, we show here that 
silicate melt composition also affects partitioning 
behaviour. Crudely-speaking the degree of silica 
saturation is an important parameter, but we find that 
NBO/T is an inadequate description of the effect. 
Based on our experiments on 100 compositions at 1.5 
GPa/ 1300-1700oC we have found that CIPW norms 
are a good way of describing the silicate melt effects. 
Normative olivine is the most significant silicate 
parameter for chalcophile and moderately chalcophile 
elements such as Ag, Sb, Tl, Pb, Ge and V. Albite 
and orthoclase are significant for Cu, Cd, Cr and Ni. 
In order to account for the new components, we re-
regressed all the available partitioning data and 
updated the equations from Kiseeva and Wood 
(2015). 

Some examples of the additional compositional 
terms are: LogDCu ∝0.005Ab, LogDCo ∝ 0.002Ab 
+ 0.003Q, LogDCd ∝0.003Ab + 0.002Ol, LogDSb ∝ 
-0.003Ol – 0.016Or, where Ab (albite), Q (quartz), Ol 
(olivine) and Or (orthoclase) are in weight % of 
normative minerals.  

 
Kiseeva E.S., Wood B. J. (2013). EPSL 383, p. 

68-81.  
Kiseeva E.S., Wood B. J. (2013). EPSL 424, p. 

280-294.  
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We determined solubility products of rare earth 
carbonates, and examined partitioning mechanism of 
rare earth elements (REE) into calcium carbonate 
using these data.  

The REE carbonates used were some purchased 
carbonates as well as the synthesized ones.  Their 
chemical compositions, crystallinities, and crystal 
shapes were exmined before use.  These REE 
carbonates were placed in polyethylen bottles with 
H2O or NaCl solutions under room temperature, and  
the bottles were opened to atmosphere for about 6 
months.  The solubility products were calculated 
from the values of pH, alkalinity, and REE 
concentrations in the solutions.   

The solubility products obtained using H2O for 6 
month duration are plotted against atomic number in 
Fig. 1 together with those reported in the previous 
studies [1, 2].  These data show increasing tendency 
from Nd to heavy rare earth elements (HREE), and 
our values fall within a relatively narrow range 
despite the differences in the chemical compositions 
and crystal shapes.   

These solubility products connected with the 
previously obtained partitioning coefficient [e.g., 3] 
were examined in the light of the partitioning 
mechanism. 

 

 
 

Fig. 1   The solubility products of REE carbonates in 
distilled water for six-month experiments. 
 
Reference:  
[1] Jordanov and Havezov (1966), Z. Anorg. Allg. 
Chem. 347, 101–106. 
[2] Firsching and Mohammadzadel (1986), J. Chem. 
Eng. Data 31, 40–42. 
[3] Toyama and Terakado (2014), Geochem. J. 48, 
463–477. 
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Re-suspension of radioactive cesium (Cs) from 
the soil and vegetation to the atmosphere may be one 
of significant path in the diffusion of radionuclides 
after the FNDPP accident.  We are monitoring the 
radioactivity concentration of atmospheric Cs-
134/137 at Tsushima, Fukushima.  Atmospheric 
suspended particle are collected with high-volume air 
samplers mounted at these sites. The measured 
concentrations of atmospheric Cs-134/137 at 
Tsushima indicated their seasonal variation: 
maximum in summer and minimum in winter. SEM 
observation, X-ray analyses, chemical analysis and 
other experiments on atmospheric samples indicated 
that organic/biogenic particles main agent bringing 
Cs-134/137 to the atmosphere in summer and 
autumn. Our results strongly suggested that Cs-
134/137 is circulating among vegetation, soil, and 
atmosphere. 

 
 



Goldschmidt Conference Abstracts 1538 

Instrumental biases for SIMS 
magnesium isotope analyses 

N. T. KITA1*, T. USHIKUBO2, T. J. TENNER3, S. J. 
ROMANIELLO4 AND M. WADHWA4 

1WiscSIMS, University of Wisconsin-Madison, 
Madison WI 53726, USA 
(noriko@geology.wisc.edu) 

2Kochi Institute, JAMSTEC, Kochi 783-8502, Japan  
3Los Alamos National Laboratory, NM 87545, USA 
4Arizona State University, Tempe, AZ 85287, USA 
 

Secondary ion mass spectrometery (SIMS) is 
useful for 26Al-26Mg chronology of early solar system 
materials, such as CAIs and chondrules [1-3]. Multi-
collection Faraday cup analyses of olivine and 
pyroxene phenocrysts in chondrules (typically using 
12-15µm spots at 2-4 nA primary beam current) 
determine intercepts of isochron regression lines with 
precision as good as ±0.03‰ in δ26Mg* (i.e., the 
mass-fractionation corrected 26Mg/24Mg ratio) [2]. 
The same analyses also provide stable Mg isotope 
fractionation (δ25Mg) in chondrule olivine and 
pyroxene with precision better than ±0.2‰ amu-1 [2] 
if instrumental biases are properly corrected. The raw 
δ25Mg values of terrestrial standards obtained via 
SIMS show strong linear correlations with olivine Fo 
contents (–4‰ to –0.5‰ for Fo100-Fo60), but show 
smaller variability among pyroxene (–0.3‰ to +1‰) 
that correlate weakly with En and Wo contents [2]. 
Based on olivine and pyroxene standard calibrations, 
instrumental biases of unknowns in chondrules are 
corrected as a function of their Fo, En, and Wo 
contents [2]; historically, this has been achieved by 
assuming that δ25MgDSM-3 values of SIMS olivine and 
pyroxene standards are 0‰, or the same as average 
terrestrial mantle derived rocks (–0.13‰ [4]). 

In order to improve the accuracy of instrumental 
bias corrections, we obtained δ25MgDSM-3 values for 
several olivine and pyroxene standards by solution 
MC-ICPMS. For the 7 standards analyzed so far, the 
δ25MgDSM-3 values vary between –0.2‰ and 0‰, 
except for synthetic pure forsterite (–0.4‰) and 
diopside from Adirondack Mountains (–0.5‰) which 
deviate significantly from the terrestrial mantle value 
(–0.13‰ [4]). By using the new MC-ICPMS data of 
these standards, the linearity of instrumental bias 
calibration lines are improved for both olivine and 
low-Ca pyroxene against Fo and En contents, 
respectively. The  biases of two diopside standards, 
which have different Al2O3 contents (1% and 5%, 
respectively) differ by 0.6‰ in δ25Mg, suggesting 
biases are also sensitive to minor element 
abundances. 
[1] Kita et al. (2012) GCA 86, 37–51. [2] Ushikubo et 
al. (2013) GCA 109, 280-295. [3] Tenner et al. 
(2015) MaPS Suppl. 50, Abstract #5326. [4] Teng et 
al. (2010) GCA 74, 4150-4166. 
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The emergence and evolution of proto-metabolic 
networks have recently attracted much interest as an 
essential initial step for the origin of life [1]. Alkaline 
hydrothermal systems have been proposed as a 
plausible site to drive proto-metabolism [2], where 
reduction and fixation of CO2 could have proceeded 
with the aid of ample and continuous supplies of 
reductive chemicals such as H2, H2S, and FeS, 
together with active mineral catalysts (e.g., [3]). 
Recently, a direct electrochemical measurement of a 
deep-sea hydrothermal vent in the Okinawa Trough 
demonstrated that the geochemical redox potential 
between hydrothermal fluid and seawater generates 
electrical current through the vent structure, and 
electrons are concentrated at the vent–seawater 
interface (Yamamoto, unpublished). Electrochemistry 
is a very effective way for CO2 reduction and 
fixation. It has been experimentally shown that 
electrocatalytic reduction of CO2 on metal sulfide 
deposits produces CO and CH4 with excellent 
efficiencies under naturally plausible electrochemical 
conditions (from ‒0.4 to ‒1.3 V) [4]. There is a good 
probability that the geo-electrochemical systems 
occurring at alkaline hydrothermal vents served as a 
source of energy and reducing power to drive proto-
metabolic reactions. 

Following these geological and experimental 
findings, we have been conducting electrochemical 
experiments in ELSI. Here, we will introduce our 
research progress and its implication for the origin 
and early evolution of life. 
 
References 
[1] Braakman & Smith (2013) Phys Biol 10, 011001. 
[2] Russell et al. (2010) Geobiology 8, 355. [3] Huber 
& Wachtershauser (1997) Science 276, 245. [4] 
Yamaguchi et al. (2014) Electrochim Acta 141, 311. 
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Late Cenozoic intraplate basalts are widely 

distributed in east Asia, including northeastern China, 
Korean Peninsula, and southwestern Japan [1]. The 
lavas occur in the regions above the toes or gaps of 
the stagnant slab of Pacific Plate in the mantle 
transition zone (MTZ) [2]. Geochemical studies 
suggested the derivation of magma sources from 
MTZ [3, 4].  

This study presents geochemical analyses on 
Cenozoic lavas from northern Kyushu, SW Japan. 
The magmatic activity was dominated by eruption of 
alkaline basalt (ALK). Three districts are recoginzed 
as type locality; Kita-Matsuura (10–6 Ma),  Higashi-
Matsuura (3 Ma), and Fukuoka (4–1 Ma) [5]. The 
asthenospheric origin of magma sources is supported 
by high P-T condition of melting (3 GPa, 1500 ˚C) 
estimated on primitive ALK. The Sr-Nd-Hf-Pb 
isotopic compositions fall within the range observed 
in Cenozoic basalts from east Asia. Three end-
member components, recognized mainly based on 
Pb-isotope compositions, contributed differently to 
magmas in each district. The source prominent in 
Kita-Matsuura ALK is characterized by higher 
208Pb/204Pb at a given 206Pb/204Pb, such a feature is 
also found in ALK from Ulleung and Dokdo islands 
[6]. The EM1-like source, also found in NE China 
[3], contributed largely to Higashi-Matsuura ALK. 
The Fukuoka ALK defines the most radiogenic Pb-
isotopic source. The origins of these sources are 
attributed to deep-subducted slab and sediment, based 
on boron-isotopic compositions. 

The seismic gap on the stagnant slab, interpreted 
as slab tear [7], is located beneath northern Kyushu, 
Ulleung, and Dokdo. The spatial coincidence with 
lava geochemistry suggests that the upwelling mantle 
ingested dehydrated crustal sections of the stagnant 
slab. The numerical experiment demonstrates that the 
vigorous upwelling could rise at the toe or gap on the 
stagnant slab [8], a conclusion seemingly consistent 
with our model based largely on geochemical data. 

 
Reference: [1] Nakamura, E. et al.  (1989) JGR 

94; [2] Huang, J. & Zhao, D. (2006) JGR 111; [3] 
Kuritani, T. et al. (2011) Nature Geosci. 4; [4] 
Sakuyama, T. et al. (2013) Chem. Geol. 359, 32–48; 
[5] Uto, K. et al. Bull. GSJ 44; [6] Choi, S. et al. 
(2006) Chem. Geol. 232; [7] Obayashi, M. et al. 
(2009) Science, 324; [8] Motoki, M. H. & Ballmer, 
M. D. (2015) G3 16. 
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The 14C age of bulk sediment can be influenced 
by several factors: for example, 1) hard water 
reservoir effect of aquatic organic matters by 
dissolved carbon originating from 14C-dead 
calcareous rocks or decomposed organic matters in 
sediment, and 2) incorporation of pre-aged terrestrial 
organic matter from the lake watershed. We have 
developed a method for quantification of pre-aged 
carbon incoporation of lake sediment using Fourier 
transform infrared spectroscopy (FTIR). FTIR spectra 
of bulk sediments were calibrated to infer measure of 
pre-aged carbon incorporation (PACI=14C(bulk 
sediment)/14C(plant remain). Using the PLSR 
calibration model, we estimate a high-resolution 
PACI profile of a 18.5 m-long sediment core from 
Lake Biwa (BIW07-6) covering the radiocarbon 
timescale. Here, we discuss the PACI profile in 
relation to the century to millinim-scale climatic 
changes in East Asia. 

Figure 1. Estimation of pre-aged carbon incorporation 
to the sediment form Lake Biwa (BIW07-6) 
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Stable isotope analysis of complex solid-solution 

minerals by SIMS requires a large suite of matching 
standards. There is no theoretical basis for 
extrapolating SIMS bias based on cation composition 
thus samples are generally calibrated by isostructural 
standards. For oxygen isotope analysis of pyralspite 
garnets, a proposed matrix correction based on 
grossular (Ca) component (XGrs) [1] has been 
generally accepted [2–4]. However, in recent SIMS 
sessions we noticed significant dispersion (>0.5‰) in 
the low-Ca, near end-member, pyralspite garnets such 
as pyrope (Mg), almandine (Fe2+) and spessartine 
(Mn). Corrections for these components using a 
linear fit and/or a single component cannot explain 
the observed dispersions of low-Ca pyralspite garnets 
[3–5].  

In this test study, pyralspite and grossular garnets 
are calibrated with three binaries (Ca–Mg, Mn–Mg 
and Fe2+–Mg) instead of only XGrs. Each calibration 
curve was fitted by a quadratic equation with three 
standards. A single pyrope standard was common to 
all calibrations and thus a total of 7 standards were 
used for calibrations. This correction scheme was 
evaluated using the measured offset of corrected δ18O 
vs. δ18OTrue value (measured by laser-fluorination, 
gas-source-MS) for 27 published [1] and 22 new 
garnet standards. Biases are session specific. For 
session on 6/24/2014, the value of 2 standard 
deviations (2SD) of the residual after Ca correction 
was 0.81‰. Finally, after the Mn and Fe2+ corrections 
were performed, the 2SD of the final residual was 
0.33‰, better than the residual if we apply only the 
XGrs correction [1] (0.75‰). In addition, we analyzed 
6 new Cr-pyrope garnet standards [6] to evaluate the 
effect of Cr on the matrix correction which has not 
previously been studied. The calibration curve for Cr-
pyrope garnets reveals that the bias derived from Cr 
concentration is ~ 1.1‰ at 13.4 wt.% Cr2O3.  

 
[1] Page et al. (2010) Chem. Geol. 270, 9–19. [2] 

Raimondo et al. (2012) J. Metamorph. Geol. 30, 255–
280. [3] Ickert & Stern (2013) Geostand. 
Geoanalytical Res. 37, 429–448. [4] Martin et al. 
(2014) Chem. Geol. 374-375, 25–36. [5] Vielzeuf  et 
al. (2005) Chem. Geol. 223, 208–226. [6] Howarth et 
al.  (2014) Lithos 184-187, 209–224. 
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Black shale is dark-colored mudrock containing 

rich organic compounds. Black shales are also 
important to the natural fuel-resource economy of the 
world because they constitute the most important 
accessible reservoir of organic compounds in the 
Earth’s crust [1].  By a long term of thermal effects, 
they become source rock and eventually generate 
petroleum or natural gas because of irreversible 
alteration in them. This leads us to trace thermal 
history by thermal alteration through their 
concentration fluctuation. The purpose of this study 
was to provide mathematical model with thermal 
alteration of organic compounds in black shales 
collected rock samples in Koshikijima Island, 
Kagoshima Prefecture. It could be more easily 
calculable than known thermal indices (vitrinite 
reflectance, carbonaceous material graphitization and 
thermal modeling). 

We could recognize from self-organizing map 
that aliphatic hydrocarbon fraction was overall 
suitable for model construction compared with 
aromatic hydrocarbon and resin fraction separated by 
column chromatography. Organic compounds 
qualified and quantified with GC-MS were classified 
into 13 categories by cluster analysis. Among these 
categories, two clusters showed strong correlation 
with thermal indices. One mainly included most of n- 
C10-C22 saturated hydrocarbon and the other included 
Pristane and Phytane known as biomarker. 

Regression analysis suggested that general linear 
models to each thermal index with significance level 
of 5% were derived respectively. As for their 
compounds, Dodecane fitted closely estimates of 
vitrinite reflectance and those of thermal modeling. 2-
methyl hexadecane fitted carbonaceous material 
graphitization  and estimates of that likewise. These 
results implied that the thermal alteration could be 
quantitatively explained by statistical approach. 

 
[1] Tourtelot (1979), Clays and Clay Minerals 27, 
313-321. 
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The distribution of larch trees in northern 

Mongolia is consider to be limited by moisture 
condition, where patchy permafrost exists. However, 
There is still uncertainly how tree respond to past 
climate change in climatic sensitive area. 

In this study, tree-ring widths and stable carbon 
isotope ratios were analyzed for past 112 years 
(1900-2011) in order to understand the spatio-
temporal difference in physiological responses of 
trees to the climate change. We selected three forest 
sites; Terelj (47N, 107E) in central forest area, 
Tsagaannuur (51N, 99E) and Hatgal (50N, 100E) 
near Khuvsgul Lake in the north-western forest area.  

Our results suggest that tree response to climate 
change has been different among three sites. Tree-
ring width and carbon isotope ratio at Terelj showed 
negative and positive correlations with temperature, 
and positive and negative correlations with 
precipitation in previous and current summer, 
respectively. It is thus suggested that the carbon 
assimilation and tree growth are mainly controlled by 
changes in the stomatal conductance. The relationship 
between ring widths and precipitation in previous 
summer was relatively stronger than that in current 
summer. The long-term variation in ring widths and 
carbon isotope ratios over the past 112 years 
indicated decreasing trend in tree growth and 
stomatal conductance due to the severe drought 
events in recent years. In contrast, ring widths at 
Tsagaannuur and Hatgal showed the weak positive 
correlation with temperature and precipitation in 
current and previous summer respectively, and 
carbon isotope ratio showed positive correlation with 
temperature in previous and current summer. We 
observed characteristic difference of past tree 
response to climate change between central and 
north-western area, probably due to difference of 
moisture condition. 
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 The Udachnaya East pipe (Siberia) hosts a 
kimberlite of special interest that is dry (<1wt% H2O) 
compared to kimberlites worldwide, and anomalously 
rich in salts (Na2O and Cl both up to 6wt%) and 
sulfur. Radiogenic isotopes strongly support a 
magmatic, uncontaminated origin for this salty 
kimberlite [1,2], raising the question of the origin of 
S and its oxidation state (sulfide or sulfate) in alkali 
magma. An associated less dry kimberlite and a 
serpentinized kimberlitic breccia are both salt free. 
We studied samples from these three kimberlitic rock 
types (dry-salty, n = 8, non-salty, n = 5 and breccia, 
n = 3) using the complementary approaches of whole-
rock and in situ techniques.  

The salty kimberlite is unprecedentedly S-rich 
(~0.3wt%) compared to the non-salty kimberlite 
(~0.08wt%). In the salty kimberlite, S is present 
mostly as sulfates (up to 94% of Stotal) disseminated 
throughout the groundmass and associated with 
alkali-carbonates. The coexisting groundmass 
sulfides are djerfisherites (Na(Fe,Cu,Ni)24S26Cl), and 
the δ34S of sulfides in the salty kimberlite (mean 
δ34Sbulk= -1.3 ± 1.1‰ and δ34Sinsitu = -2.1 ± 1 ‰ for 
djerfisherite) is consistent with that of the depleted 
upper mantle [3,4]. δ34S of the associated sulfates (9 
to 12‰) are in equilibrium with the sulfides at T  of 
466 to 565ºC, consistent with the magmatic range for 
kimberlites.  Samples that are salt free show evidence 
that the system has been perturbed, either by the 
removal of sulfates and the addition of sulfides by 
sulfidation reactions (non-salty kimberlite) or by 
hydrothermal contamination (breccia).  

The coexistence of magmatic sulfides with 
sulfates in these deeply sourced magmatic rocks have 
strong implication for the oxygen fugacity of 
kimberlite magmatism and more generally for the 
global S budget of the mantle. Although sulfates are 
more elusive than sulfides and thus rarely reported so 
far, our results suggest that sulfate-rich fluids are 
more important in the mantle than previously 
thought. 

 
[1] Kamenetsky et al. (2014) Ear. Sci. Rev 139, 145–
167. [2] Mass et al. (2005) Geology 33, 459. [3] 
Labidi et al. (2013) Nature 501, 208–11.[4] Labidi et 
al. (2014) GCA 133, 47–67.  
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 Microorganisms have developed two main 
strategies for gaining iron: ligand production 
(siderophores), and redox cycling (reductive iron 
uptake) [1]. In light of recent studies showing the 
highly dynamic nature of iron oxides in the presence 
of Fe(II) (conveyor belt mechanism) [2], we 
investigated how this process may couple with the 
redox cycling of iron to overcome barriers for Fe-
dissolution and subsequent microorganism uptake of 
Fe. To do this we explored the interaction of Fe(II) 
with iron oxide (hydrous ferric oxide; HFO) in the 
presence of an iron complexing ligand (EDTA 
group), taking into account the influence of the 
addition sequence, Fe(II) concentration, pH, and 
Fe(III)-ligand binding strength. 
 We show that Fe(III) is released into 
solution at a much faster rate in the presence of Fe(II) 
when compared with direct ligand-promoted 
dissolution (in the absence of Fe(II)). The total 
concentration of Fe(III) released is similar to that in 
control experiments, indicating that Fe(II) only 
influences the rate of dissolution, and not the 
equilibrium position. Most significantly, only 
relatively small amounts of Fe(II) are required to 
enhance the dissolutin rate, suggesting a catalytic 
mechanism. 
 We propose that the observed rate 
enhancement most likely occurs via the conveyor belt 
recrystallisation of the HFO substrate and represents 
a pathway by which aquatic biota could rapidly 
acquire iron from Fe-mineral substrates under neutral 
pH conditions. Conditions suitable for this 
mechanism to operate would occur at redox 
boundaries (e.g. biofilms) and may represent an 
extemely important part of Fe acquisition under Fe-
limiting conditions. 
 
[1] Lis et al. (2015) Life 5, 841-860. [2] Handler et al. 
(2009) Environ. Sci. Technol. 43, 1102-1107. 
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Microbes use reduced gases generated during 
serpentinization as a source of metabolic energy. 
However, within the temperature limits of life 
serpentinization fluids are strongly alkaline and 
depleted in nutrients and electron acceptors for 
metabolic reactions1. Subseafloor mixing of 
hydrothermal fluids with seawater is believed to 
provide the energy and substrates needed to support 
autotrophic microorganisms2. Despite the 
implications for the distribution and dispersal of 
microbial life on Earth, our understanding of such 
environments remains incomplete. A recent study of 
drill cores from the Iberia Margin examined 
fossilized microbial communities and fluid mixing 
processes in the subseafloor of a Cretaceous ‘Lost 
City’-type hydrothermal system at the passive Iberia 
Margin3. Brucite and calcite co-precipitated from 
mixed fluids within steep chemical gradients between 
weathered, carbonate-rich serpentinite breccia and 
serpentinite. Fluid mixing created a habitable 
environment for microbes within the shallow oceanic 
basement as indicated by fossilized microbial 
colonies within these rocks3. The exposure of mantle 
rocks to seawater during the breakup of Pangaea 
fueled microbial communities at the Iberia Margin.  
Subsequent seafloor spreading in the North Atlantic 
has been slow since the Cretaceous4 and likely 
involved the exhumation of olivine-rich rocks 
causing serpentinization. Microbes may have 
followed the energy as new peridotite is exposed to 
seawater near the ridge axis, suggesting that slow-
seafloor spreading represents a means of microbial 
dispersal over geological timescales. 
 

1. Schrenk, M. O. et al. Rev. Mineral. Geochem. 75, 
575–606 (2013).  2. McCollom, T. M. & Shock, E. L. 
J Geophys Res 61, 4375–4391 (1997). 3. Klein, F. et 
al., PNAS 112, 12036–12041 (2015). 4. Müller, R. D. 
et al. G3 9, Q04006 (2008).  
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Isotope ratios (δ18O, δ17O, δD) of water-

containing fluid inclusions are increasingly used as 
proxy for past mineral formation conditions. Fluid 
inclusion isotope ratios are particularly promising for 
speleothems as they can provide unique and direct 
insight into past climatic conditions at the Earth's 
surface. A fundamental question arises with regard to 
the preservation of the oxygen isotope ratio in fluid 
inclusions. Temperature changes affect the 
equilibrium isotope fractionation. Accordingly, the 
isotope ratios in fluid inclusions may change over 
time following temperature variations even after 
enclosure of the inclusion in the mineral matrix. 
 

Two different laboratory experiments were 
conducted to assess the question of isotopic re-
equilibration in fluid inclusions. One experiment was 
prepared with a high water/calcite ratio, a super 
saturation close to zero (no net dissolution or 
precipitation) and a strong isotopic gradient between 
calcite and water. This experiment suggested the 
related time scales of the isotopic re-equilibration 
between fluid and mineral surface not to be below the 
order of months. In a second experiment the isotope 
ratios of a fluid inclusion analogue were investigated 
following the effect of a strong temperature change 
(17 K). This gives an upper limit for isotopic changes 
related to variations in the mean annual temperature 
over glacial/interglacial cycles or after speleothem 
removal from cave sites. 
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The mining of seafloor massive sulphide (SMS) 

deposits will result in the oxidation of sulphide 
minerals and the subsequent release of metals into the 
surrounding environment which may be lethal to 
some organisms. Batch reactor sulphide oxidation 
experiments have been undertaken in an attempt to 
determine oxidation rates and to predict metal release 
from SMS mining. This research may also have 
implications for the weathering of SMS deposits as 
they move away from ridge axes which may be vital 
for the exploration of inactive deposits. 

Monomineralic samples of pyrite, chalcopyrite 
and sphalerite were reacted with synthetic seawater at 
temperatures of ~2oC, under circum-neutral pH (~8.2) 
and anoxic conditions for eight hours. Monomineralic 
samples of pyrite, chalcopyrite and sphalerite as well 
as polymineralic mixtures of these three sulphide 
phases in all configurations were run under the same 
pH, temperature and time conditions as above, 
however, the synthetic seawater was equilibrated with 
atmosphere. 

During these initial experiments, Fe-hydroxide 
phases precipitated from the synthetic seawater 
solution; a reaction known to occur at pH >5. These 
phases appear to sequester Fe and Zn from solution in 
different proportions, but not Cu. As a result, rates of 
sulphide mineral oxidation cannot be determined 
from the concentrations of Fe and Zn in solution as 
they are not representative of sulphide oxidation 
alone. Increased concentrations of dissolved oxygen 
likely increase the rate of sulphide mineral oxidation, 
but also increase the rate of Fe-hydroxide 
precipitation. This is reflected by observing higher 
concentrations of metals in solution in experiments 
run under nitrogen compared with those completed 
under atmosphere after eight hours. 

Galvanic effects are evident in polymineralic 
experiments, predominantly the cathodic protection 
of pyrite by the preferential oxidation of chalcopyrite 
and sphalerite. The relationship between sphalerite 
and chalcopyrite remains unclear due to the removal 
of soluble Zn by Fe-hydroxides.  

Experiments completed under atmosphere have 
been re-run for 73 hours in an attempt to produce 
enough data for predictive modelling. Results from 
this latest round of experiments and their implications 
for seafloor mining will be presented at the 
conference. 
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Organic aerosol (OA) is ubiquitous in the 
atmosphere and can undergo chemical modification 
during transport. Multiphase chemical oxidation 
reactions between OA and oxidants can impact 
source apportionment, air quality, and the particles’ 
potential to act as cloud condensation nuclei (CCN) 
and ice nuclei and thus climate. Temperature and 
humidity affect the phase state of the OA particles 
which in turn can impact the oxidation kinetics. The 
initial step in multiphase oxidation reactions involves 
the adsorption of the gas species on the particle 
surface. We will examine typical adsorption energies 
of gas species on different inorganic and organic 
substrates, the resulting desorption lifetimes, and how 
temperature impacts the residence time of an 
adsorbed gas species on the surface. Model-derived 
sensitivity studies that include the effect of 
temperature on desorption lifetime and particle phase 
will be presented for the case of reactive uptake of 
OH by biomass burning aerosol surrogate particles 
composed of abietic acid and levoglucosan. We will 
show experimental data that demonstrates the 
importance of particle phase state, modulated by 
temperature and humidity, for OH oxidation and 
resulting CCN activity and cloud droplet numbers. 
Preliminary reactive uptake experiments will be 
presented on the uptake of NO3 and OH by organic 
substrates serving as surrogates for atmospheric OA 
for temperatures as low as -40 ºC.  
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Precise understanding of Holocene climate is 
critical as future climate and societal evolution will 
occur under Holocene boundary conditions. 
However, it has been difficult to reconstruct 
multidecadal to centennial temperature variations 
owing to poor chronological constraints and seasonal 
biases on paleo-proxies. Here, we reconstructed 
Greenland temperatures over the Holocene using 
argon and nitrogen isotopes in the GISP2 ice core. 
The record provides seasonally unbiased estimates of 
multidecadal to millennial temperature changes 
(Kobashi et al., 2015). The reconstructed temperature 
indicates that Greenland experienced a gradual 
warming from the beginning of the Holocene (11,600 
B.P) to ~9500 B.P., underwent warmer temperatures 
from 9000 to 6000 B.P., and then slightly cooled 
towards present. To interpret the reconstructed 
Greenland temperature variability, we employed 
intermediate complexity climate models (Loveclim) 
with the forcings of greenhouse gas, volcanic, solar, 
orbital forcing, topographic and albedo changes 
associated with changes in ice-sheets. We found that 
the model (Loveclim) captures long-term temperature 
changes in the earliest Holocene (11500-10000 B.P.) 
and a gradual cooling from the middle to late 
Holocene (7000 B.P. to present). However, it 
underestimates the reconstructed temperatures by a 
few °C from 10000-7000 B.P., indicating a missing 
forcing during this time. Precise temperature records 
can provide valuable tools to evaluate climate models 
and forcing estimates.  

 
Kobashi, T., Box, J. E., Vinther, B. M., Goto-

Azuma, K., Blunier, T., White, J. W. C., Nakaegawa, 
T., and Andresen, C. S.: Modern solar maximum 
forced late twentieth century Greenland cooling, 
Geophys. Res. Lett., 42, 5992-5999, 
10.1002/2015GL064764, 2015. 
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Recent studies show that the terrestrial plant 
canopy sun-induced chlorophyll fluorescence (SIF) 
can be observed from satellites and the several SIF 
products have been produced. The potential 
application of these new products is being 
investigated. In this study, we performed a canopy 
and leaf level radiative transfer simulation to 
understand how leaf-level SIFs from sunlit and 
shaded leaves contribute to the canopy scale SIF that 
is observed by satellites. We also investigated how 
the sunlit and shaded SIF contributions varied with 
the observed angles. The results showed the large 
variations in sunlit and shaded leaf contribution 
regarding the observation angles. In particular, the 
SIF observation near the solar disc contains more 
sunlit leaf SIF information. We also found that the 
SIF emission after multiple scattering within canopy 
cannot be negligible. 
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Atmospheric carbon dioxide concentration 

(pCO2atm) during glacial periods is known to be 
considerably lower than during interglacial periods. 
However, previous studies using an ocean general 
circulation model (OGCM) fail to reproduce this. 
Therefore, the detailed mechanism is still unclear.  

Paleoclimate proxy data of the Last Glacial 
Maximum indicate high salinity and long water mass 
residence time in the deep Southern Ocean, 
suggesting that salinity stratification was enhanced 
and more carbon was stored there. The Southern 
Ocean has been recognized as a key region for carbon 
uptake during glacial periods. Here, we conducted 
numerical experiments using an OGCM to investigate 
the role of the Southern Ocean process in the 
variation of pCO2atm; we evaluate the glacial response 
of ocean carbon cycles under the high salinity and old 
water mass age in the glacial Southern Ocean.  

We found that deep water formation in East 
Antarctica is required to explain high salinity in the 
South Atlantic. Contrary to previous estimates, saltier 
deep Southern Ocean resulted in increased pCO2atm. 
This is because Antarctic Bottom Water flow 
increased and residence time of carbon decreased in 
the deep Pacific Ocean. On the other hand, 
weakening of vertical mixing contributed to the 
increase of the vertical gradient of dissolved 
inorganic carbon and decrease of pCO2atm. However, 
we show that it is unable to explain the full 
magnitude of recorded reduction of glacial pCO2atm 
in our simulations which include the above-
mentioned contribution of the Southern Ocean 
process in addition to SST and SSS changes, ocean 
circulation changes, and iron fertilization changes [1]. 
Our findings indicate that detailed understanding of 
the impact of enhanced stratification in the Southern 
Ocean on the Pacific Ocean might be crucial to 
understanding the mechanisms behind the glacial–
interglacial ocean carbon cycle variations. 

 
[1] Kobayashi et al. (2015) Paleoceanography 30, 
1202–1216. 
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Origin of enhanced oil recovery by low-salinity 

water flooding (LSWF) is still controversial. It is 
because crude oil/brine/mineral interactions are 
sensitive to ionic composition and concentration of 
injection and formation water [1]. Cation bridging is 
crucial to explain the ionic composition dependence. 
Atomic force microscopy experiments measuring 
adhesion force between sandstone and -COOH/-
COO- covered tip imply that the cation bridging (e.g. 
COO-–Ca2+–Clay) is responsible for the decrease in 
the adhesion force under low-salinity conditions [2]. 
It agrees with the results of core flooding and 
wettability experiments [3,4]. That is, Ca2+ and Mg2+ 
in formation water are essential for wettability 
alteration and additional oil recovery by LSWF, 
whereas Na+ is not. In short, cation bridging is cation 
specific and it affects efficiency of LSWF. These 
observations have not been well explained by 
structures of cation bridging in molecular scale and 
by stability of the structures depending on cations. In 
this paper, we implemented molecular dynamics 
simulations in order to reveal structures and stability 
of the oil molecules (C9H19COOH or C9H19COO-) 
adsorbed on muscovite surfaces in aqueous solution. 
The muscovite surfaces are covered by different 
cations (Na+, K+, Mg2+, Ca2+). Structural analysis of 
the adsorbed oil molecules and evaluation of the 
adsorption free energy revealed that; (i) Presence of 
Ca2+ on muscovite surface significantly enhances the 
adsorption of C9H19COO-, (ii) Ion specific effect is 
hardly observed when carboxyl group is protonated 
(i.e. C9H19COOH), (iii) Ca2+ and K+ cause cation 
bridging, whereas Mg2+ and Na+ cause water 
bridging. These findings well explain the results of 
the core flooding and wettability experiments [3,4]. 
Our study provide molecular basis of crude 
oil/brine/mineral interactions in reservoirs. 
 
[1] RezaeiDoust et al. (2009) Energy and Fuels 23, 
4479-4485. [2] Hassenkam et al. (2011) Colloids 
Surf., A 390, 179-188. [3] Lager et al. (2008) 
Petrophysics 49, 28-35. [4] Mugele et al. (2015) Sci. 
Rep. 5, 10519. 
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It has been shown that strongly-reducing gas 
mixtures could give amino acids effectively by spark 
discharges [1].  In these days, however, primitive 
Earth atmosphere is regarded as only slightly 
reducing [2]. We examined possible formation of 
amino acids from a mixture of CO2, CH4, N2 and H2O 
with various mixing ratios.  Considered energies were 
spark discharges (thundering), UV and proton 
irradiation (cosmic rays).   

A gas mixture of N2 (350 Torr) and CO2 + CH4 
(total 350 Torr) were sealed in a Pyrex tube with 5 
mL of pure water.  The gas mixture was subjected to 
spark discharges by using a Tesla coil, was irradiated 
with UV light from a D2 lamp (Hamamatsu Photonics 
L1835) via a quartz window, or was irradiated with 
protons from a Tandem accelerator (Tokyo Tech, 
Japan).  A gas mixture of N2 (665 Torr) and CH4 (35 
Torr), simulating Titan atmosphere, was also 
irradiated with the 2.5 MeV protons. Each product 
was subjected to amino acid analysis by HPLC after 
acid hydrolysis.   

If the CH4 molar ratio (rCH4) was lower than 15 
%, amino acids could not be detected by spark 
discharges nor UV irradiation.  Proton irradiation 
could, however, yielded amino acids even when rCH4 
was as low as 0.5 %.  Considering fluxes of various 
energies on primitive Earth [3], we can say that most 
efficient energy source on the bodies with slightly 
reducing atmospheres was cosmic rays.   

Amino acid precursors were also formed from a 
Titan-type gas mixture.   Comparing the production 
in the upper atmosphre of Titan by plasma discharges 
and that in the lower atmosphere by cosmic rays [4], 
the latter would yield much more amino acids in 
Titan. 
[1] Miller (1953) Science 117, 528-529. [2] Kasting 
(1993) Science 259, 920-926. [3] Kobayashi et al. 
(1998) Orig. Life Evol. Biosph. 28, 155-165. [4] 
Taniuchi et al. (2013) Anal. Sci. 29, 777-785. 
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Silicate dusts is one of the main solid components 

in astronomical environments. Infrared spectroscopic 
observations of young and evolved stars, silicate 
dusts in circumstellar regions is partially crystallized 
[e.g., 1, 2].  On the other hand, interstellar silicate 
dusts is almost completely amorphous [3]. These 
observations indicate silicate dusts in protoplanetary 
disks undergo heating processes and are rearranged 
from amorphous into crystalline structures [e.g., 4 
and references therein]. 

In this study, we aim at understanding the 
crystallization behavior of amorphous enstatite 
(MgSiO3), of which Mg/Si ratio is close to the solar 
ratio (1.074; [5]). We performed crystallization 
experiments on amorphous enstatite in the presence 
of water vapor because H2O is one of the most 
reactive gas in protoplanetary disks and promotes the 
crystallization of amorphous forsterite [6].  

Amorphous enstatite powder synthesized by 
induced thermal plasma method (provided by A. 
Tsuchiyama) were heated at 780-850°C in air or at 
the water pressure (PH2O) of ~0.65 bar. We found that 
crystallization of amorphous enstatite in the presence 
of water was a few times faster than that in air, 
suggesting that water molecules absorbed into 
amorphous structure cut the bonding of atoms and 
promoted the crystallization as in the case of 
amorphous forsterite [6]. 

The FTIR and XRD analyses of run products 
heated both in air and at PH2O of ~0.65 bar showed 
that the crystalline enstatite existed as a final product.  
However, the amorphous heated at PH2O of ~0.65 bar 
were transformed into crystalline forsterite and SiO2-
rich amorphous before turning into crystalline 
enstatite. This is probably because the mobility of 
atoms in the amorphous increased due to water 
molecules and forsterite formed like as a liquidus 
phase from enstatite melt. 
 
References: [1] Waelkens C. et al. (1996) A&A 315, 
L245. [2] Waters, L. B. F. M. et al. (1996) A&A 315, 
L361. [3] Kemper F et al. (2004) ApJ 609, 826. [4] 
Henning Th. (2010) Annu. Rev. Astron. Astrophys. 
48, 21. [5] Anders E. and Grevesse N. (1989) GCA 
53, 197. [6] Yamamoto D. and Tachibana S. (2015) 
78th Annu. Meeting Meteorit. Soc. #5247. 
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Halogens and noble gases are powerful tracers of 
volatiles. Mantle wedge peridotites with I/Cl ratios 
higher than the depleted MORB mantle (DMM) 
values, has been interpreted as evidence for 
subduction of sedimentary pore fluid halogens. [1]. 
However, it is unknown how far the influence of 
iodine-rich halogens extends into the mantle. Here, 
we present halogen and noble gas compositions of 
mantle xenoliths from intraplate settings in Europe 
(Eifel) and North America (San Carlos and Kilbourne 
Hole), where the subcontinental lithospheric mantle 
(SCLM) has been isolated from the convecting 
mantle since ~1.6 Ga as recorded by their Re-Os 
model ages [2]. 

Noble gases in the fluid inclusions were extracted 
by in vacuo crushing and subsequently analyzed 
through mass spectrometry. Halogens were also 
analyzed by noble gas mass spectrometry after 
conversion to noble gas proxy isotopes by neutron 
irradiation [3]. Halogen compositions of the whole 
rocks were determined by melting extraction.  

Br/Cl and I/Cl ratios of the mantle xenoliths show 
possibly non-linear correlation extending from within 
the range of DMM values. Non-linearity points to 
elemental fractionation from a DMM-like 
composition rather than mixing between DMM and a 
subducted component. 4He/40Ar* ratios of the 
xenoliths are lower than DMM [4] and show a 
negative correlation with the I/Cl ratios. Helium and 
chlorine have higher diffusivity and solubility in 
melts than other noble gases and heavy halogens, 
respectively [5]. Therefore, halogen and noble gas 
elemental ratios could have fractionated during 
partial melting. In this context if the inferred halogen 
elemental ratios prior to fractionation were similar to 
present-day DMM, then the influence of subducted 
iodine-rich halogens has been insignificant in DMM 
over the past 1.6 Gyrs.  
[1] e.g., Sumino et al. (2010, EPSL) [2] Meisel et al. 
(2001, GCA) [3] e.g., Johnson et al. (2000, GCA) [4] 
Graham (2002, Rev. Mineral. Geochem.) [5] e.g., 
Bureau et al. (2000, EPSL); Heber et al. (2007, GCA) 
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Zinc (Zn) is an essential micronutrient taken up 

by marine phytoplankton mainly for photosynthesis. 
Diatoms alone account for as much as 20% of carbon 
fixation on Earth [1]. The resulting biomass is often 
characterized by high cellular Zn quotas, in a range 
also observed for iron (Fe), but rarely for other 
transition metals. Extreme scarcity of Zn in the 
euphotic zone, coupled to deep enrichments [2], is 
consistent with biological uptake at the surface and 
regeneration at depth. To our knowledge, the diatom 
Thalassiosira oceanica is thus far the only planktonic 
organism that has been suggested to fractionate Zn 
isotopes during uptake [3]. Further culturing 
experiments, elucidating the partitioning of Zn 
isotopes in well constrained experimental systems, 
are required. 

Consistent with previous work [3], we have 
cultured diatoms whose biomass contains Zn that is 
0.2 to 0.3 ‰ lighter than the culturing medium 
(Δ66Zn JMC-Lyon = δ66Znbiomass - δ66Znmedium). The 
synthetic chelator ethylene-diaminetetraacetic acid 
(EDTA) was used in all culturing experiments, and 
shows a preference for heavy isotopes by about 0.3 
‰. Zn-EDTA equilibrium fractionation in the culture 
medium leaves the free inorganic Zn pool enriched in 
light isotopes. All studied organisms take up Zn 
exclusively from the free inorganic Zn pool. 
Therefore we suggest that small potential 
fractionations associated with uptake are 
superimposed on much larger chelation effects. The 
conditional stability constant for Zn-EDTA is close to 
that for natural marine organic ligands, suggesting 
that ‘apparently’ light signatures in marine biomass 
are favoured under conditions dominated by 
abundant, and strong Zn binding ligands. Our 
findings have important implications for the oceanic 
realm in that quantity and character of marine ligands 
are intrinsically tied to our interpretation of biomass 
associated Zn isotope signatures. 
 

[1] Armbrust (2009), Nature 459, 185-192. [2] 
Morel & Price (2003), Science 300, 944-947. [3] John 
et al. (2007), Limnol. Oceanogr. 52, 2710-2714. 
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Introduction 
The geochemical nature of uranium allows for 

high mobility and transportation in oxidised gold 
tailings dams. This is a major environmental hazard 
and needs to be studied further for both the 
quantification and mitigation of potential pollution 
resulting from gold tailings dams. As the mobility of 
uranium is dependent on a number of environmental 
parameters including pH, eH, anions and cations, this 
study compares concentration relationships between 
individual radionuclides as an alternative to 
geochemical investigations in order to quantify and 
visualise the change in uranium concentration 
(mobility). 

Discussion of Results 
It was found that concentration data of 

radionuclides, measured  using natural gamma 
spectrometry, could be used to quantify uranium 
migration as a ratio which is dependent on various 
factors, either measured or statistically inferred. This 
ratio was then used to construct geostatistical models 
indicating the movement of uranium within a gold 
tailings dam.  
Geostatistical models can be used to locate pathways 
for the transport of mobilised uranium. These 
pathways can then be rehabilitated or transformed 
into receptors of uranium to prevent further 
environmental contamination. 
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The modern brachiopod species Megathiris 

detruncata has a long fossil record in Europe and its 
earliest representative is known from the Eocene. The 
taxon, therefore, could provide a long-term archive to 
trace variation in climate and/or changes in habitat 
conditions during the Cenozoic. In order to test these 
potentials, measurements of stable carbon and oxygen 
isotopic compositions were carried out on several 
specimens. 

The investigated samples derived from 49 
locations of 14 countries and their age ranges from 
the Eocene to present. The modern specimens are 
represented by two regions, the Mediterranean and 
the Atlantic. These sites yielded the same average 
δ13C value of 2.2‰, and very similar average δ18O 
values of 1.7±0.4‰ (n=12) and 1.5±0.7‰ (n=9), 
respectively. These data could indicate similar 
ecological conditions for the living brachiopods. The 
somewhat higher δ18O values can be linked to heavier 
δ18Oseawater in the Mediterranean, while the wider data 
spread in the Atlantic localities reflect broader range 
in habitat depth. 

The isotopic data from the modern sites are used 
as a base-line for comparison to values from other 
epochs. Many fossil samples yielded lower isotopic 
values than the modern specimens. The offsets can be 
explained by two major factors (1) climatic (i.e., 
different T and/or δ18Oseawater at the time), and (2) 
alteration of the original in-vivo isotopic values (i.e., 
diagenesis). Samples with both much lower δ13C and 
δ18O values than the modern specimens are 
considered as altered, which is supported by 
macroscopic and SEM observations of the shells (i.e., 
recrystallization). Based on the well-preserved 
specimens, preliminary interpretations of the epoch-
average δ18O values with matched global δ18Oseawater 
data indicate that populations of M. detruncata lived 
in warmer temperature during the Eocene and 
middle-late Miocene. However, similar 
environmental temperature range to the modern data 
are recorded for the early Miocene and Pleistocene. 

(K112708) 
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Subduction behaviors are believed to be 
attributed to various factors whcich may be controlled 
by structures and physical properties of 
input/subducting oceanic lithosphere. Among those 
factors, hydrous minerals and fluid pressuers are 
primary factors to influence on plate coupling as well 
as magmatic activities. For example, shallow 
megathrust earthquake and intermediated depth 
seismicity are controlled by dehydration from 
sediment and oceanic crust/mantle, respectively. 
Moreover, an interface between subductiong 
lithosphere and overriding mantle wedge is thought to 
be weakend by the presence of hydrous minerals. 
Although there have been many geodynamical, 
geochemical and petrological studies about 
dehydaritioin processes from subducting oceanic 
listhophere, yet fluid migration processes and volume 
of fluid input to subduction zones have not been well 
examined based of observed data. In order to study 
diversity and uniformity of structures and physical 
properties of incoming/subducting oceanic 
lithosphere to subduction zone, JAMSTEC have been 
carrying out active-passive seismic studies in the 
northwestern Pacific. Results from those studies show 
that 1) reduction of Vp and increase of Vp/Vs in the 
crust and the uppermost mantle from ~150 km 
seaward of the trench, 2) although a bending-relted 
fault is not clearly imaged, clear Moho reflection of 
the incoming plate is observed to the trench from the 
outer-rise with partially obscure Moho reflections, 3) 
some of clusters of the aftershocks of the 2011 
Tohoku-oki earthquake, predominantly normal fault 
aftershocks, extend to deeper in the mantle (~40 km 
deep) in an area where the Moho reflection is 
obscure, and 4) comparing in the Japan Trench and 
Kuril trench, degree of the structural changes are 
more significant in the Japan Trench where higher 
intermediate depth seismicity is observed than that in 
the Kuril Trench. Those observations suggest that 
growing bend-related normal faults can be a primal 
mechanism to bring water down into a subduction 
zone, and this may influence earthquake activity in a 
subduction zone. 
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The Arvadi Spring in Switzerland is an unique 

model environment for ocean biogeochemistry in the 
Proterozoic eon (~2.5 to 0.543 Ga) [1]. The pH-
neutral, highly mineralized spring links the iron and 
sulfur biogeochemical cycles as it contains oxidized 
and reduced iron and sulfur species at the same time. 
While the spring water contains µM concentrations of 
sulfide and dissolved Fe(II), it is enriched in 
bicarbonate and sulfate. The spring sediment is 
covered by red, iron-rich mineral precipitates and 
white, sulfur-rich flocks probably originating from 
abiotic/microbial sulfide oxidation and/or microbial 
sulfate reduction [2]. Cultivation-based microbial 
studies showed that iron- and sulfur-metabolizing 
bacteria co-exist in this environment. The presence of 
reduced redox-sensitive S- and Fe-species under 
highly oxic conditions may represent conditions in 
the oxic surface waters of the late Proterozoic ocean. 
[1]. Hence, determining the exact speciation of iron 
and sulfur in the Arvadi Spring, will provide 
knowledge about substrates, intermediates and end 
products that could have been present in the (Neo-
)Proterozoic ocean.  

Red and white flocks were collected under anoxic 
conditions, frozen and freeze-dried prior to chemical 
characterization and spectroscopic analysis by 
synchrotron based X-ray absorption spectroscopy and 
57Fe Mössbauer spectroscopy. The samples showed 
great heterogeneity at the m, cm, mm and µm scale. 
Based on linear-combination-fitting, we found that 
the red precipitates consisted of a variety of Fe-
species, e.g. organically complexed Fe(III) and 
different Fe(III) oxyhydroxide minerals including 
ferrihydrite, lepidocrocite and goethite. The white 
flocks mainly consisted of elemental sulfur, i.e. in 
accordance with previous studies [2]. This speciation 
study will be used to extend current models on 
Proterozoic Fe-S biogeochemistry in order to better 
understand how biotic and abiotic processes 
influenced the ancient iron and sulfur cycles.  
 
[1] Koeksoy et al. (2016) Int. J. Astrobiol.,  in press. 
[2] Strauss et al. (2016) Isot. Environ. Health Stud., 
in press.   
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Sulfide mineral in mantle is considered as a 
significant carrier phase for sulfur, lead, osmium, as 
well as platium group elements. We have investigated 
the isotopic composition of individual sulfide 
minerals found in xenoliths from the Robert Victor 
Mine, Premier Mine (South Africa), and Lashaine 
(Tanzania). Sulfides are exposed by careful polishing, 
and SEM images were taken for every grain before in 
situ analyses by SIMS (S-isotopes, Cameca IMS 
1280 CRPG Nancy) and LA-ICPMS (Pb-isotopes, 
193 nm excimer laser coupled with Neptune, LMV 
Clermont-Ferrand).  

Sulfides found in peridotite xenoliths are 
predominantly pentlandite with few pyrrhotite. δ34S 
values range from -0.7 to +5.9 ‰. 207Pb/206Pb ranges 
from 0.79 to 0.90; 208Pb/206Pb ranges from 2.07 to 
2.14, and the radiogenic-end corresponds to Lashaine 
garnet peridotite. Sulfides are more frequently found 
in eclogitic xenoliths and are mostly chalcopyrite and 
pyrite, with occasional presence of pentlandite and 
pyrrhotite. δ34S values range from -5.4 to +2.2 ‰ and 
207Pb/206Pb ranges from 0.85 to 0.94; 208Pb/206Pb 
ranges from 2.05 to 2.24. Internal precision of δ34S is 
from 0.07 to 0.20, external reproducibility of standard 
values are 0.6 ‰ (2σ). The external reproducibility of 
207Pb/206Pb of NIST 610 is 0.5% relative deviation 
(2σ). δ33S values are also determined for all grains, 
however no sulfur isotope mass-independent 
fractionation signature is found, except for one grain. 

S-isotope composition in eclogitic xenolith 
appears to vary significantly even within a grain of 
sulfide, which is usually a composit of at least two 
sulfide mineral species and sometime cross-cut by 
oxide and/or hydroxide veins. Such small scale 
variation suggests that many eclogitic lithologies in 
cratonic environment have experienced metasomatic 
event that can vary the sulfur isotope composition. 
Pb-isotope ratios vary significantly less than that of 
sulfur, perhaps reflecting the larger analytical volume 
(by more than 100 times) used for the analyses. In 
general, the peridotitic xenoliths show higher δ34S 
than eclogite, but Pb-isotope ratios are comparable 
among South African xenoliths. We did not find any 
obvious correlation between S and Pb isotope ratios. 
However, further examinations accouting for 
lithology, mineral textures, and phase composition 
will help identify the relationship between 
metasomatic events and modification of isotopic 
compositions. 

 



Goldschmidt Conference Abstracts 1564 

Olivine promotes amino acid 
synthesis under alkaline 

conditions at 60 C° 
T. KOGA* AND H. NARAOKA 

Department of Earth and Planetary Sciences, Kyushu 
University (*correspondence:1SC12152N@s.kyushu-

u.ac.jp) 
 

Carbonaceous chondrites, which have primitive 
chemical compositions in the Solar System, contain a 
diverse suite of extraterrestrial amino acids. The 
degree of aqueous alteration on meteorites appears to 
have correlation to the amino acid distribution (e.g. 
α-aminoisobutyric acid and β-alanine) and L-
enantiomeric excess (Lee) of isovaline. Although 
these results suggest that aqueous alteration have 
influence on amino acid synthesis on the meteorite 
parent body, the detailed formation mechanisms 
remains unclear. In this work, we performed the 
amino acid synthesis experiments simulating the 
condition of meteorite parent body to investigate their 
distribution and enantiomeric composition to infer the 
formation mechanism of meteoritic amino acids: 
aqueous solution (300 μL) containing ammonia 
/formaldehyde/acetaldehyde or ketone (100/10/1 by 
mol) was heated at 60 °C for 6-28 days in a N2-
purged glass ampoule with or without olivine powder 
(San Carlos, 27.0 mg).  

As a result, totally 16 amino acids up to C5 were 
identified, in which glycine was the most abundant 
(up to approximately 3500 ppm relative to carbon 
amount of reactants). Other amino acids are 
composed mainly of serine, isoserine, alanine, β-
alanine, β-(aminomethyl)succinic acid, β-
aminobutyric acid, homoserine, aspartic acid and 
glutamic acid. In the absence of olivine, small 
amounts of some amino acids were detected from the 
hydrolyzed fraction. In contrast, in the presence of 
olivine, the concentration of most of the amino acids 
increased significantly in the hydrolyzed fraction. 
The amino acid concentration increased significantly 
after hydrolysis, which is similar to the occurrence of 
meteoritic amino acids.  

The amino acid distribution (e.g. absence of α-
aminoisobutyric acid and isovaline) implies a 
different formation pathway from the Strecker-type 
reaction, which has been proposed for meteoritic 
amino acid synthesis. We propose other formation 
mechanisms: iminium cation produced from 
aldehydes and ammonia is subjected to nucleophilic 
addition by formyl anion followed by chemical 
oxidation, giving α-amino acids detected in this 
experiment. In addition, larger amino acids (>C3) are 
synthesized through aldol condensation, explaining 
the occurrence of α-, β-amino acids detected.  
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Geodynamic position of the carbonatites is 

actively discussed question during the last decades. 
Some researches link their formation with ascend of 
the large volumes of mantle melts from the CMB. 
There is certain evidence for temporal and spatial 
correlation of the carbonatites and LIPs, whose origin 
is certainly related with mantle plumes [1], as it was 
shown for carbonatites of the Polar Siberia 
(Maymecha-Kotuy province) which were formed 
simultiniusly  with the Siberian superplume 250 Ma 
[2]. 

We used the recent absolute plate kinematic 
model [2] to reconstruct locations of Phanerozoic 
carbonatites at the time of their origin (Fig. 1). We 
have found that 118 out of 180 carbonatites (66%) are 
projecting onto central or peripheral parts of African 
Large Low Shear-wave Velocity Province and this 
can be viewed as an evidence for linking the 
carbonatites with mantle plumes. 

 
Figure 1. Reconstructed localities of the 

Phanerozoic carbonatites. 
[1] Ernst R.E. Large Igneous Provinces. 

Cambridge  
University Press. 2014. 666 p [2]. Kogarko L., 

Zartman R.(2007) Min Petrol.89,113-132 [3] Torsvik 
T.H. et al. (2014) Proceedings of the National 
Academy of Sciences of the United States.111 ,8735-
8740. Supported by RSCF grant 15-17-30019.  
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Little is known about how trees and their roots 

may influence the spatial distribution and chemical 
composition of soil organic matter (SOM) in subsoils 
with subsequent effects on soil organic carbon (SOC) 
storage and turnover. Tree distribution may be a 
major determinant governing pattern and composition 
of OM in forest soils [1]. 

 Two approaches allow to identify the soil 
compartment affected by roots. One approach is to 
investigate the distribution of  species specific cutin 
and suberin biomarkers to provide proxies for shoot- 
and root-derived OC. The amount and distribution of 
suberin-derived lipids in soil clearly reflect the 
specific root system of different tree species [2]. 
Trees create patches in a forest where they 
significantly affect soil OC distribution and 
composition. This is associated with distinct 
microbial community composition as deduced from 
amino sugar biomarker analysis. 

Another approach directly investigates the 
composition of the soil in the rhizosphere which is 
sampled separately from the bulk soil [3]. Here we 
find that trees cause significant vertical differences 
with POM dominated SOC pools in the upper soil 
layers, and SOC pools that are dominated by organo-
mineral associations with the clay fraction in the 
deeper soil layers. Our results imply that these 
differences are strongly influenced by the roots of the 
trees. The SOC contents of the rhizosphere soil are 
more than three times as high as the SOC contents of 
the subsoil. The clay fractions in the vicinity of roots 
show higher SOC contents and higher proportions of 
O/N alkyl C with respect to non-rhizosphere soil, 
pointing to the rhizosphere as a hotspot for the 
formation of organo-mineral associations.  

Our results demonstrate that tree roots 
significantly affect  properties and OM distribution in 
forest soils. Their effect is specifically of importance 
in the subsoil. 

[1] Spielvogel et al. (2016) Geoderma 267, 112-
122. [2] Spielvogel et al. (2014) Plant and Soil 381, 
95-110. [3] Angst et al. (2016) Geoderma 264, 179-
187.  
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Soil structure is resulting from soil forming 

processes involving organic and mineral materials at 
the molecular scale, and determines major soil 
functions. In this context soil organic matter is not 
only of importance as a carbon sink, but also as a 
gluing agent for soil structure.  

The spatial distribution of elements characteristic 
of organic matter (e.g., C or N) and minerals (e.g., Fe, 
Al, O, or Si) in soils and sediments at the sub-
micrometer scale is of special interest for the 
identification of key biogeochemical processes, such 
as C sequestration. Nanoscale secondary ion mass 
spectrometry (NanoSIMS) delivers high lateral 
resolution and the simultaneous measurement of 
seven ionic species. NanoSIMS provides unrivalled 
insights into the microstructure of soils, sediments 
and organo-mineral associations. This makes it a 
promising tool to gain insights into soil and sediment 
systems at the relevant sub-micrometer scale. 
Research has mainly focused on the preferential 
adherence of OM to specific single minerals and 
mineral clusters, their arrangement (patchy or 
homogeneous coatings), and spatial heterogeneity. 
Labeled OM enriched with 15N and/or 13C can be 
directly observed in situ on mineral surfaces of grainy 
samples (e.g., clay fraction). However, the technique 
typically fails to provide quantitative data on the 
concentration of certain ion species. The scaling 
factors developed in a recent study [1] enable 
accounting for matrix effects of various minerals on 
the detected quantity of organic matter. 

 Examples will show the application of the 
technique to study the biogeochemical element 
distribution in different soil compartments. The 
formation of organo-mineral associations during the 
initial development of soils is delineated in a 
chronosequence study. Visualization of element 
distributions with high spatial resolution allowed 
distinguishing different zones of minerogenesis and 
organo-mineral interactions in the rhizosphere of a 
soil. The results allow to draw conclusions about soil 
forming processes at plant-soil interfaces. 

[1] Schurig et al. (2016) Clays and Clay 
minerals, in press. 
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Clay minerals are a representative layered 

material, ubiquitously existing as the key inorganic 
substance for the terrestrial surface environments and 
possessing many industrial applications. However, it 
is also recognized that their structures are still not 
well-understood owing to the complexity 
characteristic to the layered structures, small particle 
size, and possible inhomogeneity in a sample. For 
instance, X-ray diffraction commonly applied to clay 
minerals often does not characterize them thoroughly, 
which may bother people utilizing clay minerals in 
their researches. 

On the other hand, transmission electron 
microscopy (TEM) can analyze individual clay 
particles to derive information for their crystal 
structure, chemical composition, bonding state, etc. 
Hence TEM analyses are generally irreplaceable and 
often essential for the understanding of the clay 
minerals. Of course TEM is not omnipotent. 
Especially the number of particles examined by TEM 
is so limited that the obtained results may not 
represent the sample. This problem should be 
complemented with other “bulk analysis” techniques. 
Moreover, amorphization by beam radiation often 
prevents the atomic scale high-resolution TEM 
(HRTEM) imaging of  clay structures.  

Since 1996 when the author started investigation 
of clay minerals and related materials using HRTEM, 
he has reported the atomic structures of a number of 
clay minerals, which were obscure or only 
speculations from other techniques. Among them, 
elucidations of the stacking structure of kaolinite and 
halloysite [1, 2] deserve specific mention. These 
results give new insights for the formation scheme of 
kaolin group minerals as well as the correct 
interpretation of XRD and IR spectroscopy from the 
minerals. Unfortunately similar HRTEM studies have 
not appeared from other research groups in the recent 
decade, probably due to difficulty to overcome 
radiation damage. However, the situation will be 
improved, for instance, by the development of new 
cameras with a higher detection efficiency, image 
processing techniques, and more “intelligent” 
electron microscope systems.  

 
[1] Kogure and Inoue (2005) Am. Mineral., 90, 85-
89. 
[2] Kogure et al. (2013) Am. Mineral., 96, 1776-
1780. 
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This study examines potential drivers of glacial-
interglacial changes in atmospheric CO2 by 
examining conditions as the Earth moves into a 
glacial period, 80-110 ka, when atmospheric CO2 had 
decreased by 34-45 ppmv below interglacial values. 
We use a new compilation of SST data (117 deep-sea 
cores), polar planktonic oxygen isotope data (19 
high-latitude cores), and existing compilations of 
carbon isotope data from foraminifera. Surface 
temperature reconstructions show substantial cooling 
had begun in both the northern and southern high-
latitudes between 130 and 100 ka, while low-latitude 
temperatures had not changed substantially.  The 
largest glacial-interglacial temperature change during 
glacial inception is observed in the high-latitude 
North Atlantic Ocean, as evidenced from oxygen 
isotope records from polar planktonic foraminifera.  
While this cooling provides support for a North 
Hemisphere trigger for deep-ocean circulation 
changes that led to deep-ocean stratification early in 
the glaciation, evidence for deep-ocean stratification 
is not strongly detectable in other circulation proxies 
from deep-sea cores.  This suggests that other 
physical mechanisms (such as sea-ice expansion and 
surface water stratification) play an early role in 
reducing atmospheric CO2 prior to 80-110 ka, with 
deep-ocean stratification playing a larger role at the 
onset of Stage 4 (60-70ka).   
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It is a known phenomenon in Archean rocks that 
carbonaceous matter (CM) analysed by Raman 
spectroscopy shows strong nano-scale heterogeneities 
in thermal maturation. It is crucial to determine were 
exactly such heterogeneities stem from since Raman 
spectroscopy of CM is often used to infer the 
syngeneity of the material. Several mechanisms for 
the formation of such heterogeneities have been 
proposed in literature, some of which strongly 
suggest an allochthonous post-depositional input of 
CM.  
The Moodies Group (ca. 3.2 Ga) of the Barberton 
Greenstone Belt in South Africa is a well-studied and 
well-preserved siliciclastic tidal Archean deposit. The 
Moodies Group contains microbial mats that are 
preserved as kerogenous 0.5 to 1 mm thick 
laminations. Raman spectroscopic data collected on 
carbonaceous material present within and in between 
the laminations revealed differences in structural 
order of the CM within one single thin section (ca. 
4x2.5 cm).  Up to 3 different phases of CM per thin 
section were identified. The likelihood of a post-
depositional contamination with CM in the Moodies 
microbial mats can be ruled out since no petrographic 
nor stratigraphic indications of hydrothermal 
overprint or post-depositional fluid circulation were 
found. 
It has been suggested before that the structural 
variability of CM in metamorphic rocks can also 
reflect chemical and molecular heterogeneity of the 
precursor organic material. It is quite likely that the 
Moodies microbial mats contained bacteria which 
utilized different sorts of metabolisms. Chemical 
divergences in these bacteria thus could lead to 
different graphitization patterns within the biomats. 
We therefore conclude that the heterogeneities we see 
today in Moodies microbial mat CM likely stems 
from differences in the precursor material and that the 
microbial mats are probable syngeneic.  
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As charged point defects, hydrogen ions 

profoundly influence the kinetic properties of 
nominally anhydrous minerals, NAMS. Since the first 
observation of water weakening in quartz in the mid-
1960s, experimentalists have investigated the 
dependence of not only viscosity but also ionic 
diffusivity and conductivity on hydrogen 
concentration or water fugacity. For olivine, Mg/Fe 
diffusivity and Si diffusivity depend on water 
fugacity to the 1st and 1/3rd powers, respectively, 
while O diffusivity is, at most, weakly dependent on 
water fugacity. In both the diffusion and dislocation 
creep regimes, viscosity decreases approximately 
linearly with increasing water fugacity. Conductivity 
varies as water concentration to the ½ to ¾ power.  In 
addition, a number of experimental studies have 
investigated hydrogen solubility or storage capacity 
in NAMs with the general conclusion that, for 
olivine, solubility increases linearly with increasing 
water fugacity. At the same time, researchers have 
explored possible mechanisms of incorporation (i.e., 
speciation) of water-derived point defects in silicate 
minerals through comparison of FTIR spectra with 
results from first-principles calculations. This 
approach predicts that four hydrogen ions associated 
with a silicon vacancy and one hydrogen ion 
associated with an oxygen interstitial are the most 
important incorporation mechanisms with the former 
dominating. In this case, Si diffusivity and hydogen 
solubility are predicted to vary as water fugacity 
squared, contrary to experimental observations. Here 
we present an overview of the experimentally 
determined dependencies of hydrogen solubility and 
kinetic properties on water fugactiy. We then 
examine the theoretical predictions and experimental 
constraints on mechanisms of hydrogen incorporation 
in silicate minerals, exploring areas in which good 
agreement exists as well as those in which 
disagreement persists, with an emphasis on provoking 
further research in both areas. 
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Amorphous calcium carbonate (ACC) is a 
precursor to a wide variety of biominerals. 
Experimental and simulation studies suggest that the 
presence of water is the key in stabilizing ACC1,2, 
though its structure as well as the structural evolution 
toward crystallization remain still unclear. The 
present study investigates Mg-bearing ACC using X-
ray photon correlation spectroscopy (XPCS). This 
technique takes advantage of coherent X-ray beams 
to enable the investigation of atomistic dynamics 
during ACC aging. It has been successfully used to 
study dynamics of metallic glasses and soft matter3. 
 

Our results indicate a continuous slowing down 
of the relaxation dynamics during the course of the 
measurement due to gradual dehydration. It is to note 
that this decay in relaxation dynamics engendered no 
distinguishable changes in the static structure factor. 
The nature of the decay indicates that this Mg-
bearing ACC systems undergo a “jamming” 
transition towards crystallization, accompanied by an 
increase in strains caused by gradual local ordering 
due to dehydration. The role of Mg on the stability 
and dynamics of ACC is shown using inelastic 
neutron scattering. 
 

 
1. Raiteri, P. & Gale, J. D. (2013) J. Am. 
Chem. Soc. 132, 17623–34. 
2. Radha, A. V & Navrotsky. (2015) Cryst. 
Growth Des. 15, 70–78. 
3. Giordano, V. M. & Ruta, B. (2015) Nat. 
Commun. 7, 1–8. 
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The post-spinel boundary of Mg2SiO4 has been 

investigated by many researchers. However, obtained 
boundaries are different among the researchers and 
have not been well constrained yet. In this study, we 
redetermined the post-spinel transition enthalpy at 
298 K, which greatly affects a thermodynamically 
calculated phase transition pressure, by precisely 
measuring drop-solution enthalpies of MgSiO3 
bridgmanite, Mg2SiO4 ringwoodite and MgO. The 
obtained post-spinel transition enthalpy was applied 
to the thermodynamic calculation of the post-spinel 
boundary together with recently reported entropies, 
heat capacities and thermoelastic data.  

Mg2SiO4 ringwoodite and MgSiO3 bridgmanite 
used for calorimetry were synthesized using a Kawai-
type multi-anvil high-pressure apparatus at GRC. The 
drop-solution enthalpy measurements were 
performed using a Calvet-type twin micro-
calorimeter. Samples of about 3 mg were dropped 
from outside of the calorimeter at room temperature 
into the 2PbO·B2O3 solvent placed in the calorimeter 
kept at 978 K. The solvent was stirred by Ar gas 
bubbles to hasten dissolution of the dropped samples.  

Drop-solution enthalpies of Mg2SiO4 
ringwoodite, MgSiO3 bridgmanite and MgO were 
determined to be 128.75±1.99, 16.47±0.52 and 
33.74±0.99 kJ/mol, respectively. From these enthalpy 
values, the post-spinel transition enthalpy at 298 K 
was obtained as 78.54±2.28 kJ/mol. Thermodynamic 
calculation of the post-spinel boundary suggested that 
phase transition pressure is lower than that 
correspond to the average depth for the 660-km 
seismic discontinuity (~23.5 GPa), which is estimated 
from PREM and ak135-f, and that most likely 
Clapeyron slope is about -1 MPa/K. Since the 
hydrous condition makes the post-spinel transition 
pressure higher and the Clapeyron slope steeper, 
water content in the mantle transition zone would 
give a plausible explanation for observed 30-40 km 
depressions of the “660-km” seismic discontinuity. 
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Water plays a key role in evolution and dynamic 
of the Earth. Water could change physical and 
chemical properties of mantle minerals, or the part of 
the mantle, for instance, the effect on mineral 
deformation and its impact on mantle rheology [1]. 
Kimberlites are one of the most important objects for 
research because they carry mantle xenoliths to the 
surface. Although,  the mantle contains small 
amounts of eclogites, this rocks are the valuble 
components in the processing of the material between 
the crust and upper mantle of the Earth (e.g., 
subduction and exhumation of ultrahigh-pressure 
metamorphic rocks).  

We have studied representative collection of the 
25 relatively fresh xenoliths of eclogites. The studied 
eclogites are bimineralic and contain 40-70 % 
clinopyroxene (Cpx) and 30-60 % garnet (Grt). Cpx 
and Grt show wide range of compositions. 
Clinopyroxenes are characterized by Na2O (1.66 – 7 
mas.%) and Al2O3 (1.9 – 15.26 mas.%) contents and 
Mg#=73 - 91.9. In garnets almandine component 
varies from 19 to 48%, pyrope component - from 21 
to 72%, grossular component - from 8 to 33%. All 
eclogites are divided into three groups by 
classification scheme of [2], based on MgO and Na2O 
contents in Cpx.   

The water in eclogites is mainly stored in 
omphacite (4-99 ppm); garnets do not contain 
measurable OH. Taking into account the volume 
rations of mineral phases in the studied xenoliths, the 
water contents in eclogites vary over narrow ranges 
from 2 to 55 ppm. We obtained no correlation 
between water concentration and temperature, 
pressure or composition of the rock. Low amounts of 
water in eclogites may be related to hydration during 
subduction or partial melting of the rock before 
kimberlite ascent. Our results confirm limited water 
transfer in subducted slab which closely associated 
with intense dehydratation process. 

This work was partially supported by the Ministry 
of education and science of Russian Federation, 
project No. 14.B37.21.0457 and RFBR (projects No 
15-55-50033; 15-55-53029; 16-35-00317). 

[1] Miller et al. (1987) Phys. Chem. Miner. 14, 
461-472, [2] Taylor et al. (1989) J. Geol. 147, 161-
171. 
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Amoeboid olivine aggregates (AOAs) are 

irregularly shaped objects commonly observed in 
carbonaceous chondrites. Because they are composed 
of fine-grained olivine and Ca-Al-rich minerals, they 
are sensitive indicators for nebular processes and 
parent body alteration [e.g.,1].  

Recently an AOA was found in a carbonaceous 
clast in polymict eucrite LEW 85300 [2]. The bulk 
major element composition of the clast matrix in 
LEW 85300 suggests a relation to CM, CO and CV 
chondrites, whereas bulk clast trace element 
compositions do not match any carbonaceous 
chondrite, suggesting that the clast has a unique 
origin [3]. Here we report the mineralogy of the AOA 
in LEW 85300 and discuss the origin of the 
carbonaceous clast. 

The AOA is cut by an impact melt vein. Half of 
the AOA shows impact-related recrystallization 
textures (euhedral pyroxene and molten metal/FeS), 
but the other part preserves the pre-impact textures 
and minerals: olivine, FeS and Mg,Al-phyllosilicate. 
Individual olivine grains measure 1-8 μm, with Fe-
rich rims, probably due to impact heating.  

Olivines in the AOA are highly forsteritic (Fo95-

99),  indicating that the AOA escaped thermal 
metamorphism [4]. No LIME (Low-Fe, Mn-
Enriched) olivine is observed, forsterite composition 
and the coexistence of Mg,Al- phyllosilicate suggest 
that the AOA is similar to those in the Bali-type 
oxidized CV (CVoxB) and CR chondrites. However, 
fayalitic olivine, which commonly occurs in CVoxB 
AOA, is not observed in this AOA. The small grain 
size (<8 μm) of olivine suggests the AOA may be 
related to CM or CO chondrites. We cannot exclude 
the possibility that the carbonaceous clast in LEW 
85300 originated from a unique chondrite as 
suggested by [3]; but, the presence of the AOA 
indicates an affinity to existing carbonaceous 
chondrites.  
REFERENCES: [1] Krot A. N. et al. (2004) Chem. 
Erde, 64, 185-282. [2] Shirai N. et al. (2016) EPSL, 
437, 57-65. [3] Zolensky M.E. et al. (1992) MaPS, 
27,596-604. [4] Komatsu M. et al. (2015) MaPS, 50, 
1271–1294. 
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The vestiges of life in the Eoarchean rocks 
provide a potential to elucidate the origin of life in 
the early Earth. However, it is often failed to find the 
evidence from many terrains such as the 3.83 Ga 
Akilia association and 3.75 Ga Nuvvuagittuq 
supracrustal belt[1] so that biogenic graphite was so 
far found only in >3.7 Ga Isua supracrustal belt 
(ISB)[2]. Recent geological and geochronological 
studies on the Nulliak supracrustal rocks (NSR) in the 
Saglek Block, northeastern Labrador, Canada 
revealed that the NSR contains mafic volcanic rocks, 
chemical sedimentary rocks of banded iron 
formation, chert and carbonate rock, and clastic 
sedimentary rocks of pelitic rock and conglomerate, 
and were intruded by over 3.9 Ga orthogneisses 
(Iqaluk Gneiss). In addition, the geological structures 
suggest that it was an Eoarchean accretionary 
complex, similar to the ISB[3]. The carbonate rocks 
have positive Eu and Y/Ho anomalies but lack Ce 
anomaly. Here, we report total organic carbon (TOC) 
contents and carbon isotope values of graphite 
(δ13Corg) and carbonate (δ13Ccarb) in the oldest 
sedimentary rocks[3]. Some pelitic rocks and 
conglomerates have quite low δ13Corg values of -28.2 
and -27.6‰, respectively; comparable to the lowest 
values in the Eoarchean rocks. The consistency 
between crystallization temperature of the graphite, 
estimated from Raman spectroscopic analyses, and 
metamorphic temperature of the host rocks, 
reinforces that the graphite does not originate from 
later contamination. A clear correlation between the 
δ13Corg values and metamorphic grade indicates that a 
variation of δ13Corg values is due to the 
metamorphism, and that a primary δ13Corg value is 
lower than the minimum δ13Corg value. We concluded 
the large fractionation between the δ13Ccarb and δ13Corg 
values, up to 25‰, provides the oldest evidence for 
organism >3.9 Ga. 
 
[1] Fedo & Whitehouse (2002) Science 296, 1448-
1452. Papineau et al. (2011) Nature Geosci 4, 376-
379. [2] Ohtomo et al. (2014) Nature Geosci 7, 25-
28. Rosing (1999) Science 283, 674-676. Ueno et al. 
(2002) GCA 66, 1257-1268 (2002). [3] Komiya et al. 
(2015) Tectonophysics 662, 40-66. 
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Since the discovered of a REY-rich mud from the 
Pacific deep-sea floor, numerous geochemical data 
was reported about the REY-mud. However, the 
distribution of REY and its host-phase in the REY-
mud are still controversial. We made geochemical 
and mineralogical investigations of the REY-mud 
from Minami-Torishima area to clarify it.  

Whole-rock compositions of the REY-mud have 
positive collations among CaO, P2O5 and total REY 
contents. Relative abundance of apatite has also 
positive collations to P2O5 and total REY contents. It 
suggests that a main host phase of REY in REY-mud 
is apatite. To give a quantitative estimation of the 
REY-host phase, we also make in-situ compositional 
analyses of constituent minerals in the REY-mud. As 
a result, we found that the apatite is abundant in REY 
(9300–32000 ppm) and characterized by negative Ce-
anomaly. The other minerals, enriched in Si and/or Al 
(phillipsite, illite and quartz) are less abundant in 
REY (60–170 ppm). The Simple mass-balance 
calculation shows that up to 80 % of REY in the mud 
are contained by apatite. On these grounds we have 
come to the conclusion that the main REY host phase 
of the REY-mud is apatite. 
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The dynamics of carbon (C) preserved within 

permafrost in Sub-Arctic and Arctic is important 
implications for the current and future carbon cycle 
with global warming. However, little is known on the 
microbial decomposability of permafrost organic 
mater and CO2 emission once permafrost thaws. The 
objective of this study is to assess the inherent 
decomposability of permafrost organic matter by soil 
incubations using flow-through-chamber technique. 
We used active layer and permafrost collected from 
Alaskan boreal forest and tundra with diverse organic 
matter characteristics and incubated them under the 
freezing/thawing condition. Soils were incubated 
under aerobic condition at a temperature from -15 to 
15 ºC.  We observed that CO2 was produced at a 
temperature blew the zero, especially from 
permafrost of some tundra. After permafrost thawed, 
CO2 release rates were much higher in permafrost 
compared with active layer for same tundra. In the 
case of the soil collected in the Arctic coastal tundra,  
CO2 released in permafrost (27-94 µgC g-1 d-1) was 
nearly 3 times greater than active layer soil (8-34 
µgC g-1 d-1) from 1 to 15 ºC. This suggests that 
permafrost C may be very labile. In this meeting, we 
will discuss CO2 release variability between samples 
and their relationships with soil chemical and 
physical characteristics. 
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The process of the mantle-crust differentiation 
and the composition the oceanic and continental crust 
in Hadean are essential to understand the chemical 
mantle evolution due to the extraction and recycling 
of the crust. From the analyses of the Hadean zircon, 
the existence of liquid water and granitic-andesitic 
melt have been implied [1], but the process to 
generate such granitic-andesitic melt has been still 
unclear. Previous studies have suggested that the 
Hadean mantle would have had high mantle potential 
temperature (MPT), and that the oceanic crust 
generated at high MPT has komatiitic composition 
[2]. Because the hot Hadean mantle could have 
generated steep thermal gradient in the crust, this 
komatiitic oceanic crust could have experienced 
hydrous melting upon subduction, and generated melt 
which could have formed the continental crust. 
However, the composition of the melt generated in 
the hydrous melting of komatities has been 
undetermined.  

We estimated the style of the igneous activity in 
Hadean and the composition of the oceanic crust, 
referring previous mantle convection models at high 
MPT [3,4]. The Hadean oceanic crust would have 
formed form the melt generated at small melt fraction 
under a thick (-200km) lithosphere before the onset 
of the plate-tectonics, and after the onset of the plate-
tectonics, formed from the melt generated at large 
melt fraction under oceanic ridges. Then, the 
composition of the oceanic crust was estimated from 
high pressure and high temperature melting 
experiments [5]in the case before the onset of the 
plate-tectonics, and from calculations with pMELTS 
in the case after the onset of the plate-tectonics. The 
compositions of the melt were estimated to be 
komatiitic in both cases, though the MgO and FeO 
contents are significantly different between the two 
cases. We performed hydrous melting experiments of 
these komatiites using the piston-cylinder high 
pressure apparatus, with special care of the oxygen 
fugacity. We report the estimated compositions of the 
probable Hadean oceanic crust and progress of the 
hydrous melting experiments. 
 
[1]Hopkins et al. (2010) EPSL 298, 367-376. 
[2]Takahashi (1985) Nature 315, 566-568. 
[3]Korenaga (2009) Geophys. J. Int. 179, 154-170. 
[4] Foley et al. (2014) JGR 119(11), 8538-8561. [5] 
Kondo et al. Submitted. 
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Distributions of dissolved and total dissolvable 
trace metals (Mn, Fe, Ni, Zn and Cd) were 
investigated in the western Arctic (Chukchi Sea and 
Canada Basin) in 2012 September to elucidate the 
mechanism of the transport of these metals.  We 
found concentration maxima not only of Fe, but also 
of the other trace metals in the halocline and/or near 
bottom waters for both dissolved and total dissolvable 
fractions.  Judging from 2D sections of trace metals 
concentration, the distribution patterns were similar 
between dissolved and total dissolvable fractions for 
all trace metals.  Ni, Zn and Cd mainly existed as 
dissolved form. While total dissolvable Fe and Mn 
concentrations were generally higher than dissolved 
fractions, especially high concentrations were found 
in the near bottom water in the Chukchi Sea shelf.  
The relationship between the distance from sea-shelf 
and concentrations of dissolved trace metals showed 
that dissolved Fe and Mn in the halocline waters 
tended to decrease with distance logarithmically. 
These results suggest that distributions of dissolved 
Fe and Mn were controlled by input from shelf 
sediment and removal by scavenging and mixing 
processes.  Distributions of dissolved Cd and Zn were 
correlated well with phosphate concentration, 
suggesting that Zn and Cd were also transported to 
offshore via halocline water as nutrients and 
dissolved organic matter.  Since dissolved Ni 
concentration tended to be high in the surface mixed 
layer in this study area, its correlation with phosphate 
was poor.  These results suggest the importance of 
the halocline water for the transport of Mn, Ni, Zn 
and Cd as well as Fe in the western Arctic during 
summer. 
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The Chinese largest corundum-sapphire deposit is 

located in Changle, Shandong Province. Changle 
corundum occurs as megacryst in the Cenozonic 
basalt, showing roundish shape and having sharp 
boundary with host basalt. The well developed 
reaction rim of Al-riched spinel and titanium 
magnetite around corundum megacryst indicate it is 
deep mantle derived xenocryst. Besides, the complex 
reactions of Changle corundum and host basalt 
indicate the complicated metasomatic processes. The 
prtrography study, for example, the small corundum 
core is encircled by spinel in the reaction zone (Dong 
et al., 2007) shows Changle corundum is firstly 
replaced by spinel at rim, and finally, the whole 
corundum crystal can be replaced by spinel after the 
complete metasomatism.  

The key elements and their ratios, such as Ga/Mg, 
Cr/Ga, Fe/Ti, Fe/Mg ratios of two group samples of 
the corundum megacrysts (CL-1 and CL-2), indicate 
they are magmatic origin. Spinels in the reaction rim 
diaplay transitional composition characteristics from 
corundum to spinel megacryst. in addition, The key 
element data of corundum and spinel megacrysts 
exhibit obvious genetic relations. The spinel 
megacryst, thus, is the product of corundum after 
melt/fluid metasomatic evolution. However, in 
compared with the CL-1 group samples, the CL-2 
group samples of Changle corundums obviously 
overprinted by the late melt infiltration 
metasomatism.  

Further more, the components of Changle 
corundum are similar to Kianjanakanga and Menet 
sapphires from anorthoclasite . Consequently, 
Changle corundums with higher Ga and lower Mg 
present mineral chemical features of crystallization 
from alkali melt, which are most likely derived from 
metasomatic enriched mantle rocks .  

Acknowledgement: The current study is 
supported by “Chinese large-very large deposit, 
geodynamic, and quantitative evaluation of the 
comprehensive study process” (1212011220928). 
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Introduction 
The toxicity and mobility of antimony (Sb) are 

strongly influenced by its redox processes[1]. 
Ferrihydrite (Fh) is widely distributed in the  
environment. In this study, the mechanisms of Sb(III) 
photooxidation in the presence of ferrihydrite were 
investigated systematically. 

Results and Discussion 
Our study indicated that Sb(III) was oxidized to 

Sb(V) both in the solution and on the surface of Fh 
under light illumination at pH 3, 5, 7 and 9. 
Photooxidation of Sb(III) occurred through electron 
transfer from Sb(III) to Fe(III) on the surface of Fh 
along with the reduction of Fe(III) to Fe(II) through a 
ligand-to-metal charge-transfer (LMCT) process. In 
circumneutral and alkaline conditions, an intermidiate 
oxidation speices, speculated as Fe(IV), formed in  
the process of Fe(II) oxidation, which could promote 
Sb(III) oxidation. In addition, the mobilization of Sb 
was greatly influenced in Fh suspension under light 
illumination. In acidic conditions, Sb tends to 
adsorbed on Fh; However, in alkaline conditions, Sb 
was released into the solution along with Sb(III) 
photooxidation in Fh suspension. In conclusion, 
Sb(III) can be oxidized to Sb(V) in the presence of Fh 
under light illumination, which will greatly influence 
the fate of Sb in the environment. 
 
[1] Filella M, Belzile N, Chen YW (2002): Antimony 
in the environment: a review focused on natural 
waters II. Relevant solution chemistry. EARTH-SCI 
REV 59, 265-285 
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Asbestos refers to six unique substances that 

belong to the serpentine and amphibole mineral 
families.  The serpentine minerals are one of the 
major constituents of hydrated portion in the upper 
mantle and the wedge overlying subduction zones.  
Amphiboles occur in many metamorphic rocks and 
are constituents in a variety of plutonic and volcanic 
igneous rocks.  Tremolite is a hydrated calcium 
magnesium silicate belonging to the amphibole group 
of minerals.  Tremolite has been useful for 
commercial products because they are strong, 
flexible, heat-resistant, and can be spun and woven 
into cloth.  Chrysotile belongs to the serpentine group 
of minerals, characterized by a 1:1 layer structure 
consisting of octahedral and tetrahedral sheets.  
Chrysotile characteristically forms cylindrical fiber 
crystals that give the characteristic properties of 
asbestos.  Chrysotile is the main constituent of 
commercial asbestos, a material with outstanding 
electric, thermal, and phonic insulation properties, but 
its fine dust is thought to be deleterious to human 
health.  Detoxification of asbestos has been an 
important issue and is being conducted by physical, 
chemical and thermal treatments that lead the 
formation of non-fibrous mineral particles or phase 
transitions.  In order to explore alternate 
detoxification means as well as to understand the 
geochemical role in the hydrated upper mantle 
conditions, we have studied representative asbestos 
minerals, tremolite and chrysotile, under moderate 
pressure and temperature conditions using in-situ 
synchrotron X-ray powder diffraction and ex-situ 
scanning electron microscopy.  At 2.5 GPa, after 
heating at 170℃ we observed significant changes in 
the diffraction patterns in chrysotile. The 
morphologies of tremolite and chrysotile are both 
changed to non-fibrous shape after compression up to 
5.0 GPa and heated to 220℃ using CO2 as a pressure-
transmitting medium.   

 



Goldschmidt Conference Abstracts 1584 

Retarding transformation of 
amorphous calcium carbonate – 

Synthesis and conditioning 
techniques  

F. KONRAD1*, M. DIETZEL1 AND F. GALLIEN2 
1Institute of Applied Geosciences, Graz University of 

Technology, Rechbauerstrasse 12, 8010 Graz, 
Austria (*correspondence: 
florian.konrad@tugraz.at) 

2Competence Center Mineralogy & Beneficiation, 
Omya GmbH, Gersheim Strasse 1-2, 9722 
Gummern, Austria 

 
Amorphous calcium carbonate (ACC) is known 

to be an important precursor in biomineralisation and 
is of tremendous interest for material science. A large 
number of studies and recipes on how to synthesize 
ACC emerged therefore from different fields. 
Nevertheless, precipitation of ACC from aqueous 
solutions without using additives results in rather 
instantaneous transformation to crystalline CaCO3, 
which makes studies about characterization and 
tailored use of ACC challenging. Long-time 
metastable and well-defined “additive-free“ ACC is 
highly desirable for fundamental research and 
technical applications, but techniques to fulfil these 
requirements in decent quantities are rare.  

Herein, we present a simple and feasible 
synthesis route on how to obtain pure ACC in high 
quantity, which is metastable throughout a month 
depending on storage conditions. The ACC is 
prepared by rapid mixing of a calcium- and 
carbonate-rich solution, instantaneous ACC 
separation by membrane filtration and freeze-drying. 
Aspects and parameters influencing the metastability 
of ACC, in particular the interplay with relative 
humidity determining ACC’s “lifetime”, are 
discussed.  

Our findings suggest transformation to crystalline 
polymorphs of CaCO3 is initiated via a dissolution 
and re-precipitation process of ACC. Furthermore we 
observe calcite, vaterite and aragonite formation in 
the same sample after crystallization of the freeze-
dried ACC, which suggests that transformation to 
distinct CaCO3 polymorphs depends on physico-
chemical conditions during transformation rather than 
pre-structural cluster formation within ACC. 
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Studying ferromanganese crusts were discovered 

at the Southern Mendeleev Ridge. The results 
available – the information about sampling sites and 
field works along with results dealing with 
morphology, microstructures and mineral 
composition - have been presented at the 
Goldschmidt conference held in 2015 [1]. 

 In comparison with crusts from the Pacific, 
Atlantic and Indian Oceans, the Mendeleev Ridge 
crusts contain high concentrations of scandium (up to 
66 ppm). Crusts from the Chukchi Borderland, which 
were discovered by US scientists demonstrate high 
value of Sc as well [2]. These similarities in chemical 
composition could indicate the regional enrichment 
of Sc in this area. 

The microprobe analysis results show that Sc 
concentrations were observed in all mineral phases, 
including Mn and Fe amorphous hydroxides, but not 
in all grains. 

The preliminary results allow us to predict the 
sorption of Sc is related mainly with iron hydroxides 
in the course of precipitation. Noteworthy, the 
dissolved Sc migration takes place in the ocean 
waters and could be accumulated and transported by 
plankton. So, the increase of Sc content in deep 
waters might be attributed to the dissolution of 
plankton material with depth [3]. On the other hand 
the Sc content decrease in the ascending order like 
that of the terrigenous material. The above allows us 
to predict the Sc occurrence in the accessory mineral 
grains. However this presumption cannot be 
considered as being final and requires closer 
investigation. 

 
[1] N. Konstantinova, G. Cherckashov, P. Rekant. 
Ferromanganese Crusts of the Mendeleev Ridge 
(Arctic Ocean)//Goldschmidt 2015 abstracts - 1655 
[2] J. R. Hein, J. Klofas, K. Mizell, T. Conrad. Rare-
Metal-Rich Ferromanganese Mineral Deposits from 
the Western Arctic Ocean//UMI 2012 
[3] E.G. Gurvich, U.A. Bogdanov, A.D. Kurinov, 
N.V. Katargin. Scandium in bottom sediments of 
south eastern part of Pacific Ocean//Geohimia,1977, 
10, p. 1582-1597 (in Russian) 
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Redox reaction of trace metals associated with 

microbial elemental respiration is a ubiquitous 
process in natural environment in various 
geochemical condtions. Particularly, changes in 
elemental redox states of trace metal induced by 
microbial respiration result in the unexpected 
biogeochemical reactions in the light of biotic/abiotic 
mineralization. The objective of the present study is 
to investigate the microbe-mineral interaction in the 
acido-hyperhtermal hot-spring in Yellowstone 
National Park, USA to understand the mechanism of 
biogeochemical process and role of extremophiles in 
extreme environment.   

The present study focused on distinguishing 
biotic and abiotic process during the secondary phase 
mineral formation in extreme environment, 
particularly Fe and As redox cycle. The secondary 
phase mineral formation with elemental compositions 
of the oxidative phase of Fe and As was identified 
only in enrichment set suggesting a major role of 
extremophiles are closely linked with the mineral 
formation. The considerable population of Fe-
oxidizer (Metallosphera yellowstonensis MK-1) and 
As-oxidizer (Sulfurihydrogenibium sp.) was detected 
by phylogenetic analysis supporting the major role of 
extremophiles in biotic mineral alteration/formation 
process. Furthermore, As-oxidation was observed 
only in the enrichment set, however the inhibition of 
As-oxidation in the low pH conditions was previously 
reported, suggesting the role of extremophiles in the 
oxidation of As in the present study. The possible 
biotic/abiotic mechanism in mineral 
alteration/formation in extreme environment will be 
discussed. 
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We studied O, Ca, Ti and 26Al-26Mg isotopic 

systematics of hibonite-rich Ca-, Al-rich inclusions 
(CAIs) from the Murchison (CM) meteorite. These 
CAIs can be divided into three isotopic populations: 
(1) PLACs (platy hibonite crystals) which are 26Al-
depleted, have δ48Ca from –61 to +81‰, δ50Ti from –
71 to +171‰, and Δ17O from –28‰ (solar) to –17‰. 
PLACs with solar Δ17O lack large anomalies; with 
increase of Δ17O, the range of Ca- and Ti-isotope 
anomalies increases. (2) CAIs with mass-fractionated 
O, Ca, Ti, or Mg have inferred initial 26Al/27Al ratios 
((26Al/27Al)0) of ~(0–5)×10–5; those with low 
(26Al/27Al)0 have δ48Ca and δ50Ti from –14 and +43‰ 
and variable Δ17O. CAIs with evidence for 26Al 
incorporation have Δ17O of ~–23‰ and have no 
resolved anomalies in Ca and Ti. (3) Spinel-hibonite 
inclusions (SHIBs) have uniform Δ17O of ~–23‰. 
Internal isochrons for 8 SHIBs show (26Al/27Al)0 = 
(2.5–5)×10–5. 5 SHIBs studied for Ca and Ti have 
anomalies of <5‰. 

If 26Al-depletions in hibonite-rich CAIs indicate 
formation before arrival of fresh 26Al, then they 
suggest that carriers of 50Ti and 48Ca anomalies were 
initially heterogeneously distributed in the 26Al-poor, 
early solar nebula. Both isotopically anomalous (in O, 
Ca and Ti) and solar (in O, Ca and Ti) PLACs formed 
in the 26Al-poor nebula. Data for fractionated CAIs 
suggest that prior to arrival of 26Al, the CAI 
formation region evolved towards a nonsolar, yet 
uniform Δ17O of ~–23‰ and that anomalies in Ca and 
Ti were diluted to ≤~5‰. SHIBs formed in a 
similarly homogeneous reservoir. The variable 
(26Al/27Al)0 in SHIBs could indicate formation during 
admixture of 26Al or prolonged formation/processing 
after its significant decay.  

The data suggest that highly fractionated CAIs 
were able to form prior to and during admixture of 
26Al. PLACs (often sizable single crystals or 
aggregates of chemically uniform hibonite) only 
formed in the 26Al-poor nebula, while the more fine-
grained and highly chemically zoned hibonites found 
in SHIBs formed in the more evolved nebula. 
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The diamondiferous Venetia Kimberlite cluster 
(~520 Ma) is located in the core of the Limpopo 
Mobile Belt, a zone of compression between the 
Kaapvaal and the Zimbabwe Cratons. Diamond 
formation beneath Venetia is likely related to major 
craton evolution events that led to the current 
regional tectonic makeup. Here we report the first 
Sm-Nd ages of individual peridotitic garnet 
inclusions in diamonds from Venetia along with 
major element and trace element data and carbon 
isotope data of the hosts. 

The Sm and Nd analyses were performed on a 
Triton Plus equipped with six 1013 Ω amplifiers[1]. 
Data on an initial suite of ten garnet inclusions yield 
143Nd/144Nd from 0.51020±7 to 0.51353±5. The 
147Sm/144Nd vary from 0.004 to 0.305. Four samples 
give a TDM ~3 Ga. Based on similar major (higher 
Mg#) and trace element data (similar HREE patterns) 
we group these samples to define an isochron age of 
3.04±0.54 Ga, at initial 143Nd/144Nd of 0.50864 (εNd= -
0.8). A second diamond forming event at ~1.3 Ga is 
suggested by 2 samples with comparable HREE 
patterns. Diamond formation close to eruption age is 
recorded by one sample. Carbon isotope data of host 
diamonds range between -8 and -3 ‰, typical for the 
majority of peridotitic silicates. 

Previously, a maximum  age of 2.3 Ga was 
inferred from an isochron constructed of 4 pools of 
~30 peridotitic garnet inclusions[2]. The age was 
suggested to represent diamond crystalisation 
following modification of Archaean SCLM by 
Bushveld type magmas. We now conclude that this 
2.3 Ga age may record mixing of old and young 
diamonds. The ~3 Ga age for 4 out of 10 specimen 
suggests that earliest diamond formation probably 
coincided with a period of extension of the Kaapvaal 
Craton between 3.1-2.9 that led to formation of rift 
basins and a passive continental margin[3]. 
Additional data will be presented at the conference to 
further validate these findings. 
 
 
[1] Koornneef et al., 2014, ACA 819, 49-55  
[2] Richardson et al., 2009, Lithos 112S, 785-792  
[3] de Wit et al., 1992, Nature 357, 553-562 
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The reservoir temperature as well as the reservoir 
pressure is a vital phenomenon in understanding the 
behaviors of geothermal systems. There are many 
factors influencing the pressure performance of 
geothermal systems such as reservoir volume, 
temperatures (average reservoir temperature, natural 
recharge temperature and re-injection temperature) 
and productions (production rate, re-injection rate and 
natural recharge rate). 

The aim of this study is to estimate the natural 
recharge temperature by using pressure-time data. 
Various synthetic examples are generated to examine 
the effects of natural recharge temperature on the 
performance of reservoir pressure. A non-isothermal 
lumped parameter (tank) modeling based on mass and 
energy conservation is used in the synthetic 
examples. In the given examples geothermal system 
is either represented by a single tank or multiple 
tanks.  

The examination of the effects of natural recharge 
temperature on reservoir pressure is considered for 
three cases; (a) the temperature of recharge constant 
is lower than reservoir temperature, (b) both the 
temperature of recharge constant and reservoir are 
equal to each other and (c) the temperature of 
recharge constant is higher than the reservoir 
temperature. 
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All living organisms may exist within narrow 

interval of physical and chemical parameters of the 
environment. The optimum diapason including 
geochemical conditions is species specific. Any 
challenge to inhabit areas deficient in nutrients or 
excessive in some elements would create a situation 
fraught with specific endemic or somatic diseases.  

Basing on our studies we presume that 
biogeochemical endemic diseases originate from 
geochemical heterogeneity of the colonized areas and 
the origin may be of two main types: 1) the initially 
natural and 2) the secondary technogenic. Each 
genetic type has its own specificity because it appears 
at different stages of distortion of self-organization of 
ecosystems in biosphere due to the processes of total 
expansion of human population and global change of 
the environmental geochemical parameters.  

Proposed approach allows interpretation of 
endemic zones as the areas with a considerable 
decline of their geochemical conditions from the 
species’ optimum in soils, water and air. The above 
theoretical presumptions may lay the basis for 
creation of the universal algorithm to solve the main 
problem of geochemical ecology – identification of 
the risk zones. The latter needs to meet the challenge 
of finding geochemical optimum for local population 
and revealing spatial patterns of geochemical 
heterogeneity of natural and technogenic origin. The 
solution opens up new perspectives for creation of the 
specialized maps of risk of endemic diseases and for 
the study of spatial relation between geochemical 
anomalies and health risk. 
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The first petrography and mineralogy results of 
the mantle eclogites from the Catoca pipe were 
published in the article [1]. High-alumina (hi-Al2O3) 
eclogites (6 samples) consist of high-Na omphacite 
(Jd 51-67) and garnet (Prp30-33 Alm28-29 Grs37-
41). There are small quantities of kyanite in each 
sample (up to 15 vol.%). Low-magnesian (lo-MgO) 
eclogites (9 samples) are bimineralic, the composition 
of garnet: Prp 35-53 Alm 28-45 Grs 16-28; the 
composition of omphacite: (Jd 32-57). 

The isotopic and geochemical data support the 
subduction origin of the eclogites from the Catoca 
pipe. 

REEN patterns, Y, Zr, Li contents and Zr/Sm, 
Zr/Hf, La/Sm ratios of reconstructed whole rock of 
hi-Al2O3 eclogites reveal the greatest similarity with 
ophiolitic gabbro and modern oceanic gabbro. Weak 
Eu peak together with an increased concentration of 
Sr in garnets are also indicative of plagioclase-
bearing protolith. 

REEN patterns, Y, Zr, Li contents, Zr/Sm, Zr/Hf, 
La/Sm ratios and depleted LREEN of reconstructed 
whole rock of lo-MgO eclogites may indicate that 
these eclogites were formed as a product of a N-
MORB restite transformation. The geochemical 
modeling results of melting at T 1100-1200°C and P 
30-40 kbar (partition coefficients from [2]) support 
the introduced assumption. 

The oxygen isotope composition of rock-forming 
minerals of lo-MgO eclogites (δ18O(cpx) 6.2-7.4, 
δ18O(grt) 6.2-7.1) are also consistent with the 
assumption. 

The reported study was funded by RFBR 
according to the research project No. 16-35-00321. 

 
[1] Nikitina et al. (2014) Precambrian Res 249, 13-
32.  
[2] Green et al. (2000) Lithos 53, 165-187. 
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 Prospecting for gold deposits are often 
based on the using of its pathfinders, but in choosing 
elements as indicators of gold mineralization is 
necessary to consider not only the genetic 
relationship between the elements in primary halos, 
but also their migration features at scattering in 
secondary halos, and, consiquently, pay attention to 
study the element mobile forms. 

 Using of sequential extraction method 
allowed to reveal the main mobile forms of gold and 
its pathfinders(As, Cu, Ni) in loose sediments (podzol 
soil, ground moraine) overlying the gold ore 
occurrence Piilola (Finland). It was found, that the 
main mobile form of Au is a form bound to organic 
matter in soil, and water-soluble, weakly and strongly 
adsorbed in ground moraine. For As, Cu, Ni the main 
mobile form is a form bound to Fe and Mn-
(oxy)hydroxides through the whole loose sediments 
profile, but for As strongly adsorbed form and for Cu 
form bound to organic matter  also play the important 
role.  

The pyrophosphate express method of Kononova-
Belchikova was used for identifying the features of 
Au, As, Cu, Ni distribution with fulvic(FA) and 
humic(HA) acids in loose sediments. The results of 
this experiment showed, that sorption of Au is 
predominantly with HA, with the highest 
concentration of this element in B1 soil horizon.  Ni 
and Cu have the character of the distribution in the 
soil profile similar to Au, but these two elements 
form complexes predominantly with FA. The 
distribution pattern of As complexes with organic 
matter in the soil profile is different from the tested 
elements: As complexes bound to HA are dominated 
in A2 soil horizon; other horizons are characterized 
with the accumulation of this element preferably in 
the form bound to FA. 

 
This study was supported by the Russian Foundation 
for Basic Research (grant 16-05-00866) and St-
Petersburg State University (ptoject 3.38.286.2015). 
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To unravel the early history of the Earth, it is 
necessary to study the oldest rocks. Acasta Gneiss 
Complex (AGC), located in the western part of the 
Slave Province, Canada, is one of the Eoarchean 
terrains, and mainly consists of 3.6-4.0 Ga felsic and 
layered gneiss suites (e.g. [1, 2]). The absolute age of 
minor mafic rocks occurring as enclaves within the 
felsic gneisses still remains unknown because of no 
magmatic zircons in the rocks (e.g. [3]). The analyzed 
samples still preserve magmatic features, and are 
distributed over the AGC. They have basaltic 
compositions with 48-51 % SiO2 and 5.4-7.8 % MgO 
contents, and have chondritic rare earth element 
(REE) patterns. Here, we report a comprehensive 
dataset of Re-Os isotopes and highly siderophile 
element (HSE: Os, Ir, Ru, Pt, Pd and Re) 
concentrations for them. The 187Re/188Os and 
187Os/188Os ratios range from 28 to 418 and from 2 to 
30, respectively, displaying a broad positive 
correlation. Four samples are plotted below the 
general trend in the 187Re/188Os vs. 87Os/188Os 
diagram. These four samples have the highest Re 
concentrations and no correlation between Re and Cu 
contents compared with the other samples, suggesting 
that they suffered from post-magmatic Re addition or 
were derived from a different source. All data but the 
four data define a positive correlation, corresponding 
to an age of 4272 ± 300 Ma and initial 187Os/188Os = 
0.4 ± 1.1 (MSWD = 118). This age is older than 
surrounding 3.6-4.0 Ga felsic gneisses, consistent 
with the field observation. Despite significant error 
on the isochron, this result suggests that the Acasta 
mafic rocks were formed in the Hadean. They exhibit 
IPGE-depleted and PPGE-enriched chondrite-
normalized HSE patterns, which are similar to those 
of modern basaltic rocks. These data suggest the 
origination of the Acasta mafic rocks from the upper 
mantle that had an HSE composition similar to the 
modern mantle. This indicates that the upper mantle 
in the middle Hadean already had high HSE contents. 

 
[1]Bowring & Williams (1999) Contrib. Mineral. 

Petrol., 134, 3-16. [2]Iizuka et al. (2007) Precamb. 
Res. 153, 179–208. [3]Mojzsis et  al. (2014) GCA 
133,  68-96. 
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While comparing magmatic rocks the key 
problem most researchers encounter is the right 
choice of methodological approaches, so that the 
ultimate result obtained to be maximally accurate. In 
this case, the most informative are deemed 
geochemical methods, particularly when correlating 
subsurface rocks that are homotypic in their chemical 
composition, whereas the petrochemical ones are 
more objective in comparing the buildups, which 
differ in silica acidity. On the grounds of the above, a 
cluster analysis of the main volcanism products from 
different structural zones of the Alpine Fold Belt in 
Eastern Europe has been carried-out using average 
data on both major and trace elements. Based on the 
mathematical calculations done, the general structure 
has been obtained as to the cluster of the examined 
basalts according to which the main effusives within 
the positive value of correlation coefficient fall into 
four groups. The first group includes the basalts of 
the Central Transcarpathian Region. The second one 
is presented by the petrotypes of the Pannonian 
Depression, West Carpathians and Georgia’s 
Massive, which is the evidence of the near 
geodynamical conditions for volcanic rocks 
formation despite their considerable regional 
disconnectedness. These structures are also 
characterized by the minimal crustal thickness, which 
implies the presence of the asthenospheric bumps 
(plumes) below them. As expected, the Armenian 
Upland basalts in accordance with their structural 
confinedness have been divided into two groups: the 
third group has geographically coincided with the 
West Volcanic Zone while the fourth one – with the 
East Volcanic Zone. It only goes to confirm the 
appropriateness of Armenian geologists to have 
defined them, with traditional research methods 
applied, as the separate block structures. For the 
purposes of visual picture of the results obtained, a 
factor diagram has been constructed with the analysis 
of the latter showing regional disconnectedness of the 
above grouped basalts composition imaging points’ 
fields. On the one hand, it is an additional argument 
in favour of the rock separation correctness (points 
abnormally outlying from the main groups are absent) 
based on the results of the clustering. On the other 
hand, it speaks of their belonging to different 
petrogeochemical types. 

 



Goldschmidt Conference Abstracts 1595 

Eu(III)-Fulvic Acid: Size 
Evolution with pH, metal and 
FA concentrations by Taylor 

Dispersion Analysis. 
Y.Z. KOUHAIL1,2,*, L. VIO2, P.E. REILLER2, M.F. 

BENEDETTI1 
1Institut de Physique du Globe de Paris, Sorbonne 

Paris Cité, Univ Paris Diderot, CNRS, F-75005 
Paris, France (benedetti@ipgp.fr, 
*correspondence: kouhail@ipgp.fr) 

2CEA/DEN/DANS/DPC/SEARS/LANIE, Gif-sur-
Yvette, France (pascal.reiller@cea.fr, 
laurent.vio@cea.fr) 

 
Humic substances, one the main component of 

organic matter in aquatic and soil systems, play an 
important role in the transport and binding of trace 
metal elements, such as lanthanides(III). In a former 
study, we highlighted inter-particulate repulsions 
between Eu(III)-SRFA complexes at high CSRFA [1]. 
Such interactions are not yet accounted for within the 
NICA-Donnan formalism [2]. These inter-particulate 
repulsions can be due either to modification of the 
complexe size, or to the presence of an electrostatic 
potential at the interface [3]. The size of the Eu(III)-
SRFA complex(es) can be approximated by the 
hydrodynamic radius (RH), which can be obtained by 
Taylor dispersion analysis [4]. 

Hydrodynamic radii are studied vs. CSRFA at pH 4, 
6 and 7, for SRFA and for Eu-SRFA complexes with 
CEu of 1 and 10 µM. The RH are comprised between 
0.78 and 1.03 nm. There is no significant change in 
RH with pH at quite high CSRFA (CSRFA of 500 
mgSRFA/L). At pH 4, we could neither evidence any 
significant change in RH values with CSRFA for SRFA 
particles nor for 1 µM Eu(III)-SRFA complexes. 
Conversely, at higher pH values a slight, but 
significant, decrease in RH values with CSRFA is 
observed. For CSRFA < 100 mgSRFA/L, RH seem to be 
higher for pH 6 and 7 than for pH 4. It can be 
explained by size expansion due to repulsive forces 
between charged groups with pH. A different 
comportment is observed for 10 µM Eu(III)-SRFA 
complexes: RH values increase when CSRFA < 300 
mgSRFA/L, and then seem to decrease for CSRFA of 500 
mgSRFA/L. RH are almost identical at CSRFA of 500 
mgSRFA/L regardless of pH and CEu. These slight 
decreases in RH observed with CEu are most likely 
indicating a change in the complex structures which 
can be molecular compression due to a decrease in 
intramolecular repulsions. 
 
[1] Kouhail et al;, Environ. Sci. Technol. 50, 3706-
3713 [2] Kinniburgh et al. (1999) Colloids Surf. A 
151 147-166. [3] Saito et al. (2009) Colloids Surf. A 
347, 27-32. [4] d’Orlyé & Reiller (2012) J. Colloid 
Interface Sci. 368, 231-240. 
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The formation of mixed complexes between 

lanthanides and actinides(III), complexing inorganic 
anions, and humic substances is still not completely 
settled, particularly, the competition, or mixed 
complex formation, with CO3

2- [5,6]. To propose 
answers on this topic, time-resolved laser-induced 
luminescence spectroscopy (TRLS) experiments in 
the system Eu(III)-CO3-FA at pH 7 are done, using 
Suwannee River fulvic acid (SRFA). Starting from 
former characterization of the Eu-SRFA system [1], 
the evolution of both the fluorescence spectra and 
lifetimes of Eu(III) at pH 7 and varying 
concentrations of carbonate and FA are obtained. 
With the use of an optic parametric oscillator, several 
excitation wavelengths (λexc) were used either to 
excite selectively Eu(III) through the 5L6<7F0 
transition (λexc = 394.7 nm), to take advantage of the 
antenna effect from the SRFA (λexc = 390 nm), or to 
minimize the excitation of the fulvic complex (λexc = 
532 nm). 

The evolutions of the Eu(III) luminescence 
spectra from the 5D0>7F0,2 transitions are showing 
modifications of the assymmetry ratio (area ratio of 
5D0>7F2 transition to the 5D0>7F1 transition) that 
indicates the presence of several species in addition 
to the EuCO3

+ and Eu-FA complexes. The occurence 
of bi-exponential decay times, with a faster than Eu3+ 
component, is typical of the occurrence of fulvic 
complex [8] even in the presence of carbonates. 

The analyses of the undirect excitation of the Eu-
CO3-SRFA systems are used to build the 
complexation isotherms varying both SRFA or total 
carbonate concentrations in the framework of the 
NICA-Donnan modeling of the Eu(III)-SRFA system 
[1,2]. In view of the restricted pH span, no strict 
attribution to the different possible types of sites can 
be done. Different complex formation are considered 
and discussed. 

 
[5] Morgenstern et al. Radiochim. Acta 88, 7-16. 

[6] Pourret et al. J. Colloid Interface Sci. 305, 25-31. 
[7] Kouhail et al. (accepted) Environ. Sci. Technol. 
[8] Reiller & Brevet, Spectrochim. Acta A 75, 629-
636 [9] Kinniburgh et al. (1999) Colloids Surf. A 
151, 147-166. 
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We present the results of an integrated 

petrological, geochemical and petrophysical study of 
mantle xenoliths sampled by Cenozoic volcanism in 
the Hoggar massif (Algeria). The xenoliths were 
collected in three volcanic districts located at the 
periphery (Tahalgha and Eggéré) and in the central 
(Manzaz) part of the Hoggar massif. The Eggéré 
volcanism lies on the Eggéré-Alaksoud terrane while 
Manzaz spreads E-W across Azrou N'Fad terrane. 
The Eggéré-Alaksoud and Azrou N'Fad 
Paleoproterozoic tectonic blocks  are part of the 
LATEA microcontinent (LATEA = Laouni, Azrou-n-
Fad, Tefedest, Eggéré-Alaksod; Black et al., 1994), 
bounded by NNW-SSE and NW-SE Pan-African 
shear zones. The Tahalgha district straddles a mega 
pan-African shear zone (the 4°35 fault) between two 
major structural domains of the Tuareg Shield 
basement: the Central Polycyclic Hoggar to the East 
(LATEA terranes) and the Western Hoggar domain to 
the West (Iskel block). The studied xenoliths provide 
information on the evolution of the lithospheric 
mantle from the late Pan-African orogeny to the 
Cenozoic events responsible for the topographic 
upwelling and volcanism.  

The Pan-African heritage is preserved in 
xenoliths from the peripheral Tahalgha district. These 
samples are distinguished by low equilibrium T (750-
900°C) and LREE-depleted clinopyroxene 
compositions. They are considered to represent the 
sub-continental lithosphere after the rejuvenation 
processes that occurred during the late stages of the 
Pan-African orogeny. They show well preserved 
deformation textures assigned to these events and 
characterized by preferential crystallographic 
orientations (CPOs) of olivine (axial-[010]) 
consistent with a transpressional regime. The 
Cenozoic events are marked by partial annealing of 
these textures, particularly pronounced in the Eggéré 
and Manzaz samples, as well as in the Tahalgha 
xenoliths equilibrated at medium to high T (900-
1150°C). The Cenozoic events were also responsible 
for a change in olivine CPOs. The lithospheric 
modifications related to the Cenozoic event are 
observed either at the scale of the whole Hoggar 
swell, or at the small scale of magma conduits and 
their wall rocks.  
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How do tropical sea surface temperatures (SSTs) 

warm and cool during glacial-interglacial cycles? The 
prevailing hypothesis is that they do so in response to 
radiative forcing by CO2. An alternative hypothesis is 
that they reflect the temperature of intermediate water 
masses set in high latitudes and transmitted to the 
tropics with ocean circulation. Here, evidence is 
presented from the eastern tropical Pacific (ETP) in 
support of the second hypothesis. A 230,000 year 
SST stack has been constructed from Mg/Ca records 
in five sites from the ETP. This Mg/Ca stack is 
shown to correlate well with Antarctic air 
temperatures from the EPICA Dome-C ice core on 
both orbital and millennial timescales. The 
temperature synchronization between Antarctica and 
the ETP is especially clear during interglacial stage 
5e and the 5e-5d glacial transition, during which 
temperature in both regions cooled with a substantial 
lead over CO2. This result suggests that tropical SSTs 
and Antarctica are synchronized largely by ocean 
linkages via intermediate and mode waters from the 
Southern Ocean, rathern than by CO2 forcing.  More 
broadly, assuming that the 5e-5d lead of temperature 
over CO2 is a global feature, it imposes a need for a 
CO2-independent glacial inception mechanism. It is 
proposed that cooling begins with Milankovitch 
forcing of the  Northern Hemisphere and is 
tramsmitted globally by injection of a colder North 
Atlantic Deep Water (NADW) into the deep sea. The 
northern cooling signal is passed on to NADW-
derivative water masses forming in the Southern 
Ocean, and is globalized as these spread to the major 
ocean basins. In this view ocean circulation is the 
critical climatic globalizer during glacial inceptions. 
However, this mechanism cannot operate in reverse 
during glacial terminations because of the more 
sluggish deep ocean circulation in glacial periods, 
suggesting that CO2 is a key climatic forcing during 
deglaciations. 
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Bottom ash (BA) is a main product of municipal 

solid waste incineration (MSWI), which is a process 
widely used to reduce waste volume and mass (up to 
90% and 70% respectively) causing simultaneous 
concentration of metallic elements previously 
dispersed within waste. In raw BA metallic elements 
occur in several forms: as fragmented metal products, 
alloys and grains rich in metallic elements as well as 
components of mineral and amorphous phases.  

To increase the value of bottom ash as a raw 
material several techniques of extraction of valuable 
components are used. Among them metallic 
fragments separation using magnetic and eddy 
current separators is often performed. Separation of 
metallic elements allows to recover valuable 
components of BA with simultaneous reduction of 
toxic metallic elements content. 

To investigate the influence of magnetic 
separation on BA chemical composition materials 
after first and second stage of magnetic separation 
were collected in 2015 from one of the biggest MSWI 
plant in Poland. The chemical composition of BA 
samples was defined using inductively coupled 
plasma optical emission (ICP-OES) and mass 
spectrometry (ICP-MS). 

BA is a multicomponent grainy material where 
after first stage of magnetic separation (for ferrous 
metals) still ~5 wt% of fragmented metal products 
were present. Over 95% of that amount was 
effectively removed in a second stage of magnetic 
sepration by eddy current separators. 

The overall metallic elements content in the BA 
material (after first separation stage) was ~11 wt% 
(Al, Fe, Mg, Ti, Mn, Cr, Ni, Mo, Cu, Pb, Zn, Sn). 
From that amount after second stage 2-3 wt% of 
metallic elements was removed. The content of Al, 
Mg, Ni, Sn, Mn, Pb and Zn has not changed, whereas 
~80 wt% of Fe, ~20 wt% of Ti, ~40 wt% of Mo, Cr 
and up to 50 wt% Cu was removed effectively. 

The remaining part of metallic elements was 
dispersed within BA material, what prevents their 
recovery without using additional processing 
techniques. 
Acknowledgment: Research was funded by Polish 
National Science Centre (grant No. UMO-
014/15/B/ST10/04171). 
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 Conditioning of radionuclides in ceramic waste 
forms and deep geological disposal is one of the 
considered long-term nuclear waste management 
options. Among other materials, monazite- and 
pyrochlore-type ceramics are of potential interest for 
immobilization of radiotoxic fission products and 
plutonium. A detailed (refined) characterization and 
understanding of the structural, thermochemical and 
thermodynamic properties of these ceramics is 
essentially needed to predict reliably their long-term 
behavior as waste forms. Ab initio atomistic modeling 
is an excellent tool for investigation of materials 
properties that are determined on the atomic scale, 
which are often difficult or inaccessible to 
experimental techniques. We present an overview of 
our recent computational activities in the field [1]. In 
particular we will discuss various structure-property 
relationships obtained through systematic studies of 
the considered ceramics and the first results from the 
virtual radiation damage experiments performed for 
monazite-type ceramics. These studies complement 
the relevant and recently acquired experimental data, 
which results in superior materials characterization. 

 We will show that carefully chosen 
computational approaches result in very reliable 
prediction of thermochemical and thermodynamic 
parameters of monazite- and pyrochlore-type 
ceramics. In particular we will discuss the 
thermodynamic stability of monazite-type solid 
solutions with actinides, including full 
characterization of solid solutions with tetravalent 
actinides, and the energetics of defect formation and 
the activation barriers for oxygen diffusion in 
pyrochlore-type ceramics. These results help in 
assessment of long-term durability and stability of 
these ceramics as nuclear waste forms.  

 
[1] Beridze & Kowalski, J. Phys. Chem. A, 2014, 
118, 11797; Blanca-Romero et al., J. Comput. Chem. 
2014, 35, 1339; Li et al., J. Solid State Chem. 2014, 
220, 137; Li et al. Scripta Mater. 2015, 107, 18; 
Kowalski et al. J. Nucl. Mater. 2015, 464, 147; 
Kowalski & Li, J.  Eur. Ceram. Soc. 2016, in  press. 
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Roles of microbes on environmental migration of 

radionuclides have received intense attention because 
microbial transformation of chemical forms of 
radionuclides is different from abiotic one. Bacteria 
and fungi have been the subjects for this research. 
Although protozoa are key members of microbial 
communities in aquatic ecosystems, little is known 
about roles of protozoa. This study reports interaction 
of aqueous inorganic U(VI) with Paramecium, a 
representative single celled protozoan. This study 
tested Paramecium cells of two kinds of states, living 
cells and prekilled cells. Prekilled cells were prepared 
using a fixative. After 24 h exposure of Paramecium 
cells to an inorganic U(VI) aqueous solution, micro-
PIXE analysis did not detect U in the living cells, 
while U was clearly detected throughout the prekilled 
cells. SEC-UV-Vis-ICPMS analysis for the aqueous 
phases collected after the living cell experiments 
revealed that a fraction of the U in the aqueous phase 
bound to large (ca. 25 kDa) biomolecules of 
Paramecium origin and formed pseudocolloid. The 
biomolecules contained sugar chains and were 
released from Paramecium cells regardless of the 
presence of U. These characteristics are consistent 
with the characteristics of the soluble glycoproteins 
covering surfaces of Paramecium cells. These results 
clearly show that Paramecium cells transform the 
chemical form of aqueous U(VI) species from 
inorganic one to organic pseudocolloid and suggest 
that the soluble surface glycoproteins reduce the 
adsorption of U on living Paramecium cells. 
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The studies were carried out in an Arctic fjord – 

the Kongsfjord (Spitsbergen). Despite high latitude, 
the climate of this fjord has a sub-Arctic character 
due to the pronounced influence of relatively warm 
Atlantic water. This accelerates climate changes there 
and thus makes also that region a good monitoring 
site for studying the climate driven shifts in the 
marine environment. Productivity of ecosystems, 
increased glaciers retreat and changes of load of 
organic matter (OM) deposited to the sediments are 
obvious manifestations of climate warming. The main 
aim of this study was to establish if sedimentary OM 
is affected by recent climate warming. The spatial 
variability of both organic and inorganic carbon (Corg, 
Cinorg) and total nitrogen (Ntot) concentrations, the 
stable isotopes composition of Corg and Ntot (δ13C, 
δ15N) and the OM provenance was used to document 
the influence.   

Although there are no significant spatial 
differences in total carbon concentrations, a very 
clear patterns are observed for Corg and Cinorg 
distributions. The lowest Corg concentration (10.5 
mg/g) were measured at innermost stations and they 
increased (18.0 mg/g) along the fjord axis. 
Additionally,  increase of Corg concentration was 
noticed towards the surface of sediment cores, in 
layers deposited within the last 50 years. A similar 
trend was observed for other measured parameters. 
For instance δ13Corg ranged between -24.24 ‰ and -
21.18 ‰ and values slightly decreased to the surface 
of the cores. These can be caused by a variety of 
processes. The most important are: (i) increased load 
of OM from melting glaciers, (ii) changes in the 
ecosystem productivity and/or (iii) gradual 
mineralization of OM in sediment. Stable isotopes 
shifts can be due to the recent increase in supply of 
the terrigenous OM and/or changes of phytoplankton 
δ13Corg signature caused by the rising penetration of 
atmospheric CO2 and/or a decrease of the biomass of 
13C-enriched ice algae.  

To conclude, the results indicate shifts occurring 
in the functioning of the investigates ecosystem in the 
last few decades and suggest that they have been 
quite likely related to the climate warming. However, 
it is still unclear what processes are responsible and 
thus, also, what future directions of changes are to be 
expected. 
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The isotopic composition of Cr in marine 
chemical and clastic sediments and in paleosols is 
commonly used as a quantitative proxy for oxidative 
weathering. The oxidation of Cr(III) to Cr(VI) in 
presence of atmospheric oxygen is coupled to a 
fractionation of Cr stable isotopes, i.e., oxidized Cr 
species are isotopically heavier than the reduced 
species. Here we present results of batch experiments, 
where different Cr-bearing (igneous) rocks were 
incubated with the biogenic siderophore 
desferrioxamine B (DFOB). Siderophores are organic 
molecules which are produced and excreted by a 
wide range of bacteria, fungi and plants to enhance 
the bioavailability of key nutrients like Fe. 
Siderophores such as DFOB not only have a high 
affinity for Fe(III), but they also show exceptionally 
high stability constants with other highly-charged 
metals. Several studies demonstrated that siderophore 
chelation of heavy metals reduces metal uptake by 
bacteria, fungi and plants, and thus, these 
biomolecules apparently also play a vital role in 
heavy metal detoxification. 

Here we show that leaching of pristine igneous 
rocks with DFOB results in stable isotope 
fractionation of Cr due to siderophore-promoted 
oxidation of Cr(III) to Cr(VI) during liberation from 
the mono- or polymineralic rocks. Although little is 
known about the abundance and the diversity of 
simple and complex organic acids in Earth’s history, 
the ability to detoxify heavy metals by selective 
ligand binding as observed for modern siderophores 
might have been useful during the dawn of life in the 
Archean, to tackle any kind of heavy metal stress. 

Our experiments show that Cr stable isotope 
fractionation, besides acting as a quantitative 
indicator for atmospheric oxygenation in marine 
chemical and clastic sediments, may also be 
indicative of the presence of (organic ligand-
producing) biota on Early Earth. Moreover, the 
presence of biomolecules like siderophores during 
(bio)weathering leads to an enhanced production of 
Cr(VI) species and may thus significantly increase 
the level of environmentally harmful chromate or 
dichromate in natural and potable water. 
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Exudation metallophores for the mobilization of 

trace metal nutrients is an efficient nutrient 
acquisition strategy employed by plants, bacteria and 
fungi. Metallophores are low molecular weight 
organic ligands with a high affinity for the target 
metal-nutrient. The best known and most diverse 
group of metallophores are the siderophores for iron 
acquisition. 

A major problem in metal acquisition by 
metallophores is the selectivity of the mobilization 
process for the target metal. While previous 
discussions of the geochemistry of trace nutrient 
acquisition has focussed on the thermodynamic 
specificity of metallophores for the target metal, new 
research shows that the kinetics of the mobilization of 
the target metal nutrient in comparison to other metal 
ions is of high importance. This may lead to a kinetic 
specificity of nutrient mobilization by the 
metallophore. In this presentation, we use iron 
acquisition as an example to illustrate how kinetic 
specificity can be key in trace nutrinet acquisition. 
Also, we discuss how synergistic effects between 
siderophore promoted dissolution and other 
geochemical mechanisms such as reductive processes 
can influence kinetic specificity. 
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Understanding the physical behaviour of 
plagioclase in basaltic liquids is crucial to anorthosite 
formation, layered mafic intrusions, to the final stages 
of planetary magma oceans and more general to 
fractional crystallization. 

This study investigates plagioclase settling and 
compaction following previous work on the 
formation of olivine and chromite cumulates [1],[2]. 
Statically annealed equilibrium experiments with 
different plagioclase/melt proportions were 
conducted at 0.5 GPa, 1190-1230°C and centrifuged 
with accelerations between 700 and 1000 g in a 
minimized single stage centrifuging piston cylinder 
apparatus. The starting melt composition was an 
experimentally derived dry tholeiitic basalt 
composition evolved from a primitive basalt in 
equilibrium with a lherzolite [3] and represents the 
melt composition at the onset of plagioclase 
crystallization. This composition was mixed in 
weight proportions of 7:3 and 9:1 with natural 
plagioclase seeds of appropriate composition (An70-80) 
and well defined size populations. 
Image analysis of the run products provides values 
for porosity, grain size and size distribution of 
plagioclase grains in the experimental charges.  

The conducted experiments show that An-rich 
plagioclase effectively sink in tholeiitic basalts with 
velocities that are 1-2 orders of magnitude smaller 
than those of olivine and chromite [1],[2]. 
Gravitational settling appears to sort grains also for 
shape, the more platy crystals clearly dragging 
behind. Errors are large on the calculation of the 
density contrast, taken at face value, plagioclase sinks 
15 times slower in the experiments than the 
calculated Stokes velocity. Gravitational settling 
leads to an orthocumulate layer with a porosity of 
0.63±0.03, significantly less than the 0.52 for 
chromite and 0.54 for olivine cumulates [1],[2]. 
Several experiments were run with up to 50 hours of 
centrifugation at 1000 g. Gravitationally driven 
compaction of the plagioclase pile were found to be 
minimal, but further experiments are required to 
precisely determine the compaction rate. 
 
[1] Schmidt et al. (2012) CMP 164, 959-976, [2] 
Manoochehri and Schmidt (2014) CMP 168, 1091, 
[3] Villiger et al. (2007) J Pet 48, 159-184 



Goldschmidt Conference Abstracts 1606 

Combined microbial 
ammonification and 

extracellular carbonic 
anhydrase activity – a potential 

limestone matrix formation 
mechanism 

S. KRAUSE1, V. LIEBETRAU1, C. R. LÖSCHER1, F, 
BÖHM1, S. GORB2, A. EISENHAUER1, T. TREUDE3 

1GEOMAR Helmholtz Centre For Ocean Research 
Kiel, Germany 

2Christian-Albrechts-University, Kiel, Germany 
3University of California, Los Angeles, USA 
 

Carbonate rocks account for one-sixth of the 
global sedimentary rocks, including dolostone and 
limestone. The limestone matrix typically consists of 
fine-grained carbonates, commonly present as 
micrites. As limestone formation takes place in a 
marine environment a number of microbial metabolic 
pathways facilitating carbonate precipitation maybe 
involved. These include photosynthesis, 
denitrification, sulfate reduction, methane oxidation, 
and ammonification. However, to date sedimentary 
authigenic carbonate production is primarily ascribed 
to anoxic microbial metabolic pathways. Recent 
investigations suggest that microbial extracellular 
enzymes may also play a crucial role in the carbonate 
formation process. Here, we demonstrate that aerobic 
marine heterotrophic bacteria may play an important 
role in carbonate precipitation and subsequent 
limestone genesis. Using Alcanivorax borkumensis as 
a model organism in liquid and solid media batch 
cultures, our experiments illustrate microbial 
precipitation of carbonates in a biofilm by a 
combination of ammonification and extracellular 
carbonic anhydrase activity. While ammonification 
strongly increased the alkalinity, carbonic anhydrase 
activity was causative for elevated concentrations of 
dissolved inorganic carbon. The combined increase of 
alkalinity and dissolved inorganic carbon caused 
rapid supersaturation for calcium carbonate and 
subsequent precipitation of aragonite and Mg-calcite 
within carbonic anhydrase-enriched biofilm areas.  

The resulting spherulites consisted of micrites 
showing a nanocrystalline fine structure. Initial 
formation of individual spherulites started within 
days, showing subsequent aggregation to larger units 
and carbonate matrix formation within three weeks. 
The precipitates resemble morphologies and 
geochemical characteristics of natural biogenic 
carbonate matrices. Based on the results, we suggest 
that aerobic ammonification in conjunction with 
microbial extracellular carbonic anhydrase may 
represent a, currently underestimated, pathway for 
authigenic carbonate formation facilitating limestone 
genesis in marine sediments.  
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The ferrous iron-oxidizing and stalk-forming 

bacterium Gallionella ferruginea was cultivated in 
laboratory experiments. Since this bacterium is 
gaining energy for its growth from the oxidation of 
ferrous iron, ferric iron is precipitating quickly and 
forming biogenic ferrihydrite. UO2(NO3)2 and 
NpO2(ClO4) was added to these samples under 
anaerobic conditions in the neutral pH range, 
adjusting a final U and Np concentration of 0.08 mM, 
respectively. The results showed an uptake of 91 mg 
U and 38 mg Np/g dry mass by the abundant surface 
area of the samples.  

At the ROBL Beamline of the European 
Synchrotron Radiation Facility in Grenoble Extended 
X-ray absorption fine structure (EXAFS) 
spectroscopy at the uranium LIII–edge and the 
neptunium LIII–edge were carried out. The k3-
weighted chi-spectrum and its Fourier transform 
magnitude of the studied biogenic ferrihydrite sample 
bears close resemblance to the bidentate edge-sharing 
innersphere sorption complex (1E), which is the most 
prominent surface species in the absence of carbonate 
and the main sorption species on abiotic ferrihydrite 
[1]. As a second species a smaller portion of the 
aqueous type-B ternary uranyl-carbonato complex 
was determined as a result of the addition of a carbon 
source during the cultivation of the Gallionella 
ferruginea strain. By iterative target test factor 
analysis (ITFA), using the spectra of the two 
endmember species, we determined that the 1E 
complex is in fact predominant with 95%, while the 
ternary uranyl-carbonato complex is present only to 
5%. Based on the shell fit analysis, the distances of 
the coordination shells U–Oeq ~ 2.34 Å,  U–Oax ~ 
1.79 Å, and U–Fe ~ 3.44 Å are similar to those 
determined of abiotic ferrihydrite samples [2]. The 
data of the biogenic Np ferrihydrite sample were 
compared to Np interaction with a hematite surface 
and showed similar distances of the coordination 
shells, also indicating a bidentate edge-sharing 
coordination [3]. 

 
[1] Rossberg, A. et al. (2009), Environ. Sci. Technol. 
43, 1400–1406. [2] Ulrich, K.-U. et al. (2006), 
Geochimica et Cosmochimica Acta 70, 5469–5487. 
[3] Müller, K. et al. (2015), Environ. Sci. Technol., 
49, 2560−2567. 
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Rubies are amongst the most valuable of 
gemstones. The realization of the importance of the 
geology of gemstone deposits for prospecting and 
mining has led to a significant improvement in our 
knowledge of the formation of corundum deposits. 
However, these gems form in very different 
geological contexts, and details of the mechanisms of 
formation, and the origin of the mineralizing fluids 
remain insufficient for development of precise 
genetic models [1]. In addition to better geological 
understanding there is a growing need to be able to 
geographically discriminate rubies and other gems. 
Trace element analysis is a powerful tool to 
investigative the source characteristics of ruby-
forming fluids and crystallization environments, but 
because most elements in ruby are present at ultra-
trace levels quantitative data remain sparse. Here we 
aim to (1) refine the LA-ICP-MS method to produce 
more accurate in-situ trace element data, and to (2) 
obtain the first measured radiogenic isotope 
compositions of ruby using a newly developed off-
line laser sampling technique [2]. We analyzed rubies 
from two different localities but similar deposit type, 
the Montepuez ruby deposit (Mozambique) and the 
Aappaluttoq ruby deposit (SW Greenland). A total of 
49 elements were initially selected for trace element 
analysis. We are able to obtain quantitative data (> 
LOQ @ 10σbg) for 33 elements using a fluence of 
~6.6 Jcm2 and a 285 µm spot at 20 Hz. Results show 
very similar trace element charateristics for rubies 
from both localities, however, the Greenland rubies 
show greater variance and higher median 
concentrations for a number of elements, most 
notably for	  Mg, Ti, Mn, Fe, Nb, Ta, W, Th, and U. 
Initial results of Sr isotope analysis show a 
surprisingly narrow range of 87/86Sr for the 
Mozambique rubies (0.71135 to 0.71295, n=3) 
compared to a much wider range and more radiogenic 
values for the Greenland rubies (0.7575 to 0.934, 
n=4). This reflects the involvement of more ancient 
host rocks in the formation of the Greenland rubies. 
The trace element and isotopic differences show great 
promise for discriminating rubies from different 
locations using geochemistry. 

[1] Giuliani et al., 2014. In: Geology of Gem 
Deposits. 2nd Ed. MAC Short Course 44, 29-112 [2] 
McNeill et al., 2009. J. Phys. Condens. Matter 21, 
364207  
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The first significant P-rich deposits appear in the 
global rock record around 2 Ga ago in the 
Paleoproterozoic. This global phosphogenic episode 
has been linked to the Great Oxidation Event, the 
build-up of seawater sulfate or changes in the carbon 
cycle, but the exact mechanism for apatite 
precipitation remains under debate. In this 
contribution we study phosphorus-rich rocks from the 
ca 1.9 Ga old Pilgujärvi Sedimentary Formation, 
Pechenga Greenstone Belt, NW Russia. Apatite in 
these rocks occurs mostly in allochthonous sand-to-
gravel sized clasts in gritstone/coarse-grained 
sandstone or as in situ layers in mudstone. Phosphate 
clasts can be subdivided into four petrographic types 
(A-D), each being represented by a distinct REE 
signature. Shapes of the phosphatic clasts range from 
elongated and angular to well rounded. Apatite can 
occur as massive aggregates with few impurities 
(type A) to submicrometer cystal-size apatite cement 
(type B) with abundant quartz and feldspar (type C) 
or pyrite (type D). Phosphorite layer discovered in 
situ in the Zapolarny quarry section consists of quartz 
and feldspar grains with massive apatite cement with 
varying abundance of pyrite, the latter of which 
giving it a slightly laminated structure. The in situ 
layer consists of parts petrographically similar to 
either type D or type C clasts in gritstone. 

Petrographic and trace element characteristics 
suggest that the type D particles are the best 
preserved amongst the four types that show a 
negative Ce anomaly and positive Eu anomaly. REE 
signature from the in situ phosphorite layer shows 
features similar to both type C and D clasts. 
However, the analyses of in situ apatite show a 
positive Eu anomaly stronger than in any of the other 
clast types. Eu anomaly values in this layer increase 
gradually through the bed from 1.9 to 3.6. Also there 
is no negative Ce anomaly found in the in situ layer. 
This suggests that apatite was precipitated in 
changing conditions from oxic/sub-oxic to anoxic and 
under strong but varying hydrothermal influence. 
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The Nuclear Waste Management Organization 

(NWMO) is responsible for the implementation of 
Adaptive Phased Management (APM), the federally-
approved plan for safe long-term management of 
Canada’s used nuclear fuel. Under the APM plan, 
used nuclear fuel will ultimately be placed within a 
deep geological repository in a suitable rock 
formation, either crystalline or sedimentary. 

Long-term repository performance cannot be 
verified by experiment over relevant time scales. 
Natural analogues illustrate long-term behaviour, 
providing support for key model assumptions and for 
the identification of processes that need to be 
represented and those that can be excluded. 

Deposits of metallic copper provide a natural 
analogue for estimating the longevity of copper-
coated used fuel containers. The Keweenaw 
Peninsula of Michigan hosts the largest known 
deposit of metallic copper, where large pieces were 
either mined or found in glacial outwash. 
Archaeological analogues for corrosion are also used 
to support more quantitative estimates of container 
longevity: the Swedish Bronze Canon and Inchtuthil 
Roman Nails provide estimates of long-term 
corrosion rates for copper and steel. 

The Greenland ice sheet is considered an 
analogue of the surface conditions expected to prevail 
in Canada and Fennoscandinavia during future glacial 
cycles. Results from the Greenland Analogue Project 
help illustrate the potential impact of glacial 
processes on the long-term performance of a 
repository: specifically, groundwater flow and water 
chemistry at the base of a continental ice sheet. 

Groundwater salinity has the potential to impact 
the properties of repository sealing materials: 
bentonite, concrete, or asphalt (bitumen). Natural 
analogues of these materials can illustrate their 
durability under saline conditions. Bentonites studied 
under the Cyprus Natural Analogue Project remained 
in a marine environment for nearly 90 million years 
and show no significant impact on their swelling 
capacity. Pozzolanic cements developed in Ancient 
Rome were exposed to marine salinities for about 
2000 years; studies suggest remarkably little 
degradation. Bitumen within the McMurray 
Formation in Athabasca has remained stable for over 
10 million years under brackish groundwater. 
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Surface sediment samples were collected during 
monsoon season and analyzed for total trace elements 
from 32 sampling locations from the downstream of 
the Baram River, Sarawak, Malaysia. The commonly 
reported trace elements such as Fe, Mn, Cu, Cr, Co, 
Zn, Pb and seldom reported trace elements such as 
As, Ag, Sn, Ta, W, and Tl were studied. Their 
concentration ranged as: Fe (13009– 36160 ppm), Mn 
(85 – 805 ppm), Cu (30 – 410 ppm), Cr (50 – 90 
ppm), Co (5 – 18 ppm), Zn (60 - 250 ppm), Pb (11 – 
123 ppm), As (<5 – 10 ppm), Ag (<0.5 – 3.3 ppm), 
Sn (2-10 ppm), Ta (0.7 – 1.2 ppm), W (<1- 5 ppm), 
Tl (0.2 – 0.5 ppm). An ecological risk assessment 
was made using environmental indices such as 
contamination factor (CF) and geoaccumulation 
index (Igeo). The CF index falls under class 1-4 and 
the level of contamination of elements in the 
sediments decreases in the following order: 
Ag>Cu>Pb>As>Zn>W>Ta>Fe>Cr>Sn>Co>Mn>Tl, 
indicating low to very high contamination. Based on 
the geoaccumulation index (Igeo), the sediments 
remain uncontaminated by Fe, Mn, Cr, Co, Sn, W 
and Tl, moderately contaminated by Zn and Ta and 
moderate to highly contaminated by Cu, As and Pb. 
The recorded Ag content was 10 to 60 fold higher 
than upper continental crustal value and was 
classified by CF and Igeo as very highly 
contaminated. Biological effects of the studied trace 
elements were assessed based on Effects Range Low 
(ERL) and Effects Range Median (ERM) guidelines. 
Cu, Pb, Ag and Zn (ERL - ERM = 84%; 97% 25% 
and 38% respectively) may pose possible biological 
effect. Only Cu (>ERM 16%) may pose probable 
adverse effect to the aquatic organisms. 
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The evolution of ocean pH has important 
implications for life’s origins and biogeochemical 
cycling. All life on Earth obtains free energy from 
proton (pH) gradients across cell membranes, and pH 
gradients in hydrothermal settings have been 
suggested as a possible setting for the origin of life 
[1]. Bacterial biomineralization is also pH-dependent, 
and thus the pH of early Earth’s ocean may constrain 
the emergence of complex life [2,3]. Additionally, 
ocean pH determines how CO2  is partitioned 
between the atmosphere and oceans, and is therefore 
central to understanding the geological carbon cycle 
and Earth’s long-term climate evolution. 

 Despite its importance, there is disagreement on 
the pH value of Precambrian oceans. It has been 
argued that the early Earth’s ocean was basic [4], 
near-neutral [5], and acidic [6]. Here, we present a 
time-dependent model of ocean pH over Earth history 
to test these conflicting hypotheses. 

Our simple box model computes ocean chemistry 
subject to changes in continental weathering, 
continental growth, and solar luminosity changes. 
Using lab data, we parameterize pH and temperature-
dependent seafloor weathering, which is an important 
buffer of atmospheric CO2 and ocean pH. 

We validate our model using Cretaceous proxies, 
and we are able to reproduce the empirical results 
from [7,8] showing enhanced seafloor weathering in 
a hothouse Cretaceous climate. The model is then 
extended into the Precambrian. Uncertainties in 
current knowledge of carbon cycle processes are 
incorporated into the model parametrizations to 
produce a probability distribution for ocean pH over 
time. Finally, our results are contrasted against 
existing carbon cycle models of the early Earth. 
 
[1] Lane et al. (2010) BioEssays 32, 271-280. [2] 
Konhause & Riding (2012) Fundamentals of 
Geobiology, 105-130. [3]  Knoll (2003) Rev. 
Minerol. Geochem. 54, 329-356. [4] Kempe & 
Degens (1985) Chem. Geol. 53, 95-108 [5] Sleep & 
Zahnle (2001) J. Geophys. Res-Planet 106, 1373-
1399. [6] Pinti (2005) The origin and evolution of the 
oceans, Lectures in astrobiology, 83-112. [7] Coogan 
& Gillis (2013) Geochem. Geophys. Geosyst. 14, 
1771-1786, [8] Coogan & Dosso (2015) Earth Planet. 
Sci. Lett. 415, 38-46. 
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Most ordinary, (H, L, LL), carbonaceous (CI, 
CM, CR, CO, CV, CK) and R chondrite parent bodies 
accreted water ices together with anhydrous minerals, 
were internally heated by decay of a short-lived 
radionuclide 26Al (t1/2 ~ 0.7 Myr), and experienced 
various degrees of metasomatic alteration and 
thermal metamorphism in the presence of aqueous 
solutions [1,2]. Alteration of CVs occurred at 
relatively high, but poorly constrained temperature 
(>300‒600K) and low water/rock mass ratio (<0.2) 
[3]. It affected all primary components (CAIs, 
chondrules, matrix), and resulted in localized 
mobilization of Ca, Si, Na, Cl, S, Fe, Mg, Al, Ti, W, 
Be, and formation of a diverse suite of secondary 
minerals, both hydrous (phyllosilicates) and 
anhydrous (magnetite, Fe,Ni-sulfides, fayalite, 
kirschsteinite, andradite, salite-hedenbergite 
pyroxenes, anorthite, dmisteinbergite, Al-diopside, 
grossular, monticellite, forsterite, wollastonite, 
nepheline, sodalite, wadalite, Na-melilite). 53Mn-53Cr 
dating of secondary fayalite [4] and kirschsteinite [5] 
suggests that alteration occurred ~3‒4 Myr after CV 
CAIs, the oldest Solar System solids dated [6]. The 
inferred initial 26Al/27Al ratios in Kaba (CV3.1) 
chondrules, (3‒6)×10‒6 [7] show that they formed 
~2‒3 Myr after CAIs with the canonical (26Al/27Al)0 
of ~5.2×10−5 [8]. These observations and thermal 
modeling of a CV-like asteroid [4] imply that 
alteration occurred shortly after accretion of the CV 
asteroid and that 26Al was its main heating source. On 
a three-isotope oxygen diagram (δ17O vs. δ18O), 
compositions of the secondary minerals, that either 
precipiated from a fluid or formed by replacement of 
O-free minerals, plot along mass-dependent 
fractionation line with Δ17O (=δ17O‒0.52×δ18O) value 
of ~‒1.5‰, which reflects the composition of the 
fluid. Interaction with this fluid resulted in O-isotope 
exchange in some primary minerals of CAIs and 
chondrules. By using apropriate standards [9], the 
range in δ18O values of secondary minerals can be 
used to constrain alteration temperature.  
[1] Brearley and Krot (2012) In Metasomatism and 
the Chemical Transformation of Rock – Lecture 
Notes in Earth System Sciences, 659. [2] Krot et al. 
(2015) In Asteroids IV:635. [3] Zolotov et al. (2006) 
MAPS 41:1775. [4] Doyle et al. (2016) Nat. Comm. 
6:7444. [5] MacPherson et al. (2016) LPSC 46:2760. 
[6] Connelly et al. (2012) Science 338:651. [7] 
Nagashima et al. (2015) MAPS 50:5167. [8] Jacobsen 
et al. (2008) EPSL 272:353. [9] Thomen et al. (2016) 
this issue. 
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Mars likely represents one of the earliest-formed 

larger planetary bodies in the solar system [e.g. 1], 
but the time scales and processes involved in the 
early differentiation of Mars remain enigmatic. For 
instance, currently available data suggest protracted 
crystallization of a martian magma ocean, perhaps 
lasting until ~100 Ma after CAI formation [2]. 
However, whether mantle differentiation on Mars 
was a global event, or rather involved more localized 
processes, is debated. Moreover, the timing of crust 
formation on Mars has not yet been precisely dated. 
Quantitative insights into Mars’ early differentiation 
can be gained from the extinct 182Hf–182W (t1/2 = 8.9 
Myr) and 146Sm-142Nd (t1/2 = 103 Myr) systems. We 
report high-precision 182W and 142Nd data for a suite 
of martian meteorites, including several shergottites 
and nakhlites, orthopyroxenite ALH 84001 and 
polymict breccia NWA 7034. These data provide new 
insights into Mars’ earliest differentiation, because (i) 
several of the samples have not been analyzed before 
and (ii) the 182W data are much more precise than 
previous data. 

Our results show that martian meteorites exhibit 
distinct ε182W that are broadly correlated with ε142Nd, 
suggesting that silicate differentiation (and not core 
formation) is the main cause of the observed ε182W 
variability. However, the 182W-142Nd systematics 
cannot be explained by a single differentiation event 
at ~60 Ma [3], mainly because 182Hf was effectively 
extinct at that  time. This is especially apparent for 
ALH 84001 and NWA 7034, which show distinctly 
lower ε182W and ε142Nd than any of the shergottites, 
indicating derivation from enriched sources with low 
Hf/W and Sm/Nd. Specifically, the low ε182W of 
these samples reflects silicate differentiation within 
30 Ma after CAI formation, most likely due to early 
crust formation on Mars. If Mars had a magma ocean, 
then such early crust formation would alleviate the 
need for a late [2] or protracted [3] interval of magma 
ocean crystallization, and would be consistent with 
Mars’ early accretion and core formation within a 
few Ma after CAI [1]. 

 
[1] Dauphas N. & Pourmand A. (2011) Nature 473, 489-
493. [2] Borg L.E. et al. (2016) GCA 175, 150-167. [3] 
Debaille V. et al. (2007) Nature 450, 525-528.   
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IR/Raman, NMR, XPS, SFG, SHG and RAXR 

have all been used to study the silica-water interface.  
Each technique provides significant information 
about the structure and dynamics of this nanoscale 
region, but none of them shows a complete picture of 
the chemistry of this important system. This talk will 
review recent experimental studies of silica-water 
interfaces and discuss efforts using computational 
chemistry to descrie the various observations made. 
DFT and classical simulations are applied to model 
various aspects of the experimental data. Implications 
for understanding the pH behavior of silica-water 
interfaces are also discussed. This work focuses on 
comparisons of the quartz (101)-water and 
amorphous silica-water models with regard to 
protonation of bridging O atoms that can lead to 
hydrolysis and dissolution. 
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Oxalic acid is an important biologically-produced 

species in the natural environment. The deprotonated 
form, oxalate, is dominant in aqueous solutions under 
circumneutral pH conditions and is a strong ligand 
for Fe. The high affinity of oxalate for Fe means that 
Fe(III)-oxalate surface and aqueous complexes are 
common and can lead to ligand-enhanced dissolution. 
Fe(II) adsorption onto goethite (a-FeOOH) has been 
shown to enhance dissolution-recrystallization 
reactions. The goethite (010) face is one of the more 
commone and reactive surfaces on this 
environmentally critical Fe-hydroxide phase. Hence, 
this study models both separate and coordinated 
adsorption of oxalate and Fe(II) onto the (010) face of 
goethite. Periodic and cluster DFT energy 
minimizations were performed to determine the 
structure, vibrational frequencies and energies of 
various surface complexes. The adsorption 
mechanism of oxalate was verified via comparison to 
observed IR spectra. The potential roles of oxalate 
and Fe(II) in ligand-enhanced reductive dissolution of 
goethite are discussed. 
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Marine calcifying organisms such as stony corals 
are being threatened by rapid ocean acidification due 
to the oceanic uptake of anthropogenic CO2 [1, 2]. To 
better understanding how organisms and ecosystems 
will adapt to or be damaged by the resulting changes 
in environments, field observations are crucial. We 
report results of boron isotopic ratio (δ11B) 
measurements [3–5] of Porites corals within the 
western North Pacific Subtropical Gyre at two 
separate locations, Chichijima (Ogasawara 
Archipelago) and Kikaijima. Corals from each 
location exhibit a rapid decline of δ11B since 1960, 
suggesting decreases of pH of calcification fluid 
(pHCF). The stable carbon isotopic ratio (δ13C) of the 
corals also behaves in similar fashion and is 
consistent with the δ13C of atmospheric CO2 records 
(the 13C Suess effect), indicating both δ11B and δ13C 
decreases are anthropogenic in origin. When 
compared to pH in ambient seawater (pHSW) near 
these islands [6], results indicate that pHCF has been 
changing sensitively to pHSW. This suggests that the 
calcification fluid of corals will become corrosive to 
aragonite in the future at an earlier point than 
previously expected, despite the pHCF up-regulation 
mechanism of coral [7, 8].  
 
[1] Hoegh-Guldberg et al. (2007) Science 318, 173–
175. [2] Pandolfi et al. (2011) Science 333, 418–422. 
[3] Ishikawa & Nagaishi (2011) JAAS. 26, 359-365. 
[4] Kubota et al. (2014) Sci. Rep. 4, 
doi:10.1038/srep05261. [5] Kubota et al. (2015) G-
cubed. 16, doi:10.1002/2015GC005975. [6] 
Midorikawa et al. (2010) Tellus 62B, 649–659. [7] 
McCulloch et al. (2012) Nat. Clim. Change 2, 623–
627. [8] Venn et al. (2013) PNAS 110, 1634–1639. 
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The mobility, bioavailability and toxicity of 

metals in environmental samples such as stream 
sediments and soil substances change according to 
their chemical forms. Therefore, elemental speciation 
is informative for appropriate risk assessment in an 
environment. For reliable speciation analysis of 
various environmental samples, we have identified 
chemical species in Japanese geochemical reference 
materials using a sequential extraction procedure 
(SEP). However, it has not been elucidated yet 
whether stability of metal speciation in collected 
samples is preserved through drying and storage 
procedures. This work aimed to test a long-term 
stability of chemical forms in the materials and the 
effect of sample pretreatment on the result of the 
extraction fraction. 

The various kinds of sediments such as stream 
sediment, coastal sea sediment, and soil were 
collected in 2010 for metal speciation study. 
Collected samples were treated with different 
procedures. One is immediately stored at 4°C after 
sampling, freeze-dried on the same day, and finally 
stored in a refrigerator. The other is air-dried for 14-
21 days, and stored at ambient temperature away 
from direct sunlight. As a speciation analysis, we 
used BCR scheme that the three-step extraction 
procedure developed by the Community Bureau of 
Reference (Ure et al., 1993). The BCR protocol is 
designed to extract elements of the intended phases: 
acid soluble phase (carbonates) in step 1, reducible 
phase (Fe and Mn oxides) in step 2, and oxidizable 
phase (sulfides and organics) in step 3. The residue 
was digested using a mixture of HNO3-HClO4-HF 
solution and termed ‘step 4’ here. 

The systematic changes of speciation of Cd, Cr, 
Cu, Ni, Pb, and Zn in sediments have been examined 
over the three years. The test demonstrated that the 
extracted results of Cd, Cr, Cu, Ni, Pb, and Zn in 
most samples are unchanged for three years. 
Exceptionally, metals extracted at the step 3 
procedure systematically and significantly decreased 
for polluted samples and organic-rich samples. There 
was no significant difference in the results obtained 
among air-dried and freeze-dried samples. However, 
significant differences in the extraction results of Cd 
are found in these samples. 
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The East Asian summer monsoon (EASM) 

system is a fundamental component of the Asian 
hydrological cycle, and therefore plays a crucial role 
in the regional and global climate system. Modern 
summer sea surface salinity in the northern part of the 
East China Sea (ECS) is tighlty controlled by the 
freshwater discharge of the Yangtze River, which 
reflects the intensity of EASM precipitation in 
southern China. Site U1429 was drilled during 
Integrated Ocean Drilling Program Expedition 346 in 
the northern ECS to reconstruct Yangtze River 
discharge at a high temporal resolution (~100 years). 
A ~200 m long sediment sequence was recovered and 
spans the last 400 kyr based on the benthic 
foraminiferal oxygen isotope record. A record of sea 
surface salinity was reconstructed using oxygen 
isotope measurements of seawater (δ18Osw) coupled 
with Mg/Ca ratios of the planktic foraminifera 
Globigerinoides ruber. Variability in the δ18Osw over 
the last 400 kyr show very similar changes to δ18O 
from  Chinese speleothems on millennial to orbital 
scales. Comparison with the global δ18Osw records 
show the δ18O at Site U1429 follows the global mean 
signal except during MIS 7.3 to MIS 6.4 and from 
MIS 5.4 to MIS 4, when the δ18Osw at Site U1429 is 
higher during MIS 7.2, 6.4, 5.4, 5.2, 4 and lower 
during MIS 7.3, 7.1, 6.5, 5.3, 5.1. These intervals 
correspond to higher eccentricity periods during the 
last 400 kyr, where the .amplitude of variation in 
regional δ18Osw is increased, suggesting the 23 kyr 
amplitude of the EASM precipitation is also 
enhanced. These results suggest that the 23 kyr 
amplitude of the EASM precipitation has probably 
been modulated by the eccentricity. 
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Arabidopsis halleri ssp. gemmifera is a Cd and 
Zn hyper-accumulator. In our previous study 
vegetating this plant on a Cd-contaminating soil, total 
Cd concentration in the soil was significantly 
decreased. Our data also showed that bioavailable 
fraction of Cd in the soil stayed constant during 
experimental period, although the fraction should be 
absorbed by the plant and decreased its value in the 
soil. These results suggest that root exudates of the 
plant might contribute an extraction of Cd in the soil 
to exude some compounds to rhizosphere. To confirm 
of this hypothesis, leaching experiment of the soil 
using 0.1mM CaCl2 solution containing the root 
exudates was conducted. 

 A.halleri ssp. gemmifera was germinated in 
dark and cultivated in an hydroponic condition using 
1/5 Hoagland nutrients solution for 4 months.  After 
the hydroponic cultivation, the plants were 
transferred to normal condition (+Fe) and Fe 
deficiency condition (-Fe) for 7 days. Then, plants 
were transferred another bottles containing 200 mL of 
0.1 mM CaCl2 solution with light for 3 hours 
according to Zhao et al. [1]. The resulting CaCl2 
solution containing root exudates was concentrated 
up to 30 mL by rotary evaporator at 80℃ in vacuum.  
Leaching experiment of the Cd contaminated soil 
were used CaCl2 solution (control) and CaCl2 
containing +Fe root exudates or -Fe root exudates. As 
a results, concentration of Cd, Zn and Fe from the 
soil extracted by CaCl2 solution containing +Fe root 
exudates was higher than that of control and -Fe 
treatment. On -Fe treatment, Cd and Zn concentration 
were the same as control, though Fe concentration 
was higher than control.  
   Whole root was placed on a 3 mm thick agar-gel 
containing bromocresol purple as pH indicator (pH 
range: 5.2-6.8) for 6 hours [2] to show pH change of 
the root exudates. In case of +Fe treatment, pH value 
indicated acidic for the first two hours, but the value 
showed neutral after 2 hours. In contrast, pH values 
were always neutral in case of -Fe treatment.  These 
results may indicate that A. halleri ssp. gemmifera 
release several kinds of root exudates and some of 
them enhance to dissolve Cd and Zn in soil.    
[1] Zhao et al. (2001) New Phytologist 151: 613-620.  
[2] Zhao et al. (2009) Science of The Total 
Environment 407: 4356-4362. 
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Sea-ice decreases in the Arctic Ocean especially 

in summer due to recent global warming. This 
provides heat, light and freshwater in this area, which 
accelarates primary production and seafloor sediment 
degradation. These phenomena affect methane (CH4) 
budget in the Arctic Ocean via processes of  CH4 
release from subsea sediments, aerobic CH4 
production by zoo-/phyto- plankton, and CH4 
emission to the atmophere, and CH4 oxydation. 
However, dynamics of CH4 dissolved in the Arctic 
Ocean area still uncertain. 

We collected sea water samples in the western 
Arctic Ocean, the area close to Bering Sea and 
Alaska, in the summer of 2012 and 2013 during 
MR12-E03 and MR13-06 cruises of R/V Mirai  
(JAMSTEC). 

We have determined the concentration and stable 
carbon isotope ratio (δ13C value) of dissolved CH4 
using a gas chromatograph equipped with a flame 
ionization detector (GC-FID) and a gas 
chromatography-combustion-isotope ratio mass 
spectrometry (GC-C-IRMS), respectively. 

In both years, the surface seawater was always 
supersaturated with CH4 in comparison with 
equilibrated water with air. Especially, higher CH4 
concentration was found in the coastal area. On the 
other hand, in the off shore area, maxima of CH4 
concentration were obsearved at the depths of 10–50 
m and 100–200 m, while maxima of DO 
concentration were obsearved only at the depth of 
10–50 m. Higher δ13C value (-30–-10‰VPDB) was 
found around at 200 m depth than those (-50–-
35‰VPDB) found in the depth of 10–50 m. These 
results suggest that maxima of CH4 at 10–50 m and 
100–200 m are mainly produced by plankton and the 
horizontal advection of shelf water from coastal area, 
respectively. 
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Carbon isotope fractionation among CH4, CO2, 

CO (COH-fluids) and graphite has been calculated 
from theory[1,2] but lacks experimental determination 
at high temperatures. In a first set of synthesis 
experiments, on several organic compounds spanning 
a wide range of H:O ratios, at 800°C, 1-2 kbar, 0.5-
172 h run time, we chemically equilibrated elemental 
carbon with a COH-fluid. Gas chromatography 
separated gaseous species and the solid carbon were 
analysed for their carbon isotope composition. In 
these experiments, the carbon precipitate was always 
the isotopically lightest phase, even compared to 
CH4-dominated still 13C-enriched COH-fluids. 
Unfortunately, H-diffusion through the capsule walls 
is relatively fast and the bulk C:O:H ratio of the 
system changes with experimental run time 
introducing some uncertainty whether these 
experiments include a kinetic component. At present 
experimental designs are adopted such that a closed 
system is achieved.  
The isotope fractionation among the gaseous species 
is reproducible and within 1‰ of the theoretical 
calculations[1,2], indicating fast isotopic equilibration 
in the gas. We aim at the experimental determination 
of equilibrium isotope fractionation factors between 
CH4, CO2 and CO to test theoretical predictions[1,2] 
and extend the present lower-temperature 
experimental dataset[3]. The state of the carbon 
precipitate, which is not simply graphite, remains the 
largest obstacle for achieving isotopic equilibrium.   
 
 
[1]Bottinga 1969, GCA 33, 49-64. [2] Richet et al 
1977, Ann. Rev EPS 5, 65-110. [3] Horita 2001, GCA 
65, 1907-1919.  
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The short-lived Al-26 and Fe-60 radionuclides 

are synthesized and expelled in the galactic 
interstellar medium by core-collapse supernova 
events. The solar system's first solids, calcium-
aluminium refractory inclusions (CAIs), contain 
evidence for the former presence of the Al-26 nuclide 
defining the canonical Al-26/Al-27 ratio of ~5e-5. A 
different class of refractory objects thought to be 
temporally related to the canonical CAIs are CAIs 
with fractionation and unidentified nuclear effects 
(FUN CAIs), which record a low initial Al-26/Al-27 
of ~1e-6 and are characterized by nucleosynthetic 
anomalies in several elements. This contrasting level 
of Al-26 between these two classes of objects is often 
interpreted as reflecting the admixing of the 
supernova-derived Al-26 nuclide to the young solar 
system during the early phase of the formation of the 
Sun. We use giant molecular cloud (GMC) scale 
adaptive mesh-refinement simulations to trace the 
abundance of Al-26 and Fe-60 in star-forming gas 
during the early stages of accretion of low mass 
protostars. After modelling the star formation process 
on the time scale of an evolving GMC structure, we 
zoom in on individual stars to study their accretion 
dynamics down to scales of a few astronomical units 
(AU). We find that the Al-26/Al-27 and Fe-60/Fe-56 
ratios of accreting gas within a vicinity of ~1000 AU 
of the stars closely follow the predicted decay curves 
of the initial abundances at time of star formation 
without evidence of spatial or temporal 
heterogeneities for the first 100 kyr of star formation, 
although variability is observed at thereafter. Hence, 
the observed differences in Al-26/Al-27 ratios 
between FUN and canonical CAIs are most likely not 
caused by admixing of supernova material during the 
early evolution of the proto-Sun. An extrasolar origin 
for FUN CAIs followed by transport to the nascent 
solar system via stellar outflows is unlikely based on 
an analysis of the spatial distribution of stars with 
contrasting Al-26/Al-27 values in our simulations. 
Thus, we propose that selective thermal processing of 
different generation of dust grains may be a more 
viable scenario to account for the observed 
heterogeneity in Al-26/Al-27 ratios at the time of 
solar system formation. 
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Isosaccharinic acid (ISA), a water-soluble organic 

compound, is known to be produced from the alkaline 
degradation of cellulosic items under conditions, such 
as those in cementitious Low-level (LLW) and 
Intermediate-level (ILW) radioactive waste 
repositories. ISA can form stable, soluble complexes 
with a range of radionuclides and metals, in particular 
Am(III), Eu(III), Ni(II), Np(IV), U(VI) and U(IV). 
As such, the impact of microbial metabolism on this 
substrate was investigated, to help determine the role 
of microorganisms in moderating the transport of 
radionuclides and metals from a Geological Disposal 
Facility (GDF).  

In this study we focused on circumneutral 
conditions representative of the geosphere 
surrounding a GDF. Here we report the fate of ISA in 
microcosms poised under anaerobic conditions with 
Fe(III) or sulfate as electron acceptors for microbial 
metabolism. Data are presented confirming the 
fermentation of ISA to acetate, propionate and 
butyrate prior to utilization of these acids during 
Fe(III) and sulfate reduction. In addition, the 
associated microbial communities were characterised 
using 16S rRNA gene pyrosequencing. 

Data are also be presented on ISA complex 
formation and breakdown under Fe(III)- and sulfate-
reducing conditions poised with nickel(II) and 
uranium(VI), both of which are forming complexes 
with ISA. Uranium(VI) is a major constituent of 
nuclear waste. 238U and 235U are of greatest 
significance due to their substantially long half-lives. 
Nickel(II) is an important component of the metal 
alloys used in reactor components with two 
radioactive isotopes of concern, 63Ni and 59Ni. 
Transmission electron microscopy (TEM) and 
environmental scanning electron microscopy (ESEM) 
were applied to obtain an insight into the impact of 
biomineral formation. Furthermore, X-ray absorption 
spectroscopy (XAS) was used to identify changes in 
metal speciaction during ISA metabolism in order to 
understand metal and radionuclide solubility, and 
hence mobility. 
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Fischer-Tropsch synthesis is used in the industry 

for the production of methane and other light 
hydrocarbons, by reacting gas phase CO with H2 in 
the presence of various synthetic catalysts. Fischer-
Tropsch Type (FTT) reactions more largely include 
reactions involving CO2 and aqueous phases. 
However, though those reactions have been widely 
studied, little is still known about the catalytic 
activity of natural minerals for FTT synthesis of 
hydrocarbons, in geological environments largely 
dominated by water. Recent studies [1],[2] have 
shown that some sulfides have the ability to activate 
the formation of C-H bonds. This reaction appears to 
be purely promoted by the mineral surface, where 
neither the metallic cation nor the sulfur participate as 
reactants. The aim of the present work is to 
understand the extent of abiogenic hydrocarbon 
production in natural environments by studying the 
catalytic potential of natural sphalerite (ZnS) and 
other sulfides (eg. marcasite, pyrite - polymorphs of 
FeS2), by performing laboratory experiments on 
various mineral assemblages (eg. olivine, fayalite, 
chamosite).  

First experiments were performed reacting an 
assemblage composed of 91 wt.% iron-rich olivine, 
(Mg0.9Fe0.1)2SiO4, and 9 wt.% sulfides, with a 0.64M 
NaHCO3 solution under hydrothermal conditions (T = 
300 °C, P = 30 MPa). An experiment without the 
catalyst was used as the control to compare the effect. 
The first reaction, so-called “serpentinization 
reaction”, produced H2 by oxidizing iron from the 
silicate; H2 then reacted with the dissolved CO2

 in the 
presence of the natural sulfide catalyst to form 
methane and other light hydrocarbons. Alkanes up to 
C4 were detected and quantified in the gas phase of 
the experimental run products. Serpentine, magnetite 
and sulfide catalyst were observed in the solid run 
product. Initially produced H2 was quantified 
indirectly by conducting magnetic measurements on 
the solid run products, according to [3].  

 
[1] Shipp et al. (2014) PNAS 111 (32): 11642-11645. 
[2] Roldan et al. (2015) Chem. Commun (51): 7501. 
[3] Malvoisin et al. (2012) J. Geophys. Res (117): 
B01104. 
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The determination of Rare Earth Elements 
(REEs) in geological materials can provide valuable 
information about the geochemical formation and 
origin.  Among the spectrometric techniques 
available, instrumental neutron activation analysis 
(INAA) and inductively coupled plasma mass 
spectrometry (ICP-MS) are commonly applied for 
REEs determination in mineral samples.  However, 
those techniques are costly and suffer from 
interferences caused by long irradiation times and 
spectral overlaps, respectively.  ICP-OES offers 
greater flexibility for choosing emission wavelengths 
and viewing position without interferences.  
Traditionally, REEs are measured radially with a 
vertical plasma, due to the heavy matrix nature of 
geological samples. The Agilent 5100 Synchronous 
Vertical Dual View (SVDV) ICP-OES allows for 
wavelengths to be read axially from the vertically-
oriented plasma, ideal for geological samples.  The 
instrument allows for synchronous measurement, 
capturing the axial and radial views of the plasma in 
one read, saving on sample analysis time and thereby 
reducing argon consumption per sample.  

In this study the Agilent 5100 (SVDV) ICP-OES 
was used for the determination of REEs, Dy, Er, Eu, 
Gd, Ho, La, Lu, Nd, Pr, Sc, Sm, Tb, Th and Tm in 
commerical mining geological samples.  

Linear calibrations for all elements were obtained 
up to 5 mgL-1, with calibration coefficients greater 
than 0.9990 for both radial and SVDV measurements.  
Excellent Method Detection Limits were achieved for 
Dy, Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sc, Sm, Tb, Th 
and Tm using the SVDV viewing mode, and are 
comparable to values obtained radially.  Spike 
recoveries of 2.5 mgL-1 for all elements in geological 
samples were within +10% of target value.  The 
Agilent 5100 SVDV ICP-OES proved to be well 
suited to the determination of REEs in geological 
samples. 
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Geochemical and seismic observations support 

that the deep mantle plumes has a thermo-chemical 
nature, which are generated from the compositionally 
dense layer in the lowermost mantle. The plausible 
origins of those compositional anomalies are 
subducted slabs, chemical reaction at the core-mantle 
boundary (CMB), partial melting, etc. These 
anomalies are not evenly distributed above the CMB 
and seem to have a good correlation with the 
distribution of Large Igneous Provinces (LIPs) and 
the surface hotspot activities. Fluid dynamics show 
that a variety of thermochemical plumes is generated 
from a thermal boundary layer which is stratified in 
composition [1,2]. Those plumes have different 
morphologies which reflect the temporal and spatial 
variation of heat and mass transfers. The behaviors of 
thermochemical plumes depend on their initial 
buoyancy ratio B0, which is the ratio of the stabilizing 
chemical buoyancy to the destabilizing thermal 
buoyancy at the onset of convection, on Raylegh 
number Ra, and also on time. Because a rising plume 
cools along the way by thermal diffusion, the 
thermochemical plume eventually attains a level of 
neutral buoyancy (i.e. B=1), at which it begins to 
collapse. Separation within the plume then occurs, 
whereby the compositionally denser material sinks 
back while the heated surrounding fluid keeps rising. 
The quantitative visualization of temperature, 
composition, and velocity fields (TLCs-LIF method) 
coupled with the fulid dynamics scalings based on [1] 
predicts that the maximum height of the hot 
thermochemical plume head in the Earth’s mantle and 
the reccurence time of the plume generation. The 
maximum height increases with Ra and decreases 
with B. This provides tight constraints on the 
maximum compositional density contrast that a 
mantle plume is able to transport to the surface and 
provides a framework to interpret the increasing 
evidences of geochemical and seismological 
observations. 

 
[1] Le Bars and Davaille (2004) JGR 109, B03403, 
doi:10.1029 /2003JB002617. [2] Kumagai et al. 
(2008) GRL 35, L16301, 
doi:10.1029/2008GL035079. 
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The Fukushima Dai-ichi Nuclear Power Plant 

accident on 11th March 2011 resulted in a large 
amount of radiocesium (137Cs or 134Cs) release into 
the North Pacific Ocean. The released radiocesium 
into coastal area of Japan has been transported 
eastward between about 40°N and 50°N along a 
surface current. In the lower latitude, subtropical area 
concentration of Fukushima-derived radiocesium in 
surface seawater was low because of blocking of its 
southward spreading by the Kuroshio Extension. 
However, hydrographic surveys along meridional 
sections revealed that the radiocesium had been 
conveyed southward and spread over the subtropical 
area though subsurface layer due to formation and 
subduction of the subtropical mode water (STMW) 
and central mode water (CMW) denser than STMW. 
By January/February 2012, Fukushima-derived 134Cs 
(less than 20 Bq/m3) had been transported to 20°N 
along 149°E and 165°E sections in the STMW layer 
(200-300m depth). Along 138°E section, however, 
the subsurface 134Cs maximum had not been observed 
by April 2012. In June 2012 between 30°N and 40°N 
along 165°E section the Fukushima-derived 134C had 
been penetrated deeper into about 600m depth due to 
the subduction of the denser CMW. According to a 
survey along 30°N zonal section in the subtropical 
area in May 2013 the deeper penetration of 134C was 
observed between 148°E and 178°E. A survey along 
47°N section in summer 2014 revealed that the 
penetration of Fukushima-derived 134Cs was restricted 
to about 200m depth. This work partially supported 
by Grant-in-Aid for Scientific Research on 
Innovative Areas, the Ministry of Education, Culture, 
Sports, Science and Technology Japan (KAKENHI), 
No. #24110005. 
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After Green revolution, many parts of India are 

facing groundwater pollution problem in response to 
agricultural intensification, urbanisation, and 
industrialisation as well as due to high population 
growth. One such area is Faridabad district, in 
National Capital Region Delhi which is also the ninth 
largest industrial estate in Asia. To reduce the 
population stress and relocate the economic activities, 
concept of NCR originated to keep pace with 
increasing migration and to achieve environmentally 
sustainable development in the region. In the present 
study different graphical plots, Piper plot, saturation 
index values (using PHREEQC) and GIS is used to 
create the database for analysis of spatial variation in 
respective water quality parameters as well as to 
decipher the hydrogeochemical process occurring in 
the area. It was observed that in addition to the 
natural processes such as carbonate and silicate 
weathering, dissolution and ion exchange, leaching of 
agrichemicals and disposal of waste from various 
activities is the major factor influencing the 
groundwater quality. Due to inadequate availability 
of surface water supply, no pricing exists for 
groundwater extraction; groundwater 
overexploitation has resulted in a widespread decline 
in the water table and intermixing of fresh and 
contaminated water. The freshwater crisis in this area 
can be managed by the strict enforcement of 
regulatory measures restricting unplanned and 
indiscriminate water abstraction and fertilizer 
application as well as waste disposal from industries. 
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For the evaluation of the long-term safety of the 
geological disposal of radioactive waste, a critical 
factor is the long-term stability of deep geological 
environments for time periods over several hundred 
thousand years. 

A preliminary transient simulation has been 
carried out using an advection-dispersion model in 
order to assess the effects of climatic and sea-level 
changes on the long-term evolution of groundwater 
flow systems and the distribution of salinity 
concentration. Larger scale 3D geological models 
from inland to coastal area in Japan have been 
developed on the basis of geomophological data, the 
nation-wide geological maps covering both terrestrial 
and marine areas of Japan. Regional scale 2D 
hydrogeological models incorporating the spatial 
distribution of hydraulic properties, such as hydraulic 
conductivity, focusing on the coastal area also have 
been developed. These hydrogeological models have 
been discretised into numerical flow models 
comprising of seventeen hydrogeological units 
derived from the 3D geological structural models. 
The transient simulations taking into account sea-
level changes and uplift have been carried out by 
using the GETFLOWS numerical code. The 
simulation period extends from the present to about 
300,000 years into the future and considers three 
global climatic cycles. 

The results of the simulations show that the 
groundwater chemistry periodically changes 
corresponding to the sea-level changes. However this 
period is not constant and varies depending on the 
gradient of seabed. Much shorter periods are seen in 
the coastal areas where sea with shoals exists 
compared to the ones with a steep seabed. The results 
also show that the trasition speed and shape of the 
seawater-freshwater interface depends on the spatial 
distribution of the hydrogeological structures and 
hydraulic properties, which determine the 
groundwater velocity. Of great importance to note 
here is to cary out 3D and long-term simulations 
taking acount of climatic cycles when the geological 
environments have greater hydrogeological 
heterogeneity. 



Goldschmidt Conference Abstracts 1631 

Bimodal carbon isotope 
compositions of organic matter 
at ca. 2.7Ga Wawa Greenstone 

Belt, Schreiber, Canada 
Y. KUNITAKE1*, T. KAKEGAWA1 

1Department of earth science, Graduate school of 
science, Tohoku Univercity Aramaki 6-3 Aoba-
ku, Sendai, Miyagi 980-8578, Japan (* 
yuki.kunitake.q2@dc.tohoku.ac.jp) 

 
Submarine hydrothermal activities were intensive 

at 2.7 Ga ocean floors, forming volcanogenic massive 
sulfide deposits globally. Influence of such global 
submarine hydrothermal activities on 2.7 Ga 
ecosystem has not been constrained well.  In order to 
examine the influence of submarine hydrothermal 
activities on 2.7 Ga, mineralogical and geochemical 
studies were performed on massive sulfide, chert and 
shale samples collected from Schreiber area, Ontario, 
Canada.  

Massive sulfides and sulfidic chert were mainly 
distributed in the eastern part of Schreiber, including 
Morley Occurrence [1]. Geological occurrence and 
mineral assemblages suggest those sulfidic rocks 
were formed by submarine hydrothermal activities. 
Later contact metamorphism modified mineralogy, 
but bulk rock chemistry and stable isotope 
compositions were not changed. Sulfur isotope 
compositions of massive sulfide range from −0.8 to 
+9.6‰(CDT), suggesting that source of sulfur for 
sulfides were seawater sulfate. Massive sulfide and 
sulfidic chert often contain organic carbon (up to 0.3 
wt%), which carbon isotope compositions are ranging 
from −30.1 to −25.3‰ (PDB). At the middle and 
western part of Schreiber, non-sulfidic black shale 
occurs. Those samples contain organic carbon up to 
14 wt%. Carbon isotope compositions of organic 
matter in shale samples are ranging from −40.4 to 
−39.5‰ (PDB), suggesting that methanotrophs were 
a part of biota besides other phototrophs in the 
Schreiber sedimentary environments. More 12C 
depleted features of organic matter in sulfidic 
samples were most likely representing thermally 
degraded features. Such degradation may have caused 
by submarine hydrothermal activities, releasing large 
amounts of methane with hydrothermal fluids into 2.7 
Ga oceans and then activated methanotrophs.  
[1] Philip et al. (1989) Canadian Mineralogist, 27, 
601-616 
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Altered oceanic crust (AOC) is a key reservoir in 

the Earth’s geochemical evolution, and a knowledge 
of its composition is critical for the interpretation of 
both subduction zone and intra-plate magmatic 
products. Although global compilations of mid-
ocean-ridge basalt (MORB) and ocean island basalt 
(OIB) data have previously been assembled to 
investigate mantle phenomena, most studies on AOC 
are usually limited to individual drill sites or 
locations. A broader and more comprehensive multi-
element/isotope study of AOC compositions at the 
global scale that would permit comparisons between 
multiple sites exhibiting variable alteration impacts 
has yet to be undertaken. To address this issue, we 
have conducted a global survey of AOC compositions 
by 1) obtaining new trace element and Sr-Nd-Hf-Pb 
isotope data for selected AOC samples from ten 
DSDP/ODP/IODP Sites, and 2) combining these data 
with a review and compilation of previously 
published information. These data should promote an 
increased understanding of the role that AOC plays in 
subduction zone and deep mantle recycling (OIB) 
processes. 

A total of 112 new samples have been analysed in 
this project for trace elements, Sr, Nd, Pb, Hf 
isotopes, and these have been combined with 
(generally less comprehensive) data from 3,147 
literature analyses. Preliminary results indicate that 
relatively immobile elements as well as Nd and Hf 
isotopes generally display consistency with regional 
MORB character, whereas the contents of mobile 
elements are highly variable between samples and 
Sites. Overall, the new results compare well to 
previous data, with geochemical variations mainly 
controlled by lithology, coupled with the extent and 
type of alteration. Furthermore, the extent of 
alteration appears to be predominantly linked with 
crustal spreading rates. Broad correlations are 
observed in Nd and Hf isotope systematics, which 
may be an indicative of mantle source evolution. 
Several different mean compositions of AOC, 
calculated by various approaches, will be compiled. 
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Organochlorine pesticides (OCPs) are one of the 
most important persistent organic pollutants (POPs) 
and have been of great concern around the world 
owing to their chronic toxicity , persistence and 
bioaccumulation. The concentration levels, 
distribution pattern and fate of selected 
organochlorine pesticides (OCPs = p,p′-DDT, p,p′-
DDE, p,p′-DDD and α-,β-, γ-, δ-HCH) in surface and 
ground water of the study area were investigated. The 
samples were extracted by solid phase extraction 
(SPE) procedure, and were investigated by gas 
chromatography coupled with mass spectrometer 
(GC-q MS).  The concentrations of ∑HCH in surface 
and ground water samples were ranged from, n.d-
2970 ng/L (mean 795 ng/L) and n.d-2150 ng/L (mean 
649 ng/L) respectively. Similarly, the ∑DDT 
concentrations in surface water ranged from, n.d-
2020 ng/L (mean 653.6 ng/L) and in ground water 
n.d-1540 ng/L (mean 527.3 ng/L) were observed. The 
concentration distribution of ∑HCH in surface and 
ground water varied significantly with different 
sampling sites that indicated their different sources of 
contamination. The ratios of DDT and (DDE+DDD) 
in surface water indicate recent inputs of such 
chemicals into the study area used for agricultural 
and public heath purposes. Spatial distribution was 
also investigated to identify the areas with higher 
pesticide loadings in surface and groundwater. 
Present data on contamination profile of OCPs could 
be used as reference levels for future POPs 
monitoring programme.  
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Meteorites commonly preserve the evidence for 

planetesimal collisions. Especially, shock veins in 
meteorites formed through such process. High-
pressure polymorphs of silicate, oxide, and phosphate 
minerals have been abundantly reported in veins and 
melt pockets of many chondrites and differentiated 
meteorites. Such minerals provide a key to evaluate 
the physical conditions for the formation of veins. On 
the other hand, much is unknown about the thermal 
history of the host lithology in meteorites during 
shock processes. 

Here we present our results on the vein and host 
in a newly classified NWA 8612 chondrite (L6), and 
discuss the thermal histories of both lithologies. 

NWA 8612 contains a thick shock vein. We 
identified ringwoodite, wadslyeite, majorite, 
majorite-pyrope garnet, jadeite, lingunite, tuite, and 
xieite, from this vein by a laser micro Raman 
spectroscopy. Pyroxene glass transformed from 
bridgmanite is also encountered. The mineral 
assemblage reflects the temperature and pressure 
condition,  ~23 GPa and ~2000 °C.  

On the other hand, the host of NWA 8612 shows 
texture and mineral assemblage typical of type 6 
chondrites. However, maskelynite is commonly 
encountered, and the abundance decreases with 
increasing the distance from the vein. This suggests 
that the pressure decreases with increasing the 
distance. 

The host contains Fe-Ni metal and troilite, like 
those in the other L6. However, some metal grains 
show plessitic texture. Some opaque mineral 
assemblages consist of metal and troilite, and show 
fizzed texture, fine-grained mixture of these phases. 
Such texture indicates that these assemblages were 
heated more than the eutectic temperature, 988 °C, 
and cooled rapidly. On the other hand, the host 
silicate phases never show any partial melting 
textures, indicative of lower temperature condition 
than the silicate solidus temperature, ~1100 °C. 
Therefore, the host was subjected to much lower 
temperature and pressure condition than the vein. 
Thus, the high-pressure shock processes took place 
only in local areas in meteorites. 

 
Acknowledgements: Dr. A. Yamaguchi in NIPR 

helped us to analyze and observe this sample. 
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Large perturbation in carbon cycle and rapid 
growth of continental crust have been recognized as 
the major characteristics of the Earth’s surface 
environment 2.7 Ga ago. Under a high pCO2 
atmosphere in the Neoarchean, chemical weathering 
of evolving continental crust must have been 
extensive. In order to quantify the degree of chemical 
weatheirng and chemical compositions of source 
rocks, we explored major and rare earth element 
geochemistry of the 2.7 Ga shallow- and deep-facies 
black shales (drillcores RHDH2A and WRL1, 
respectively) from Pilbara, Western Australia. Those 
samples belong to the Fortescue Group, and their 
facies-dependent geochemical differences are useful 
in understanding their sedimentological features.  

CIW (Chemical Index of Weathering; Harnois et 
al., 1988) values of the shallow-facies samples are 
mostly 85~90 (Ave.±1σ = 86±13; n = 29), while 
those of the deep-facies samples are mostly 95~99 
(Ave.±1σ = 89±10; n = 24). Such difference is 
consistent with the basinal geometry, or facies-
dependent residence times of detritus in the ocean 
(deep-facies particles took longer time before 
sedimentation and subject to prolonged wethering).  

Normalized REE patterns (against PAAS; Post-
Archean Australian average Shales) of the deep-
facies shales exhibit stratigraphic/temporal changes; 
the lowest tuffaceous layers show basaltic (LREE-
depleted) patterns with positive Ce anomary, the 
middle layers show more granitic (flat) patterns, and 
the upper layers show basaltic patterns. Those of the 
shallow-facies shales show PAAS-like flat patterns. 
These results are not consistent with a conventaional 
view that a deep-water environment is more stable 
(less subject to changes) than shallow-water 
environment.  

Estimated source-rock compositions of the shales 
based on their La, Th, and Yb contents (e.g., 
Wronkiewicz and Condie, 1989) suggest that, in 
stratigraphic upward succession, continental 
(graniitc) component decreased in the deep-facies 
shales but increased in the shallow-facies shales.  

These results coherently suggest deepening 
(subsidence) of the sedimentary basin, which is also 
consistent with associated changes in geochemical 
cycling of Fe, S, C, N, P, and Mo and microbial 
metabolism reported elsewhere.  
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It has been reported that primary production in 
the High Nutrient-Low Chlorophyll regions is limited 
by dissolved iron (DFe) concentration [1]. 
Anthropogenic aerosol is considered to be one of the 
important sources of DFe to the surface ocean 
because of its high content of Fe soluble fraction [2, 
3]. However, few researches on this topic have been 
studied by Fe stable isotope ratio (δ56Fe(‰) = 1000× 
[(56Fe/54Fe)sample/(56Fe/54Fe)IRMM-014]−1) which is an 
important tool to know the contribution of Fe to the 
surface ocean.  

In this study, seven size-fractionated aerosol 
samples were collected in Hiroshima, Japan. 
Concentrations of DFe, extracted by simulated 
rainwater were determined by inductively coupled 
plasma mass spectrometry (ICP-MS). Fe stable 
isotope ratio was analyzed through multicollector 
ICP-MS. In addition, Fe chemical species were 
determined using X-ray Absorption Fine Structure 
(XAFS) spectroscopy. Aerosols collected during a 
biomass burning event were also analyzed as a 
possible emission source of anthropogenic Fe.  

 It was found that the fine particles (mainly of 
anthropogenic origin) were more soluble than the 
coarse particles, containing relatively a large amount 
of Fe (hydr)oxides. δ56Fe values of the fine particles 
(−0.56‰ to −2.01‰) were lower than the coarse 
particles (0.04‰ to 0.30‰). In addition, δ56Fe values 
of the DFe in the fine particles were found to be 
much lower (−1.86‰ to −3.91‰) than those of total 
Fe. These findings suggest that anthropogenic 
aerosols with high content of Fe soluble fraction 
yielded low δ56Fe values. These low δ56Fe values in 
anthropogenic aerosols can be explained by the 
kinetic isotope fractionation during combustion at 
high temperatures coupled with refractory 
characteristics of Fe. Based on the Fe isotope 
analysis, we found that the biomass burning is not 
responsible for the low δ56Fe value. 

 These results are important to quantitatively 
estimate the contribution of anthropogenic Fe to the 
surface ocean. 
 
[1] Martin & Fitzwater (1988), Nature 331, 341–343. 
[2] Sedwick et al. (2007), Geochem. Geophys. 
Geosyst. 8, 1–41. [3] Takahashi et al. (2013), Atmos. 
Chem. Phys. 13, 7695–7710. 
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The southwestern part of Hokkaido, northern 
Japan, is located at the junction of the NE Japan arc 
and the Kuril arc. The subducting Pacific plate 
beneath this region shows a hinge-like shape due to 
the dip change of the subducting plate along the 
trench. Because of the interest in this unique tectonic 
setting, this arc-arc junction has been the focus of 
extensive geophysical studies (e.g. Wang & Zhao, 
2005; Nakajima et al., 2006; Kita et al., 2010, Wada 
et al., 2015). This region is also known as an area in 
which magmatism has been intense (e.g. Tamura et 
al., 2002); there are many active volcanoes such as 
Usu, Tarumae, and Komagatake, and large calderas 
including Toya, Shikotsu, and Kuttara. In this region, 
the temporal and spatial evolution of the volcanism 
and the chemical compositions of the volcanic rocks 
are well characterized (e.g. Nakagawa, 1992). 
However, the generation conditions of magmas have 
not been estimated for these volcanoes, probably 
because of the scarcity of basaltic products. 
Therefore, it remains unclear whether the intensive 
magmatism of this region is linked to the unique 
tectonic setting of the arc-arc junction. In this 
research, we carried out a petrological and 
geochemical study on mafic lavas (49.6–51.3 wt.% 
SiO2) from Usu Volcano, and estimated the 
conditions under which the magmas were generated. 
The water content of the basalt magma was 
determined to be ~4.8 wt.% using a plagioclase-melt 
thermodynamic equilibrium. Using this information 
and the olivine maximum fractionation model 
(Tatsumi et al., 1983), the water content of the 
primary Usu magma was estimated to be ~3.9 wt.%. 
Analyses of multicomponent thermodynamics results 
suggest that the primary magma was generated by 
23.1% melting of the source mantle with 0.94 wt.% 
H2O at ~1300ºC and ~1.4 GPa. The 0.94 wt.% water 
content of the source mantle is significantly higher 
than those beneath volcanoes in the main NE Japan 
arc (generally <0.7 wt.% H2O); this implies that the 
wedge mantle at the arc–arc junction is intensively 
hydrated. 
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In the late Messinian (5.97 to 5.33 Ma) the 
Mediterranean Sea experienced a salinity crisis and 
thick sequences of evaporites precipitated across the 
deep and marginal basins [1]. In this study we report 
Os isotopic records from DSDP and ODP cores in the 
Mediterranean: the Balearic Sea (Site 372), the 
Tyrrhenian Sea (Site 654), the Ionian Basin (Site 374) 
and the Florence Rise (Sites 375-376), as well as 
IODP Site U1387 in Gulf of Cadiz, North Atlantic 
[2]. Pliocene-Pleistocene sediments at all sites show 
187Os/188Os values close to that of the coeval ocean 
water, indicating that the Mediterranean was 
connected to the North Atlantic. Evaporitic sediments 
deposited during the late Miocene however, have 
187Os/188Os values significantly lower than the coeval 
ocean water. The offset of the Mediterranean 
evaporite 187Os/188Os is attributed to limited exchange 
with the North Atlantic during the Messinian salinity 
crisis. The source of unradiogenic Os is likely to be 
weathering of ultramafic rocks (ophiolites) cropping 
out in the Mediterranean’s drainage basins. Based on 
a box model we estimated the amount of 
unradiogenic Os and the Atlantic-Mediterranean 
exchange rate to explain this offset. Os isotopic ratios 
of the pre-evaporite sediments in the western 
Mediterranean are almost identical to that of the 
coeval ocean water. In contrast, equivalent sediments 
from the Florence Rise have significantly lower 
187Os/188Os values. The offset in the Os isotopic ratio 
on the Florence Rise is attributed either to limited 
water exchange between eastern and western 
Mediterranean, or to local effects associated with 
exhumation of the Troodos ophiolites (Cyprus).  
[1] Roveri et al. (2014) Marine Geology 352, 25–58. 
[2] Kuroda et al. (2016) Paleoceanography 31, 148-
166. 
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Water diffusion in silicate melts is one of the 

main controlling factors of degassing and magma 
fragmentation processes in a volcanic system. Water 
diffusivity in silicate melts (glasses) depends on its 
own concentration. However, the mechanism that is 
responsible for the dependences on water 
concentration and on glass compositions has not been 
fully understood yet. We conducted water diffusion 
experiments in silica glass [1] and proposed a new 
water diffusion model for silicate glasses, where the 
water diffusivity is controlled by the concentrations 
of main diffusion species (i.e. molecular water) and 
of diffusion pathways, which are determined by the 
concentrations of hydroxyl groups and network 
modifier cations. 

The model we proposed well explains the water 
diffusivity in various silicate glasses from silica glass 
to basalt glasses. However, pre-exponential factors of 
diffusion coefficients of water in various glasses 
show seven orders of magnitude variation although 
the pre-exponential factor should mainly represent 
the jump frequency and the jump distance of 
molecular water and show a much smaller variation. 

Water diffusivity in silicate glasses is known to 
depend on the viscosity of glasses [2]. In this study, 
we discuss the water diffusivity in various silicate 
glasses as the function of glass viscosity and water 
concentration, focusing on the variation of the pre-
exponential factors. The viscosity of anhydrous 
silicate glasses is expressed by the Vogel-Fulcher-
Tammann (VFT) equation [e.g., 3-5]. We included 
the effect of viscosity into the water diffusion model 
[1] by taking the relationship between water 
diffusivity and viscosity [2] into account, and found 
that the variation of the pre-exponential factors of 
diffusion coefficients of water in various silicate 
glasses became much smaller than the seven orders of 
magnitude. This indicates that the diffusion of 
molecular water in various silicate glasses is 
controlled by the same atomic process. 
 
 [1] Kuroda M. et al. (2015) Goldschmidt abstracts 
2015, 1722. [2] Persikov E.S. et al. (2010) Chem. 
Geo. 276, 241-256. [3] Zhang Y. et al. (2003), Am. 
Min. 88, 1741-1752. [4] Whittington A.G. et al. 
(2009) Bull. Volcanol. 71, 185-199. [5] Francesco V. 
et al. (2006) Chem. Geo. 228, 233-245. 
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Martian surface geomorphology suggests 

repeated episodes of liquid water runoff in the 
Noachian period. Global circulation under a relatively 
dense atmosphere could have transported the water-
vapor to the icy highlands and created fluvial terrains 
by episodic melting events [1]. The dense atmosphere 
was lost from Mars, but the mechanism and timing 
are poorly constrained. 

We constructed a one-box atmosphere-
hydrosphere model with multiple species (CO2, N2, 
H2O, and noble gases). We calculated the evolution 
of the atmospheric pressure and isotopic 
compositions taking into consideration impacts of 
asteroids and comets, atmospheric escape induced by 
solar radiation and wind, volcanic degassing, and gas 
deposition from interplanetary dust particles. A 
threshold for the atmospheric collapse was assumed 
following recent 3D global-circulation-model 
simulations [2]. The model was calibrated to 
reproduce the atmospheric composition of present-
day Mars. 

Whereas the nitrogen (15N/14N) and argon 
(38Ar/36Ar) isotopic ratios kept unfractionated values 
before the collapse, these ratios increased 
stochastically after the collapse. We found that the 
cases of an uncllapsed, moderately dense atmosphere 
(> 10-1 bar) at 4.1 Ga are consistent with 
unfractionated nitrogen and argon isotopic 
compositions recorded in Allan Hills 84001 Martian 
meteorite [3]. This lower limit of the atmospheric 
pressure is valid regardless of the presence/absence of 
the Martian magnetic dynamo at 4.1 Ga because the 
atmospheric nitrogen can be removed by 
photochemical escape driven by solar radiation. We 
suggest that the moderately dense atmosphere was 
lost after 4.1 Ga by the impact erosion and the escape 
induced by solar radiation and wind. 

 
[1] Wordsworth, R. et al. (2013) Icarus, 222, 1-19. 
[2] Forget, F. et al. (2013) Icarus, 222, 81-99. [3] 
Mathew, K. J. & Marti, K. (2001) J. Geophys. Res., 
106, E1, 1401-1422. 
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The luminosity of Uranus is lower than that of 

Neptune, though their masses and radii are similar. 
As previous studies of thermal evolution of the ice 
giants showed, the faintness of Uranus is unable to be 
explained by a simple three-layer model that is 
composed of a H/He-dominated envelope, an ice 
mantle, and a rocky core from the top to the bottom 
[1, 2]. Since the timescale of the thermal evolution is 
determined by the atmospheric structure, the 
evolution of the atmospheric structure and 
composition is important. If the atmosphere contains 
ice constituents such as water, ammonia, and 
methane, those constituents are condensed and 
removed from the atmosphere. No studies, however, 
focused on the thermal evolution of the ice giants 
with significant amounts of ice constituents in the 
atmosphere.  

In this study, we investigate the effect of the 
condensation of ice constituents in the atmosphere. 
We simulate the thermal evolution of Uranus, based 
on the four-layer model with an ice-rich H/He 
atmosphere, a water-rich H/He envelope, a water 
mantle, and a rocky core from the top to the bottom, 
including the effect of the condensation of water, 
ammonia, and methane in the atmosphere. We 
investigate the sensitivity of the evolution timescale 
to the initial mole fraction of ice constituents and the 
NH3/H2O and CH4/H2O ratios. 

We demonstrate the effect of the condensation 
makes the timescale of the thermal evolution shorter 
than that without the effect of the condensation. 
Moreover, the values of the NH3/H2O and CH4/H2O 
are also important. To explain the present luminosity 
of Uranus, the NH3/H2O value should be larger than 
the solar N/O value, while the CH4/H2O value should 
be smaller than the solar C/O value. Our conclusions 
suggest that the disk temperature at the Uranus-
forming region would have been higher than the 
condensation temperature of CO but allows H2O, 
NH3, and CH4 to condense into the solid phase.  

 
 
[1] Hubbard & Macfarlane (1980) J. Geophys. Res., 
85, 225-234. [2] Fortney et al., (2011) ApJ, 729, 32. 
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Collisions between two icy bodies were expected 

to be one of the most fundamental processes in the 
early-outer Solar System. Recently, the equations of 
state for pure water ice has been constructed [1]. 
Then, the hydrodynamic behaviour after impacts on 
water ice has been investigated [e.g., 2]. Subsequent 
chemical reactions between water vapour and 
silicates /organics, however, have not been studied 
well.  

Previously, we developed an experimental system 
to investigate degassing processes of calcite targets in 
an open system using a two-stage light-gas gun and a 
quadruple mass spectrometer (QMS) without a 
chemical contamination from the gan [3]. In this 
study, we conducted impact experiments using a 
pure-water ice target as the first step of research 
development for understanding post-impact 
chemistry on icy materials. The ion current of water 
(M/Z=18) drastically increased to the >10-fold ion 
current after an impact, strongly suggesting that we 
successfully detected an impact-generated water 
vapor in the open system. 

We also have performed a numerical calculation 
using the iSALE shock physics code [e.g., 4] to 
construct a model curve of the total vapour 
production as a function of impact velocity under the 
experimental conditions. A comparison between the 
experimental results and the theoretical production on 
the total amount of vaporized water ice will be 
presented at the conference. 

 
[1] Senft, L. E. and Stewart S. T. (2008) MaPS, 43, 
1993. [2] Stewart, S. T. et al. (2008) GRL, 35, 
L23203. [6] Kurosawa, K. et al. (2012) EPSL, 337-
338, 68. [11] Wünnemann, K., et al. (2006), Icarus, 
180, 514. 
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Stable isotopic variability of redox sensitive 

elements in marine sediments have been used as 
evidence for the existence of local to regional marine 
oxygen oases long before atmospheric oxygenation 
around 2.4 billion years (Ga) ago [1]. For 
molybdenum in particular the proposed mechanism to 
explain the stable isotopic variability is isotopic 
fractionation induced by partial adsorption on particle 
surfaces. In the context of the occurrence of oxygen 
oasis particle shuttling at the oxic/anoxic water 
interface might thus have caused large isotopic 
heterogeneities within the contemporaneous water 
column, which might then have been stored within 
the sedimentary record. 

Stable molybdenum (Mo) and iron (Fe) isotopic 
data of carbonate and silicate iron formations of the 
2.48 Ga old Koegas Subgroup, South Africa, which 
were deposited at the anoxic-oxic interface of a local 
oxygen oasis, show a negative correlation with 
manganese (Mn) oxide content. This might highlight 
the substantial role of MnO particle shuttling for the 
stable Fe and Mo isotopic distribution within these 
redox stratified water bodies. The reason for the 
negative correlation with δ98Mo values is linked to 
the preferential adsorption of isotopically light Mo 
onto Mn-oxides. The latters distribution and flux to 
the sediment is dependent on the vertical position of 
the depositional environment along the redoxcline. 
The negative correlation between MnO and δ56Fe 
values is given by increasing rates of Fe2+ oxidation 
and Fe-oxide precipitation towards higher rates of 
Mn-oxide particle formation, resulting in a 
progressively lighter dissolved Fe2+ pool.  

Although these processes can be observed in 
modern analogues with redox stratified water bodies 
[2], the preservation of such covariing isotopic 
patterns within Archean and Proterozoic sedimentary 
records will likely require more extended redoxclines 
compared to modern settings. 
 
[1] Planavsky et al. (2014), Nature Geoscience 7, 
283-286 
[2] Busigny et al. (2014), GCA 133, 443-462     
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Sudden gas release from crater lakes, called 

“limnic eruption”, took place at Lakes Nyos and 
Monoun (Cameroon) in mid-1980s, which claimed 
~1800 lives. Before the catastrophes, magmatic CO2 
must have accumulated steadily in deep water of 
these lakes. Gas input to the lakes was found to 
continue even after the catastrophes, indicating the 
possibility of similar events in the future if no 
preventive measures (e.g. artificial degassing) were 
taken. Figures 1a and 1b show the change in the CO2 
content of the lakes over the last 30 years during the 
pre- and syn-degassing. Artificial degassing was 
effective, but the gas accumulation resumed at Lake 
Monoun after 2010 when PCO2 of deep water became 
too low to sustain degassing. A similar situation is 
foreseen at Lake Nyos in 5~6 years from now. 
Continuous monitoring of the lakes is indispensable. 
 

 

 

 

 

 

 

 

 

Fig. 1. CO2 overtime at Lakes Monoun (a) and Nyos (b). 
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Ophiolite gives us a great opportunity to observe 
the peridotite-crust sequence as an integration of 
magmatism during the subduction initiation. Since 
metamorphic rocks beneath the peridotites are 
considered to be a remnant of subducted slab, there is 
a chance to understand developing process of wedge 
mantle. However, less exposure and severe secondary 
alteration in the volcanic rocks had prevent studying 
whole volcanism of the incipient arc. In the Oman 
Ophiolite, Sultanate of Oman, a type 
volcanostratigraphy of the incipient arc stage (V2) 
has been reconstructed [1]. We present how the arc 
magma was produced during the subduction 
initiation. 

The V2 magmatism occurred at 96–94 Ma. It is 
subdivided into the lower arc tholeiite (LV2) and 
upper boninite (UV2). The fresh UV2 glass has 
higher LILE and lower HREE content than the LV2 
glass. The compositional change with age may result 
from source depletion with increasing slab-derived 
fluid. In spite of similar εHf to the LV2, low εNd of 
the UV2 illustrates that contribution of slab-derived 
fluid and sediment melt is necessary to form the UV2 
magma. We conducted simple partial melting model 
to form the V2 magmas by using metamorphic rock 
compositions. Slab-derived fluid composition is 
estimated as in equilibrium with amphibolites [2]. 
Sediment melt is assumed to be bulk metachert which 
intercalated with amphibolites. The source mantle 
composition is estimated as a residue of pre-
subduction (V1) stage basalt [3]. The LV2 is modeled 
by partial melting of the V1 residue with addition of 
1.5% amphibolite-derived fluid. Compositional 
variation of the primitive UV2 magma would be 
explained by different contribution of amphibolite-
derived fluid and metachert.  

 
[1] Kusano, Y. et al. (2014) GSL Spec. Publ., 392, 
177–193. [2] Ishikawa, T. et al. (2005) EPSL, 240, 
355–377. [3] Kusano, Y. et al. (2016) Chem. Geol. 
Submitted. 
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Zircon grains from the UHT (ultra-high 

temperature) metamorphic rocks in the Napier 
Complex of East Antarctica contain randomly-
distributed metallic Pb nanospheres [1], typically 20-
35nm in diameter. Documenting and understanding 
the isotopic composition and formation of these 
nanospheres is essential for understanding the 
processes of lead redistribution in zircon and its 
implications for U-Pb geochronology. Since the 
spheres are nanometer scale and randomly 
distributed, conventional SIMS (Secondary Ion Mass 
Spectrometry) analysis, with an analytical spot size of 
ca. 15-20μm, can sample variable quantities of the 
spheres and so yield variable 207Pb/206Pb ratios and 
ages within a single zircon grain. 

To attempt the calculation of the timing of Pb 
mobilisation, we measured the 207Pb/206Pb ratio of 
individual Pb nanospheres using the NanoSIMS at the 
University of Manchester (UK) with 150nm spatial 
resolution. The spacing between the individual Pb 
nanospheres is generally larger than that, therefore 
207Pb/206Pb ratios can be defined for individual 
nanospheres, although we cannot in some cases rule 
out the sampling of smaller nanospheres and Pb 
clusters along with the targetted nanosphere. A range 
of 0.1 to 0.6 for the 207Pb/206Pb ratio in nanospheres 
was obtained from different zircons. We aim to 
acquire higher spatial resolution (50nm) 
measurements to further characterize the Pb 
nanospheres. 

 
 [1] Kusiak et al., 2015, PNAS, 112, 4958-4963. 
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Recent surface environment has been poluted by 

anthropogenic iodine 129 (129I, HL = 15.7 M year) 
released by human nuclear activities, e.g. nuclear 
bomb testings and nuclear fuel reprocessing. Since 
stable iodine 127 (127I) exists equilibrum condition, 
the isotopic ratio of 129I and 127I (129I/127I ratio)  clearly 
changes when the anthropogenic 129I is released into 
the environment. In the ocean, the highest 129I/127I 
ratio, 10-8-10-6, was observed in the European North 
Sea. This anthropogenic 129I was resulted by direct 
discharge of 129I from nuclear reprocessing plants [1]. 
On the other hand, in the Pacific Ocean, far from the 
currently active source, resulted the 129I/127I ratio of 
10-11 – 10-9 [1]. In this area, 129I was transported 
through the atmosphere. These obvious differences of 
129I/127I ratio in seawater mean 129I/127I ratio of 
seawater identifies the ocean area. 

It is not well-understood the iodine source of 
marine biology although iodine is known to be a 
biophile element. 129I/127I ratio of ocean biota would 
depend on that of seawater in the habitat 
environment. Therefore 129I/127I ratio has potential to 
be a tracer of ocean biology. In this work 129I/127I ratio 
in biological samples and seawater samples collected 
at the Western Pacific Ocean were measured and 
compared to verify the relationship of 129I/127I ratio 
between marine biota and seawater.  

 
Reference [1] P. He, A. Aldahan, and X.L. Hou 
(2013) NIMB 294, 537-541. 
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Provenance studies of tephras, integrated in a 

temporal framework, are very important to deduce 
possible systematic changes in regional magmatism 
reflected by the respective explosive volcanism at the 
surface.  Tephras are normally widely distributed and 
when deposited in the ocean, a nearly erosional-free 
environment, provide a perfect, near complete time 
series to investigate possible variabilities. 

IBM Expedition 352, drilled four sites with a 
total of 1.22 km of igneous basement and 0.46 km of 
sediment rocks. Overall, the drilled sediments range 
in age from Eocene to recent and major lithologies 
include nannofossil ooze, mud and coarse sand, and 
volcaniclastic material, including a total of 132 air 
fall tephra layers that record at least three major 
episodes of highly explosive volcanism (latest 
Pliocene to Pleistocene, late Miocene to earliest 
Pliocene, and Oligocene). 

We established a combined 
tephrochronostratigraphy for these sites using major 
and trace element glass shard compositions, 
determined by electron microprobe and LA-ICP-MS 
and complemented by age constraints from 
calcareous nannofossils and radiolarians. The tephra 
compositions will further be used to determine the 
provenance of each eruptive event recorded in the 
sediments. 

Preliminary results suggest an equivalent mixture 
of tephra sources from the (palaeo)Honshu and Izu-
Bonin arc within the last ~5 Ma, an exclusively 
occuring tephra inventory from the Izu-Bonin arc 
from 15-5 Ma, and after a ~7 M.y. gap, a group of 
tephras between 30 to 22 Ma that show an overall 
Izu-Bonin signature but also exhibit a slightly 
different chemical signal than the Miocene to 
Pleistocene Izu-Bonin arc.  
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Time-dependent piston-cylinder synthesis 
experiments were performed in the system SiO2-
Al2O3-B2O3-NaCl-H2O at 700°C/40 kbar and run 
durations of 0.5 h, 2.5 h and 216 h, starting from 
quartz-Al2O3-H3BO3 mixtures and NaCl-solutions. 
Sharply zoned olenitic tourmaline ([IV]B-rich cores, 
[IV]B-poor rims) formed in all experiments, with its 
abundance increasing with increasing run duration. 
The amount of the additional solid product phases 
coesite and the hydroxyl end-member of jeremejevite 
Al6(BO3)5(OH)3 decreases with time. Extensive 
porosity is recognized in jeremejevite and the cores 
of early grown acicular tourmaline. Textural 
relationships (Fig. 1) indicate that olenitic tourmaline 
grows at the expense of jeremejevite that acts as a 
crystalline precursor.  

 
Figure 1:  SEM image of olenitic tourmaline (Tur) 
that forms from jeremejevite (Jer) as a precursor 
phase after 0.5 h.  
 The transformation likely proceeds via a 
dissolution/re-precipitation mechanism, which 
triggers the sharp chemical zonation in olenite. B-
isotope analyses of fluids and solids show that olenite 
growth concomitant with the decay of jeremejevite 
will produce scattered or inverse boron isotope 
patterns (heavy cores, light rims) in tourmaline, 
which can not result from simple Rayleigh 
fractionation. Similar precursor reactions involving 
jeremejevite or other precursor phases might explain 
chemical zonation and porous textures in tourmaline 
root zones reported in many experimental studies. 
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High-dimensional data sets in earth sciences 
generally show very complex behavior and often 
have large uncertainty. In order to approach the 
dynamic behavior of the earth, it is significant to 
select a small number of essential parameters which 
can explain the target phenomenon from such high-
dimensional data.  

Recently, we have launched a big scientific 
project entitled as “Initiative for high-dimensional 
data-driven science through deepening sparse 
modelling” financially aided by the Ministry of 
Education, Culture, Sports, Science and Technology 
in Japan. The main object of the project is to develop 
data-driven methodologies for understanding the 
world of nature by tight fusion of information science 
and natural sciences. The project consists of several 
tens of research teams; their target fields are very 
wide including geosciences, astronomy, biology, 
medicine and brain science.  

We consider that ‘Bayesian estimation’ and 
‘sparse modeling’ are key technologies of data-driven 
analyses. Bayesian estimation is a probabilistic 
inversion scheme by incorporating forward models 
and prior information through the Bayes’ theorem. 
Sparse modeling is a mathematical framework which 
can effectively extract a small number of essential 
explanatory variables from high-dimensional data 
sets. It is based on the fundamental principle of 
sparseness: most of useful information is embedded 
in the low-dimensional subspace for high-
dimensional observation data in the various fields of 
natural science. 

In this contribution, we will introduce the concept 
of data-driven analyses with some applications to 
petrology [1], geochemistry [2, 3] and geophysics [4, 
5, 6]. 

 
 
[1] Kuwatani et al. (2012) Contrib. Min. Petrol. 163, 
547-562.  
[2] Kuwatani et al. (2014) Sci. Rep. 4, 7077-1-6.   
[3] Nakamura et al. (2016) Chemosphere 144, 1241-
1248. 
[4] Kuwatani et al. (2014) Earth Planet. Space 66, 5-
1-9.   
[5] Kuwatani et al. (2014) Phys. Rev. E 90, 042137-1-
7.     
[6] Nakata et al. (2016) Earth Planet. Space 68, 20-1-
10.       
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In sulfide ore deposits, mackinawite, a layer-type 

FeS mineral, often contains incorporated transition 
metals, such as Co, Ni, or Cu. However, there are 
insufficient experimental data on the crystal structure 
and thermodynamic stability of metal-enriched FeS to 
establish incorporation mechanisms for these metals. 
We investigated these mechanisms using density 
functional theory with dispersion corrections (DFT–
D). Our DFT geometry optimizations revealed a 
metal-specific relationship between mineral 
composition and crystal structure which depends on 
whether a metal substitutes at Fe sites or intercalates 
between FeS4 tetrahedral sheets (Figure 1). Our 
substitution results agree with the trends in available 
experimental data [1, 2], but our intercalation results 
do not. We then performed free energy calculations 
for metal incorporation as a function of temperature 
and the partial pressure ratio p(H2S)/p(H2). Our 
results indicate clearly that substitution, not 
intercalation, is the more favorable metal 
incorporation mechanism and that metal 
incorporation tends to increase the stability of 
mackinawite, as has long been hypothesized [3].  

 
Figure 1. DFT-calculated structural changes of 
mackinawite crystal when transition metals (a) 
substitute the Fe sites (Sub) or (b) intercalate between 
the sheets (I-td). Modified from [4] 

 
[1] Vaughan, D.J. (1970) Am. Mineral. 55, 1807-

1808. 
[2] Clark, A.H. (1970) Am. Mineral. 55, 1802-1807. 
[3] Takeno, S., and Clark, A.H. (1967) J. Sci. 

Hiroshima Univ. Ser. C 5, 287-293. 
[4] Kwon K.D., Refson K. and Sposito G. (2015) Am. 

Mineral. 100, 1509-1517. 
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Uranium deposits are potentially ideal for 

evaluating how radionuclides can be applied to 
tracing processes related to deposit generation, 
deposit evolution and deposit dectection because of 
their high concentration of radionuclides [1]. The 
uranium decay systems offer a plethera of 
radionuclides for dating events from the inception of 
the deposit to its final form, as well as tracing the 
character of fluids that have affected the deposit and 
mobilized progeny into the enevironment, thereby 
enhancing the footprint of the deposit. However, 
uraninum minerals are “self destructive” because 
radionuclides produce defects that make the minerals 
reactive with later fluids and most progeny have 
distictly different geochemical characteristics relative 
to the parent radionuclide [2]. 

Classical U-Pb dating can be used to determine 
both the age of deposits and the timing of fluid events 
that have interacted with them, but the system is 
normally disturbed and highly discordant. The 
radiogenic Pb that is produced from the decay of U is 
often missing from old deposits, and has been 
dispersed into the environment of the deposit, The 
timing of younger events or ages of younger deposits 
(<0.2Ma) are better evaluated using U-Th-Pa 
systems, with U-Pa being a recent addition to the 
radionuclides in the study of uranium deposits. 
However, some environments are condusive to the 
mobility of Th and Pa relative to U, thereby greatly 
complicating the utility of these radionuclide systems 
because of the lost of the progeny isotopes. Similarly, 
the 238U-234U system, which can be used to evaluate 
recent fluid interactions (<2Ma), is often disturbed 
because the deposits are structurally hosted and are 
near the surface. 

Because U deposits tend to be open rather than 
closed systems when it comes to radionuclides and 
their progeny, many intermediate radionuclides or 
radiogenic isotopes are dispersed into the 
environment of the deposit. Elements such as Pb, Ra, 
Rn and He, which are often dispersed far from U-rich 
areas, can be used to explore for the deposits and to 
understand the U cycle in natural systems. 

 
[1] Cuney, M. and Kyser, K. (2016) Mineralogical 
Association of Canada Vol. 46, 357pp. 
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We present an optimized Continuous Flow - 
Membrane Inlet Mass Spectrometer (CF-MIMS) for 
in situ real time monitoring of dissolved gases in 
groundwater. Our system allows continuous 
measurements of nobles gases (He, Ne, Ar, Kr and 
Xe) and CO2, O2, N2, N2O, H2, CH4 in water. A large 
membrane introduction system and an adapted 
ionisation procedure allow our system to measure all 
gases every 15s or one gas every 1.5 s. We present 
here the results of dissolved gases tracer tests in a 
fractured aquifer as well as an in situ real time well-
logging of dissolved gases The high resolution  
breakthrough curve of the dissolved gas tracer 
improve our knowledge on transport characteristics in 
fractured aquifers. High resolution profiles of 
dissolved gases in boreholes inform us about 
stratification of water masses, redox and recharge 
conditions (NGT, Excess air) and allow 4He age 
estimation (figure below).  

This breakthrough in the measurement of 
dissolved gases (in situ monitoring and high 
frequency) is very promissing for physical, chemical 
and biogeochemical studies in waters. 

 



Goldschmidt Conference Abstracts 1654 

Inorganic and organic sulfur in 
Murchison and other chondrites 

carry isotope anomalies 
J. LABIDI1, J. FARQUHAR2, C.M.O. ALEXANDER3, 

G. CODY1 
1Geophysical Laboratory, Carnegie Institution, 

Washington DC. 
2Geology Department and ESSIC, University of 

Maryland,  
3Department of Terrestrial Magnetism, Carnegie 

Institution, Washington DC 
 

We have investigated the quadruple isotopic 
composition of organic and inorganic sulfur-bearing 
phases from Murchison and 12 others carbonaceous 
chondrites of CM type. We have also extraced sulfur 
out of 3 splits of insoluble organic matter (IOM) from 
the Murchison chondrite (from the USNM).  

On average for CMs, we recover a bulk S content 
of 2.11±0.39 wt.% S (1σ). The recovered sulfate, S0 
and sulfide contents represent 25±12%, 10±7% and 
65±15 % of the bulk S, respectively (all 1 σ). We 
recover a variable S content in the Murchison IOM, 
with a S content between 3100 and 6150 ppm S 
(±300 ppm S). 

We report a range of Δ33S and Δ36S values in CMs 
significantly larger than previously observed. In the 
inorganic fraction, the largest variations are captured 
by S0, with Δ33S values ranging between -
0.104±0.012‰ and +0.256±0.018‰ (2 σ). In the 
organic fraction, the low amount of extracted S 
allowed the determination of Δ33S with a larger 
uncertainty. However, we observe a clear mass-
independent signature in one of the three splits, with 
a Δ33S  value of +0.74±0.08‰. The two other splits 
have a Δ33S value indistinguishable from the Canyon 
Diablo Troilite standard at a 0.02‰ level. 

We suggest that these mass independent S 
isotopic compositions record H2S photodissociation 
at the surface of the solar nebula. Mass independent 
Δ33S values in the Murchison IOM has implication 
for the origin of S-bearing organics, as it links them 
with H2S photodissociation. On the basis of 
experimental litterature we suggest that the photo-
processing of H2S, during ice transport, could have 
contributed to the presence of elemental S and S-
bearing organics observed in the meteorites.  
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After broad-scale decontamination following the 
FDNPP accident, one important research question is 
whether there is, or may be, a downstream transfer of 
radiocesium from forests that covered over 65% of 
the most contaminated region. Accordingly, carbon 
and nitrogen elemental concentrations and stable 
isotope ratios are used to quantify the relative 
contributions of forests and rice paddies to 
transported sediment in three contaminated coastal 
catchments. Samples were taken from the three main 
identified sources: cultivated soils (rice paddies and 
fields, n=30), forest soils (n=45), and subsoils 
(channel bank and decontaminated soils, n = 25). Lag 
deposit sediment samples were obtained from five 
sampling campaigns that targeted the main 
hydrological events from November 2011 to 
November 2014. In total, 86 samples of deposited 
sediment were analyzed for particulate carbon and 
nitrogen elemental concentrations and isotope ratios, 
24 from the Mano catchment, 44 from the Niida 
catchment, and 18 from the Ota catchment. The 
discriminant tracers were modelled with a 
concentration-dependent distribution mixing model. 
Preliminary results indicate that cultivated sources 
(predominantly rice paddies) contribute 
disproportionately more sediment per unit area than 
forested regions in these contaminated catchments. 
Moreover, forested landscapes were indeed a source 
of contaminated sediment. Understanding these 
sources will be important for managing post-fallout 
radiocesium contamination in the Fukushima 
Prefecture.  



Goldschmidt Conference Abstracts 1656 

Exploiting Symmetry to Study         
Solid Solutions and Disordered 

Crystalline Systems 
V. LACIVITA*12, PH. D'ARCO2, S. MUSTAPHA3 

1 ICS, UPMC, Sorbonne Universités, F-75005 Paris, 
France (*correspondence: 
valentina.lacivita@upmc.fr) 

2 ISTeP (UMR 7193), UPMC-CNRS, Sorbonne 
Universités, F-75005 Paris, France 

3 IMJ-PRG (UMR 7586), UPMC-CNRS, Sorbonne 
Universités, F-75005 Paris, France 

 
Very often minerals involve solid solutions 

characterized by disordered cation distributions. They 
challenge the quantum-mechanical approach because 
the inherent site disorder implies dealing with large 
low-symmetry supercells, where a multitude of 
atomic distributions (configurations) exists.  

A methodological breakthrough was the recent 
development of a symmetry-adapted Monte Carlo 
(SA-MC) method [1,2] which overcomes the main 
flaws of standard MC and Metropolis algorithms. It 
exploits space symmetry (i) to partition the 
configurations in classes of equivalence (SICs), thus 
avoiding repetitions, and (ii) to assure a uniform draw 
probability for all SICs. This latter aspect is  
important because the most stable configurations 
usually correspond to “rare events”, namely low 
multiplicity SICs. 

Results obtained by applying the SA-MC for a 
fully ab initio investigation of the hydrogrossular 
solid solution are presented [3]. The hydrogarnet 
substitution, SiO4 = H4O4, yields 136 SICs in the 
primitive cell. Considering only the most stable 
configurations after structural relaxation, average 
geometrical features of the actual solid solution are 
closely approximated, while the excess enthalpy 
draws an asymmetric function of composition with 
two minima that can be associated to structures or 
compositions observed in nature.  

Further examples of application of the SA-MC 
include the case studies of a Ca-Mg carbonate, and of 
soda-melilite (Na,Ca)AlSi2O7. They will serve to 
show efficient and effective strategies to achieve 
convergence on the calculated properties and to save 
as much computational effort as possible on the 
choice of the size of the supercell. 

 
 

[1] S. Mustapha et al. J. Phys.: Condens. Matter, 
25:105401, 2013. [2] Ph. D'Arco et al. J. Phys.: 
Condens. Matter, 25:355401, 2013. 
[3] V. Lacivita et al. Am. Mineral., 100:2637–2649, 
2015. 
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Mayon Volcano, a stratovolcano located at the 
southern portion of Luzon Island in the Philippines, is 
the country’s most active volcano. Elevated values of 
SO2 flux were distinctly measured prior to its 
increased seismic activity and lava dome formation in 
2014. Volcano Alert Level was raised to Level 3 
(Relatively High Unrest) on 15 September 2014 due 
to increasing trends in monitored parameters. 

Since 2011, the continuous SO2 flux of Mayon 
has been measured using Differential Optical 
Absorption Spectroscopy (DOAS) under the Network 
for Observation of Volcanic and Atmospheric 
Change (NOVAC) project. There are two (2) 
ScanDOAS instruments strategically deployed on the 
eastern and western sector of Mayon for full 
optimization of gas columns detection. The scanner 
transmits light to a spectrometer through an optical 
fiber and transforms the spectrum to a digital signal 
that is controlled by an electronic box [1]. Data are 
transmitted to the Mayon Volcano Observatory for 
processing and evaluation. To calculate SO2 flux 
(tons/day), wind speed, wind direction and plume 
height data are manually input in the NOVAC 
software. 

During the 2014 unrest, there was a dramatic 
increase of SO2 flux from the period of June to 
October with the highest recorded flux of 6253 ± 
3023 tons/day on 14 September 2014. Prior to this 
increase was a recorded peak of average soil 
temperature in May 2014. A peak in seismicity in 
September 2014 and short-term inflationary ground 
deformation in October 2014 were also exhibited. 
These monitoring parameters indicate that unerupted 
magma moved and then later degassed at shallow 
levels of the edifice. As the shallow magma degassed, 
the H2 and H2O volatile gases reacted to favor the 
formation of SO2 gas [2]. 

The lowest recorded SO2 flux was on 24 January 
2015 at  32 ± 6 tons/day. The Alert Level was 
lowered to Level 0 (Quiescence) in February 2016 
because of decreasing trends in monitored 
parameters. Continuous SO2 flux of Mayon is now at 
its baseline level of 500 tons/day. 

 
[1] Conde (2010) Development and Implementation 
for a Rapid Deployment System For Volcanic Gas 
Emission Monitoring, 14-17. [2] Delmelle & Stix 
(1999) “Volcanic Gases”, Encyclopedia of 
Volcanoes, 804-406. 
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Mud volcanoes are the most important pathways 

for methane emission from deep marine sediments 
into atmosphere. They are related to the occurrence of 
hydrocarbons and fluid discharge (methane and 
CO2), an important component of global carbon 
cycles. The submarine mud volcanoes, gas seeps and 
mud diapirs were observed at the upper slope domain 
of eastern part of accretionary wedge at offshore 
southwestern Taiwan [1]. Two methanogens, strain 
S3FaT and CYW5 were isolated from sediment 
collected by Ocean Researcher I cruise ORI-934 in 
2010 nearby the submarine mud volcanoes MV4 and 
MV5, respectively, located at the upper slope of 
southwest Taiwan. Both strains are irregular coccids 
and use formate or hydrogen plus carbon dioxide as 
only catabolic substrates. Surprisingly, the cannulae 
like structure as Pyrodictum abyssi growing as 
networks of cells was observed in strain CYW5. Both 
strains grew optimally at 37oC, but the range of 
temperature growth for strain S3FaT and CYW5 was 
20-50 oC and 20-42 oC, respectively. And strain 
S3FaT could tolerate higher salt concentration (1 M 
NaCl) than strain CYW5 (0.51 M). Phylogenetic 
analysis revealed that strain S3FaT was most closely 
related to Methanoculleus marisnigri JR1T (99.3% 
16S rRNA gene sequence similarity). Whereas, 
genome relatedness between strain S3FaT and JR1T 
computed by Genome-to-Genome Distance Analysis 
(GGDA) and Average Nucleotide Identity (ANI) with 
values of 46.3-55.5% and 93.08%, respectively, 
which both strongly supported strain S3FaT belonging 
to a new species of Methanoculleus and name as 
Methanoculleus sediminis [2]. The strain CYW5 was 
related to the member of family 
Methanomicrobiaceae with 95 % identity. It was 
suggested that strain CYW5 may be a candidate for 
new genus. Through these novel methanogens, we 
could gain insight into the communities of 
methanogenic archaea in the marine mud volcano 
habitat.  

 
[1] Chen et al. (2014) J. Asian Earth Sci. 92:201-214. 
[2] Chen et al. (2015) Int. J. Syst. Evol. Microbiol. 
65:2141-47. 
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The Wandao gold deposit is located in 
Dayaoshan polymetallic metallogenic belt of 
southeastern Guangxi. The exposed strata in Wandao 
ore district is middle Cambrian Huangdongkou 
Formation which is of low-grade metamorphic 
argillaceous sandstone and carbonaceous slate. The 
Dawangchong and Gulinao granite porphyry bodies, 
formed in Caledonian, are output in or near mining 
area. Ore bodies are mainly controlled by the nearly 
EW-striking structural fracture zone. A single ore 
body occurs in quartz vein or quartz lenticular in 
frature zone which elongates into granite porphyry or 
in contact zone between granite porphyry and strata. 
some previous workers proposed that the ore-forming 
fluid was predominantly magmatic in origin. In 
contrast, we argued that metamorphic fluid is an 
alternatively source of the ore-forming fluid based on 
a preliminary study of fluid inclusion 
microthermometry and Raman spectrum. 

According to cutting relationship of ore-bearing 
quartz veins, the Wandao gold deposit can be divided 
into main mineralization stage and late mineralization 
stage. Quartz veins in main stage are smoky gray or 
milky and often associated with pyrite. Quartz veins 
in late stage are white and cut main stage quartz 
veins. The size of fluid inclusions in quartz in two 
stages ranges from 2 μm to 7 μm. The 
homogenization temperatures of fluid inclusions in 
the main stage and late stage quartz range from 
323.5℃ to 384℃ and from 237.7℃ to 309.6℃, 
respectively. The main mineralization stage 
inclusions show salinity range of 1.06-3.23wt% NaCl 
equiv and trapping pressure estimated between 213-
252×105Pa. The late mineralization stage inclusions 
show salinity range of 1.57-3.87wt% NaCl equiv 
trapping pressure estimated between 157-203×105Pa. 
To sum up, ore-forming fluids in the Wandao gold 
deposit are middle to high temperature, low salinity 
and low density ones. 

The δD value of inclusion water in two stages 
changes from -68‰ to -31‰, and δ18Oquartz value of 
quartz changes between 12.6‰ and 15.0‰. 
According to the formula (Clayton et al, 1972) , the 
δ18Owater value are from 5.03‰ to 9.46‰. Laser 
Raman Spectrum analysis indicate that gases in fluid 
inclusions are mainly CO2, H2O and a small amount 
of CH4. Hydrogen and oxygen isotope analysis and 
Laser Raman Spectrum analysis suggest that the ore-
forming fluids in the Wandao gold deposit are mainly 
metamorphic water and the deposit type should be 
orogenic gold deposit. 
 
Acknowledgments This project is supported by 
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GXNSF(2013GXNSFAA019275) 
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It has been proposed that core formation on Mars 

occurred within the first few Myr of our solar system, 
while first silicate differentiation took place within 
the first 30 Myr based on 182W - 142Nd systematics 
[e.g. 1, 2]. The short-lived 92Nb-92Zr decay system 
with half-life of 37 Myr is another excellent tool for 
dating early silicate differentiation because of the 
different compatibilities of Nb and Zr during 
magmatic processes. Therefore, it has the potential to 
provide new information on early silicate 
differentiation on Mars and improve previous 182W - 
142Nd constraints obtained from Martian meteorites.   

High-precision Zr isotope data of 4 Martian 
meteorites (3 depleted and enriched basaltic 
shergottites, and 1 orthopyroxenite ALH84001) were 
obtained so far and analyses on nakhlites are planned. 
The Zr isotope ratios were measured on a Neptune 
Plus MC-ICPMS at ETH Zürich [3]. The average 
ε92Zr value, and associated external precision (2SE) 
of this technique for the USGS basalt BHVO-2 is 
0.01 ± 0.02 (n = 74) during the course of this study. 
To improve the analytical uncertainty (< 3ppm), the 
samples were analysed at least 5 times when 
sufficient material was available.  

 The analysed Martian samples exhibit well-
resolved variations in 142Nd/144Nd and 182W/183W, 
which indicate that the source of the shergottite 
reservoir formed at ~4525 Ma [1]. Nevertheless, all 
shergottites show ε92Zr values identical to the 
terrestrial basalt BHVO-2. The identical ε92Zr values 
of the shergottites from the depleted reservoir (EETA 
79001 and DaG 476) and enriched reservoir (Zagami) 
could be due to the limited Nb/Zr fractionation in the 
shergottite source combined with the low initial 
92Nb/93Nb ratio of the solar system (1.7 x 10-5) [4]. 
However, the nakhlite source has formed prior to that 
of the shergottites [1, 2] and likely involved of garnet. 
This should lead to larger Nb/Zr fractionation.  If 
correct, we predict small 92Zr variations in these rocks 
and we will present Zr isotope data of nakhlites at the 
meeting. 
[1] Foley et al. (2005) GCA 69: 4557-4571; [2] 
Debaille et al. (2009) Nature Geosci. 2(8): 548-552; 
[3] Lai et al. (2014) 77th Meteoritical Society meeting 
abs. 5139; [4] Iizuka et al. (2016) EPSL 439: 172-
181.  
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Botryoidal zircon crystals from the Rattlesnake 

Tuff (RST) are aggregates of numerous faceted 
crystals and crystallites that have generally low 
aspect ratios and oscillatory zoning that is often 
truncated by adjoining crystallites and overprinted by 
sector zoning. Randomly oriented crystallites are not 
crystallographically coherent. Aggregates may be 
weakly dendritic with short chains extending from 
one comparatively large crystal, or two or more 
moderate to large crystals bridged by smaller 
crystallites. Less than 5% of all RST zircon crystals 
are small and equant without complex growth 
textures and adjoining crystallites. 

Unusual botryoidal morphology may be the result 
of rapid growth under conditions and dynamics that 
favoured zircon nucleation over crystallization, 
including composition, magma mingling, and 
hybridization [1]. Evidence for magma mingling in 
the RST system is demonstrated by pumice-scale 
diversity in rhyolitic glass compositions [2]. Trace 
elements in zircon constrain their origins in certain 
discrete magma compositions, and record changes in 
host magma from enriched cores to depleted rims. 
We will present evidence promoting a model of 
mixing and hybridization of contrasting peralkaline to 
peraluminous magma compositions, leading to rapid 
botryoidal zircon aggregate crystallization prior to the 
climactic eruption of the RST at 7.266 ± 0.010 Ma. 

 
[1] Hort (1998) Journal of Petrology 39, 1063-

1076. [2] Streck & Grunder (1997) Journal of 
Petrology 38, 133-163. 

 

Cathodoluminescence (a) and transmitted light (b) images 
of two RST zircon crystal aggregates (200x magnification). 
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Atom probe tomography (APT) analysis of 

materials is an established technique for atomic level 
compositional analysis. Extensive research has been 
performed on many alloys, compounds, multilayered 
thin films, integrated circuits, and even polymers. 
Some geological materials, mainly minerals and 
biominerals, have been previously studied, but the 
use of APT for precise, stoichiometrically correct, 
bulk chemistry analysis of minerals, remains 
insufficiently constrained. Often, the mass spectra 
from natural geological samples exhibit many 
complex ionic species, and their interpretation can 
lead to differing determinations of composition. The 
aim of this talk is to present ATP data from analyses 
performed on mineral standards of carbonates (calcite 
and dolomite) and sulfides (pyrite) and natural 
samples of silicates (i.e. garnet), sulfides, oxides (i.e. 
magnetite) to evaluate the current APT performance 
on determining the bulk atomic composition of 
minerals. Overall, our preliminary results indicate 
that a correct interpretation of APT data can be 
achieved by understanding the crystallo-chemical 
properties of minerals and using multiple 
methodologies to obtain mineral chemical data. For 
future studies involving the use of APT in minerals,  
the emphasis has to be placed on the need to establish 
standard operational procedures for sample 
preparation and analysis, and further development on 
the presently available data analysis software. 
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Radioactive wastes in future deep geological 
disposals will generate heat and locally increase 
temperature in the engineered barriers and host-rock. 
In the French design of disposal cells, temperature 
may reach 70 °C in cementitious materials and at 
their contact with the clayey host-rock. The impact of 
temperature under such disposal conditions is still 
poorly known, especially the geochemical and 
physical evolution at interface between these two 
materials. 

An in situ specific experiment was installed in the 
Underground Research Laboratory in Tournemire 
(France) to understand the mineralogical and 
geochemical processes occurring at an Ordinary 
Portland Cement (OPC) paste / clayey host-rock 
interface in this temperature range. An engineered 
cemented borehole including a heating system and 
crosscutting the argillite under water-saturated 
conditions was designed [1]. Many complementary 
analyses of the solid phases (XRD, TGA, SEM-EDS, 
TEM, Sr isotopy, microstructural analysis) were 
performed after dismantling. 

A temperature of 70 °C was maintained during a 
one-year experiment and gave access to very rare 
data. Neoformation of phillipsite (zeolite), 
tobermorite (well-crystallised C-S-H) and calcite 
formed a layer at the interface. Significant 
decalcification and carbonation were noticed in the 
cement paste. On the contrary, clayey phases seem to 
be only weakly altered in the argillite. Globally, 
porosity decreased at both sides of the interface 
without a full clogging. Geochemical modelling 
supports these experimental results, especially the 
existence of tobermorite and phillipsite at 70 °C, 
minerals never observed before in concrete/clay 
interface experiments. 

 
[1] Lalan et al., Cem. Concr. Res. (2016). 
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Full water column profiles of size fractionated 

particles were collected from two U.S. GEOTRACES 
sections: GA03 in the dust-dominated North Atlantic, 
and GP16 in the Eastern Tropical Pacific, which 
passed through a major oxygen deficient zone.  
Particles were analyzed by ICP-MS for more than a 
dozen trace and minor elements, as well as for major 
particle composition (POC, CaCO3, biogenic silica).  
We present the major modes of variation from 
principal components analysis (PCA) in particulate 
trace element distributions from these two sections. 
We will compare and contrast the main modes of 
variation in the two sections.  The variability in 
lithogenic particles dominates the variance in both 
sections, but accounts for more of the total variance 
in the dust-dominated North Atlantic compared to the 
Eastern Tropical Pacific. Biogenic particles account 
for the second most variance in the dataset in both 
sections, but sunsequent principal components appear 
to diverge.  We will discuss the biogeochemical 
features of each section that explain the unique 
modes of variation.  
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Thanks to numerous experimental studies, 
parameterizations are available to model the melting 
behavior of peridotite [1] and pyroxenite [2] 
compositions that are thought to be present in the 
mantle. Based on these parameterizations, numerous 
studies have attempted to estimate the proportion of 
pyroxenites in magmatic sources. However, while 
these parameterizations are mostly based on batch 
melting experiments, oceanic basalts are likely to be 
formed by near fractional melting rather than batch 
melting [3]. Using pMELTS [4], I investigated the 
effect of near-fractional melting of pyroxenite and 
applied the results to Iceland’s basalt for which the 
proportion of pyroxenite-derived melt has been 
estimated to 20-30 % [5,6]. 

Calculations suggest that 30% of pyroxenite-
derived melt in the aggregated magma can be 
generated by 5% pyroxenite in the source in a case of 
batch melting but highlight that at least 12% (i.e, 
more than twice the amount required with batch 
melting) pyroxenite in the source may be required for 
near-fractional melting. The buoyancy of a mantle 
with 5% of pyroxenite can simply be maintained with 
increasing the mantle potential temperature, TP, from 
1300 to to 1440°C, but 12% of pyroxenite in the 
mantle required either TP ≈ 1600°C, i.e., a 
temperature significantly higher than the recent 
estimates (i.e., 1450-1510°C [7,8]) or a significant 
proportion of less dense material, such as harzburgite 
(e.g., for TP = 1500°C, buoyancy is maintained if the 
mantle contained > 20% harzburgite). Note these 
estimates are minimal as the plume buoyancy beneath 
Iceland is supposed to be strongly positive to meet 
the volume flux estimate [9]. 

REFERENCES: [1] Katz et al. (2003), GGG 4; 
[2] Lambart et al. (under review), JGR – Solid Earth; 
[3] Hirose & Kawamura (1994), Geophy. Res. Let 
21, 2139-2142; [4] Ghiorso et al. (2002), GGG 3, 
1030; [5] Sobolev et al. (2007), Science, 412-417; [6] 
Shorttle et al. (2014) EPSL 395, 24-40; [7] Courtier 
et al. (2007), EPSL 264, 308-316; [8] Herzberg & 
Asimow (2015), GGG 16, 563-578; [9] Jones et al. 
(2014), EPSL 386, 86-97. 
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Recent models of global mercury (Hg) 
biogeochemistry have identified the downward flux 
of sinking particles in the ocean as a key process in 
the cycling of this toxic metal. These models 
estimated the amount of anthropogenic Hg in the 
ocean to be about 400 Mmoles, with sinking fluxes 
representing an important vector by which this 
pollution Hg was able to penetrate the ocean interior. 
Using data from recent cruises to the Atlantic 
(GEOTRACES, CoFeMUG) and the Pacific 
(GEOTRACES, Metzyme) Oceans, we have 
examined the dissolved and particulate partitioning of 
mercury (Hg) in the oceanic water column as a cross-
check on the hypothesis that sinking fluxes are 
important. Interestingly, these new data suggest 
particle-dissolved partitioning (Kd) that is 
approximately 20x greater than estimates used in 
some of these models and which thereby challenges 
certain assumptions regarding the scavenging and 
active partitioning of Hg in the ocean. Combined with 
two campaigns in which the vertical flux of Hg was 
measured directly, the new particle data suggest that 
weak, “regenerative” scavenging (as opposed to 
“equilibrium” or reversible scavenging) is the most 
likely mechanism by which the association of Hg and 
particles occurs. Finally, we examined the 
implications of incorporating this mechanism into 
global models.   
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Radioactive cesium isotopes (134Cs, 137Cs) 

released during the Fukushima nuclear disaster on 
March 11, 2011 remain the main source of external 
radiation dose, five years after the nuclear disaster, in 
a region covering 3 to 8 % of the land area of Japan. 
Cesium has a well-known affinity for clay minerals 
and is likely to be primarily adsorbed on 2:1 clay 
minerals (illite, vermiculite) in surface soils near the 
disaster site. Experimental data indicate that illite, in 
particular, carries a small density of surface sites with 
a very strong affinity for cesium.  These sites are 
widely thought to be located on the “frayed edges” of 
nanoparticles, but they are difficult to characterize at 
molecular scales. Here we discuss the methodological 
challenges associated with atomistic simulations of 
illite edge surfaces and present both large-scale 
molecular dynamics (MD) and thermodynamic 
integration calculations of cesium adsorption by illite 
nanoparticles contacting liquid water. New insights 
into the identities of different illite surface sites and 
their respective affinities for cesium are provided by 
our results. 

 

Figure 1. Molecular dynamics (MD) simulation 
snapshot showing our model illite nanoparticle in 
liquid water. Blue spheres are adsorbed or interlayer 
K+ ions. 
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This research is mainly concerned with a study of  
The Geological Characteristics And Genesis Of  
Nancha Gold Deposit In Tonghua City,Jilin 
Province.The procedure were as follows by studying 
the regional mineralization geological background of 
mineral deposit、ore district and the mineral 
deposit's geological characteristics,and also based on 
that,we combined with the test analysis of the fluid 
inclusion to discuss the contributing factors of  
mineral deposit.The technique applied is referred to 
as the test analysis of the fluid inclusion.The results 
of the experiment indicated that the ore-controlling 
structure is XiaoSiPing-HuangHou mountain-
NanCha"S" fracture type and  its secondary fracture 
and fold structure.Through the test analysis of the 
fluid inclusion get the homogenization temperature 
between 150℃ and 260℃,peak value centers 
between 190℃ and 200℃ ,reflecting the 
mineralization temperature is middle-low 
temperature;Metallogenic pressure range is between 
9.49 Mpa and 20.55Mpa; Metallogenic depth is 
between 0.95 km and 2.06km;The density of ore-
forming fluid is between 0.81 g/cm3 and 0.94 g/cm3 , 
peak value centers between 0.88 g/cm3 and 0.9 
g/cm3;The salinity of ore-forming fluid is between 
0.18 wt%NaCl and 0.59 wt%NaCl, peak value 
centered between4 and 4.6.These findings of the 
research led the author  to the conclusion that what 
we confirmed is that the NanCha gold deposit is the 
Medium temperature hydrothermal altered rock type 
gold deposit which controlled by the fracture and fold 
structure.  
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Atmospheric aerosol deposition is an important 
factor in the regulation of global climate through the 
coupling of biolimiting trace element cycles to the 
carbon cycle. Continental dust and anthropogenic 
aerosols are sources of iron (Fe) to high-nitrate, low-
chlorophyll (HNLC) regions. Atmospheric deposition 
also supplies important macronutrients such as 
nitrogen and phosphorus as well as potentially toxic 
elements, e.g. copper, which may have deleterious 
effects on phytoplankton. 

We have advocated measuring the 
“instantaneous” solubility of biogeochemically 
important aerosol trace elements, using both ultrapure 
deionized water (UHP) and filtered surface seawater. 
Our flow-through extraction was designed to avoid 
solution saturation with respect to Fe(III) by exposing 
the aerosol particles to a constant stream of fresh 
solution over a very short period of time (≤10 s). The 
UHP leaching solutions can be directly analyzed for 
most of the GEOTRACES “key parameter” trace 
elements and isotopes (TEIs) using HR-ICP-MS. 
These samples can also be analyzed for soluble 
aerosol Fe(II). The UHP leach has also been shown to 
mimic the effects of aerosol scavenging and 
subsequent dissolution by rainfall. Our method 
provides a measure of initial dissolution upon 
deposition but does not account for processes acting 
on aerosol derived particulate and dissolved TEIs 
within the surface ocean. We have now adopted a 
more aggressive leaching scheme (25% acetic acid 
with 2mM hydroxylamine added) to quantify the 
“ultimate” solubility for aerosol trace elements in the 
upper ocean; this method compares extremely well 
with the time-consuming “extended seawater leach”. 

Advances have also been made in using the 
radiotracer 7Be to help quantify aerosol deposition to 
the oceans. The method relies on the premise that the 
7Be inventory in the upper ocean must be supported 
by wet and dry deposition of aerosol 7Be, therefore 
inventory measurements coupled with aerosol 7Be 
measurements can be used to derive a bulk (wet plus 
dry) deposition velocity that can be used to calculate 
the flux of other aerosol species.  
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The lunar magma ocean concept was developed 

shortly after the Apollo/Luna era in order to explain 
several converging observations (see [1] for a 
review). The existence of an almost global 
anorthositic crust with plagioclase content of 75-90% 
is consistent with crystallization from a global 
magma ocean. Extremely old ages for most of the 
non-mare rocks also support the argument for a 
primordial crust. Other lines of evidence concern the 
complementary Eu anomaly between mare basalts 
and the anorthositic crust, and the fact that the ratio of 
incompatible elements is uniform within the sampled 
portion of the Moon. 

All of this, in addition to the giant impact 
formation scenario (see [2] for a review), made a 
strong case for an initially globally molten Moon 
from which the crust could have formed. However, 
there is now ample evidence for a heterogeneous 
lunar crust. On the one hand, the magnesium number 
(Mg#) distribution is significantly different between 
the two hemispheres (e.g., [3]). On the other hand, 
analysis of trace element partitioning in lunar 
meteorites, which are believed to have sampled a 
large fraction of the surface, also stress the existence 
of heterogeneities within the anorthositic part of the 
lunar crust (e.g., [4,5]). 

These observations seriously weaken the 
arguments for such a global magma ocean. Here we 
tackle these issues by investigating how differential 
crystallization between hemispheres could have 
influenced the present day structure and composition. 
In particular we discuss the Mg# distribution and 
trace elements partitioning patterns. In order to do 
this, we consider the crystallization of the magma 
ocean using different boundary conditions and 
element partitioning behaviors on a 1-D thermal 
evolution model.  

While we do not claim that such a model solves 
every conundrum, we want to make the first step and 
draw attention to the importance of finding early 
evolution models that are in agreement with the 
newly acquired data. This requires a combination of 
petrological data on element partitioning as well as 
integrative thermo-chemical evolution models of 
magma ocean crystallization. 

 
[1] Warren (1985), Annu. Rev. Earth. Planet. Sci. [2] 
Hartmann (2014), Phil. Trans. R. Soc. A. [3] Ohtake, 
et al. (2012), Nat. Geosci. [4] Gross, Treiman & 
Mercer (2014), Earth Planet. Sci. Lett. [5] Russell, et 
al. (2014), Phil Trans. R. Soc. A. 
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For the past 30 years, the development of durable 
materials for radionuclide immobilization has been 
central to efforts to dispose of wastes generated by 
the nuclear fuel cycle. Many materials have been 
developed, but there still exist large gaps in the 
understanding of fundamental modes of waste form 
degradation in repository environments. 
Comprehensive evaluation of the performance of 
waste forms, including their resistance to corrosion, 
requires detailed knowledge of the atomic-scale 
effects of long-term self-irradiation. This contribution 
will present recent advances in waste form 
characterization that provide multiscale information 
of radiation damage, from local defect distortions to 
the long-range structure modifications [1].  

 

Complex oxides, such as pyrochlore (A2B2O7) 
exhibit broad structural and chemical diversity, 
making them attractive candidates for inert matrix 
fuels and durable solids for the immobilization of 
radionuclide wastes. We present neutron and x-ray 
total scattering with pair distribution function (PDF) 
analysis as a new approach for the characterization of 
radiation effects in complex oxides. Neutrons scatter 
strongly from low-Z elements, permitting a detailed 
analysis of both cation and anion defect behavior. 
PDF analysis elucidates the local defect structure, 
including changes in site occupation, coordination, 
and bond distance. We have investigated ion-
irradiated complex oxides using the Spallation 
Neutron Source at Oak Ridge National Laboratory. 
Key to this approach is the use of GeV ions with a 
very high penetration depth to produce sufficiently 
large irradiated sample mass (~150 mg). Ion beam-
induced structural modifications including defect 
formation, disordering, and amorphization were, for 
the first time, studied in terms of both the average 
long-range and local sample structures. 

 

[1] Shamblin, et al., (2016), Nature Materials, DOI: 
10.1038/nmat4581 (in press). 
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Sulfur and Chlorine isotopes were applied as 

natural tracers to determine their various natural and 
anthropogenic sources in the Yangtze River in China 
after the first year of the fulfillment of the Three 
Gorges Dam. The chemical and isotopic 
compositions of water samples from the main 
Yangtze River channel and its main tributaries were 
analyzed, and the results indicated that four sources, 
that is, carbonate, silicate, evaporate weathering and 
agriculture/urban effluents contribute to the total 
dissolved solutes (Chetelat et al., 2008). The most 
water samples from the tributaries have lower Cl- 
contents than the water samples from the mainstream. 
Different from Cl- content variation,  SO4

2-  contents 
of the tributary waters from upper reach show higher 
values, while those of tributary waters from middle 
and lower reach of the river have lower values than 
those of the mainstream waters.  

The difference of δ34S values among the water 
samples from the mainstream and tributaries of the 
upper reach of Yangtze River is small. In contrast, the 
difference of δ34S values become larger in the middle 
and lower reach of the river, most likely suggestive of 
more human inputs into the river compared with 
upper reach waters.  

The relationships between Cl-/SO4
2- vs. δ34S of 

the river waters indicate the dissolved sulfate was 
mainly derived from  dissolution of evaporite for the 
most upper reach water samples with much higher Cl- 
contents and relatively low δ34S values. In addition, 
this relationships suggest a mixing trend between the 
small amount of evaporite dissolution and 
anthropogenic inputs for the middle and lower reach 
water samples. The variations of chemical and 
isotopic compositions along the river show that lower 
reach water were more contaminated as compared to 
upper reach waters of the river.  

The  Na+/Cl- vs. δ37Cl diagram was proposed for 
the first time as a possible tool for discriminating 
water sources for the large rivers. There are two 
distinct parts or data clusters between the mainstream 
and tributary waters in the diagram, which show 
different origins of Cl- of the waters, and indicates 
that rainwater and  few sewages were the main inputs 
to the mainstream of Yangtze River, and that of local 
polluted sources to its tributaries.  

 
This work was supported by National Natural 

Science Foundation of China through Grant No. 
41073099. 
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Recycled ocean crust is often proposed as an 

enriched reservoir in the mantle. Here we propose 
that it is instead the fertile, depleted reservoir that is 
commonly sampled at ocean ridges, not as “enriched 
pyroxenite veins” but as a major depleted component. 
Recent experimental data for fluxes from subducting 
ocean crust [1,2], as well as models of global arc 
volcanism [3], require that contributions from slab 
melts are ubiquitous at convergent margins. Slabs 
always melt. Since this is true in the present Earth, it 
would also have been true in the past when Earth’s 
thermal environment was hotter. The extent of 
melting and mass of melt can be estimated by what is 
required to account for the chemical compositions of 
arc volcanics. Sr is particularly valuable in this regard 
because it is not particularly enriched in sediments, 
but nonetheless strongly enriched in convergent 
margin magmas, requiring a large flux from the 
subducting ocean crust. Using experimental data it is 
then possible to make estimates of the amounts of 
more incompatible elements that are being released 
from the ocean crust portion of the slab. The 
quantities are substantial, leading to a recycled ocean 
crust reservoir that is even more depleted than the 
average MORB entering subduction zones. This 
recycled reservoir is then entirely inappropriate as an 
enriched reservoir, because it is strongly depleted in 
highly incompatible elements. It nonetheless remains 
fertile in mineralogy and major elements. These are 
the essential requirements for the depleted MORB 
mantle. Enriched reservoirs then can never be the 
direct result of recycled ocean crust. Only small 
degree melts from such recycled crust, or other forms 
of near surface metasomatism by low degree melts, 
are the exclusive source apart from recycled 
sediments of enriched reservoirs.  

 
[1]Hermann, J., and D. Rubatto (2009) Chemical 
Geology, 265(3) [2]Skora, S., and J. Blundy (2010) 
Journal of Petrology, 51(11)[3]Turner, S. J., and C. 
H. Langmuir (2015) Geochemistry, Geophysics, 
Geosystems. 
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A simple prebiotic reaction (CO+H2O → 

HCOOH) has been investigated by computer 
simulations at an oxide/water interface. The 
MgO(001) surface was used as a model, as it 
promotes dissociation of protons within the two first 
water layers [1]. The free energy landscape for the 
reaction has been obtained using ab-initio 
metadynamics, a method which enables a short 
simulation explore reaction pathways which would 
otherwise occur on a longer timescale [2,3]. The 
energy barrier for the formation of formic acid 
(HCOOH) has thus been computed in the bulk liquid 
case, and in the near-surface case.  

Results show that the product is stabilised when 
the temperature is increased, which is in agreement 
with experiments in which formic acid is obtained in 
hydrothermal conditions [4]. In the near-surface case, 
formic acid is significantly more stable than in the 
bulk liquid case. This shows that near-surface 
conditions alter free energy landscapes of chemical 
reactions, in a way which could be of importance for 
prebiotic geochemistry. Work is on-going to identify 
enthalpic and entropic contributions from the surface, 
as well as specific effects such as surface acidity and 
surface electric field. Perspectives involve studying 
the effects of a mineral surface in reactions involving 
formamide, which is a possible intermediate step in 
the formation of amino acids [5]. 

 

 
Figure 1: Snapshots of a metadynamics simulation in 
which the reaction  CO+H2O � HCOOH  is observed. 

 
[1] Laporte et al. (2015) Phys. Chem. Chem. Phys. 17 
20382.  
[2] Pietrucci and Saitta, (2015) Proc. Natl. Acad. Sci. 

112 15030. 
[3] Laio and Parinello (2002) Proc. Natl. Acad. Sci. 

99 12562. 
[4] Yasaka et al. (2006) J. Phys. Chem. A 110 11082. 
[5] Saitta and Saija (2014) Proc. Natl. Acad. Sci. 101 

13768. 
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The Late Oligocene-Middle Miocene Amagá 
Formation is an intramontane continental siliciclastic 
succession deposited along the northwestern-most 
Andes. Despite that the Amagá Formation deposited 
during a period of important changes in the Andean 
tectonics and therefore, may bear important 
information on the evolution of intramontane 
siliciclastic successions along active Andean type 
convergent margins, little is known about its 
stratigraphy and its sediment source areas.  

Here we document detailed sedimentological and 
sequence stratigraphic information, as well as, 
petrographic/heavy minerals data, and detrital zircon 
U-Pb ages for the Amagá Formation along the Santa 
Fe de Antioquia – San Jerónimo Sub-basin, from 
which we investigate the controls of active Andean-
type tectonics on the evolution of intramontane 
siliciclastic successions.  

Changes on sedimentary environment, from 
meandering (Lower Member) to braided rivers 
(Upper Member), parallel changes in the sandstone 
provenance of the Amagá Formation. While 
sandstones from the Late Oligocene Lower Member 
suggest sources exclusively associated to the 
continental South American Plate, sandstones from 
the Early - Middle Miocene Upper Member suggest 
sources associated to both, the continental South 
American Plate and the allochthonous Panamá-Chocó 
Block. In particular, the Upper Member records the 
arrival of zircons younger than 50 Ma (18.7, 20.9, 
25.3, 31.9, 40.7, 45.1 Ma), which are not present in 
the South American Continental Plate. The evolution 
of the sedimentary/stratigraphic patterns and the 
changes in sediment provenance displayed by the 
Amagá Formation suggest that the evolution of this 
intramontane siliciclastic succession was controlled 
by major changes in Andean tectonics; more 
precisely by the Early Miocene accretion of the 
Panamá-Chocó Block to northern South America 
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First order trace element (TE) concentrations in 

the past oceans are controlled by several factors 
including; composition of eroded source rocks, 
oxygen and carbon dioxide contents of the 
atmosphere, pH, temperature, salinity, organic 
productivity and trace element adsorption capacity. 
Our recent investigating the Laser Ablation-ICPMS 
trace element chemistry of marine pyrite have tracked 
TE variations in the oceans, through the Proterozoic 
and Palaeozoic, and related these to cycles of bio-
essential nutrient concentrations, pO2 variations in 
the atmosphere and mass extinction events [1-3]. 
Certain TE are essential for life (eg, Ni, Cu, Co, Mn, 
Zn, Se) and have controlled evolutionary pathways 

[4], other TE are redox sensitive (eg, Se, Mo, Au), 
and have been used as proxies for pO2, several TE 
are sensitive to variations in atmosphere/ocean pCO2 
(e.g. Cu and U), whereas still others are sensitive to 
ocean acidity (eg, Ag, Zn, Pb, Bi, Cd, Sb).  

Here we outline a multi-proxy approach, using a 
variety of trace elements and their ratios, from our 
marine pyrite database. The data indicate broad first 
orders cycles of concentrations of ocean trace 
elements that form an internally consistent pattern 
over the last 1000 Ma. We interpret these cycles to 
indicate there have been basically two end member 
ocean conditions. Warm, nutrient-rich oceans, with 
relatively low pH (7 to 7.8) that formed under an 
elevated pCO2 atmosphere, are evident in Early to 
Mid Cambrian, Late Silurian to Mid Devonian, Mid 
Carboniferous and Mid-Late Permian. The other end 
member is cool nutrient-poor oceans, with a more 
alkaline pH (7.8 to 8.4), formed during periods of low 
atmosphere pCO2, which dominated the Cryogenian 
to Ediacaran, Ordovician, Late Devonian to Early 
Carboniferous, Early Permian and much of the 
Mesozoic. The nutrient poor, more alkaline ocean 
condition, broadly correlates with periods of 
maximum carbonate reef development, include all the 
global glaciation events, and three of the five mass 
extinction events 

[1]Large RR. et al (2014), EPSL 389, 209-220. 
[2]Large R.R. et al (2015) Gond. Res. 28, 1282-1293. 
[3] Long JA. et al. (2015) Gond. Res. 28, on-line 
[4]Williams, R.J.P. and Rickarby, R.E.M., 2012, 
Royal Society of Chemistry, Cambridge, UK, 319p  
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In an effort to better understand the origin, 
evolution and extent of life, significant effort has 
gone into finding the limits of temperature, pressure, 
pH, salinity and other compositional and physical 
variables that define habitability. However, one 
variable in particular – energy – has received much 
less attention.  Virtually every aspect of microbial 
behavior requires energy, including growth; nutrient 
uptake; motility; excretion of biomolecules; synthesis 
of external structures; and changes in stored nutrients. 
Although some of these fall within the definition of 
maintenance functions, many, like growth, require the 
synthesis of biomolecules. Consequently, the energy 
required to make biomolecules is a fundamental limit 
to the habitability of an environment.   

The environmental conditions that describe an 
ecosystem define the amount of energy available to 
the resident organisms and the amount of energy 
required to build biomass. Here, we quantify the 
amount of energy required to make biomass as a 
function of temperature; pressure; redox state; the 
sources of C, N and S; cell mass and the time that an 
organism requires to double or replace its biomass. 
Specifically, these energetics are calculated from 0 to 
125oC, 0.1 to 500 MPa and -0.38 to +0.86 V using 
CO2, acetate or CH4 for C, NO3

- or NH4
+ for N and 

SO4
2- or HS- for S.  The amounts of energy associated 

with synthesizing the biomolecules that make up a 
cell, which varies over 39 kJ (g cell)-1, are then used 
to compute energy-based yield coefficients for a vast 
range of environmental conditions. Taken together, 
environmental variables and the range of cell sizes 
leads to a ~4 orders of magnitude difference between 
the number of microbial cells that can be made from 
a Joule of Gibbs energy under the most (5.06×1011 
cell J-1) and least (5.21×107 cell J-1) ideal conditions.	   
When doubling/replacement time is taken into 
account, the range of anabolism energies can expand 
even further.  
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The ability to decipher links among tectonics, 

topography, physical erosion, and chemical 
weathering is required to solve a range of 
geoscientific problems, including evaluating whether 
mountain uplift influences climate by enhancing 
silicate weathering and CO2 drawdown. Elucidating 
the nature of the relationship between erosion and 
weathering is central to evaluating this hypothesis, as 
models predict weathering rates diminish at rapid 
erosion rates. However, making measurements in 
such settings is logistically and analytically 
challenging. 

Hillslope-scale work using in situ-produced 10Be 
and Zr mass balance in soils from one of Earth’s most 
tectonically-active landscapes, the western Southern 
Alps of New Zealand, show that erosion and 
weathering rates are linearly coupled, at the highest 
rates yet measured [1]. The linear relationship is 
consistent with previous work in landscapes with 
slow to moderate erosion rates, suggesting that 
chemical weathering of hillslope soils is limited 
primarily by the rate minerals are supplied by 
erosion. Watershed-scale suspended sediment and 
solute flux data indicate erosion and weathering are 
coupled across a large range of erosion rates, but 
become decoupled in Earth’s most rapidly uplifting 
landscapes due to the increased delivery of relatively 
unweathered material to fluvial channels by 
landsliding, which dominates the erosion budget of 
such regions. Global-scale GIS modelling indicates 
that >50% of total denudation and 40% of chemical 
weathering occur on the steepest 10% of Earth’s 
surface [2], indicating the delivery of dissolved 
constituents to the world’s oceans is sensitive to 
mountain uplift.  

Given this sensitivity, we have initiated more 
process-based work in the Southern Alps and will 
present initial results from our efforts to better 
understand the partitioning of weathering reactions as 
a function of depth within the Critical Zone and to 
trace the source of Ca in rivers, where loads are 
among the highest on Earth. 
 
[1] Larsen et al. (2014) Science 343, 637-640.  
[2] Larsen et al. (2014) Geology 42, 527-530. 
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Public debate centers on understanding if 

hydraulic fracturing and natural gas production 
threaten groundwater quality. We report dissolved 
alkane and nitrogen concentrations and corresponding 
δ13C and δ15N values from 208 groundwater wells in 
the Barnett Shale footprint of Texas to: (1) 
differentiate 'stray' thermogenic gas from microbial 
methane, and (2) estimate water:stray gas ratios in 
affected wells. Whereas dissolved alkane chemistry 
effectively distinguishes thermogenic and microbial 
gas, dissolved nitrogen and its δ15N value is more 
useful to estimate volume ratios of stray gas to 
groundwater. We observe an inverse correlation 
between dissolved methane and nitrogen 
concentration and δ15N value; wells affected by large 
volumes of stray gas have the lowest dissolved 
nitrogen concentrations and δ15N values due to 
stripping and exchange with reservoir gas (Figure 1). 

Most sampled wells have trace to non-detect 
methane. A cluster of wells near the Parker and Hood 
county line have >10 mg/L dissolved methane 
concentrations with alkane chemistries similar to 
natural gas from the Barnett Shale and/or Strawn 
Formation. Many samples, even those with >10 mg/L 
methane, have dissolved nitrogen chemistry typical of 
atmosphere equilibrated groundwater. Dissolved 
nitrogen in the two most affected wells is consistent 
with infiltration of stray gas from the Strawn 
Formation, rather than from the Barnett Shale. 
Collectively, these data suggest that local geology 
will have more effect on stray gas content inshallow 
groundwater rather than nearby hydraulic fracturing 
operations.  
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Small volume U-Th-Pb isotope analysis of 

accessory minerals is a major aim of modern 
geochronology. Analytical techniques are constantly 
developed to try and date ever smaller features, such 
as metamorphic rims and inclusions, and more 
recently produce age maps. Improvements in laser 
ablation ICP-MS technology and methodology offer 
great potential in this regard, but only a few 
laboratories are routinely operating with laser beam 
diameters ≤10 µm, mostly using mutli-collector ICP-
MS instruments. Here we present analytical 
developments using a high-sensitivity quadrupole 
ICP-MS instrument (Analytik Jena PQ Elite), coupled 
with a 193 nm ArF excimer laser (ASI RESOlution-
SE), which allow for rapid small volume 
geochronology of minerals including zircon, 
monazite and baddeleyite. 

The smallest achievable ablation volume for 
precise and accurate laser ablation U-Th-Pb 
geochronology is largely controlled by ablation 
efficiency, the degree of laser induced elemental 
fractionation (LIEF), signal stability and the 
sensitivity of the mass spectrometer. We present the 
results of a range of tests designed to optimize 
ablation parameters at beam diameters ranging from 9 
to 15 microns, and ablation pit depths <5 microns 
using zircon, monazite and baddeleyite reference 
materials. These include testing ranges in fluence (1-
4 Jcm-2), repetition rate (1-4 Hz) and the use of a 
signal smoothing device. As a result, laser induced 
elemental fractionation in zircon at 9 µm beam 
diameters can be modelled/corrected using simple 
linear or exponential regressions, whilst yielding 
>150 cps/ppm of 238U.  

U-Th-Pb isotope ratio data collected using these 
ablation conditions for zircon reference materials GJ-
1, Temora2, and 91500 (normalized to Plesovice) are 
accurate with 2σ errors of 2-3% and 4-6% on 
206Pb/238U and 207Pb/235U ratios respectively. These 
developments are opening up exciting new 
applications, including the dating of mineral 
inclusions, multiple age domains in single crystals, 
and thin metamorphic rims on zircon and monazite. 
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Seismic observations of the Earth’s core reveal a 

complex structure: radial and lateral heterogeneities 
in seismic anisotropy and attenuation in the solid 
inner core, but also discrepancies between observed 
P-wave velocity and homogeneous PREM model in 
the deep liquid outer core. In this work, we focus on 
the 200km anomalous layer at the bottom of the outer 
core that exhibits seismic velocities lower than the 
PREM model. It has been interpreted as a layer 
depleted in light elements, whereas the usual model 
considers that light elements are expelled at the 
surface of the inner core by freezing of the outer core 
alloy. Recent models of core formation argued for an 
early stratified liquid core, and the stratified layers at 
the top and bottom of the outer core could be a 
vestige of this primordial stratification. However, 
freezing of the inner core at the inner core boundary 
releases light elements that provide buoyancy fluxes 
that would mix the stratified liquid above with small 
scale buoyant plumes. We consider here that the 
freezing of iron alloy and thus releasing of light 
elements occurs in volume in the liquid and not at the 
inner core boundary. We consider the dynamics of 
such a mixture of iron solid particles and iron liquid, 
and show that this is a stable state for some area of 
the parameters space. The fall of particles through the 
stratified layer is destabilizing the layer, while the 
equilibrium between solid and liquid particles 
stabilizes the compositional stratified profile. This 
mechanism is thus a very good candidate to explain 
the stability of the F-layer, under a vigorously 
convective outer core. 

We developed a theoretical framework to study 
instabilities in such snow mechanisms, and this work 
can be extended to study similar processes in either 
primitive core (for early freezing of oxides) or in 
other planetary bodies.  
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Clumped isotope composition of carbonates 

provides a way to retrieve temperature conditions in 
ancient systems without the knowledge of the 
isotopic compositions of co-existing phases. In this 
study, we present clumped isotope compositions of 
marbles from the Backbone Range of Taiwan. These 
marbles has experienced greenschist-facies 
metamorphism. The possible implications of their 
clumped isotope compositions are discussed. 

Selected marble samples from both thin marble 
layers and massive marbles of the Backbone Range 
(Table 1 and Fig. 1) were analyzed for their bulk 
stable isotopes and clumped isotope compositions 
(Δ47). Δ47 of these samples ranges from 0.350 to 
0.484 per mil (Table 2). The corresponding estimated 
temperatures range from 95 to 205oC (Table 2 and 
Fig. 1), following the calibration by Guo et al. (2009). 
The calculated O-isotope compositions of the co-
existing fluid phase ranges from -1.9 to +10.7 per mil 
(Table 1), based on the calibration of O'Neil et al. 
(1969). The resulting temperature estimates are lower 
than and do not correlate with the observed 
metamorphic grade trend of the Backbone Range. 
The results may thus indicate temperatures of the last 
dynamic open-system recrystallization of marbles due 
to tectonic movements, especially for those samples 
near marble-country rock contact. On the other hand, 
the higher temperature estimates, mainly from 
samples located at interior part of massive marbles, 
may alternatively signify closed-system 
cooling/closure temperatures during rock 
exhumation. If the latter proposition holds, such 
samples may provide valuable information on the 
cooling/exhumation rate of the whole mountain belt. 
In summary, the present study demonstrates that 
clumped isotope composition of marbles indeed has 
the potential revealing key process characteristics 
during mountain building. 
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Atmospheric particles often include 

heterogeneous internal mixtures of inorganic and 
organic components within the same individual 
particles, which contentiously evolve in the 
atmosphere as a result of their multi-phase chemistry. 
This presentation will give an overview of recent 
field and laboratory studies of atmospheric particles 
where novel complementary methods of chemical 
imaging and molecular characterization were used by 
the presenter and his colleagues with an overall goal 
to understand reaction chemistry between particle 
components, chemical transformations of particles 
during atmospheric aging, their environmental and 
climate impacts. In particular, we will show first 
results and field evidence of solid airborne soil 
organic particles produced through a previously 
unrecognized atmosphere – land surface interactions 
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Mid-ocean ridge basalts (MORB) and abyssal 

peridotites (APs) are thought to be complementary 
samples of the convecting upper mantle, with MORB 
generated by decompresion melting of the upper 
mantle and APs representing the melt-depleted 
residues of this process. Although melt refertilization 
and reactive melt transport are also important, this 
simplified picture predicts that MORB and APs 
should on average have similar radiogenic isotope 
signatures. However, recent studies indicate that APs 
have more heterogeneous Nd- and Hf-isotopes than 
MORB and extend to much more “depleted” isotopic 
compositions [1,2]. In addition, average Os-isotope 
compositions of APs and ocean island peridotite 
xenoliths are significantly sub-chondritic, and require 
greater melt depletion of average upper mantle 
(>10%) [3] than is estimated from inversion of 
MORB compositions [4].  

Preferential sampling of fertile domains within 
the mantle during melt generation provides an 
explanation for the apparent mismatch between 
MORB and AP isotopic compositions. During partial 
melting of heterogeneous mantle, fertile domains 
(both fertile peridotites and eclogite/pyroxenite 
lenses) preferentially contribute to melt production 
relative to refractory (e.g., harzburgitic) domains. 
Preferential sampling of fertile and isotopically less 
depleted  peridotite can account for a portion of the 
isotopic mismatch between MORB and APs. In 
addition, the presence of metasomatic sulfides in 
some APs with suprachondritic 187Os/188Os values 
typically not observed in AP wholerocks [5] suggest 
that these peridotites record melt-rock reaction 
involving melts derived from eclogite or pyroxenite 
components. The role of eclogite or pyroxenite 
melting in MORB genesis can be further examined 
by forward modeling of melt generation from 
heterogeneous mantle using the pMELTS software. 
Mixing of eclogite- and peridotite-derived melts 
should generate correlations between major element 
and isotopic compositions in suites of MORB from 
individual ridge segments, and should also produce 
correlations between Os- and U-series isotopes in 
zero-age MORB. 

 
[1] Stracke et al. (2011) EPSL 308, 359-368 [2] 
Byerly & Lassiter (2014) Geology 42, 203-206. [3] 
Lassiter et al. (2014) EPSL 403, 178-187. [4] 
Workman & Hart (2005) EPSL 231, 53-72. [5] Alard 
et al. (2005) Nature 436, 1005-1008.  
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Many spinels show phase transformations under 

pressure (Fei 1995 [1], Levy et al. 2000 [2]) and are 
used as model structures for deep earth mineralogy 
and for a better understanding of underlying high-
pressure phase transition mechanisms. It is widely 
accepted that the behavior within the transition zone 
of the Earths’ interior (410-670 km depth) is strongly 
linked to the properties of minerals showing spinel or 
pseudospinel structure. 

The temperature and pressure dependent volume 
change were Spinels seem to be important 
constituents of the deep interior of the Earth while 
transition with spinel or pseudospinel structure 
strongly influence the dynamic of the mantle. On the 
other hand, spinels are widely used as artificial 
material. 

The experiments were carried out at DESY 
German Electron Synchrotron (Hamburg, Germany) 
on two beamlines (F2.1, W2) at DORIS III ring, with 
a single stage and a double stage multi-anvil press, 
respectively. XRD-Spectra at both presses were 
collected using energy-dispersive mode. The high 
pressure multi anvil devices MAX80 (F2.1 Beamline) 
and MAX200x (W2 Beamline) were used to 
determine the pressure and temperature induced 
volume change. 

The F2.1 beamline was a bending magnet 
beamline with a critical energy of 16.6 keV and an 
energy range up to 75 keV. The W2 beamline was a 
hard-wiggler beamline with a critical energy of 26.4 
keV and an energy range up to 150 keV. Energy-
dispersive X-ray diffraction was used to determine 
the pressure and temperature induced volume change. 
Isothermal experiments were performed up to 15 GPa 
at ambient temperature.  

 
[1] Fei, Y. (1995) Thermal Expansion. In: 

Ahrens, T. J. (Publisher): Mineral Physics & 
Crystallography: A Handbook of Physical Constants, 
pp 29–44. American Geophysical Union, 
Washington. 

[2] Levy, D., Pavese, A., and Hanfland, M. 
(2000) Phase transition of synthetic zinc ferrite spinel 
(ZnFe2O4) at high pressure, from synchrotron X-ray 
powder diffraction. Physics and Chemistry of 
Minerals, 27, 638–644. 
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Long chain alkyl diols are lipids which occur 
ubiquitously in marine sediments [1,2,3] and are 
applied for sea surface temperature reconstructions 
via the Long chain Diol Index (LDI) [3]. The 
distribution of 1,13- and 1,15-diols are well studied in 
open marine and lake sediments but rarely in coastal 
seas receiving a significant freshwater, and thus 
terrestrial, input. Here we study the distribution of 
diols in four shelf seas near major river outflows: the 
Gulf of Lion, the Yenisei basin, the Amazon basin 
and the Berau delta, covering a wide range of climate 
conditions. The relative abundance of the C32 1,15- 
diol is consistently higher close to the river mouth 
and particularly in the rivers, suggesting a terrestrial 
source. This is supported by statistical analysis which 
points out a significant positive link between the C32 
1,15-diol and the Branched and Isoprenoid Tetraether 
index, a proxy reflecting soil and river input. 
However, the C32 1,15-diol was not detected in 
several soils analysed and is unlikely to be derived 
from vegetation, suggesting that the C32 1,15-diol is 
mainly produced in rivers. This agrees with the 
observation that it is a dominant diol in most 
freshwater Eustigmatophyte algae. Our results 
suggests that the relative abundance of the C32 1,15-
diol can potentially be used as a proxy for riverine 
organic matter input in shelf seas. 

References 
[1] Versteegh G.J.M., Bosch H.J. and De Leeuw 

J.W. (1997) Org. Geochem. 27, 1–13. 
[2] Rampen S.W., Willmott V., Kim J-H., 

Rodrigo-Gámiz M., Uliana E., Mollenhauer G., 
Schefuß E., Sinninghe Damsté J.S.and Schouten S. 
(2014) Org. Geochem. 76, 39-47. 

[3] Rampen S.W., Willmott V., Kim J.-H., Uliana 
E., Mollenhauer G., Schefuß E., Sinninghe Damsté 
J.S. and Schouten S.. (2012) Geochim. 
Cosmochim.Acta 84, 204–216. 
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The CO2 exchange between continental waters 

and the atmosphere (FCO2) is an important 
component of the land-ocean transfer of biologically 
fixed carbon (C). Here, we present spatially explicit, 
data driven FCO2 estimates at regional to global 
scales. The total global FCO2 is estimated at 930 Tg 
C yr-1, with rivers, lakes/reservoirs, estuaries and the 
coastal ocean contributing 650 Tg C yr-1, 320 Tg C 
yr-1, 150 Tg C yr-1, and -185 Tg C yr-1, respectively 
(negative fluxes represent sinks of atmospheric CO2). 
Combining riverine and lacustrine FCO2 with the 
estimated fluvial DOC and POC exports from 
GlobalNEWS, the total lateral export of C 
biologically fixed on land and in wetlands to the 
aquatic system adds up to 1.3 Pg C yr-1.  

Our spatially explicit estimates reveal distinct 
patterns. For riverine FCO2, we identified a strong 
latitudinal gradient, with the zone between 10°N and 
10°S contributing about half of the global flux. With 
the exception of dry and mountainous areas, the 
riverine CO2 evasion exceeds the export of organic 
carbon to the coast. In tropical Africa and South 
America, the proportion exceeds even 75%. 

Similarly strong patterns can be found for the 
coastal ocean. While the artic shelfs represent a 
strong CO2 sink, tropical shelfs are weak sources of 
CO2 to the atmosphere. 
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We present Nd isotope compositions (εNd) and 

rare earth element (REE) concentrations of filtered 
seawater from the Laptev Sea obtained during the 
Transdrift XXI (2013) and XXII (2014) cruises 
within the Russian-German cooperation project 
TRANSDRIFT to trace changes in water mass 
sources and their mixing. The Laptev Sea is a shallow 
Siberian shelf sea characterized by extensive river-
runoff, sea ice production and sea ice transport into 
the Arctic Ocean. The spatial and temporal variability 
of water mass distribution and matter transport within 
this area is crucial for the understanding of the 
dynamic response of the Arctic region to climate 
forcing. 

In summer 2013, the SE Laptev Sea was 
characterized by high Nd concentrations ([Nd]) (< 
~550 pmol/kg), low εNd values (> ~ -16) and low 
salinities (reaching ~7 psu), which documents 
dominating freshwater contributions from the Lena 
River. In summer 2014, significantly lower [Nd], a 
more radiogenic εNd signature and overall higher 
salinities suggest reduced contributions from the 
Lena River in this area. The NW Laptev Sea close to 
Vilkitsky Strait was governed by relatively low [Nd] 
(< ~50 pmol/kg), higher εNd values (< ~ -6) and 
intermediate salinities (25-30 psu) in 2013 and 2014, 
but waters with such properties extended further into 
the central Laptev Sea in 2014. These waters clearly 
originated in the Kara Sea, where they had aquired 
the Nd isotopic signature of the Yenisei/Ob Rivers (~ 
-5 to -6).  

While the εNd signature of the Yenisei/Ob Rivers 
is preserved during advection, most of the riverine Nd 
content was removed from the water column before 
reaching the Laptev Sea. This is supported by the 
high ratio of heavy to light REEs caused by the 
preferential removal of LREEs. The HREE to LREE 
ratio increases from ~1 in the SE Laptev Sea to ~5 in 
the NW Laptev Sea likely reflecting the difference 
between relatively young Lena water and older 
Yensei/Ob waters.  
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The utilization of natural processes for 

engineering purposes has been widely discussed in 
recent years since they might enable the development 
of cost-effective, robust and environmentally 
compatible engineering technologies. 
Biomineralization is one of the many possible 
biogeochemical processes that is currently 
investigated in detail. We propose the use of another 
natural process, namely podzolisation, as a novel 
geoengineering tool for in situ permeability 
reduction. 

Podzolisation is a soil formation process where 
the mobilization and subsequent leaching of 
aluminium, iron and organic matter (OM) in the 
topsoil is followed by their precipitation at greater 
depth. The accumulation of Al/Fe-OM precipitates 
results in the formation of an almost impermeable 
soil layer [1]. 

In situ permeability reduction is interesting for 
several engineering questions, e.g., prevention of 
piping, leaking water bodies, and contaminant 
spreading.  

Preliminary experiments and modelling results 
revealed that Al-OM precipitates can reduce the 
hydraulic conductivity in sand by up to 4 orders of 
magnitude. In order to apply the podzolisation 
process for engineering purposes, it is, however, 
necessary to control the reaction kinetics and ensure 
Al-OM precipitation over the entire desired treatment 
zone within a porous media. Therefore, a 2D 
experimental setup (80x160x5 cm) equipped with 
numerous pressure and electrical resistance 
tomography (ERT) sensors is used to tests different 
kind of injection strategies and their effect on the 
permeability reduction within a porous media.  

A reactive transport model coupling a MATLAB-
based toolbox and ORCHESTRA (equilibrium 
reaction processor) is used (1) to design the injection 
strategies and (2) to simulate the solute transport, the 
geochemical reactions and their effect on the 
permeability within the experimental setup. The 
experimental results will be used to validate the 
model and to implement the most promising injection 
strategy in the field. 

 
[1] U.S. Lundstroem, N. van Breemen, D.Bain, 
Geoderma 94, 2000, 91-107 
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Shale gas exploration in southern Quebec (eastern 
Canada) focussed on the Upper Ordovician Utica 
Shale. Shallow groundwater has regionally variable 
and locally high levels of naturally occurring 
dissolved methane, with sometimes thermogenic C2 
and C3. In our study area, the bedrock consists of 
Upper Ordovician clastics and the Utica Shale is 
present at depth of 2 km. The organic matter in the 
shallow bedrock is marine Type II kerogen. 
Hydrocarbon extracts from shallow cores (3-150 m) 
have shown an upward decrease in total volatiles 
(C1+C2+C3) together with an increase in the gas 
dryness ratio (C1/C2+C3). The δ13CVPDB values of C1 
change from thermogenic values (≈-50‰) for deeper 
samples, to more microbial values (<-60‰) at 
shallow depths with a similar δ2HVSMOW trend of more 
negative values at shallower depths. The δ13CVPDB and 
δ2HVSMOW values of C1 indicate that core samples at 
shallow depths recorded a microbial influence. It is 
proposed that diffusion and some microbial 
degradation of hydrocarbons are responsible for 1) 
the decrease of rock volatiles and 2) the in situ 
generation of microbial methane in the shales at 
shallow depths that mixed with the in situ 
thermogenic methane. Thermogenic and biogenic 
volatiles found in groundwater can thus originate 
from shallow bedrock pores and fractures with short 
migration pathways.  
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Undertanding the controls on soil organic matter 
storage and stability is paramount to predictions of 
global carbon cycling. Recently, scientific attention 
has focused toward improving our understanding of 
the mechanisms leading to organic matter protection - 
particularly how those mechanisms vary with soil 
depth, degree of soil development, and climate. 

 To assess the relative importance of these 
factors, we have conducted a detailed, long-term, 
study of two soil chronosequences in California, 
USA. The Santa Cruz and Mattole River 
Chonosequences each represent at least 225 ka of soil 
development on paleo marine terraces, currently 
occupied by coastal prairie plant communties. 
Precipitation inputs differ significantly between the 
two sites, with the more northern Mattole soils 
receiving nearly twice as much rainfall (~1000 
mm/yr) as the Santa Cruz soils (~500 mm/yr). We 
have previously described differences in mineralogy, 
surface area, carbon and nitrogen content, and carbon 
isotopic composition within and between the soils of 
these chronosequences.  

Here, we relate those findings to high-resolution 
characterization of organic matter composition from 
pore waters and bulk soil water extractions. This 
work supports previous evidence that downward 
transport of organic matter is limited in the drier 
Santa Cruz soils, resulting in greater recycling and 
longer bulk residence time of carbon compared with 
wetter Mattole soils. Measurements of soil organic 
matter compositon by Fouier Transform – Ion 
Cyclotron Resonance – Mass spectrometry (FT-ICR-
MS) show large differences between the sites, which 
we interpret as indicative of fundamentally different 
carbon regimes.  

Preliminary analysis of FT-ICR-MS data 
indicates an accumulation of compounds with a 
strong microbial signature (i.e., greater recycling) in 
the deep Santa Cruz soils compared with Mattole. In 
contrast, the Mattole soils accumlated significantly 
more  plant-derived compounds, particularly those 
that are considered less favorable for decomposition. 
We futher compare these data in the context of 
mineralogical gradients and discuss the utility of such 
information for a new generation of reactive transport 
based soil carbon models. 
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The Veliki Krivelj porphyry Cu deposit, East 

Serbia, is part of the Late-Cretaceous Timok 
magmatic complex. It has formed in a domain of 
dyke systems above the quartz diorite plutonic 
intrusion. Chalcopyrite - pyrite veins or disseminated 
fine grain mineralization is located in hydrothermaly 
altered late andesites and volcanoclastic sedimentary 
rocks. A vertical profile of over 250 m of 
chalcopyrite mineralization was sampled from the 
open mining pit.  

Trace element contents and copper isotope 
compositions of chalcopyrite have been measured by 
(194 nm) deep UV-fs laser ablation ICP-MS coupled 
with MC-ICP-MS. For Cu isotope measurements 
instrumental mass bias was corrected by the 
simultaneously introduced Ni NIST SRM 986 
standard solution and δ65Cu values have been 
determined relative to the NIST SRM 976 Cu 
standard. A long-term reproducibility of better than 
0.08‰ and 0.1‰ (2SD) on the NIST SRM 976 Cu-
metal and chalcopyrite in-hause standard, 
respectively, has been achieved with this technique1.  

The investigated ore sulphides have relatively 
constant S isotope compositions, indicating a 
magmatic origin. Although all chalcopyrites are 
mineralogically primary minerals, they exhibit a 
range of more than 1.2‰ in δ65Cu between individual 
samples. Furthermore, trace elements and Cu isotope 
composition systematically vary along a vertical 
profile, implying a range of different hydrothermal 
processes.   Signatures of samples from deeper levels 
indicate preferential transport of light Cu isotopes by 
a vapour phase,  resulting in the development of low 
δ65Cu, while those from shallower levels are 
consistent with trasported by a brine phase. Analysed 
chalcopyrite veins have homogeneous δ65Cu, while 
disseminated grains display up to 0.4‰ variation on 
sample scales which may indicate secondary 
alteration.  

 

1Lazarov and Horn 2015, Spectrochim. Acta Part B. 
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The area of interaction between terrestrial and 

aquatic environments has long been recognized as an 
important landscape feature from both scientific and 
management perspectives. Over 90% of boreal forest 
streams are found in headwaters, where terrestrial-
aquatic interfaces are dominated by organic matter-
rich riparian zones (RZs). Thus, RZs are the main 
source of organic carbon in these system’s surface 
waters. Both forecast future climate in the boreal 
region and depletion of sulfur pools accumulated 
during the acidification period are expected to 
increase organic carbon fluxes, potentially disrupting 
the global carbon cycle. In addition to producing 
most stream organic carbon, RZs control stream 
chemistry through element retention via interaction 
with organic matter and compound transformation via 
redox reactions. These processes can lead to both 
buffering and generation of pollutants. Importantly, 
the transfer of substances from RZs to streams is 
dominated by a narrow depth range with the highest 
contribution to solute and water fluxes, the so-called 
dominant source layer [1]. In this presentation, major 
biogeochemical controls of RZs in boreal headwater 
streams will be reviewed with special focus on the 
frontiers in organic carbon cycling. 
 
[1] Ledesma et al. (2015) Global Change Biol. 21, 
2963-79. 
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Dissolved iron is an essential micronutrient for 
marine phytoplankton, and its availability has 
controlled patterns of primary productivity and 
carbon cycling throughout Earth history. In many 
open-ocean regions, the input of new iron to the 
surface waters is dominated by atmospheric 
deposition of soluble iron in aeolian dust.  

Dust from the Sahara reaches across the Atlantic 
Ocean. In this study, we explore distributions of 
potentially bioavailable Fe, the soluble fraction 
required by phytoplankton for photosynthesis and 
nitrogen assimilation, in deep-sea sediments in the 
North Atlantic Ocean. Within this framework, we 
analyzed a total of four IODP cores across the North 
Atlantic Ocean. A state-of-the-art Fe speciation 
technique was applied to characterize Fe inputs to 
address the patterns and their implications across 
spatial gradients and glacial-interglacial time scales. 

To date, we have found no systematic pattern in 
the reactivity of the dust-associated Fe across glacial-
interglacial time scales. We have also analyzed a 
range of sediment grain sizes and found no size 
effects in the distribution of bioavailable iron. There 
is, however, a trend of decreasing ratios of highly 
reactive (oxide iron that is/was potentially 
bioavailable) to total iron (FeHR/FeT) with greater 
distance from the source region.  This trend might 
reflect increased reactivity (likely through prolonged 
atmospheric/cloud processing) during long-range 
transport and subsequent loss of soluble Fe in the 
water column. This lost iron could have simulated 
primary production in the surface ocean even (or 
preferentially) at great distances from the source 
region. If correct, these data suggest lower dust fluxes 
but with proportionally more reactive iron with 
increasing distance from the source.  Similar Fe 
relationships have been observed in ancient loess 
deposits and could explain the downwind distribution 
of sites of intense biological activity. Remaining 
challenges include a better understanding of the role 
of deep-water dust dissolution and enhanced 
solubility linked specifically to low oxygen 
conditions in the water column and sediments. The 
latter could be a positive feedback tied to high 
primary production and associated oxygen demand.  
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Insoluble macromolecular organic matter 
(IMOM) is a significant component of marine 
sediments and plays a large role in the preservation of 
organic matter in both modern and ancient 
environments. In modern marine unconsolidated 
sediments, IMOM—also known as proto-kerogen—is 
a complex matrix containing lipids, carbohydrates, 
and proteins biosynthesised by living organisms in 
the water column. It is often structurally complex and 
inaccessible by conventional lipid extraction 
techniques. IMOM is able to sequester a wealth of 
biogeochemical information that is often overlooked 
during routine analyses of extractable lipids. 
Understanding how lipids are bound into IMOM  
during diagenesis allow sources inputs of marine 
organic matter preserved in the geological record to 
be more confidently recognised.  

The evaporative pond system located in Guerrero 
Negro, Baja California, Mexico, is an extensively 
well-characterised ecosystem that is ideal for 
investigating lipid biomarker incorporation and 
diagenesis. It contains thirteen ponds that range in 
salinity from seawater up to gypsum precipitation. 
Ponds of intermediate salinity harbour thick 
accumulations of microbial mats inhabitated by 
cyanobacteria and other halotolerant microorganisms. 
These marine subtidal microbial mats experience diel 
cycle fluctuations from highly oxidising during the 
day to anoxic and sulfidic at night. 

We performed catalytic hydropyrolysis on pre-
extracted IMOM residues treated under three 
different selective chemical degradations: 
trichloroacetic acid precipitation, acid methanolysis, 
and periodate oxidation. Additionally, an untreated 
control residue was processed concurrently to 
monitor the effects of the experiments on the lipid 
biomarker composition. IMOM residues were 
prepared from two mat-sediment cores of differing 
salinity. Two depths from each core were analysed in 
this study, with one representing organic matter 
derived from an active mat layer and the other a 
sedimentary layer. 
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Li-Be-B isotopic systematics consist of two short-

lived nuclide systems, 7Be-7Li (t1/2 ~ 53 days) and 
10Be-10B (t1/2 ~ 1.6 myrs), and have been studied in 
CAIs via SIMS. While the presence of 7Be has yet to 
be reproduced from the initial result, the presence of 
10Be has been well-established, and the results have 
been used to constrain the early evolution of the solar 
system, e.g., the physical conditions of the energetic 
young sun. Ion probe was used exclusively in all the 
previous studies, due mainly to the difficulties getting 
precise Li and B isotopic measurements from such a 
small amount of silicate samples. Consequently, the 
uncertainties of SIMS Li and B isotopic 
measurements were quite substantial, and can only be 
applied to rare CAIs with large fractionations of Be 
and B (and Li). 

In order to extend the study of Li-Be-B isotopes 
to normal CAIs and chondrules, we have been setting 
up column-based B and Li separations out of 
individual chondrules and mineral separates of CAIs 
for MC-ICPMS measurement. Due to the small 
amounts of B and Li in each sample, micro-
sublimation procedures for the separation of B were 
used, and the residues were used for subsequent 
column separation of Li. Several standard rocks, from 
ultramafic to andesitic, were tested for the 
experimental set up, and the recovery of B and Li 
were all close to 100%. A MC-ICPMS, Thermo 
Finigan Neptune, was used for Li and B isotopic 
measurements, while a fraction of the sample solution 
was used to obtain the Li-Be-B elemental 
concentrations via an ICPMS, Thermo Finigan 
Elemen XR. For a typical measurement consuming ~ 
5 ng of NBS951 B and ~ 1 ng of IRMM-016 Li, our 
long term reproducibility was around ± 0.3 ‰ and ± 
0.4‰, respectively. 

Four individual chondrules extracted from 
Allende have been studied so far, and the preliminary 
B isotopic analyses  exhibited a very small variation 
of 9Be/11B from 0.005 to 0.02, and 10B/11B of 0.246 to 
0.248, entirely consistent and more precise relative to 
the ion probe results. NBS951 B was analyzed 
between each sample, and the analytical uncertainty 
of 10B/11B for each chondrule was similar to, or 
slightly better than the long term reproducibility of ± 
0.3 ‰. Although Li isotopic analysis is still 
underway, no significant Li isotopic variation is 
expected, due to the limited 9Be/6Li ratio of less than 
0.1 in these four chondrules. Initial results of B for 
these chondrules are encouraging, suggesting that our 
experimental set up is mature and adequate, and we 
are in the process of analyzing different phases of 
CAIs from Allende, and the results to be presented at 
the conference. 
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Active methane (CH4) releases from gas seepages 

bearing gas hydrate (GH) to water column have been 
widely observed on the Sakhalin continental slope. 
However biogeochemical processes about methane-
related archaea communities in this region is poorly 
understood. Hence, we analyzed the distribution of 
the intact polar lipid (IPL) and core lipid (CL)-
glycerol dibiphytanyl glycerol tetraethers (GDGTs) in 
order to assess its utility as a proxy for in situ CH4 
production/consumption in geological systems 
associated with shallower GH accumulation. In 
shallow sediments, the most depleted-carbon isotopic 
values of CH4 and CO2 (δ13CCH4 : −46.3‰ and 
δ13CCO2 : −26.6‰) indicate that thermogenic CH4 is 
mainly oxidized by methanotrophic activities. δ13C 
values of biphytanes (δ13CBP1 as low as −69.3‰) 
derived from IPL-GDGTs, in particular BP-1 as 
probable methane-related biomarker, are distinctively 
lighter than those of CH4, suggesting that 
methanotrophic archaea is potentially indicative for 
living biomass performs in situ anaerobic oxidation 
of methane (AOM) in this depth range. Previous 16S 
rRNA surveys of the microbal populations in this 
vent deposit have shown predominant ANME-1 
among phylogenetically Euryarchaeota and appear to 
be controlled by geochemical and geological 
processes that drive biogeochemical CH4 cycle. 
Overall, IPL results are similar with gene-based 
survey. We conclude that upward CH4 sources from 
thermogenic origin can be continuously reduced by 
methanotrophic activities in surface seafloor. This 
study provides the first biogeochemical data set of 
active CH4 vent deposits at the Sakhalin continental 
slope, which help to better understand modern and 
past CH4 cycle in this setting. 
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Georgian Caucasus, covering parts of the area of 
Greater, Trans- and Lesser Caucasus, is situated in 
the most northern Caucasus-Iran-Anatolia (CIA) 
region. This region has been conventionally regarded 
as a consequence by the collision of Arabia and 
Eurasia. Here we report new U-Pb age and Hf 
isotopic results of detrital zircons for the sedimentary 
rocks from Jurassic to Miocene formations in 
Georgian Caucasus to better understand the magmatic 
record and crustal evolution. Our age data show 
several significant magmatic activities in the 
Phanerozoic, including (1) a major one from ~500 to 
420 Ma, (2) a major one at ~320 Ma, (3) minor ones 
at ~220 and 170 Ma, (4) a major one from ~110 to 90 
Ma and (5) a major one at ~45 Ma. The Hf isotopes 
exhibit large variation of the compositions in two 
former episodes of ~500 to 420 Ma and ~320 Ma, 
and mainly positive-dominant values since ~220 Ma. 
This scenario could be correlated with that of 
magmatic zircons from the igneous rocks in central 
and south Georgian Caucasus. They display abundant 
inherited zircons with ages from ~700 to 480 Ma and 
multi-stage magmatism at ~320, ~220, ~90 and ~45 
Ma, showing the similar performance of Hf 
compositions as those of detrital zircons. These data 
strongly suggest that the involvement of the juvenile 
Arabian-Nubian Shield crust from the Cambrian to 
Silurian, and the existence of a juvenile crust all over 
Georgian Caucasus since the Carboniferous, 
representing the extensively growth of the continental 
crust during the Phanerozoic. Thus we propose two 
stages of crustal evolution around Georgian Caucasus 
occurred from Proterozoic to ~500 Ma and from ~500 
to ~320 Ma, along with two clear episodes of young 
crustal growth at ~500 Ma and after ~320 Ma. The 
results in this study, furthermore, could be applicable 
to the distinctly magmatic events related to the 
Gondwana separation, closure of the Paleo- and Neo-
Tethys and the Arabia-Eurasia continental collision 
well identified in many previous studies of the 
Tethyan orogenic belt. 
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Microbial carbonates were major components of 

reefs throughout the early Paleozoic, until coral-
stromatoporoid-bryozoan reefs appeared in the mid-
Ordovician. During the Cambrian and Early 
Ordovician, microbial reefs were locally augmented 
by sponges: archaeocyaths in the early Cambrian, and 
lithistids in the Early Ordovician. It is now known 
that lithistid sponge-microbial reefs also occur in the 
mid-late Cambrian; effectively filling the ‘metazoan 
reef gap’ that was thought to have intervened 
between early Cambrian archaeocyath-microbial 
reefs and the diverse metazoan reefs of the Great 
Ordovician Biodiversification Event (GOBE). 
Lithistid sponge-microbial reefs had a global 
distribution during this ~40 Ma interval, but the 
factors responsible for such a prolonged presence 
remain uncertain. We suggest that lithistid sponges 
and microbes were pre-adapted to withstand episodes 
of low marine oxygen that repeatedly contributed to 
the extinctions of phytoplankton, trilobites and other 
metazoans during the mid-late Cambrian. Early 
Paleozoic ‘greenhouse’ conditions of relatively high 
sea-level and CO2, resulted in higher temperatures, 
increased marine productivity, and lower oxygen 
solubility. Together these promoted thermal 
stratification and marine hypoxia. They also led to 
widespread carbonate platform development that 
further limited shallow-water circulation. These 
conditions suppressed development of reef-building 
metazoans until declining Ordovician temperatures 
promoted ocean ventilation and triggered the GOBE. 
We propose that the ability of lithistid sponges and 
microbial communities to withstand ‘greenhouse’ 
hypoxia is a key to understanding not only the 
‘Cambrian reef gap’ and the GOBE, but also why the 
Cambrian radiation itself was stalled for so long. 
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Miocene—Pliocene pillow lavas outcropping on 

the northern coast of Timor are thought to represent 
an extension of the Banda Arc volcanics which has 
been obducted to form a supra-subduction zone (SSZ) 
ophiolite. The main body of pillow lavas in Timor are 
exposed in the northern part of the Oecusse district 
(the Oecusse Volcanics). These lavas are intruded by 
sub-vertical dykes, both of which display basalt to 
basaltic andesite compositions. A similar, but 
significantly smaller body of pillow lavas 200 km to 
the east in Baucau display similar geochemical 
compositions. Older, more altered basalts found 
further inland are part of the Permian Maubisse 
Formation (Gondwana Megasequence) and display 
contrasting geochemistry compared to the more 
recent pillow lavas. 

This study presents a new extensive dataset from 
petrographic, whole-rock major/trace element, and 
Sr-Nd-Pb-Hf isotopic analyses matched with field 
observations to differentiate the various 
unmetamorphosed lavas found throughout Timor. 
This information is also used to constrain the nature 
of SSZ magmatism occurring in SE Asia and aid in 
constraining tectonic models for the formation of 
Timor. 

The pillow lavas display mostly flat REE 
patterns with weak negative Eu anomalies. Several 
samples exhibit LREE depletion, while the basalts of 
the Maubisse Formation have significant LREE 
enrichment. Nb/Ta and Zr/Hf ratios range from 
11.4—18.4 and 24.1—45.2, respectively. The 
signatures of these lavas vary from previous data 
obtained from the Banda Arc volcanics and suggest 
that the origin of these SSZ obducted lavas could be 
more enigmatic than previously thought. 
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We will present results of particulate trace 
element concentration analysis from US 
GEOTRACES Eastern Pacific Zonal Transect 
(GP16), with a focus on the hydrothermal plume 
emitted from the 20ºS Eastern Pacicfic Rise. Samples 
were collected for two size fractions (0.8-51 um; >51 
um) using in-situ pumps to identify trace metal 
composition in suspended (small) particles, which 
readily react with dissolved species, and in sinking 
(large) particles, which sink and are removed from 
the plume within a short time scale.  

Preliminary results show that particulate iron 
(pFe) is mostly (>70%) composed of small particles 
near hydrothermal vent axis, whereas particulate 
manganese (pMn) is almost evenly composed of 
small and large particles. On the other hand, both pFe 
and pMn are mostly (70-90%) found in the small size 
fraction in the downplume. The different behaviour 
of pFe and pMn should affect that of other trace 
elements in the plume because they are known to 
scavenge off other elements released from the 
hydrothermal vent.  

We will show results of Principle Component 
Analysis for 16 trace elements (Ag, Al, Ba, Cd, Co, 
Cu, Fe, Mn Nd, Ni, P, Pb, Th, Ti, V, Y) measured in 
the plume particles and discuss the main variables 
controlling the transport and removal of trace 
elements in the plume.  
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Two sites (U1456 and U1457) were drilled in 

Laxmi Basin in the eastern Arabian Sea during 
International Ocean Discovery Program Expedition 
355. Drilling penetrated to 1109.4 m below seafloor 
(mbsf) at Site U1456 (16˚37.28’N, 68˚50.33’E; 
~3640 m water depth), with the oldest sediment dated 
to 13.5–17.7 Ma (late early to early middle Miocene). 
A long hiatus separates this lowermost sediment from 
overlying deposits dated to <10.9 Ma. Four major 
lithologic units were defined for Site U1456: Unit I 
(~121 m thick Pleistocene nannofossil ooze 
interbedded with thin turbidites), Unit II (~240 m 
thick upper Pliocene to lower Pleistocene massive 
sand and silt interbedded with thin nannofossil-rich 
clay), Unit III (~370 m thick upper Miocene to lower 
Pliocene semi-indurated to indurated clay/claystone 
and sand/sandstone with nannofossil chalk and 
nannofossil-rich claystone), and Unit IV (~380 m 
thick Miocene massive claystone and calcareous 
debrites, most of which were deposited as a large 
mass transport unit, the Nataraja Slide). For the 
present study, 113 squeeze cake samples were used to 
measure δ13C and δ15N values of bulk sediment. δ13C 
values of bulk sediment mostly range between -19‰ 
and -23‰, indicating marine origin, but the lower 
parts of Unit II and Unit IV are characterized by low 
δ13C values (<-24‰), which indicate significant 
terrestrial contribution. δ15N values of bulk sediment 
are relatively consistent throughout the section (4–
6‰, with some fluctuations). However, a distinct 
increase to δ15N values >8‰ at the Unit II/III 
boundary, as well as within Unit I, indicates the 
development of an oxygen minimum zone associated 
with denitrification similar to the present day. These 
δ13C and δ15N data will also contribute to study of 
provenance and productivity variations through time 
recorded in the core. 
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The Taebaeksan region, NE of S. Korea, is an 
important metallogenic belt for W-Mo-Fe-Pb-Zn. It 
has been the largest domestic Pb-Zn producer. Pb-Zn 
orebodies in the region are characterized by 1) skarn, 
2) carbonate replacement, and 3) vein or breccia type, 
hosted by the Cambrian-Ordovician carbonate 
sequence (the Joseon supergroup). We collected 
sphalerite-bearing ore samples from the orebodies of 
11 areas including metal mines, marble mines, and 
prospecting areas to study the Zn mineralization 
processes in the region. 

Several minor carbonate-replacement Pb-Zn 
orebodies were found in the undergrounds and drill 
cores of the Seongwoo high-Ca marble mine, one of 
the area in the region, showing various sphalerite 
precipitaion features from the lowest to upper levels. 
Carbonate-hosted breccia filling sphalerite-pyrite ores 
were found in the lowest drill core level. At the upper 
underground level, the sphalerites in the lens- or 
pocket-shaped ores are sequentially associated with 
1) arsenopyrite, 2) pyrrhotite, and 3) galena-
chalcopyrite. Another sample from the same level is a 
massive sulfide ore rich in galena, chalcopyrite, and 
red-colored coarse-grained sphalerite. The ore 
mineral assemblages in the mine suggest an evolution 
of Zn-bearing hydrothermal fluids. Fluid inclusions in 
the red-colored possibly the late stage sphalerite have 
homogenization temperatures around 260-290 °C. 

We hand-picked sphalerite grains in the orebodies 
of the 11 areas in the Taebaeksan region for the fluid 
inclusion study and the geochemical analysis. Stable 
S and Zn isotopes in the sphalerite are studied to 
contruct a geochemical model for the Pb-Zn 
mineralization in the Taebeaksan metallogenic belt. 
The model of temporal-spatial Zn-forming processes 
from the orebody- to regional-scale will be applied 
for the mineral exploration in the region. 
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The records of trace elements recovered from 

GRIP Greenland ice core showed that the 
atmospheric transports of those elements changed 
dramatically between glacial and interglacial periods 
[1]. Those records were, however, available only for 
several elements such as Al, Pb, Cu, Zn and Cd. In 
addtion, no data points for the cold Younger Dryas 
(YD) event were recovered.  

In this research, 21 elements - Al, As, Ba, Cd, Co, 
Cr, Cu, Mn, Mo, Ni, Pb, Rb, Sb, Sc, Se, Sr, Th, Tl, U, 
V, Zn - were determined from 45 Greenland NEEM 
ice core sections corresponding to 8260~30780 years 
B2K (before 2000 A.D.). This study aims to 
reconstruct high resolution ice core records of various 
trace elements and investigate the changes in 
atmospheric transport of trace elements during 
transition time period from last glacial maximum 
(LGM) to the Early Holocene.   

During the YD event (12200~14550 yr B2K), the 
mean concentrations of trace elements decreased to 
16~24% of those for the LGM (15100~30780 yr 
B2K), and then further decreased to 0.4~10% during 
the Early Holocene (8260~11400 yr B2K). Only Cd 
and Se were exceptional. Their mean concentration 
levels were 33~69% (YD) and 28~57% (Holocene) 
of those for the last galcial period.  

On the other hand, the mean crustal enrichment 
factors (EFc) of the LGM and YD did not show any 
significant differences except Cd and Se. Also the 
mean EFc values of most elements were less than 5. 
This represents that crust dust was the dominant 
source for most of atmospheric transported elements 
even for the YD event despite of decreases in dust 
input. However, during the Early Holocene, the 
changes in the mean EFc values were different 
depending on element. The EFc values of Cd, Co, Cr, 
Cu, Mo, Ni, Pb, Sb, Se and Zn increased 2.2~31.2 
times of those for the LGM, while the other elements 
showed no significant changes. This was probably 
due to decreased dust input and increased volcanic 
activities during the Holocene as reported from 
GISP2 ice core [2]. 
[1] Hong et al. (1996) Earth Planet Sci Lett 143 233-
244. [2] Zielinski et al. (1996) Quart Res 45 109-118 
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Quantifying the relationship between oceanic 
emissions of dimethyl sulfide (DMS) and ocean 
biology presents a major challenge. We analyzed the 
atmospheric DMS mixing ratios in an Arctic region 
(Svalbard, 78.5°N, 11.8°E) during the phytoplankton 
growth periods in 2010, 2014, and 2015, and found 
regionally and temporally varying relationships 
between the atmospheric DMS and the strength of the 
DMS source in the ocean surrounding the observation 
site. Our analysis showed that the DMS production 
capacity of the Greenland Sea was approximately 5 
times the capacity for the Barents Sea. By contrast, 
primary production in the Barents Sea was 4 times 
that in the Greenland Sea during the bloom periods. 
These results indicate a higher abundance of DMS-
producing phytoplankton in the Greenland Sea than 
in the Barents Sea during the phytoplankton bloom 
period. This approach is a potentially useful tool for 
detecting changes in the DMS emissions associated 
with an ocean’s changing DMS production capacities 
as a consequence of warming across the Arctic 
Ocean. 
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Quantifying the relationship between oceanic 
emissions of dimethyl sulfide (DMS) and ocean 
biology presents a major challenge. We analyzed the 
atmospheric DMS mixing ratios in an Arctic region 
(Svalbard, 78.5°N, 11.8°E) during the phytoplankton 
growth periods in 2010, 2014, and 2015, and found 
regionally and temporally varying relationships 
between the atmospheric DMS and the strength of the 
DMS source in the ocean surrounding the observation 
site. Our analysis showed that the DMS production 
capacity of the Greenland Sea was approximately 5 
times the capacity for the Barents Sea. By contrast, 
primary production in the Barents Sea was 4 times 
that in the Greenland Sea during the bloom periods. 
These results indicate a higher abundance of DMS-
producing phytoplankton in the Greenland Sea than 
in the Barents Sea during the phytoplankton bloom 
period. This approach is a potentially useful tool for 
detecting changes in the DMS emissions associated 
with an ocean’s changing DMS production capacities 
as a consequence of warming across the Arctic 
Ocean. 
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99Tc is a long-lived radioactive fission product 

whose mobility in the subsurface is largely governed 
by its oxidation state. Migration of Tc from a waste 
repository may be prevented by immobilizing Tc(IV) 
in durable glass forms. Thus, efficient incorporation 
and high retention of Tc by glasses is very important 
for radioactive waste management and environmenta 
remediation. Tc(IV) oxidation to higly volatile 
Tc(VII) (TcO4

-) at glass vitrification temperatures 
results in poor Tc retention in the final waste glass. 
Retention of Tc in the glass is generally improved by 
reducing conditions since Tc(IV) is not volatile. 
However, experiments with Tc-magnetite under high 
temperature and oxic conditions showed re-oxidation 
of Tc(IV) to volatile pertechnetate.[2] Experiments 
also showed that magnetite transforms to 
maghematite resulting in disproportionation and re-
oxidation of Tc. This transformation can be 
suppressed through incorporation of trace elements 
such as Co, Ni, Zn into magnetite forming spinel.[3]  

In this talk, we will present results from ab initio 
molecular dynamics simulations and experiments on 
the structural and electronic properties of Tc-
incorporation in magnetite. We will discuss the 
temperature effect on Tc mobilization and changes of 
Tc retention in magnetite. Theory predictions 
indicated enhanced Tc retention in the presence of 1st 
row transition metal dopants in Tc-incorporated 
magnetite, that was confirmed by followup 
eperiments.  

 
[1] Lee, M.-S. et al, Nature Communications, in 

press. [2] Marshall, T. A., et al. Incorporation and 
Retention of 99-Tc(IV) in Magnetite under High 
pH Conditions. Environ. Sci. Technol.  48, 11853-
11862 (2014); [3] Sidhu, P. S., Gilkes, R. J., 
Posner, A. M. Mechanism of the low temperature 
oxidation of synthetic magnetites. J. lnorg. Nucl. 
Chem.  39, 1953-1958 (1977). 
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The geophysical investigations, mainly by the 
reflection seismology and the electromagnetism, were 
conducted on known SMSs areas such as the Izena 
cauldron and the Iheya knoll in the Okinawa Trough. 
Especially, investigations by the vertical cable 
seismic (VCS) system and Time-domain 
electromagnetic method (TDEM) has been conducted 
by J-MARES on the known SMSs areas. Litho-
mineralogical analysis using the massive sulfide rock, 
recovered around the massive sulfide deposit 
(Hakurei site in Izena cauldron) during the ROV dive, 
were also conducted to interpret relation between 
geophysical and litho-mineralogical characteristics. 
Especially, some useful metals and some rare-earth 
elements were qualitatively and quantitatively 
analyzed, and the mineral composition of the massive 
sulfides also estimated by QEMSCAN (Quantitative 
Evaluation of Minerals by Scanning Electron 
Microscopy developed by CSIRO). In addition, the 
research and development about the operational 
efficiency improvement on the seismological and 
electromagnetic exploration methods has been 
conducted by J-MARES. The high resolution 2D and 
3D imaging technologies on the VCS survey and the 
high efficiency operation system on the EM survey 
were improving in this project. Some of the results 
about research and development on the multi-stage 
and integrated exploration method for the SMSs will 
be introduced in this presentation. 
Keywords: SMSs, seismology, electromagnetism, 
Litho-mineralogy, QEMSCAN, J-MARES 
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Phyllosilicates act as major adsorbents for 

nutrients and toxic contaminants in natural water 
systems.  Understanding their surface reactivity relies 
on both theoretical predictions and experimental 
observations on the mechanism and structure at the 
atomic level.  However, a consistent approach 
between computational simulations and experiments 
for the interfacial structure has not been fully 
established.[1] 

Here, we describe combined efforts to utilize 
molecular dynamics (MD) simulations and in-situ 
high-resolution X-ray reflectivity (XR) data to 
understand cation adsorption processes at the 
muscovite (001) – 0.1 M alkali metal chloride 
solution interface.  The interfacial structures obtained 
from MD simulations were used to calculate XR 
signals that were compared directly with the 
experimental XR data.  The MD simulations showed 
the influence of the size of the adsorbed cation on the 
adsorption states.  Larger cations (e.g., Rb or Cs) 
adsorb mostly in the ditrigonal sites of the surface 
whereas smaller cations (e.g., Li or Na) adsorb 
mostly on top of the oxygen triads in Al-substituted 
tetrahedra.  The XR signals calculated from the MD-
derived structure showed excellent agreement with 
the experiment data, including the heights of 
adsorbed cations and changes in interfacial hydration 
structures caused by the cations.  However, some 
discrepancies were also observed; in particular, the 
simulations overestimated the fractions of inner-
sphere cation complexes with respect to outer-sphere 
complexes. 

In summary, this method allows us to test our 
understanding of XR data using fully atomistic 
simulations without any assumed models.  In 
addition, the agreement between XR and MD results 
characterizes the accuracy of the input parameters 
used in the MD simulations, which can help 
developing more realistic theories to explain the 
surface reactivity of phyllosilicates in aqueous 
conditions. 
 
References 
[1] Sakuma et al. (2011) J Phys Chem C, 115, 15959-
15964; Fenter et al. (2013) J Phys Chem C, 117, 
5028-5042. 
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Apatite is a major constituent of bones and teeth 
of human and commonly used as a coating substance 
for medical purposes. Other calcium phosphates such 
as amorphous calcium phosphate (ACP), octacalcium 
phosphate (OCP), hydroxylapatite (HAP), brushite, 
and monetite are also used for variable applications in 
bio-clinics and material industries. These applications 
of calcium phosphates greatly rely on their 
physicochemical properties such as morphology and 
crystallinity. Therefore, understanding and 
investigation of certain calcium phosphates with 
desired properties under different conditions play a 
key role in controlling applications in medical and 
material sciences. 

A series of calcium phosphates was synthesized by a 
wet precipitation. Some routes of HAP were 
investigated over a wide range of temperature and 
pHs (25–80 ℃ and pH 4.5–10.0) using a combination 
of microscopic and spectroscopic analyses. XRD and 
FTIR show that ACP, OCP, monetite, and brushite 
are formed as a single phase at non-ideal conditions 
of HAP, respectively. From TGA results, it is found 
that brushite is converted to monetite under a range 
175–200 ℃ when heated with the heating rate, 10 
℃/min. This phase transformation is also observed 
when brushite is aged at pH 8.5 and 60 ℃ for 24 hrs 
in solution. Morphology of brushite is sensitive to pH 
variations. At pH 6.5, tabular or platy crystals of 
brushite are observed whereas needle-like ones are 
predominant at pH 8.5. For HAP formed at pH 10.0, 
their shapes tend toward needle-like particles as 
temperature increases. HAP crystals at pH 8.5 are 
very similar in morphology to those of HAP at pH 
10.0, but their lengths are two or three times as great 
as those at pH 10.0. These observations demonstrate 
that desired phase and properties of calcium 
phosphates can be controlled by pH, temperature, and 
aging time through a wet precipitation method. 
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Pohang is one of the hot spring areas in the South 

Korea. Therefore, many deep wells for the spa have 
been developed, and not a small amounts of water 
supply has been pumped out from the wells for public 
bath. This became a cause of the drawdown of the 
groundwater level in the Pohang area. Recently, color 
of deep groundwater from a few of the wells in the 
Pohang area turned black. In this study, we will 
discuss about the cause of the black-colored water. 
The black-colored water is Na-Cl type and its water 
temperature, pH, EC and Eh are ~34 °C, 8.0 ~ 8.4, 
~7,500μS/cm and ~ -270 mV, respectively. Ten years 
ago, the SO4 content was more than 1,000 mg/L. At 
present, it is ~ 800 mg/L. The manganese content is 
more than 0.05 mg/L. Such geochemical 
characteristics suggest that the black color of the 
water might be derived by change of redox conditions 
in groundwater due to severe drawdown of 
groundwater level. Therefore, the black colored 
groundwater in the Pohang area indicates that an 
unplanned use and development of the groundwater 
due to human activity bring about severe drawdown 
of the groundwater level as well as the groundwater 
environment change in the aquifer.   
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The Phanerozoic granitoids in South Korea are 

divided temporally into Permo-Triassic (ca. 265 – 
220 Ma), Jurassic (ca. 200 – 160 Ma) and 
Cretaceous-Paleogene (ca. 110 – 55 Ma) [1]. They 
were produced in response to two competing tectonic 
environments of continental collision versus 
continental arc. Infuence of continental collision 
orogeny on the generation of granitoids prevailed 
during the Permo-Triassic but faded out 
subsequently. On the contrary, continental arc 
magmatim initiated in southeastern part of the Korean 
Peninsula during the Permian, and prevailed from 
Triassic to Paleogene. We conducted in situ zircon Hf 
isotopic analysis to  investigate spatial-temporal 
influence of continental arc magmatism on the source 
characteristics of the Phanerozoic granitoids in South 
Korea.  

The Hf isotopic data compiled from the literature 
together with this study revealed two principal types 
of source materials governing the generation of the 
Permo-Triassic granitoids [2, 3]. One type 
corresponds to long-lasting, ancient lithospheric 
materials having highly negative εHf(t) values of -23.9 
to -18.2 and is temporally equivalent to the 
Paleoproterozoic to Neoarchean basement rocks 
prevalent in South Korea. Another type corresponds 
to juvenile materials accreted by Late Paleozoic 
continental arc magmatism. This relatively young 
crust occurs largely in southeastern part of the 
peninsula. Systematic southeastward increase in εHf(t) 
values of both Permo-Triassic and Jurassic granitoids 
indicates enhanced contributions of juvenile materials 
toward the paleo-trench. Such a trend is best 
explained by the chemical mixing of two principal 
types of source. Northern limit of chemical 
interactions between ancient and juvenile components 
has migrated southeastwardly from Triassic to 
Jurassic. The arc-related juvenile crust with limited 
contributions of ancient crustal materials was a 
principal source for the Cretaceous-Paleogene 
granitoids. 
 
[1] Sagong et al. (2005) Tectonics 24, TC5002. [2] 
Cheong et al. (2013) Terra Nova 25, 28-235. [3] 
Cheong et al. (2015) Terra Nova 27, 97-105. 
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There is great interest in nanosized iron oxides, 
because of their technological application and 
prospective utilization due to its magnetic property. 
Among iron oxides, ε-Fe2O3 is considered as a 
remarkable phase due to a giant coercive field at 
room temperature, coupled magneto-electric features, 
a significant ferromagnetic resonance that is a 
distinctive characteristic in any other metal oxides [1, 
2]. We present the first quantitative phase map for ε-
Fe2O3 via γ-ε-α pathway, based on X-ray powder 
diffraction (XRD) and high-resolution transmission 
electron microscopy (HRTEM). Our recent study 
shows the ε-Fe2O3 nano-minerals occur in oxidized 
basalt.  

The nanosized Fe2O3 polymorphs are synthesized 
by a thermal decomposition method between 800 ºC 
to 1100 ºC [3]. The method increases the thermal 
stability of ε-Fe2O3 through SiO2 matrix [3]. The 
polymorphous transformations of Fe2O3 are identified 
by XRD patterns between 850ºC and 1000ºC. The 
individual nanoparticles are examined using HRTEM 
to study their structure, size, and crystal interfaces. 
The cubic crystal structure of γ-Fe2O3, with the 
average crystal size of ~5 nm is thermally unstable at 
elevated temperature. The γ-Fe2O3 to ε-Fe2O3 phase 
transition takes place once the γ-Fe2O3 nanoparticles 
reach a certain critical size between ~10 nm at 1000 
ºC and ~13 nm at 850 ºC. The orthorhombic crystal 
structure of ε-Fe2O3 are typically ~50 nm and ranges 
from ~10 nm to ~ 200 nm. The shape of ε-Fe2O3 is 
elongated along a-axis with combinations of 
sphenoid, pinacoid and pedion forms. The ε-Fe2O3 

nanoparticles have (110) or (-110) twinning with 
composition plans of {130} and (100) due to pseudo-
hexagonal symmetry of the crystal structure. The 
critical size of ε-Fe2O3 to α-Fe2O3 phase conversion is 
approximately between ~150 nm at 1000 ºC and ~100 
nm at 850 ºC in amorpous silica matrix. The 
rhombohedrally centered hexagonal structure of α-
Fe2O3 is most stable phase of all three polymorphs of 
α-Fe2O3. HRTEM images show crystal interfaces of 
ε-Fe2O3 and α-Fe2O3 along c-axis. It is proposed that 
the hexagonal packing of ε-Fe2O3 (001) surface could 
serve as the substrate / interface for α-Fe2O3.  

 
[1] Gich et al. (2005) J. Appl. Phys. 98, 044703. [2] 
Tucek et al. (2010) Chem. Mater. 22, 6483-6505. [3] 
Kelm & Mader (2005) Anorg. Allg. Chem. 631, 
2383-2389.  
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In order to understand the behavior of Mg 

isotopes during carbonate diagenesis, we measured 
Mg isotope compositions of carbonates in the 
Machari Formation, carbonate ramp deposits of the 
Middle to Late Cambrian age in the Yeongweol area, 
South Korea. Four groups were divided by 
petrographic components: (1) limestone I 
(microsparry calcite with crystal sizes less than 20 
μm > sparry calcite), (2) limestone II (microsparry 
calcite < sparry calcite), (3) dolomitic limestone, and 
(4) dark gray calcareous shale. δ26Mg values of 
limestone I range from -2.69‰ to -1.00‰ with an 
average of -1.98‰, limestone II from -2.61‰ to -
1.48‰ with an average of -2.12‰, dolomitic 
limestone from -1.63‰ to -1.10‰ with an average of 
-1.30‰, and dark gray calcareous shale from -1.73‰ 
to -1.24‰ with an average of -1.55‰. Relatively 
higher δ26Mg values of limestone I compared to 
limestone II could be resulted from more contents of 
aragonite precursor because more aragonite contents 
result in high δ26Mg value in limestone due to larger 
∆26Mgmin-sol value of aragonite than of calcite [1]. In 
dolomitic limestone, δ26Mg values may be ascribed to 
the fluids enriched in 26Mg during the re-
crystallization of clay minerals and/or the percolation 
through the silicate rocks. High δ26Mg values of dark 
gray calcareous shale seems to be mainly affected 
from silicate minerals due to high proportion of clay 
minerals. This study suggests that δ26Mg values 
during carbonate diagenesis are mainly ascribed to 
the mineralogy. 

 
[1] Saenger and Wang (2014) Quaternary Science 
Reviews 90, 1-21. 
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Fe(II) oxidation rates in effluents and natural 

waters 
   Dissolved organic matter (DOM) properties and 

its effect on Fe(II) oxidation were investigated in 
Sagami River basin (Japan). Fe(II) oxidation rate 
constant were measured in filtered waters and treated 
effluents from municipal wastewater treatment plants 
(MWWTPs) showed Fe(II) oxidation rate constant 
linearly increased with increasing pH within the 
observed range of pH. However, the degree of rate 
constant increase per unit of pH for effluents was 
smaller than that for organic free seawater, resulting 
in comparable oxidation rates between effluents and 
seawater at pH ~8.0. One of the plausible reasons for 
different response of effluent and seawater is 
probably due to the different degree of Fe(II) 
complexation by organic ligands. 

Effect of DOM characteristics on Fe(II) oxidation 
   The addition of humic-type DOM isolates 

derived from MWWTPs into tributary waters, which 
are less influenced by human activities, resulted in an 
increase of Fe(II) oxidation rates at pH 8.0. The 
DOM isolates from natural waters had higher specific 
UV absorbance (SUVA254), whereas MWWTPs 
effluent and MWWTP-derived DOM isolate had low 
SUVA254. DOM with high SUVA254 consists of 
organic compounds with a high aromatic content1,2. 
The results suggest that dissolved humic compounds 
with lower SUVA254 are likely associated with the 
increase in Fe(II) oxidation in MWWTP effluent 
(Fig. 1). 
 
 
 
 
 
 
 
 
 
 
         
Fig. 1: Relationship between Fe(II) oxidation and 
SUVA254. 
[1] Rosario-Ortiz, et al. WaterRes.2007,41,4115-
4128.  
[2] Weishaar, et al. 
Environ.Sci.Technol.2003,37,4702-4708. 
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Struvite is an important mineral in different fields 
of sciences and industries. Struvite precipitation is 
commonly used for one of solutions for a treatment of 
wastewater contaminated by phosphate and nitrate. In 
addition, struvite is of great interest in a medical 
science because it is often found in kidneys related to 
urinary systems including many organics. 
Nevertheless, physicochemical properties such as 
crystallinity, morphology, and solubility of struvite 
formed under different conditions are not clearly 
understood yet. Therefore, it is important to 
understand effects of different factors such as 
temperature and organics on the formation and 
behavior of struvite under different environments. 

A series of magnesium phosphates was 
synthesized under different conditions with a wide 
range of synthetic and drying temperature 7–60 ℃, 
and in the presence of organic acids such as citric, 
glutamic, and aspartic acids. Changes in the 
formation of struvite were investigated using 
microscopic and spectroscopic analyses. From XRD 
and FTIR, it is found that struvite is only formed 
below 30 ℃ regardless of the presence of organic 
acids. It is also found that there is a reverse 
relationship between crystallinity of the synthesized 
struvite and temperature. TGA results show that 
struvite is transformed to other magnesium 
phosphates at a range of 60– 150 ℃ with the heating 
rate, 10 ℃/min. This phase transformation is also 
observed when struvite is dried at various 
temperatures for 24 hrs in oven, indicative of 
kinetically thermal decomposition of struvite. In 
SEM, rod-like and prismatic shapes are dominantly 
shown as struvite morphology under all experimental 
conditions. The aspect ratios of the struvite crystals in 
size are changed in presence of organic acids 
significantly. For struvite crystals formed in the 
presence of organic acids, crystal size increases 
dramatically two to three times with 30–60 μm in 
length. The aspect ratio of the crystals formed in 
presence of glutamic or aspartic acids does not 
change, but in presence of citric acid the ratio 
decreases dramatically. Our results demonstrate that 
struvite is significantly sensitive to temperature and 
the presence of organics.  
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In the pore water of the Callovo–Oxfordian 

formation, a potential host rock for the disposal of 
radioactive waste,  short-chain carboxylic acids have 
been identified [1]. The migration of actinides could 
be affected by their presence through several 
mechanisms: (1) adsorption of organics on mineral 
surfaces may block surface sites or change surface 
charge, (2) formation of ternary surface complexes 
would modify the surface speciation or (3) 
complexation of actinides in solution can decrease 
affinity of surfaces and adsorption phenomena. 

In this study, we have investigated sorption of 
uranyl ions on two model surfaces, TiO2 and SiO2, 
and the effect of formate, acetate and propionate 
anions. In situ methods have been used to identify 
sorption mechanisms. On TiO2, zeta potential 
measurements have been interpreted as a surface 
precipitation. This result is consistent with 
supersaturated solutions and a low surface/volume 
ratio. Attenuated Total Reflection Infrared (ATR-IR) 
spectroscopy has been performed for both silica and 
rutile solids, and surface complexes of uranyl ions 
have been identified. The short equilibration time can 
explain the difference of speciation in comparison 
with zeta potential measurements. ATR-IR has 
allowed to show the presence of ternary complex in 
silica-U(VI)-acetate and silica-U(VI)-propionate 
systems only. On TiO2, formiate and acetate prevents 
the surface precipitation. 

 
 
[1] Courdouan et coll., Appl. Geochem. 22 

(2007), 1537-1548 
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In the Illinois Basin, abnormal accumulation of 

metals in coals is spatially linked to the Permian-age 
mafic to ultramafic igneous activity that produced 
local enrichments of iron, sulfur, and trace metals 
(e.g., V, Cr, Cu, Ni, Zn, Mo, Co, REY).  Mining, 
processing, and disposal of these hydrothermally-
altered coals, has produced large volumes of acid 
mine drainages (AMD), which are low-pH waters 
with elevated sulfate and metal content. Prevention 
and treatment of these AMD has presented 
challenges. 

Recent field and laboratory investigations by our 
team [1] have shown that a combination of 
geochemical (i.e., carbonate addition) and biological 
(i.e., microbial reduction of sulfate and ferric iron) 
treatment technologies can contribute to AMD 
remediation through alkalinity production and 
sequestration of potentially toxic contaminants in 
solid precipitates. Key aspects in designing optimal 
bioremediation strategies are: (1) selection of optimal 
microbial inoculum, (2) type of the organic substrate, 
and (3) knowledge of contaminant mobility and long-
term stability of the neoformed precipitates since 
changing environmental conditions can often result in 
remobilization. We find evidence that active Fe redox 
cycling mediated by various microorganisms that 
catalyse the dissimilatory oxidation of Fe(II) (FeOB) 
or reduction of Fe(III) (FeRB), as well as the 
competition for limited carbon and energy sources, 
have a negative impact on the long-term precipitate 
stability. Additionally, the nano- and micron-scale 
detrital particles originating from the weathering coal 
mine wastes were important vectors in: (1) AMD 
contaminant transport and sequestration by promoting 
heterogeneous nucleation and growth of Fe-rich 
neoformed precipitates in oxic zones, and (2) 
contaminant remobilization by promoting phase 
transformation and dissolution of neoformed minerals 
in anoxic zones.           

Improved knowledge of pollutant dynamics is not 
only of fundamental importance for understanding 
transport, immobilization and sequestration of 
contaminants but also could lead to novel, effective 
technologies for pollution control in watersheds 
affected by coal mining activities.  

 
[1] Lefticariu, L. et al. (2015) Applied Geochem 63, 
70-82. 
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Soil erosion in one of the main processes 

degrading water and land in agricultural areas. In this 
study, sources of sediment were investigated in the 
Louroux catchment (24km², Loire River basin, 
France), representative of lowland cultivated 
environments of Northwerstern Europe. There is a 
pond at the catchment outlet undergoing significant 
siltation. 

To investigate spatial and temporal variations in 
sediment source contributions, 137Cs concentrations 
and 87Sr/86Sr ratios were measured in surface (n=41) 
and core (n=20) sediment samples collected in the 
Louroux pond. 137Cs concentrations were used to 
discriminate between surface and subsurface (channel 
bank) sources, while variations in 87Sr/86Sr ratios 
reflected contributions from tributaries draining 
subcatchments characterised by different lithologies  
(calcareous vs. siliceous). A modelling approach 
incorporating distributions throughout the entire 
modelling framework was used to determine the 
relative contribution of these sources to sediment. 

Results indicated that surface sources provided 
the main contribution to pond sediment (μ 81%, σ	  
1%) while the contributions of both lithological 
sources were similar (calcareous contribution, μ 48%, 
σ 1%).  

These results improve our knowledge of sediment 
transfer processes in drained lowland catchment and 
will help improve the implementation of management 
measures. Furthermore, they demonstrate the novel 
utility of coupling fallout radionuclides and 87Sr/86Sr 
ratios to trace sediment source dynamics. 
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One of the important topics today is climate 

change, but what do we know about climate change 
in the past? This study uses δ11B values from low 
alteration Carboniferous and Permian brachiopods to 
examine chemical trends in seawater and how these 
relate to long-term and rapid climate changes. 

Our preliminary results show that δ11B rises 
rapidly going into the Carboniferous from a low of 
10‰ to a high of 17‰ and remains relatively stable 
through the Carboniferous, despite the initiation of 
glaciation in the Mid Carboniferous. At the 
Carboniferous-Permian boundary, the δ11B decends 
into the Early Permian before reaching its low by the 
Sakmarian. This decline in δ11B is coincident with the 
decline in 87Sr/86Sr through this interval, which occurs 
along with multiple lines of evidence for aridity 
going into the Permian [1,2]. Based on this, we 
hypothesize that a reduction in silicate weathering 
drove an increase in pCO2 and a subsequent lower pH 
in the ocean. With lower pH, less borate is formed 
leading to a major removal mechanism for boron 
being subdued. This direction of change is consistent 
because borate is isotopically light, and, therefore, 
seawater should become lighter as this mechanism for 
boron removal is reduced. Additionally, a predicted 
increase in boron residence time is supported by 
anomolously high boron concentrations for 
Kungurian samples seen in this study as well as in 
Joachimski et al. [3].  
 
[1] Popp et al. (1986) Geochim. et Cosmochim. Acta 
50, 1321-1328. [2] Martin and Macdougall (1995) 
Chem. Geo. 125, 73-99. [3] Joachimski et al. (2004) 
Geochim. et Cosmochim. Acta 69, 4035-4044. 
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The majority of chromium mined worldwide is in 
the form of the ore mineral chromite (FeCr2O4).  
Major deposits of chromite include the Bushveld 
Igneous Complex, the Stillwater Igneous Complex 
and (potentially) the Black Thor Intrusive Complex 
(BTIC) in Ontario, Canada. The discovery of 
chromium deposits in the BTIC in the James Bay 
Lowlands, Northern Ontario (commonly referred to 
as the “Ring of Fire”) has led to an increase in 
exploration and research in this area. This in turn has 
prompted an interest in the environmental impacts 
mining these deposits might have. To gain an 
understanding of these impacts however, one must 
first have an understanding of the mobility of Cr 
during weathering of Cr minerals under the 
conditions which exist at the BTIC. Experiments 
were conducted on chromite ore from the BTIC in 
order to gain an improved understanding of the 
weathering, oxidation, mobilization and inter-element 
interaction of Cr on the surface of the chromite ore. 
Samples of chromite-ore were exposed to a variety of 
oxidizing and reducing conditions, both biotic and 
abiotic for 4 weeks. After the biogeochemical 
experiments were conducted, the samples were 
analysed using x-ray photoelectron spectroscopy 
(XPS). The XPS analysis of the samples illustrated 
that under normal circumstances, the Cr on the 
chromite surface remains in its stable trivalent 
(reduced) state.  However, when exposed to strong 
biotic or abiotic oxidants, in some instances, a portion 
of the Cr from the ore material was oxidized from a 
trivalent (reduced) state to a hexavalent (oxidised) 
state on the surface of the material.  The occurrence 
of this oxidation reaction on the ore surface may have 
major environmental implications for mining in this 
area as hexavalent Cr is a known carcinogen.  
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Lithium-bearing micas are known to be good 
recorders of magmatic fractionation, especially 
within granites and pegmatites. However, their 
potential as tracers of hydrothermal fluids in poorly 
constrained. The Maoping W-Sn deposit (Jiangxi, 
China) offers the possibility to investigate the 
composition of both magmatic and hydrothermal Li-
micas along successive stages of the emplacement of 
the peraluminous granite, magmatic/hydrothermal 
transition and hydrothermal W-Sn mineralization, 
with: (i) magmatic Li-micas from feldspar veins 
associated to the late crystallization of the 
peraluminous melt, (ii) hydrothermal Fe-Li mica  
veins , (iii) Fe-Li micas associated to W-Sn veins, 
(iv) oscillatory zoned Fe-Li micas from banded 
quartz veins and (v) Li-muscovite from the late stages 
and micas associated alteration associated to a pulse 
crystallizing REE-F-rich minerals. Based on (i) 
mineral assemblages at each stage, (ii) oscillatory 
variation in major elements and trace element 
concentrations in the micas, we conclude that the W-
Sn mineralization is associated with a magmatic fluid 
deriving from a peraluminous magma mixed with a 
metamorphic fluid equilibrated with surrounding 
rocks. The composition of the micas from the banded 
quartz veins imply a hidden (but identified regionaly) 
peralkaline REE-rich magmatic source of fluids 
mixed with hydrothermal fluids of meteoric origin. 
The possible involvement of both peraluminous and 
peralkaline intrusives suggests a polyphased 
magmatic-hydrothermal system at the Maoping 
deposit with a W-Sn enrichment occurring in the 
Early Yanshanian and a REE pulse probably 
occurring in the Late Yanshanian.  
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Chondrites may have accreted - among other 
space oddities - amorphous Fe-rich silicate together 
with water, which have later reacted within the 
asteroids during low temperature hydrothermal 
episodes (<150°C). To constrain temperature and 
timescales of these hydrothermal reactions, we 
studied the mechanisms and kinetics of Fe-
amorphous silicate serpentinization. We used an 
original experimental setup: a thin (~ 1 µm) layer of 
amorphous “FeMgSi04” is deposited on a substrate 
using pulsed laser deposition (laser ablation à 
plasma condensation) [1]. The film is then reacted in 
water at pH 9. We follow the evolution of the 
reaction front by FIB/TEM, Rutherford Back-
Scattering (Fe/Mg/Si concentration), Nuclear 
Reaction Analysis (water content) and XANES (Fe 
valence). We performed time (2hà6 months) and 
temperature series (60°Cà150°C). The roles of 
silicate composition, water/rock and redox are 
investigated. 

Two hydrated (~ 15 H2O wt. %), oxidized 
(∑Fe3+/Fe > 60%) and amorphous layers of 
serpentine-like composition progress from the surface 
towards the pristine material: a fibrous/porous Mg-
rich one on top and a compact Fe-rich one below. 
Each layer evolves from an initial Fe# of ~ 50% 
towards pure Fe and Mg endmembers. Chemical 
gradients at layers boundaries are sharp, which was 
interpreted in glass alteration studies [2] as the result 
of reactions kinetically-controlled by interfacial 
dissolution-precipitation. Solid state diffusion being 
too slow at T<200°C, it could imply that Mg-
transport from the raw material through the Fe-layer 
occurs in the fluid present in a -so far speculative- 
nanoporosity.  

The products, despite some differences, share 
strong similarities with amorphous silicates of CM, 
CR and CO chondrites which validates our approach. 
H2 escape during alteration may explain the high Fe3+ 
content [3]. Time-temperature diagrams suggest short 
hydrothermal episodes (~ year), even at temperatures 
< 50°C. 

[1] Le Guillou et al., 2015. Chem.Geol. [2] 
Hellmann et al., 2015. Nat. Comm.. [3] Le Guillou et 
al., 2015. ESPL. 
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Understanding the impacts of silicon (Si)-rich 

rice residues on arsenic (As) solubility in soil is of 
immense importance in providing an effective 
approach for the sustainable alleviation of As uptake 
in rice. Here, we investigated the amounts of As in 
soil pore-water, solid-phase fractionation, and rice. A 
naturally As-enriched paddy soil was treated with rice 
husk ash (RHA) and rice husk biochar (RHB) at the 
respective rates of 3.13, 6.25 and 12.50 ton/ha. The 
acid-washed biochar (AWB) treatment (12.50 ton/ha) 
was also included to study an effect of Si in the RHB 
treatment. The results demonstrated that the three 
amendments clearly increased dissolved As levels in 
soil pore-water relative to the control in the following 
order: RHB > RHA >AWB. Nonetheless, at all rates, 
both RHA and RHB treatments decreased grain-As 
levels, with the highest rate of the RHB treatment 
substantially reducing grain-As levels by 78% 
compared to the control (141 µg/kg). The levels of As 
in the straw and iron plaque also decreased with the 
RHB application rates. The sequential extraction 
results demonstrated that residual phases were the 
dominant As phase of the soils before the experiment, 
which constituted 91% of the total soil As. At the end 
of the pot experiment some of the residual phases 
were transformed into the As fractions associated 
with specifically sorbed (5.9%), organically bound 
(3.4%), Mn oxides (0.88%), and crystalline (5.8%) 
and micro-crystalline (11.3%) Fe oxides. Our 
findings suggest the beneficial role of RHA and RHB 
produced from the traditional kiln in reducing As 
accumulation in paddy rice. 



Goldschmidt Conference Abstracts 1725 

B isotopes in plant tissues reveal 
the dynamics of soil/plant 

exchanges 
D. LEMARCHAND1, P. ROUX1,2  AND M.-P. 

TURPAULT2 
1 LHyGeS/CNRS, Univ. Strasbourg, France 

(lemarcha@unistra.fr) 
2 BEF, INRA Champenoux, France 
 

In forest ecosystems, B inputs from atmospheric 
deposits and soil mineral weathering partition 
between new secondary  minerals in soil, drainage 
waters and new plant tissues. A review of B isotope 
data in these different ecosystem compartments 
yields intringuing large isotopic fractionation, in 
particular between plant tissues and their B sources 
while no isotopic fractionation is evidenced during B 
uptake by plant roots [1]. The origins of the isotopic 
fractionation have to be found during the B transfer 
from old to young tissues and the parallel partition 
between the perennial (wood) and ephemeral (leaves) 
biomass. A recent thorough investigation of B 
isotopes in two beech tree plots (soil, pore waters, 
throughfalls, stemfow, roots, trunk wood, trunk bark, 
large, medium and small branches as well as leaves) 
developped on two different soils in the Montiers 
forest (France), evidenced significant inter- and intra- 
isotopic variations between these different 
compartments of the soil/plant ecosystem [2]. This 
indicates that the distribution of B isotopes between 
plant tissues may reveal mechanisms of plant 
adaptation to the environmental conditions. 

 In the present work, we developed a numerical 
model to describe the B biological cycle and intended 
to determine the environmental controls and 
parameters that drive the B isotopic composition of 
the different plant tissues. The model was calibrated 
to reproduce the B stocks, fluxes and isotope 
observed in the beech tree plots developped on two 
different type of soils, a deep acid soil (alocrisol) 
with a large pool of bioavailable B and a shallow 
calcareous soil (rendisol) with a reduced pool of 
bioavalaible B [2]. The model results emphasize 1) 
the role of the B transfer from older to younger plant 
tissues to explain intra-tree variations and 2) the 
distribution between perennial and ephemeral 
biomasse to explain inter-tree variations. A link is 
made between these physiological differences and the 
B availability in soil. Taken further, we propose to 
use the B isotopic fractionation between tree leaves 
and soil minerals as a proxy of the global dynamics 
of soil/plant exchanges of matter. 
 
[1] Cividini et al (2010), From biological to 
lithological control of the B geochemical cycle in a 
forest watershed (Strengbach, Vosges). Geochimica 
Et Cosmochimica Acta, 74(11), 3143–3163. 
[2] Roux et al (2016), The biogeochemical cycle of B 
and δ11B in a forest ecosystem, Goldschmidt 
Conference, Yokohama, Japan 
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The composition of the lunar crust across the 
entire surface and at a wide range of depths can be 
inferred from remote sensing observations of 
complex craters and impact basins on the Moon. In 
this study we conduct a comprehensive study of the 
mineralogy of the innermost ring of 13 basins using 
the Kaguya Multiband Imager (MI) data, compare 
their mineralogy to that of the central peaks studied 
by Lemelin et al. [1], and use iSALE-2D hydrocode 
models to better constrain the depth of origin of the 
material exposed by the basin’s innermost ring.  

We find that the basins’ innermost ring we study 
are all dominated by anorthositic rock types 
(plagioclase content ≥77.5 wt.%), except for Imbrium 
and Serenitatis basins which are dominated by 
anorthositic norite or gabbro (60-77.5 wt% 
plagioclase). The innermost ring of near side basins 
are more heterogeneous and generally contain more 
mafic rock types, which supports the hypothesis that 
mantle material might be exposed [2], although we do 
not identify highly mafic lithologies at the scale (~62 
m per pixel) of the MI data. iSALE-2D modelling 
suggests that the largest contribution to the basins’ 
innermost ring material comes from both a “shallow” 
and a “deep” component. A depth of origin of ~0.10D 
(D = transient crater diameter) for the “deep” 
component allows to reconcile the composition of the 
basins and central peak populations. Our results also 
indicate that the “shallow” component largely 
dominates the material exposed on the innermost 
rings, with a proportion of ~0.95D. 
 
[1] Lemelin et al. (2015) JGR 120, 869-887. [2] 
Miljković et al. (2015) EPSL 409, 243-251. 
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We studied the trace element chemistry of mantle 
xenolith spinels from Libya (LB), Morocco (MOR) 
and Cameroon (CAM). According to their Fe2+/Fe3+ 
ratio and their TiO2 content (Lenaz et al., 2000; 
Kamenetsky et al., 2001) spinels from LB have been 
classified as peridotitic, those from MOR and CAM 
as magmatic (i.e. crystallized). Moreover, according 
to their structural parameters and cooling history it is 
possible to split in two groups the Libyan spinels, 
those with a intracrystalline closure temperature in 
the range 480-640°C (LB I) and those in the range 
680-940°C (LB II).The trace elements content has 
been determined by means of LA-ICP-MS. Cobalt is 
the most discriminant element, being in the range 
270-370 ppm for LB spinels and 200-280 ppm for 
MOR and CAM. Zinc can be also considered as a 
discriminant being comprised within 740-1580 in LB 
spinels and 400-820 ppm in the other spinels with a 
minimum overlapping of some Moroccan spinels 
reaching 960 ppm. Interestingly some elements are 
able to separate the two Libyan occurrences. In fact 
Sc, V, and Mn are lower in the LB I group spinels 
with respect to the LB II group while Ni and, in a 
minor extent, Li are higher in LB I with respect to LB 
II. Spinels from the oceanic domains of the 
Cameroon Volcanic Line (Sao Tomé), and of 
Madeira, Cape Verde and Canary Islands will also be 
discussed. Funding provided by FRA 2015 project of 
Trieste university. 

Kamenetsky, Crawford & Meffre S. (2001), J. 
Petrol. 42, 655-671. 

Lenaz, Kamenetsky, Crawford & Princivalle 
(2000), Contrib. Mineral. Petrol. 139, 748-758. 
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The newly-discovered Kukaazi skarn Cu-W-(Pb-

Zn) deposit is located in the Western Kunlun 
orogenic belt, northwest China. The ore bodies occur 
mainly as lenses and stratabound sheets along 
beddings of the Mesoproterozoic metamorphic rocks. 
Three ore blocks (i.e. KI, KII and KIII) have been 
outlined in the Kukaazi deposit. The KI ore block is 
composed mainly of chalcopyrite, scheelite, 
pyrrhotite, sphalerite, galena and minor pyrite, 
arsenopyrite and molybdenite, whereas the other two 
are dominated by galena, sphalerite, magnetite and 
minor arsenopyrite and pyrite. In this study, we 
obtained a molybdenite isochron Re-Os age of 450.5 
± 6.4 Ma (2σ, MSWD=0.057) and a scheelite Sm-Nd 
isochron age of 426 ± 59 Ma (2σ, MSWD=0.49) for 
the ores from the KI ore block. These ages are 
comparable to those of granitoids in the region. 

 Scheelite grains from the KI ore block contain 
relatively high REE and Y contents (∑REE+Y = 
42.0-95.7 ppm), and have LREE-enriched chondrite-
normalized patterns and negative Eu anomalies 
(δEu=0.13–0.55) similar to the synchronous 
granitoids in the region. In addtion, the scheelite also 
has Sr and Nd isotopic compositions similar to the 
such granitoids, implying that the W-bearing fluid of 
the Kukaazi deposit was probably derived from the 
granitic magmas. Our results, for the first time, 
propose that the Ordovician granitoids are 
responsible for economic Mo-W-(Cu) mineralization 
in the Western Kunlun orogenic belt and these 
favorable districts could be prospecting exploration 
targets. 
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Here we present how confocal 

photoluminescence (PL) spectroscopy may be used as 
a tool for the characterisation and quantification of 
irradiation-induced structural damage in nuclear 
waste-form materials on a µm-scale. The PL band-
widths of trivalent lanthanide ions, commonly 
incorporated into the structure of nuclear-waste 
materials, are very sensitive to local structural 
disorder (Fig. 1).  

Figure 1: PL map of a cut-in-half, natural zircon 
sample (age: 2.73 Ga) showing PL band-width 
distribution (correlated effective doses were 
estimated using FWHMs of well-studied Sri Lankan, 
gem-quality zircon samples with known, corrected 
“effective” α-doses [1]). Right half was annealed 
(1100°C for 3 days) and shows complete revovery of 
crystallinity; the un-annealed  half (left) retains 
complex zoning with different states of radiation-
damage accumulation, due to different U and Th 
content in respective zones (after Lenz & 
Nasdala[1]). 
 
[1] Lenz & Nasdala (2015) Am. Mineral. 100, 1123-
1133. 
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The widespread occurrence of black shales 
between 2.1-1.9 Ga provides unequivocal evidence 
for enhanced productivity and organic matter 
accumulation, but their relationship to other global 
Paleoproterozoic events as well as the controlling 
mechanisms of their metal enrichments remain poorly 
established. New geochronologic results on 
Fennoscandian black shales and comparison with age 
constraints on other broadly contemporaneous 
organic-rich units demonstrate that Paleoproterozoic 
black shale depositional episodes were temporally 
discrete and with many linked to conditions in 
individual basins strongly influenced by magmatic 
activity. 

The association of black shales with lavas and co-
magmatic sills intruding the sedimentary successions 
raises the likelihood that metal enrichments, 
particularly base metals, were of 
magmatic/hydrothermal origin. Distinct enrichments 
of redox sensitive metals to levels not seen in 
Archean black shales can be attributed to a 
combination of oxidative weathering of landmasses 
and mobilisation of metals and consequent enhanced 
productivity driving changing redox conditions, 
including fluctuations from euxinic watercolumn 
conditions to (sub)oxic conditions at the seafloor. 
New results from the 2.0 Ga Zaonega Formation 
(shungites), NE Russia that will be discussed in detail 
show that stratigraphic trends of metal abundances 
are associated with lihologic changes and C isotope 
anomalies that are best explained by basinal/regional 
processes. These findings indicate that metal 
enrichments are significantly influenced by specific 
conditions in individual basins. 
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Due to their geological features, mountain 

environments have been exploited since the 
beginning of metallurgy. The Pyrenees are no 
exception as many mining sites in the region have 
been dated back to the Bronze Age thus allowing a 
potential human impact on the environment on 
millennial scales. The mountain critical zone is 
sensitive both to human-induced environmental 
changes - e.g. agriculture, mining, clear cutting- and 
climate-induced rapid environmental fluctuations. 
The legacy of trace metal stocked within the 
mountain critical zone is poorly understood and 
Pyrenees besides provide a perfect mountain range 
for detailed scientific investigations of the fate and 
the impact of those potential harmful trace elements 
on the ecological functioning of mountain 
catchments. 

In this presentation, we will show how the TRAM 
project is, in our opinion, a promising 
interdisciplinary and integrative project to face the 
different following challenges: 

1)  TRAM will assess changes in the 
introduction and transfer of PHTE over millennia, 
using innovative geochemical and isotopic tracers, 

2)  TRAM will further combine a geochemical 
approach with ecological analyses to define the 
impact of PHTE on biodiversity and ecosystem 
services, 

3)  TRAM will develop a range of indicators to 
make the impact of PHTE on the mountain critical 
zone clearer to decision makers and stakeholders, 
considering also hydrological, biogeochemical 
modelling and GIS analyses. 
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Introduction 
Montmorillonite has remarkable adsorption 

properties because of its high specific surface area 
and surface charge density. Its surface charge 
distribution is also anisotropic. The basal faces have a 
negative and permanent surface charge due to 
isomorphic substitutions in the crystal and the edge 
faces have a pH-dependent surface charge due to 
amphoteric surface sites. We propose low-frequency 
complex impedance measurements of Na-Mt 
dispersions in the unexplored frequency range [Hz 
kHz] to get information on surface charge 
distribution, size and shape of Na-Mt dispersions at 
various particles concentrations (weight fractions 0.5 
to 5%), salinities (from 10-4 to 10-2 M NaCl), and pH 
(5 to 10). 

Experiment and results 
Complex impedance measurements were 

performed using a cylindrical sample holder of length 
30 cm, diameter 1 cm,  two brass electrodes at the top 
and bottom of the sample holder for current injection, 
two brass electrodes for electric potential 
measurement, and the spectral induced polarization 
(SIP) apparatus developped by Zimmermann et al. 
[1]. The maximum instrument accuracy is a phase 
shift between injected current and measured electrical 
potential difference of 0.1 mrad. Electrochemical 
polarization of the electrical double layer around Mt 
aggregates was observed [2]. Dielectric permittivity 
spectra were inverted to obtain relaxation time and 
aggregate size distributions using the inversion code 
developped by Weigand and Kemna [3]. Depending 
on particles weight fractions and water chemical 
composition, changes of the surface electrical 
properties, size and shape of Mt aggregates were 
observed. 

 
[1] Zimmermann et al. (2008) Meas. Sci. Technology 
19, 1-9. [2] Arroyo et al. (2000) J. Colloid Interface 
Sci. 229, 118-122. [3] Weigand and Kemna (2016) 
Comp. & Geo. 86, 34-45. 
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Although the transfer of organic matter from land 

to sea is one of the most important pathways for 
preservation of terrigenous production in modern 
environments, the amount and composition of the 
dissolved organic matter (DOM) linking terrestrial to 
ocean carbon cycles through rivers and estuaries is 
uncertain. The quality and quantity of DOM exported 
by rivers is known to vary with hydrology and this 
exported material plays a fundamental role in the 
biogeochemical cycling of carbon in the ocean.  

The Altamaha River, off Georgia (USA), is the 
third largest contributor of freshwater to the Atlantic 
Ocean from North America. The peak in the 
historical average discharge occurs in mid-March to 
early April, and the Altamaha discharge is 
characterized by strong interannual variability. 

We have been collecting monthly samples from 
the Altamaha River and Estuary since summer 2015, 
and conducting short and long term dark incubations. 
Ongoing chemical analyses include dissolved organic 
carbon (DOC), chromophoric DOM (CDOM), and 
ultrahigh resolution mass spectrometry (FTICRMS). 
Our preliminary results show an increase in 
terrigenous DOM and DOC loads with increasing 
river discharge. Increased river discharge leads to a 
decrease in residence time for terrigenous DOM in 
the estuary, with implications for the reactivity and 
export of this material to the Atlantic Ocean. 
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Canga, an iron-rich duricrust, typically caps iron 
ore mines in Brazil and possesses macroscopic 
‘organic’ features that extend to the sub-millimetre 
scale. Examination of polished canga using secondary 
and backscattered electron field emmision scanning 
electron microscopy revealed goethite cements that 
were formed in association with microorganisms. 
Biological cycling of iron within canga has resulted 
in two distinct forms of microbial fossilisation: 
goethite permineralisation of biofilms and 
mineralisation of cell envelopes. Fossilised 
filamentous, cocci and rod-shaped cell morphologies 
were identified in goethite permineralised biofilms 
that formed in close proximity to kaolinite-rich 
grains. In contrast, the cell envelopes immobilised by 
authigenic iron oxides were primarily of rod-shaped 
microorganisms, were not permineralised and 
occurred in pore spaces of canga. Mineralised cell 
envelopes of intact, rod-shaped moulds that lacked 
permineralisation were interpreted to represent 
fossilised iron-oxidising bacteria in canga 
ecosystems. As a comparison, present-day microbial 
communities from iron seeps and water bodies in 
close proximity to canga were examined using 
transmission electron microscopy. This analysis 
revealed that microorganisms were encrusted with 
various iron oxides. Microorganisms entombed in 
iron oxides putatively represent iron-oxidising 
bacteria. Precipitation of iron oxides on microbial 
membranes indicates active microbial processes are 
in part responsible for the cycling of iron within 
canga ecosystems. Active biogeochemical oxidation 
of iron in present-day canga ecosystems and evidence 
of fossilised microogranisms in canga indicates a role 
for iron-oxidising bacteria in the evolution of iron 
duricrusts in Brazil.  
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Pore fluids along a 450m core drilled at the 

bottom of the Dead Sea by the ICDP, provide an 
archive of chemical variations in the deep lake that 
responds to hydroclimate variations in the lake's 
watershed and the Levant region during the last 220 
ky. The concentrations of the conservative ions: Br- 
and Mg2+ reflect the secular variations in the lake 
volume. These variations, in turn mirror the glacial-
interglacial cyclic patterns seen in CO2 records 
(DOME C) and marine benthic δ18O (LR04), 
indicating a linear response of the regional 
hydroclimate to global climate change. Two 
significant deviations from this behaviour coincide 
with the ages of Mediterranean Sapropel layers S1 
and S5 at peak summer insolation at 65° N. These 
deviations indicate an increase in regional 
hydrological activity and lake level rises. The 
limnological response to lake volumetric change over 
time is reflected also in the non-conservative Na/Cl 
record. Lake level drops (reflected by a substantial 
increase in Br- and Mg2+) in the Dead Sea are marked 
by drops in the Na/Cl ratio due to halite (NaCl) 
precipitation while rises in lake level coupled with 
brine dilution are marked by significant halite 
dissolution and increase in the Na/Cl ratio. 
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East China shelf sea accepts rich material from 

China mainland where sediment compositions and 
their distribution patterns contain abundant 
information of land and sea interaction and "source to 
sink " processes. It is of great significance of 
environment science and engineering to clarify the 
process and mechanism of terrigenous sediment 
diffusion and deposition.  

Ninety percent of fine grained sediment 
distributes along the coast of Zhejiang and Fujian 
Province and southern west area off the JeJu Island. 
Different grain size fraction has different distribution 
patterns. As characteristic minerals of Yangtze River 
sediment mica and dolomite are also higher in the 
inner shelf and have tendency to spread out to the 
middle and out shelf. Calcite content in clay fraction 
concentrates on the out shelf margin and suddenly 
reduce to the middle shelf. Concentration of lead and 
radioactive 210Pb is enriched out shelf and have 
spread tendency from southwest to northeast, which 
is quite consistent to the surface current vectors. 

 In conclusion, terrigenous matter mainly 
distributes in the inner shelf and partly spread to the 
middle and out shelf. Much terrigenous sediment 
deposited on the northern shelf, whereas 
hydrodynamic effect is much stronger in the southern 
area. Sediment supply and circulation control 
transport and diffusion of the terrigenous materials, 
and also determine the sediment distribution patterns. 
The cross-shelf penetrating fronts is beneficial for 
fine grained sediment to escape from of the inner 
shelf and spread to the out sea. 
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 Some ammonia-oxidizing bacteria relates 

to nitrogen cycling have significant influence to 
ammonia removing in petroleum reservoirs. Although 
the presence of ammonia-oxidation bacteria (AOB) 
and ammonia-oxidation archaea (AOA) were 
detected in some sites, but the study about their 
existence in the oil reservoirs especially in the water 
injection pipeline are limited. This study investigated 
the functional diversity and abundance of AOB and 
AOA in 9 samples including solution and biofilm 
samples from a high-molecular-weight 
polyacrylamide transportation pipeline of an oil field 
by using phylogenetic analysis based on 16S r RNA 
and amoA genes. AOB was found from 3 samples 
and AOA was only found in one sample out of 9 
samples together with different physicachemical 
properties. As some ammonia was transferred from 
the amido bond of polyacrylamide, the detection of 
AOB and AOA is beneficial to reveal the linkage 
between the nitrogen cycling and polyacrylamide 
biodegradtion. Further investigation about the sample 
properties are in progress and onging work to reveal 
their correlationship with the diversity of abundance 
of AOB and AOA to help identify the key microbes 
and unveil the potential nitrogen cycling pathways for 
this special environment.   
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The “Cambrian Explosion” is known for rapid 

increases in the morphological disparity and 
taxonomic diversity of metazoans. It has been widely 
proposed that this biological event was a consequence 
of oxygenation of the global ocean, but this 
hypothesis is still under debate. Here, we present 
high-resolution Fe-S-C-Al-trace element geochemical 
records from two outer-shelf Jinsha and Weng’an 
sections of the early Cambrian Yangtze Platform, 
integrating these results with previously published 
data from six correlative sections representing a range 
of water depths. Our results suggest that euxinic mid-
depth waters dynamically coexisted with oxic surface 
waters and ferruginous deep waters during the earliest 
Cambrian, but that stepwise expansion of oxic waters 
commenced during Cambrian Stage 3 (~521-514 
Ma). Combined with data from lower Cambrian 
sections elsewhere, including Oman, Iran and 
Canada, we infer that the global ocean exhibited a 
high degree of redox heterogeneity during the early 
Cambrian. A large spatial gradient in pyrite sulfur 
isotopic compositions (averagely from -12.0‰ to 
+22.5‰) imply low seawater sulfate concentrations. 

By comparing our reconstructed redox chemistry 
with fossil records from the lower Cambrian of South 
China, our results suggest that the “Cambrian 
Explosion” in South China may have been primarily 
a consequence of locally improved oxygenation of 
the ocean-surface layer rather than of the full global 
ocean. Our studies further suggest that the influence 
of early Cambrian animals on contemporaneous 
ocean chemistry, as proposed in previous studies, 
may be overly exaggerated. 
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Knowledge of sediment source-to-sink process 

leads to a better understanding of continent 
weathering and terrigenous input to the ocean. 
However, the time scale of this process is hard to 
determine because of the complex sediment cycling 
induced by hydrodynamic and topographic factors. 
The comminution age theory corresponds well with 
the sediment source-to-sink process and can be 
quantitatively determined by the particulate 234U/238U 
disequilibrium. 

The East Asia continental margin links the 
Eurasian continent and the northwest Pacific Ocean, 
and is characterized by a broad continental shelf and 
huge terrigenous sediment input from adjacent rivers. 
The river-dominated marginal sea, e.g. Yellow Sea 
and East China Sea, witnesses the complicated 
sediment source-to-sink transport and sedimentary 
environmental changes. This study provides 
comminution age calculation based on 234U/238U of 
sediments from the Changjiang (Yangtze River) and 
the Huanghe (Yellow River), as well as Yellow Sea 
and East China Sea. The result shows that the 
comminution age for fine (<50 micrometer) 
lithogenic particles mainly ranges from 200 to 400 
kyrs for both Changjiang and Huanghe, and 200 to 
600 kyrs for Yellow Sea and Changjiang estuary 
sediments. This result reveals that the time scale of 
sediment source-to-sink process in East Asia is 
topography-dependent and quite distinguished from 
the South Asian rivers (e.g. the Ganges River) which 
are mostly less than 100 kyrs. Moreover, the long 
sediment comminution ages in the Yellow and East 
China Seas imply slow and complex sedimentary 
responses in continental marginal sea to the Tibet 
uplift in terms of sediment transfering. This study 
offers the first attampt of quantitative constraint on 
sediment source-to-sink process in terms of transport 
time in East Asia and sheds a new light on different 
mechanisms of sediment transfer processes from 
Tibetan Plateau to East Asia and South Asia. 
 
Acknowledgement: This work was supported by 
National Natural Science Foundation of China (Grant 
Nos. 41225020 and 41306040) and China 
Postdoctoral Science Foundation (2015M570384). 



Goldschmidt Conference Abstracts 1740 

Mineral structure of black talc 
from Guangfeng County, 
China: implications to its 
formation and material 

properties 
CHENGXIANG LI 1, 2, RUCHENG WANG 1,*, 

HUIFANG XU 2, XIANCAI LU 1, HIROMI KONISHI 
2,3, AND KUN HE4 

1 State Key Laboratory for Mineral Deposits 
Research, School of Earth Sciences and 
Engineering, Nanjing University, Nanjing 
210093, China (*Correspondence: 
rcwang@nju.edu.cn) 

2 NASA Astrobiology Institute, Department of 
Geoscience, University of Wisconsin-Madison, 
1215 West Dayton Street, Madison WI 53706, 
USA  

3 Department of Geology, Niigata University, 8050 
Ikarashi 2-cho, Nishi-ku, Niigata 950-2181, Japan 

4 State Key Laboratory for Enhanced Oil Recovery, 
Beijing 10083, China 

 
Superlarge unusual black talc deposits (more than 

half a billion tons) between dolostone layers of the 
late Neoproterozoic Dengying Formation were 
discovered in Guangfeng County, Jiangxi Province, 
southeastern China. The ores exhibits primarily 
oolitic structures and consists mainly of talc (30–70 
wt%), dolomite, and quartz. The black talc crystals 
are ultrafine nano-plates and its chemical 
composition is close to pure white talc. Raman 
spectra and X-ray photoelectron spectroscopy results 
reveal that the black talc contains small amounts of 
carbonaceous matter with some structural disorder 
and impure bonds instead of perfectly structured 
graphite or graphene, causing the black coloring. Z-
contrast transmission electron microscope imaging 
shows that isolated graphene-like carbon is 
interstratified with the octahedral–tetrahedral (T–O–
T) layers of talc. 

Based on the structure of black talc, we propose a 
sedimentary formation mechanism for the black talc. 
The black talc was formed through co-precipitation of 
1~2 unit cells thick T–O–T layers of Mg-silicates 
with abundant organic matter in a shallow marine or 
lagoonal environment. The organic matter may have 
facilitated the precipitation of Mg-silicates and 
further diagenesis and re-crystalliztion of the 
biomass-coated precursor resulted in the formation of 
the black talc. The ultra-tiny sizes of black talc make 
its Brunauer-Emmett-Teller specific surface areas 
(15.7 to 23.2 m2/g) much higher than those of white 
talc (normally lower than 5.0 m2/g). And the 
interstratification structure of  graphene-like carbon 
with T–O–T layers make black talc a natural organic–
clay material that may have potential industrial 
applications. 
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The microbial cleavage of 
dimethylsulfoniopropionate (DMSP) generates 
volatile dimethylsulfide (DMS) through the action of 
DMSP lyases and is important in the global sulfur 
and carbon cycles. When released into the 
atmosphere from the oceans, DMS is oxidized, 
forming cloud condensation nuclei that may influence 
weather and climate. Six different DMSP lyase genes 
are found in taxonomically diverse microorganisms, 
and dddP and dddQ are among the most abundant in 
marine metagenomes. DddP belongs to the M24 
peptidase family as suggested by sequence alignment. 
Peptidases hydrolyze C-N bonds, but DddP is 
deduced to cleave C-S bonds. Mechanisms 
responsible for this striking functional shift are 
currently unknown. DddQ belongs to the cupin 
superfamily. Here, we examine the molecular 
mechanisms of DMSP cleavage by DMSP lyases, 
DddP and DddQ, from Ruegeria lacuscaerulensis 
ITI_1157. We determined the structures of DddP 
bound to inhibitory 2-(N-morpholino)ethanesulfonic 
acid or PO4

3- and of two mutants bound to acrylate. 
The structures of DddQ bound to an inhibitory 
molecule 2-(N-morpholino)ethanesulfonic acid and of 
DddQ inactivated by a Tyr131Ala mutation and 
bound to DMSP were also solved. Based on 
structural, mutational and biochemical analyses, the 
molecular mechanisms for DMS production through 
DMSP cleavage by DddP and DddQ were proposed 
for the first time. DddP adopts a new ion-shift 
catalytic mechanism to cleave DMSP, while for 
DddQ, Tyr131 undergoes a conformational change 
during catalysis, acting as a base to initiate the β-
elimination reaction in DMSP lysis. Furthermore, we 
suggested the structural mechanism leading to the 
loss of peptidase activity and the subsequent 
development of DMSP lyase activity in DddP. Our 
study provides important insight into the mechanism 
involved in the conversion of DMSP into DMS, 
which should lead to a better understanding of this 
globally-important biogeochemical reaction. 
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Cambrian marine sulfate δ34S data have been 
shown [1] to be consistently higher than both earlier 
Proterozoic and later Ordovician seawater δ34S. 
However, Cambrian data are still sparse, sometimes 
stratigraphically ambiguous, and were acquired from 
possibly diagenetically-influenced sulfate associated 
with phosphorites and carbonates. Direct evidence 
from marine evaporite deposits is rare. In this study, 
we report sulfur isotope data from Xiaotan section, 
SW China, where two layers of gypsum with a 
combined stratigraphic thickness of 15 meters are 
preserved in the lower Cambrian Shanyicun 
Formation (upper Cambrian Series 2).  

Conventional sulfur isotope ratio measurement of 
gypsum is performed by IRMS, whereby gypsum is 
first precipitated as barium sulfate and then converted 
into sulfur dioxide, which is time-consuming and 
relatively imprecise, with analytical errors of up to 1-
3‰ [2]. In this study, gypsum sulfur was extracted 
from evaporite rock samples using dionized water at 
40ºC. Sulfur isotope ratio measurement was 
performed using a standard-sample bracketing 
method on a Neptune Plus MC-ICP-MS at the State 
Key Laboratory for Mineral Deposits Research, 
Nanjing University, China.  Calcium concentration 
after dilution was low enough (<0.3 mM) for matrix 
effects to be insignificant [3]. The analytical 
reproducibility  (2SD) using this approach is below 
0.3 ‰. 

Results show that the gypsum samples have δ34S 
values ranging from 29.7‰ to 32.5‰, averaging 
31.3‰ (n=7). Almost identical constraints on 
seawater δ34S have been confirmed from evaporites 
(Siberia) and barites (Canada, Sardinia) of Cambrian 
age [1, 4]. The consistency of evaporite δ34S data 
stands in contrast to the more variable CAS record, 
and implies some underlying continuity in baseline 
seawater δ34S during the Cambrian. A simple box 
model of the seawater sulfur cycle suggests that 
seawater sulfate concentrations were relatively high 
during much of  the early Cambrian. However, 
additional contemporaneous sedimentary sulfide and 
carbonate-associated sulfur δ34S works are required 
to more fully understand the marine sulfur cycle in 
Cambrian. 

 
[1] Shields et al. (2004) Chem. Geol. 204, 163-

182. [2] Fry et al. (2002) Rapid Commun. Mass 
Spectrom. 16, 854-858. [3] Liu et al., (2016) Talanta 
151, 132-140. [4] Strauss et al. (2000) Precambrian 
Res. 175, 17– 28. 
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The geochemical cycling of copper in 

hydrosphere and soil environments involves the 
transport of Cu from rocks to waters by weathering. 
Understanding the mechanisms of isotope 
fractionation during continental weathering is a key 
point for application of Cu isotopes as a tracer for 
geochemical recycling. Previous experimental studies 
have focused on the leaching of sulfides at various 
conditions. However, to mirror the real process of 
continental weathering needs experimental studies of 
nature rocks. Here, we carried out leaching 
experiments for nature basalts (BHVO-2 and 
GBW07105) in Erlenmeyer flasks for 30 days at 
different pH values (0.3, 2, 5) and T = 25 oC. For 
comparison, a chalcopyrite (Cpy) was also studied. 
The oxidative weathering of basalts produces a 
substantial fractionation of Cu isotope (Δ65Cuaq-solid) 
between the leached solutions (Cuaq) and the initial 
powders (Cusolid). Cu initially released into solutions 
were isotopically heavier, with Δ65Cuaq-solid around 
+0.5‰ for GBW07105 (pH = 0.3) and around +0.6‰ 
for BHVO-2 (pH = 2). As the percentage of leached 
Cu increases, the δ65Cuaq values decrease first and 
then increase, as Δ65Cuaq-solid values vary from -0.4 to 
+0.5‰ for GBW07105 (pH = 0.3) and from -0.7 to 
+0.6‰ for BHVO-2 (pH = 2). However, the leached 
solutions are always enriched in heavy Cu isotope 
relative to the initial powders at pH = 2 for 
GBW07105 and pH = 5 for BHVO-2. Similarly, the 
Cu isotopic variation of the leached solutions from 
Cpy has a similar tendency with that of the leached 
solutions from BHVO-2 at pH = 2, and the leached 
solutions are also enriched in heavy Cu isotope at pH 
= 5. XRD patterns of the initial basalts and residual 
solids after each reaction interval do not reveal any 
phase changes. We conclude that the mechanism 
responsible for such Cu isotope fractionation is the 
relative rates of oxidation versus leaching, combining 
XRD of solids and isotopic analysis of the leached 
solutions. Our results show that weathering of nature 
rocks can produce both positive and negative 
fractionation, depending on the pH values. This has 
crucial important implications for using Cu isotopes 
to trace the palaeoenvironment. 

 
Keywords: Cu isotopes; isotope fractionation; basalt; 
chalcopyrite; leaching experiments. 
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P, N and Fe determines marine primary 

productivity (PP), regulating the intensity of 
biological pump and atmospheric CO2. The existence 
of bipolar seesaw underscores the change of relative 
importance in different time and space. Among 
global oceans, the north Pacific was less explored in 
geographical variations of PP and its teleconnection 
over time. We present sedimentary P speciation over 
the past 92 kyr for subtropical western north Pacific. 
Reactive P, which represents export productivity 
(EP), exhibits remarkable synchronicity with 
Greenland temperature record. Reactive P drops 
during the cold period and millennial Heinrich events 
when dust supply is abundant and denitrification is 
less intensive, and vice versa in warm periods and 
episodes. In terms of export production and 
atmospheric CO2 drawdown at millennial scale, the 
NP is in concert with the South Ocean bipolar 
seesaw. Such rapid change in response, meanwhile, 
the temporal variability of P reactive is consistent 
with Ba/Al record in subarctic indicating that other 
than Fe and N, P exerts a major control on EP in 
north Pacific. Taking South Ocean and north Pacific 
together, we postulate that both of these two regions 
contributed to the atmospheric CO2 drop on glacial-
interglacial time scales, whereas South Ocean 
dominated the millennial oscillation of atmospheric 
CO2. 
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Introduction 
To investigate pollution status of Pb in surface 

dust of Hangzhou, a total of 78 urban surface dust 
samples were collected every two months (October 
2012 to August 2013) including three functional areas 
(residential, recreational, and traffic area) and the 
botanical garden as a background. 

Results and Discussions 
The main physicochemical properties and Pb 

contents of urban dusts were measured; an in vitro 
test of PBET (Physiologically Based Extraction Test) 
was used to assess bioaccessibility in gastric and 
small intestine phase of Pb. 

Pb content in residential, recreational, and traffic 
dusts were 1165, 125, and 100 mg/kg, respectively, 
with 2.6-213 times the background values. The 
highest values of Pb in residential and recreation 
areas appeared in December 2012, while the lowest 
values appeared in August 2013.  

The PBET analysis showed that bioaccessibility 
of Pb in gastric phase and small intestine phase were 
in range of 7.01-70.91%, and 0.29-19.31%, 
respectively, higher than those of urban dusts of 
Guangzhou [1]. The highest avearge Pb 
bioaccessibility of 40.62±19.68% was appeared in the 
recreation area, followed with traffic and residential 
areas. 

The bioaccessibility of Pb was positively 
correlated with total Fe, Mn (P<0.01), and silt content 
(2-50 μm) (P<0.01), but negative correlated with sand 
content (>50 μm) (P<0.01). 

The hazard quotients (HQ) of bioaccessible Pb of 
three area dust were less than 1 except that of the 
total content Pb exposure of residential areas dust for 
3-year-old children. 

The plots of residential dust in the biplot of 
208Pb/206Pb vs 207Pb/206Pb ratios formed a straight line, 
while the points of deep soils and coals stood far on 
the left side, indicating that paint and mobile exhaust 
might be the main sources of residential dust [2]. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1. Biplot of 208Pb/206Pb vs 207Pb/206Pb ratios of urban 

surface dust samples in Hangzhou. 
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It is believed that sequestration based on the 
chemical fixation of CO2 in the form of carbonate 
minerals such as calcite and magnesite is a safe and 
permanent method of disposing of anthropogenic CO2 
emissions. In order to clarify if bacteria have the 
ability to induce the formation of carbonate minerals 
in the environment without CO3

2–/HCO3
- and to 

discuss the mechanism of carbonate precipitation by 
microorganisms, culture experiments with and 
without Lysinibacillus sp. strain GW-2 in the B4 
medium with 2:1 molar ration of Mg/Ca for 50 days 
were carried out. During the incubation, cell density, 
the quantity of precipitate, the pH and the electrical 
conductivity, the calcium and magnesium 
concentrations of the medium were determined. The 
morphologies of precipitated carbonates were 
observed by using scanning electron microscopy, and 
mineral species of carbonate were determined by X-
ray diffraction. The results demonstrated that: (1) the 
quantity of precipitate in the biotic experiments 
increased gradually with the incubation time, while 
precipitate was not obtained in the abiotic 
experiments. This indicated that strain GW-2 might 
induce the carbonate precipitation in the medium 
without CO3

2- and HCO3
-. (2) There were significant 

positive correlations between cell density and average 
precipitation rate. This implied that the cell density 
directly affected the precipitation of carbonate 
minerals. (3) The three carbonate minerals formed 
according to the following trend: amorphous calcium 
carbonate (ACC) → huntite → high-Mg calcite. We 
infer that huntite formed through ageing of ACC. In 
fact, huntite is a rare carbonate mineral whether in the 
nature or in laboratory experiments. It is interesting in 
our study that both rich-Ca calcite and rich-Mg 
huntite formed, whereas dolomite of which the 
chemical composition is intermediate between them 
did not form. This information might be helpful for 
interpreting “dolomite problem”. This work was 
supported by the National Natural Science 
Foundation of China (grant No: 41172308). 
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Struvite crystals tend to form hard scale on 

process equipment surfaces of wastewater treatment 
plants, such as sludge liquors pipes, pumps, 
centrifuges and aerators, leading to clogging and 
breakdowns of these equipment. To control the 
struvite scale, researchers have made many efforts to 
search for effective chemical inhibitors, but an 
efficient and environmentally-friendly inhibitor is 
still lacked so far. Meanwhile, it is found that several 
urinary proteins enriched in aspartic acid residues are 
intimately involved in the pathological 
biomineralization processes of urinary stones and 
inhibit the crystal growth of urinary stones including 
struvite stone. Therefore, the synthetic peptide 
polyaspartic acid (PASP), which is a structural and 
functional analogue of aspartic acid residues in 
urinary proteins, can potentially be used to control 
struvite scale. In the present study, we investigate the 
inhibitory capacity of PASP to struvite in a dynamic 
environment. The experimental results show that 
PASP is effective in growth inhibition of struvite and 
its inhibitory capacity is proportional to its 
concentration. The effect of several key parameters, 
including pH, mixing energy, reaction time, and 
calcium ions on PASP inhibition performance was 
examined for practical application. The results show 
that the inhibitory capacity of PASP is sustainable 
and efficient. Dissolution experiments show that 
PASP can promote the dissolution of preformed 
struvite and its effectiveness increases with 
concentration. As PASP is nontoxic, biocompatible, 
and highly biodegradable, it can potentially act as a 
feasible and environmentally-friendly inhibitor and 
cleaning agent for struvite scale. 

This work was financially supported by the 
Natural Science Foundation of China (No. 
41372053). 
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The Holocene hydroclimate variability in the 
Mascarene High region in the subtropical southern 
Indian Ocean is poorly known despite its importance 
as a vital component of the Asian summer monsoon 
system. This is mainly due to the lack of high-
resolution and precisely dated climate records from 
this region. Here we present for the first time a high-
resolution (~3-10 years) speleothem oxygen isotope 
(δ18O) record from La Vierge (19°45′S, 63°22′E) and 
Patate (19°45′S, 63°23′E) caves in Rodrigues Island, 
located ~560 km east of Mauritius. The record spans 
most of the Holocene from ~11,000 to 300 year BP. 
Rainfall in Rodrigues occurs mainly during the 
austral summer season when the Mascarene High 
moves northwestward from its position during spring. 
Observational and modeling data demonstrate an 
inverse relationship between rainfall amount and 
δ18O of precipitation at Rodrigues Island, and 
therefore, we interpret variations in speleothem δ18O 
record as a proxy of austral summer rainfall amount. 
Backward trajectory analyses show that the position 
of the Mascarene High during drier summer years is 
located further northwest than during wetter summer 
years. As such, it is likely that our Rodrigues δ18O 
records may indicate variations of the mean position 
of the Mascarene High during austral summer and the 
related rainfall changes. Our record is characterized 
by a long-term trend towards higher δ18O values 
during the early to late Holocene, suggesting a 
progressive drying of Rodrigues that may have been 
associated with a northwestward shift of the mean 
position of the Mascarene High. Our records also 
reveal prominent millennial-centennial events 
centered at ~1.5ka, 2.3ka, 3.3ka, 5.3ka, 6.2ka and 
7.3ka. Additionally, spectral analysis of the δ18O 
records reveals significant power at the ~111, 60, 46, 
and 36 year bands. In comparison with other proxy 
records and modeling results, possible 
teleconnections of the Rodrigues climate variability 
and Asian monsoon changes will be discussed. 
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Hydrothermal vent associated biological 
assemblages have advanced our knowledge of the 
thermal tolerance of organisms, however habitat 
temperatures are still widely debated. Paralvinella 
sulfincola and Paralvinella palmiformis are two such 
hydrothermal vent worm species for which the 
maximum thermal tolerance is uncertain. In situ 
measurements indicate average habitat temperatures 
of 68ºC [1], however the rapid mixing of hot vent 
fluids and cold seawater produces a dynamic thermal 
condition, making in situ measurements unreliable. In 
contrast, laboratory simulations of thermal gradients 
in hydrothermal systems show preferred growth 
temperatures of P. sulfincola between 40ºC-50ºC [2]. 
Our previous work has demonstrated that the O-
isotope composition of PO4 (δ18Op) in soft-tissue 
biomass can record growth temperature for both 
bacteria and macrobiota. This new tool based on soft-
tissue biomass PO4 O-18 extends thermometry 
studies beyond only organisms possessing mineral 
hardparts (e.g., shells, teeth, scales), and suggests that 
the δ18Op value of biomass-PO4 could serve as an 
internal thermometer for organisms like vent worms 
that inhabit environments with sharp temperature 
gradients. Here we apply our new biomass-PO4 
thermometer to worm specimens collected from 
sulfide structures on the Explorer Ridge. Using a 
reported range of ambient water δ18O of 0 to +2.5‰ 
[3,4], measured δ18OP values from bulk biomass of P. 
sulfincola and P. palmiformis, yield calculated in situ 
growth temperatures of 40.8 - 47.7ºC and 25.0 - 
31.8ºC, respectively, which are consistent with the 
temperature range preferred by these worm species 
determined from laboratory simulation experiments 
[2]. Our findings show the potential of biomass-PO4 
O-isotope thermometry as an ideal tool to study in 
situ habitat temperatures of organisms of unknown 
origins (e.g., snowblower erupted microbial biomass) 
as well as organisms inhabiting sharp and variable, or 
uncertain thermal gradients. 

 
[1] Cary et al. (1998) Nature 391, 545-546. [2] 
Girguis and Lee (2006) Science 312, 231. [3] Shanks 
et al. (1995) Seafloor Hydrothermal Systems: 
Physical, Chemical, Biological, and Geological 
Interactions. [4] Jean-Baptiste et al. (1997) GCA 61, 
2669-2677. 
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Tissot published the hydrocarbon generation 

model in 1978. The model was proved to be a correct 
and near-perfect model to describe the process of 
hydrocarbon generation by a large number of 
experiments and exploration practice. Recent years, 
petroleum explorationists are increasingly concerned 
about the quantitative relationship of retained 
hydrocarbon and expelled hydrocarbon and their 
respective evolution characteristics. We chose source 
rocks with different kerogen types and different 
organic matter abundance. Through the simulating 
experiments, the process of generation and expulsion 
of hydrocarbon was quantitatively modelled and a 
new total life cycle hydrocarbon generation model 
was established. This model has the following new 
understandings: (1)The new model refined the 
hydrocarbon generation evolution of thermal 
characteristics at different stages, quantitatively 
described the evolution process of retained 
hydrocarbon and expelled hydrocarbon, and further 
developed the model of Tissot. (2) The main gas 
generation maturity of oil cracking gas and kerogen 
cracking gas is 1.6%~3.2% and 1.3%~2.5%, 
respectively. The amount of oil cracking gas is 3 to 4 
times than kerogen cracking gas. Therefore, the main 
target of oil cracking gas should be marine strata at 
high to over mature stage. (3) The quantitative chart 
of expulsion efficiency of hydrocarbon and retained 
hydrocarbon amount at different evolution stages was 
established. For source rocks with typeⅠand Ⅱ1 
kerogen, expulsion efficiency is 20%～50% at oil-
condensate window(Ro 0.8%～1.3%) and 
50%～80% at high mature stage(Ro 1.3%～2.0%). 
Determining the amount of retained hydrocarbon 
provides the parameter for resource evaluation of 
shale oil and gas. (4) The beginning and dead line 
cracking temperature for alkane gases were 
confirmed. The lower limit of maturity for methane 
cracking is greater than 5%. Therefore, at the 
particularly high stage of hydrocarbon evolution, 
there still has exploration potential for natural gas, 
and this research provides a theoretical basis for deep 
gas exploration. 
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A new type of HDAC-V hydrothermal diamond 

anvil cell (HDAC-VT) has been designed to meet the 
demands of X-ray research including X-Ray 
Fluorescence (XRF), X-ray Absorption Spectroscopy 
(XAS), and small angle X-ray scattering (SAXS). 
The earlier version of HDAC-V that offered a large 
rectangular solid angle used two posts and two driver 
screws on both sides of a rectangular body. The new 
version HDAC-VT in a triangular shape has two 
alternative guide systems, either three posts inserted 
into bushings suitable for small anvil faces or linear 
ball bearings suitable for large anvil faces. The 
HDAC-VT having three driver screws offers the 
advantage of greater control and stability even though 
it sacrifices some of the size of solid angle. The 
greater control allows better sealing of samples, while 
greater stability results in longer survival for anvils 
and ceramic parts. This improved design retains 
several beneficial features of the original HDAC-V as 
well. These include the small collar that surrounds the 
heater and sample chamber forming an Ar + H2 gas 
chamber to protect diamonds and their heating parts 
from being oxidized. Three linear ball bearings, when 
used, fit to the three posts prevent seizing that can 
result from deterioration of lubricant at high 
temperatures. Positioning the posts and bearings 
outside of the gas chamber as in HDAC-V also 
prevents seizing and possible deformation due to 
overheating. In order to control the heating rate 
precisely with computer software, we used Linkam 
T95 and replaced the Linkam 1400XY heating stage 
with the HDAC-VT allowing the HDAC to be heated 
to 950 oC at a rate from 0.01 oC/min to 50 oC/min. We 
used the HDAC-VT and Linkam T95 to observe in 
situ nucleation and growth of zabuyelite in aqueous 
fluid, and to homogenize melt inclusions in quartz 
from three porphyry deposits in Shanxi, China. 
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Groundwater age is one of the most important 

parameters in water resources, nuclear waste 
disposal, carbon sequestration, paleoclimate studies 
and so on. Guanzhong Basin is a major groundwater 
drainage basin with >5000m of Cenozoic sediments 
in the middle reaches of Yellow River, suitable for 
deep and old groundwater studies. Previous studies 
showed that 14C contents in most geothermal waters 
were about 3pmc, which is beyond the dating range 
of 14C method [1]. 36Cl method showed that the age 
could reach 1124ka[2]. However, this method is 
complicated by variations of the initial 36Cl activity 
and subsurface Cl input. Therefore, a new isotopic 
method for dating old groundwater is needed in this 
area. 

The advent of ATTA (Atom Trap Trace 
Analysis) [3] enables routine measurements of rare 
noble gas isotopes, and 81Kr (t1/2 = 229,000 years) is a 
desirable tracer for old groundwater dating. Large 
quantities of Kr are required for determining the 
isotopic abundances of noble gas radionuclide, so gas 
extraction should be finished in the field. In fact, very 
little field work has been conducted so far in the 
geothermal water due to the temperature limitation 
(5-40℃) of the previous membrane contactors. The 
deep groundwater (the Tertiary aquifers located at 
1000–3000m) of Guanzhong Basin has a higher 
temperature(>70℃), which is exploited intensely for 
space heating and other purposes at a rate of 
1.4×107m3/a. 

In our work, a cooling coil wrapped with moving 
cool water was equipped before water was transferred 
from the well into the membrane contactors, lowering 
the temperature to about 30℃. Eight gas samples 
were extracted from 100L~160L water in the heating 
season of 2015 successfully. This can be considered 
as a first successful attempt for 81Kr sampling in the 
geothermal system in China. What’s more, there are 
still some problems found in the sampling processes. 
1) The membrane contactors are not available if the 
geothermal water is mining discontinuously. In this 
case, gas-water separator must be used. 2) The 
membrane contactors do not work without water or 
electricity. Ice and the inverter with an accumulator 
should be added in the future where water or 
electricity is infeasible. In a word, an optimal gas 
extraction method needs to be adjusted according to 
above. 
 
 [1] Qin et al. (2005), Geothermics 37,471-494 
[2] Ma et al. (2016), Hydrogeology&Engineering 
Geology 43, 1000-3665 (in Chinese) 
[3] Lu et al. (2014), Earth-Science Reviews 138,196-
214 
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A series of methane adsorption isotherms were 

measured at 60℃, 100℃ and 140℃ at pressure up to 
60 MPa for a mature organic rich marine shale (Ro 
1.79%, TOC 3.95%) from northeast Sichuan Basin, 
southwest China and its isolated kerogen. The 
absolute adsorption capacity of methane on kerogen 
range from 6.496 to 8.083 mg/g rock and are far 
larger than which of shale (0.882 to 1.547 mg/g). The 
Langmuir pressure of kerogen range from 2.426 to 
6.546 MPa and are lower than which of shale (1.352-
2.355 MPa).  

The thermodynamic parameters for adsorption 
were also calculated in this study. The isosteric heat 
of adsorption of kerogen is 13.127 kJ/mol and higher 
than which of shale (8.173 kJ/mol), the standard 
entropy of kerogen is -46.684 J/(mol�K) and lower 
than which of shale (-27.088 J/(mol�K)). 

The weight proportion of kerogen in the shale 
sample is 10.69% which was calculated by 
comparing the TOC values of kerogen and shale. 
Then proportion of methane adsorbed on kerogen in 
total methane adsorption of shale in the measurement 
was calculated. The proportion range from 47.8 to 
72.2 % and show an increase trend with the 
increasing of temperature and pressure, which 
indicate that the proportion of methane adsorbed on 
kerogen in total methane adsorption of shale increase 
with the increasing of shale formation depth. 

This work is jointly supported by the National 
Nature Science Foundation of China (41402128), 
“Strategic Priority Research Program” of the Chinese 
Academy of Sciences (XDB10010103) and National 
Science and Technology Major Project 
(2016ZX05003002-004). 
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The Chesapeake Bay and its watershed suffer 

from varying degrees of water quality issues fuelled 
by both point and non–point nutrient sources. Here 
we paired phosphate oxygen isotope technique with a 
suite of mineralogical (XRD), microscopic (SEM and 
TEM), and spectroscopic (1H and 31P NMR) methods 
to identify sources, compositions, and preferential 
degradation of particulate phosphorus in the water 
column. Our results show that NaOH extractable P in 
the particulate matter is the most dominant yet 
recalcitrant P pool in creek waters and carry its 
source signature. Remineralization efficiency of 
particulate P in the Bay water column is significant 
(8-56%) suggesting P derived from remineralization 
of particulate P could be an underestimated source of 
P for biological demand. Furthermore, decrease in 
diester-to-monoester (D/M) ratios with water column 
depth indicates preferential degradation of diesters in 
the settling particulate matter. Sequential extraction 
of P pools in particulate matter indicates potential 
precipitation of Ca- phosphate mineral in the water 
column. These findings provide new scientific 
insights that could help improve water quality in the 
Chesapeake Bay and its watershed. 
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A set of fine-grained sedimentary rocks 

(argillaceous dolomite(AD) + dolomitic 
mudstone(DM)) occurs in the Lower Shahejie 
Formation in Tanggu area, Eastern China, and the 
sediments were previously deemed to be derived 
from both Yanshan Fold and Thrust Belt and 
Cangxian uplift with the seismic and petrological 
analyses[1]. 6 AD samples and 4 DM samples were 
picked for geochemical studied with the aim of re-
evaluating provenance.  

Compared with UCC, AD have higher Na2O(≤ 
4.95 wt.%), MgO(≤ 5.22 wt.%), CaO(≤ 10.15 wt.%), 
while DM have higher MgO(≤ 4.58 wt.%), CaO(≤ 
9.46 wt.%), P2O5(≤ 0.35 wt.%). Chemical Index of 

Alteration(CIA), Plagioclast Index of 
Alteration(PIA) and Th/Sc versus Zr/Sc bivariate 
discriminant diagram imply low degree of weathering 
and minor sediment reworking. Al2O3/TiO2 ratio, K 
versus Rb diagram, La/Th versus Hf diagram, in 
addition to REY pattern indicate felsic source rocks 
contribute mostly to the formation of fine-
grained sedimentary rocks. The above evidences 
make YanShan Fold and Thrust Belt a dominant 
sediment supplier rather than Cangxian uplift. 
 
[1]	   Huang C Y, Wang H, Zhou L H, et al. Earth 
Science - Journal of China University of 
Geosciences, 2009, 34(06): 975-984.(in Chinese) 
 



Goldschmidt Conference Abstracts 1756 

Mechanisms of calcite 
crystallization pressure 

LEI LI1, FELIX KOHLER2 AND DAG KRISTIAN 
DYSTHE3 

Physics og Geological Processes, Department of 
Physics, University of Oslo, PObox 1048 
Blindern, 0316 Oslo, Norway  

1lei.li@fys.uio.no 2felix.kohler@fys.uio.no 
3d.k.dysthe@fys.uio.no  

 
Crystallization pressure, σc, is well documented in 

the geological record[1-3] and the weathering of 
buildings and monuments[2]. One may easily deduce 
the thermodynamic limit of this pressure 
σc=(RT/v)ln(c/c0), where v is the molar volume c the 
concentration in the solution and c0 the concentration 
in equilibrium with the solid. Crystallization pressure 
can only occur out of equilibrium (c/c0>1) where 
several processes compete to control the rate and 
thereby the pressure. The study of these processes in 
the grain contact with a high degree of control of 
supersaturation, c/c0, is necessary to understand the 
true limits of crystallization pressure. We present a 
novel experimental approach using microfluidics for 
containment and control of supersaturation and 
reflected interference contrast microscopy to study 
the dynamics of the grain contact under normal 
pressure during growth of calcite in a microfluidic 
“vein”. 

Figure 1 Interference fringes with blue LED (l=430 
nm) and green LED (l=560 nm) as light sources. 
Using different wavelengths therefore allows us to 
establish that the contact between this crystal and the 
glass is along the rim and that the central part about 
1.1 micrometer deep. 
 
[1] Gratier, J.P. et al, How travertine veins grow from 
top to bottom and lift the rocks above them: The 
effect of crystallization force, Geology 40, 1015 
(2012). 
[2] Bucszynski, C., Chafetz, H. S., Siciliclastic grain 
breakage due to carbonate crystal growth, in 
Calcretes, Wright, V.P., and Tucker, M.E., eds. IAS 
Reprint Series #2, p. 279 (2009). 
[3] Rothrock, E. P., On the Force of Crystallization of 
Calcite J. Geology 33, 80 (1925)  
[4] Flatt, et al, Chemo-mechanics of salt damage in 
stone, Nature Communications 5, 4823, (2014). 
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The study of nitrogen recycling efficiency in the 

arc has been focused on the comparison between the 
input from the subducting slab and the output by 
volcanic degassing. Although arc vocanic rocks have 
been demonstrated to retain a variety of recyled slab 
components, the recycled nitrogen fixed in arc 
volcanic rocks has not been assessed yet. Here, we 
examined the fixed nitrogen in the rocks from 
Kick’em Jenny (KEJ), a submarine arc volcano in the 
southern Lesser Antilles, which has very little crustal 
assimilation during magma ascending. 

The results show that the KEJ volcanic rocks 
contain 6-26 ppm (with one sample containing 230 
ppm) fixed nitrogen with a δ15N range between -
1.7‰ and +8.9‰. A negative trend between nitrogen 
concentrations and δ15N values was observed and can 
be explained by surface nitrogen contamintion (from 
sediments and/or organisms) on a magmatic nitrogen 
source with low nitrogen concentration (~2 ppm) but 
a high δ15N value greater than +6‰. This magmatic 
value is distinct to the mantle value (-5‰) but 
consistent with slightly elevated value of the 
subducting slab (+5.6‰ for seafloor sediments and 
+3.3‰ for AOC from DSDP Leg 78 Site 543) as a 
result of metamorphic devolatilization. Thus, the high 
δ15N value of the magmatic endmember in the studied 
samples implies that recycled slab nitrogen 
overwhelmed the mantle nitrogen in the KEJ magma 
source. 

Notwithstanding that large amount of recycled 
nitrogen would be emitted as N2 in the arc by 
volcanic degassing, our results show that significant 
amount of recycled nitrogen can be fixed in the 
volcanic rock body and has not been revealed. This 
omissive reservoir needs be considered to refine the 
modeling of nitrogen cycling across subduction 
zones. 
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This study selected three typical marine shales of 

Yangtze region in southern China: Longmaxi shales 
,Wufeng shales and Niutitang shales. We measured 
δ15Nbulk, organic carbon isotopes (δ13Corg), total 
organic carbon (TOC) , total nitrogen (TN) and trace 
elements from the core of the three formations. The 
experimental results show that the Longmaxi shales 
,Wufeng shales and Niutitang shales samples were 
characterized by very different δ15N values, 
Longmaxi shale core nitrogen isotopes 
(averageδ15Nbulk =4.9 ± 0.8‰) higher than Wufeng 
core nitrogen isotopes (average δ15Nbulk=4.4 ± 
0.8‰), Niutitang nitrogen isotope (average δ15Nbulk 
=2.1 ± 0.8‰) values of the lowest. Comparing the 
δ15Nbulk with other geochemical proxies and core 
description in order to excepted the relationship 
between δ15N and redox condtions. We found that 
Niutitang formation is belongs to the strong reducing 
sedimentary environment, the bottom influenced by 
hydrothermal sedimentary become extreme anoxic 
environment, which in favor of preservation of 
sedimentary organic matter, then TOC and TN values 
are higher. Wufeng formation is the reductive 
environment and deep-water shelf deposit. Longmaxi 
formation is the weak reductive sedimentary 
environment, the sea level is reduced and increased 
water oxygen content. We propose that sedimentary 
environment is a key factor of nitrogen isotope 
distribution difference in three formations shales 
cores samples. Nitrogen isotope distribution with 
sedimentary water redox conditions exist obviously 
correlation, and can be used as an index indicating 
depositional water oxidation reduction characteristics. 
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Europium (Eu) has two stable isotopes, 151Eu and 
153Eu. No isotopic variation was observed of the two 
isotopes (153Eu/151Eu = 1.0916) at precision of ~1 per 
mil [1]. Later researchers found the 153Eu/151Eu ratio 
of terrestrial rocks and meteorites was constant within 
one ε unit [2]. The magnitude of Eu enrichment or 
depletion in a sample, calculated as a “Eu anomaly”, 
is a so classic and fascinating geological parameter. 
We have a strong desire to know whether there are 
isotopic fractionation at various Eu anomaly samples. 
So the first is to further improve the analytical 
precision. 

In this preliminary work, we developed a simple 
and feasible approach for high precision Eu isotopes 
analysis by a nu plasma 1700 MC-ICP-MS in China 
University of Geosciences. Instrumental mass bias 
was calibrated by a sample-standard bracketing 
method using a pure Eu solution, NIST3117a, as the 
bracketing standard. Eu isotope data are reported as 
δ153EuNIST3117a (δ153EuNIST3117a = 
[(153Eu/151Eu)sample/(153Eu/151Eu)NIST3117a-1)]×1000). 
Two desolvating systems, CETAC Aridus IITM and 
ESI apex Q,  were coupled for more stable sample 
introduction. The long-term precision and accuracy of 
NIST3117a is 0.000±0.017‰ (2SD, n=282). The 
result is better than that without desolvating system (-
0.009±0.081‰, 2SD, n=14) or just using Aridus II 
(0.001±0.031‰, 2SD, n=117).  All data were 
obtained at similar signal intensity. 

We also measured δ153EuNIST3117a for other two 
pure Eu solutions, including Alfa Aesar 35753 (-
0.011±0.018‰, 2SD, n=68) and NCS GSBG62052-
90 (0.009±0.021‰, 2SD, n=63). In the whole long-
term test, without complex calibration, slight Eu 
isotopic variation of the three standard solutions have 
been observed. Therefore, the improved approach 
will facilitate the further study of Eu isotopes. 

 
 

[1] Chang et al. (1994), Int. J. Mass Spectrosc. Ion 
Proc. 139, 95–102. 
[2] Moynier et al. (2006), Geochim. Cosmochim. 
Acta 70, 4287–4294. 
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The volcanic activities occurred pervasively in 

NE China in Cenozoic era. The Dalinor volcanic 
swarm, composed of a hundred volcanoes of varied 
sizes and shapes, is located on the Dalinor lava 
plateau in the southeastern region of Inner Mongolia. 
Most of the Dalinor volcanoes are central eruption or 
central-crevasse eruption style, leaving cluster of 
volcanic cones with height of 50-130m outstanding in 
the lava plateau. The volcanic cones were denuded 
through the long-term geological evolution. 
According to their geomorphology, the existing 
volcanic cones could be roughly classified into four 
types: single truncated conical, composite, shield, and 
residual. The different denudation degree of the cones 
imply the relative eruption sequence of volcanic 
activities. 

The morphology measurement of a volcanic cone 
is an effective tool to determine the relative age of a 
volcano. The ratio of cone height to diameter was 
obtained by subtracting the cone bottom diameter 
from the crater diameter, which can reflect the 
formation time of a cone to a certain extent. The 
overall evolutionary process of a cone from new to 
old can be roughly considered as conical → shield → 
residual, though, the existing cone morphology 
doesn’t always match the eruption time. As the 
conical and composite volcanoes located in the 
central part of the plateau, the shield ones usually 
located in the margin, and the residual ones widely 
distributed in the volcanic field, which together 
indicate the volcanoes in the plateau margin formed 
earlier than those in the central, i.e. the volcanic 
eruptions migrated from the margins to the center of 
the Dalinor lava plateau, while the even earlier large 
scale tholeiite overflowed and formed the base of the 
lava plateau. 
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The water contents have been measured by 

Fourier transform infrared spectrometry (FTIR) on 
the minerals of peridotite xenoliths hosted by late 
Mesozoic basalts in three localities, Daxizhuang (74 
Ma), Junan (67 Ma) and Qingdao (82 Ma), of the 
eastern North China Craton (NCC). The water 
content (H2O by weight) of the Daxizhuang samples 
is from 103 to 311 ppm for clinopyroxene (cpx), from 
30 to 141 ppm for orthopyroxene (opx) and from 21 
to 66 ppm for whole rocks. In contrast, the samples 
from Junan and Qingdao have high water content, 
from 466 to 746 ppm for cpx, 187 to 346 ppm for opx 
and 99 to 232 ppm for whole rocks. These results, 
combined with previously reported data of 
lithospheric mantle samples of the eastern NCC at ~ 
120 Ma and < 40 Ma, suggest a temporal variation of 
water content. At that time, the lithospheric mantle 
was hydrous (> 1000 ppm); after its destruction was 
complete at the end of the Mesozoic, the water 
content of the lithospheric mantle was extremely low 
(< 50 ppm); during the period of destruction, the 
lithospheric mantle had intermediate water content. 
The temporal variation is thought to be linked with 
the process of the craton destruction: (1) at the peak 
time of destruction, the hydrated lithospheric mantle 
creates a low-viscosity prerequisite for its own 
destruction; (2) during the destruction, the upwelling 
asthenosphere erodes the lowermost lithospheric 
mantle and heats the overlying lithospheric mantle 
continuously, resulting in lithospheric thinning and 
dewatering of the relict lithospheric mantle till to the 
cease of the destruction which is at least partly due to 
its low water content. The upwelling asthenosphere, 
however, cools at weak zones (e.g., deep faults) and 
transforms into newly accreted lithospheric mantle 
with higher water content than the dewatered relict 
mantle. 
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To tackle increased threats posed by regional air 

pollution problems in China, the State Council of 
China issued “Regional Join Prevention and Control 
of Air Pollution” in 2010 to enhance the joint effort 
in regional environmental protection. The good air 
quality for the large international events such as 2008 
Beijing Olympics, 2010 Shanghai Expo and 2014 
Beijing APEC Summit as the results of stringent 
emission control measures in the city and the regional 
joint control over the surroundings proves that the 
short-term measures did fix the air pollution problems 
in China with the extreme cost by a forced temporary 
closure of most of factories in the surrounding areas. 
However, a permanent solution is still a tremendous 
challenge, especially for curbing the heavy haze of a 
city on the regular basis.  In this work, we develop a 
precision air pollution control approach (PAPCA) to 
significantly mitigate heavy haze pollution in a city 
by combining the high pollutant concentrations (can 
be either observations or model results), hybrid 
receptor model (Concentration Weighted Trajectory 
(CWT)) and 3-D air quality model (WRF-CMAQ) to 
pinpoint origins of heavy air pollution and optimize 
the emission control schemes for the targeted areas. 
In this PAPCA method, the targeted areas with the 
high potential contributions to the heavy haze were 
identified by the CWT values and then the WRF-
CMAQ model was used to optimize the emission 
control schemes for the targeted areas with the CWT 
values as a weighting function to guarantee 
significant mitigation of the heavy haze at the most 
effective way.  We have applied the PAPCA to two 
severe haze outbreaks in Beijing in October and 
November 2013.  The results show that the emission 
control schemes for the targeted areas instead of all 
surrounding areas can significantly mitigate the 
heavy haze in Beijing by decreasing the peak 
concentrations of PM2.5 from ~300 g m-3 to <100 g m-

3. Since the PAPCA method only requires the 
emission control schemes for the targeted areas 
instead of all surrounding areas, this can save money 
with remarkable economic benefits and can be 
applied to any heavy air pollution events around the 
world. 
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Geological Setting 
The primary mineralization process of Gejiu tin-

polymetallic deposit is repeated superimposition and 
reform by  magmatic hydrothermal. Conformation 
afforded transmit alleyway and deposited space for 
mineralization. Various wall rock conditions and 
combination zoniferous character of different mineral 
elements lead to mineralizing diversity [1]. 

Factor Analysis 
 Factor analysis is one of the most important 

multivariate statistical methods for processing and 
analyzing geochemical data, and it is appropriate for 
data reduction and anomalies interpretation in 
geochemical exploration [2]. In this case study, 4745 
fault rock samples collected within the east of Gejiu 
district were assayed. The correlation among the 
mineral elements was obtained by cluster analysis, 
then on this basis, 4 factors were acquired by means 
of factor analysis. 
Anomely Analysis 

Cheng et al. [3] proposed a concentration-area 
(C-A) fractal model for separating geochemical 
background and anomalies. In this case, C-A fractal 
method was applied to determine the anomaly 
threshold of the first factor (i.e., Sn, Ag, Pb, Zn, Mn) 
obtained by factor analysis. 

Conclusion 
The factor anaylsis method used in this case study 

delineates the spatial zonation patterns of the 
principal mineral elements and the C-A fractal 
method show superior performance for determining 
the anomaly threshold of the factors. 
 
[1] Shou-yu, C., & Peng-da, Z. (2009). Mineralizing 
multiformity and deep prospec ting of Gejiu super 
Sn-Cu multi-metal deposit, Yunnan. China, 34(2), 
319-324. 
[2] Tripathi, V. S. (1979). Factor analysis in 
geochemical exploration. Journal of Geochemical 
Exploration, 11(3), 263-275. 
[3] Cheng, Q., Agterberg, F. P., Ballantyne, S. B., 
1994. The separation of geochemical anomalies from 
background by fractal methods. Journal of 
Geochemical Exploration, 51(2), 109-130. 
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Since the industrial revolution, the concentration 

of GHGs (greenhouse gases), which is composed of 
CO2 and CH4 in the atmosphere, has been increasing 
due to human activity and fossil fuel burning. The 
increase of GHGs causes global warming, and brings 
an extremely adverse impact on the human survival 
environment and sustainable development of the 
national economy. Hydroelectric power has long been 
widely as a clean energy, but recent studies have 
found that artificial reservoirs can also be the release 
of greenhouse gases in the atmosphere. From January 
to December 2013,the partial pressure of CO2 
(p(CO2)), nutrients, water temperature, pH and 
dissolved oxygen(DO) have been determined 
monthly at the mouth of the mainstream of the Three 
Gorges Reservoir and its tributary ( Meixi River) to 
explore the contribution of the mainstream and 
tributary to GHGS in the atmosphere. The results 
show that the Meixi River is a sink of the CO2 in the 
atmosphere from April to July  and September, the 
mainstream of the Three Gorges Reservoir is a source 
for atmospheric CO2. 
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It has been well recognized that microbial nitrate-

dependent Fe(II) oxidation plays an important role in 
biogeochemistry of iron and nitrogen. Many nitrate-
dependent Fe(II) oxidizers have been isolated from 
diverse ecosystems including activated sewage 
sludge, anoxic aquifer sediments, and marine 
sediments. In this study, Acidovorax ebreus LS-1 was 
firstly isolated from paddy soil field. Phylogenetic 
analysis of the 16S rRNA gene sequence revealed 
that A. ebreus LS-1 showed a close relationship with 
members of the genus Acidovorax, having the highest 
similarity of 99% with A. ebreus TPSY. Many 
members of the genus Acidovorax, such as 
Acidovorax sp. BoFeN1, Acidovorax sp. BrG1, and 
Acidovorax sp. 2AN, have been identified with the 
ability of nitrate-dependent Fe(II) oxidization. A. 
ebreus LS-1 was able to reduce nitrate in the 
treatment of LS-1+nitrate, which could be facilitated 
by the presence of Fe(II). Whereas no obvious Fe(II) 
oxidation was observed in the treatment of LS-
1+Fe(II), Fe(II) oxidation took place only in the 
treatment of LS-1+nitrate+Fe(II). While nitrite could 
oxidize Fe(II) abiotically (known as 
chemodenitrification) in the treatment of 
nitrite+Fe(II), the presence of A. ebreus LS-1 could 
evidently accelerate the nitrite reduction, N2O 
production as well as Fe(II) oxidation. After 9 days of 
inoculation, scanning and transmission electron 
microscopy (SEM and TEM) images of the 
precipitates revealed that A. ebreus LS-1 cells were 
covered by amorphous and laminated structure 
minerals in both treatments of LS-1+nitrate+Fe(II) 
and LS-1+nitrite+Fe(II), while only laminated 
structure minerals were observed in the treatment of 
nitrite+Fe(II). X-ray diffraction (XRD) and fourier 
transform infrared (FTIR) spectra of the precipitates 
confirmed that iron hydroxides, such as lepidocrocite 
were formed in all treatments. This study identifies a 
nitrate-dependent Fe(II) oxidizer from paddy soil, 
which highlights the environmental prevalence and 
importance of the genus Acidovorax in the nitrate-
dependent Fe(II) oxidation in natural environments. 

 
This work was funded by the National Natural 
Science Foundations of China (41571130052 and 
41420104007). 
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Late Mesozoic lithospheric extension in NE Asia 

resulted in the development of a large extensional 
province and widespread formation of volcano-
sedimentary basins. Songliao is the biggest basin in 
that region, situated between the Siberian and Sino-
Korean (North China) cratons. The Songliao basin 
contains voluminous volcanic rocks as a major part of 
the basin fill. Volcanic successions form a significant, 
mostly concealed part of the late Mesozoic magmatic 
province in NE China.  

Here we report zircon U-Pb ages and 
geochemical data for felsic volcanic rocks from the 
Songliao basin. Zircon populations of two types of 
rhyolites with distinct I- and A-type affinities, 
analyzed by laser ablation ICP-MS, yielded similar 
U-Pb ages of 114 ±2 Ma and 113±2 Ma, respectively. 
Whole-rock Nd and zircon Hf isotope data of the 
felsic rocks indicate an origin from newly formed 
crustal protoliths. The I-type rhyolites show 
geochemical signatures of subduction related 
underplated mafic rocks, whereas the A-type 
rhyolites have higher heavy rare earth element 
(HREE) and high field strength element (HFSE) 
concentrations and lower Ba/Nd ratios that are 
interpreted as evidence for melting of I-type felsic 
lower crustal sources in an intra-plate tectonic 
environment. Typical geochemical compositions of 
A-type rhyolites indicate anorthite-rich plagioclase as 
a residual magmatic phase and imply melting at 
shallow crustal levels. The comparable A-type felsic 
rocks in the Hailar and Songliao basins of 
northeastern China, were generated during a period of 
maximum lithospheric extension around 120 Ma and 
110 Ma, respectively. This thinning process 
progressed from west to east was probably related to 
the retreat of the Paleo-Pacific trench. 
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The triple isotope fractionation exponent θ relates 
fractionation in 17O/16O to fractionation in 18O/16O 
(θ = ln17α/ln18α). This parameter, yet to be measured 
for the carbonate-water system, is necessary for 
reconstructing parent water triple oxygen isotope 
compositions from measured carbonate triple oxygen 
isotope compositions. Thus knowledge of this 
parameter is central to emerging applications of 
carbonate triple oxygen isotopes to paleoclimate, 
paleoecology, paleoatmospheres, and petrology. 

To determine this parameter, we synthesized 
carbonate in the laboratory at temperatures ranging 
from 5 to 60°C using a mostly passive CO2 degassing 
method. Triple oxygen isotope compositions of the 
water were determined using the CoF3 fluorination 
method [1], and of the carbonate (as CO2 liberated 
from carbonate by 90°C phosphoric acid digestion) 
using a reduction-fluorination method [2]. We 
observe a mean θ value of 0.5243 ± 0.0005, which is 
a composite value reflecting calcite-water 
fractionation, and 'acid fractionation' during 
phosphoric acid digestion of carbonate. The θ value 
appears to have weak temperature dependency of 
~0.00001/℃, in agreement with theoretical 
predictions [3].  

Clumped isotope compositions of the synthetic 
carbonates show a temperature dependency that is 
indistinguishable from previously published 
calibrations with typical ‘low slope’ pattern in Δ47 vs. 
1000/T2 plot [e.g., 4]. We also observed laboratory 
self-consistency between this new inorganic 
calibration and a previous calibration based on 
biogenic mollusk and brachiopod shells [5]. 

 
[1] Barkan & Luz (2005) RCMS 19, 3737; [2] Passey 
et al. (2014) GCA 141, 1; [3] Cao & Liu GCA (2011) 
7, 7435; [4] Defliese et al. (2015) CG 396 51; [5] 
Henkes et al. (2013) GCA, 106, 307. 
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The water chemistry and stable isotopes (δ18O-

H2O, δD-H2O, δ13C-DIC, δ15N-NO3
-, δ18O-NO3

-) 
were analyzed to improve understanding solute 
sources and transformation processes in the Karst 
Critical Zone, Guizhou Province, Southwest China. 
Guizhou Province locates on the center of the 
Southeast Asian karst region, which is the largest 
karst area in the world. Geomorphologic types 
change from clusters of peaks with depressions to 
peak forests with broader valleys, and finally to peak 
forests with plains from the upper streams to the 
lower streams of the catchment in the studied area. 
Average annual precipitation generally ranges from 
1,200 mm to 1,400 mm and about 80% falls during 
the wet season. The DIC concentrations and the δ13C-
DIC values show pronounced seasonal variations, 
with the lowest values being observed during the high 
flow season (from May to October). The water 
chemistry and isotopic proof indicate that CO2 
derived from organic matter oxidation plays an 
important role in seasonal carbon dynamic in this 
typical karstic environment. The nitrate dual isotopic 
results suggested that nitrate mainly derives from 
oxidation of reduced nitrogen. Chemical weathering 
processes of carbonate might be enhanced by using 
nitrogen fertilizer because liberated protons and 
enhanced HCO3

- flux were produced through by 
nitrification. Considering the calculated quantity of 
nitrate that may have been derived from nitrification 
measured at the outlets, the enhanced HCO3

− flux 
caused by the nitrification could account for about 
1/5 of the total HCO3

- exported from this catchment. 
This result indicates that carbon flux in rivers was 
significantly impacted by the nitrogen cycle, 
especially in this karstic agricultural area, which 
should be considered for quantification of the carbon 
cycle in the Karst Critical Zone. 
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Metal elements play important role in marine 

biological production and environmental security. 
Particulate matters are effective carrier of metals 
transport in the ocean. The adjacent sea of the 
Changjiang Estuary is a region with high turbid 
water, which is influenced by the run off from the 
Changjiang River and Qiantang River. The 
composition and distribution of particulate metals in 
this area were studied. 

Suspended particulate matter (SPM) samples 
from the surface and bottom waters were collected in 
July 2014. Metal elements, i.e., Al, Ca, Fe, Mg, Mn, 
Ti, Ba, Co, Cr, Cu, Ni, Pb, Sr, V and Zn in SPM were 
determined with a inductive coupled plasma-atomic 
emission spectrometer after acid decomposition, and 
phosphorus was determined with a 
spectrophotometer. Lithogenic versus biogenic and 
related contributions of metals in SPM were 
discussed. 

High SPM contents were observed in stations 
close to the Changjiang Estuary. Particulate Al and 
Pb contents in seawater showed similar distribution 
pattern with that of SPM, while particulate 
phosphorus (PP) was different slightly due to its 
biological origin. 

The contents of Al and some metals in SPM 
increased with SPM content in seawater, which 
indicated that Fe, Ti, Sc, Mn, V with Al were mainly 
lithogenic elements. The contents of biogenic P and 
several other metals decreased with SPM. It reflected 
that the dilution by aluminum silicate when SPM 
were high. Co, As, Cd, Sr, Cr, Cu, Ni, Pb and Zn 
were such biogenic elements. The content of some 
metals does not change much with the SPM (e.g. Mg, 
Ca and Ba).  

Normalizations with Al and P for each element 
were used to classify the lithogenic and biogenic 
contributions, respectively. Sc, Fe, etc. were mainly 
controlled by lithogenic input, and not obviously 
controlled by biological activities and other 
processes. As, Cd, Cr, Co, Ni, Pb, Zn were mainly 
controlled by non-lithogenic input, e.g. biological 
activities. Ca, Mg, Sr, Mn, Ba, Cu showed 
comprehensive origins both from biological activities 
and lithogenic input. Lithogenic and biogenic (with 
other origins) Ca fractions were estimated both for 
surface and bottom SPM samples. 
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Formation of mixed metal-Al surface precipitates 

as layered double hydroxide (LDH) phases is an 
important pathway of natural attenuation of toxic 
metals such as Co, Ni, and Zn. However, due to the 
inability of existing kinetic methods (i.e., ex 
situ batch, stirred-flow systems, and pressure-jump 
relaxation), the kinetics and mechanisms of 
precipitate formation are not well understood.  In this 
research, we developed a novel in-situ quick 
scanning extended X-ray absorption fine structure 
spectroscopy (QEXAFS) technique coupled with a 
conventional flow-through cell to monitor the real-
time adsorption/precipitation of Ni on Al oxide 
surfaces.  With a rapid data collection rate, for the 
first time we show a rapid transition from surface 
adsorbed Ni to Ni-Al LDH precipitate formation as 
short as < 5 minutes.  This suggests that surface 
precipitation could occur as rapidly as surface 
adsorption.  Additionally, time-resolved synchrotron-
based X-ray diffraction analysis further confirmed the 
formation of Ni-Al LDH phases and indicated that 
mineral surfaces promoted crystallization of LDH 
precipitates.  Based on the in-situ real-time QEXAFS 
study, we excluded Ni hydroxides as an intermediate 
phase for LDH precipitate formation.  This new 
method develop in this study will help advance the 
understanding of mineral-water interfacial 
geochemistry. 
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Atmospheric deposition of aerosols to the surface 

ocean increases the availability of dissolved iron. 
This enhances primary production in high latitude 
and equatorial Pacific oceans where iron is limited 
and stimulates nitrogen fixation in much of the lower 
latitude oceans. Recent model studies have suggested 
an increase of dissolved iron into the oceans due to 
enhanced atmospheric acidity by anthropogenic 
emissions. However, no direct field evidence is 
available so far to confirm this hypothesis.  

We carried out an observational study to evaluate 
this iron solubilisation hypothesis. The morphology, 
composition, and mixing state of individual iron-
bearing particles collected over the Yellow Sea in 
June 2013 was investigated using a Transmission 
Electron Microscope coupled with an energy 
dispersive X-ray spectroscope. 14% of all analyzed 
particles ranging from 20-5000 nm contain iron, most 
of which as iron-rich spheres or fly ash within 
individual particles. The spheres and fly ash are most 
likely emitted from industrial processes and/or coal 
combustion. Less than 1.3% of the iron-bearing 
particles contain mineral dust. A majority of the iron-
bearing particles larger than 300 nm were internally 
mixed with sulfate and sometimes both sulfate and 
organic matter. Elemental maps revealed that the iron 
was frequently present in the sulfur-containing matrix 
as well as the primarily emitted particles (as iron 
hotspots). This provides direct evidence on the 
release of soluble iron from primary anthropogenic 
iron-bearing particles through atmospheric 
processing. 
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With recent progresses in multi-collector ICP 

mass spectrometry, it is possible to decern sub-per 
mil variability in 41K/39K isotope ratios in natural 
samples. For example, δ41K (relative to international 
standard K3141a) values of igneous rocks are about 
0.5‰ lower than that of seawater [1,2], and over 1‰ 
variation in δ41K has been measured in biological 
samples [2]. 

Isotopic fractionation factors between minerals 
and aqueous solutions are fundamental for 
interpreting observed isotopic data. We performed 
recrystallization experiments for six different K-salts 
and measured K isotope fractionation factors for the 
mineral-aqueous solution pairs. Δ39Kmin-aq 
fractionation factors varies from -0.5‰ for KI to 
+0.3‰ for K2SO4, suggesting strong crystalgraphic 
control on K isotope fractionation, that heavy K 
isotopes preferentially partition into minerals with 
shorter K-anion bonds. 

Our results suggest that up to 0.8‰ inter-mineral 
fractionation of 41K/39K ratio exists at low 
temperature conditions. Because K is a major element 
in Earth’s crust and oceans, and K is an essential 
nutrient that plays a key role in a variety of metabolic 
and physiological processes in organisms, K isotope 
geochemistry is a promising tool for studying a 
variety of problems like continental weathering, 
global potassium cycling, and metabolism of 
potassium in organisms. 
 
Reference: 

[1] Morgan LE, Higgins J, Davidheiser-Kroll B, 
Lloyd NS, Faithfull J, Ellam RM, (2014) 
Goldschmidt Conference Abstract, 1731. 

[2] Li W, Beard LB, Li S (2016) Precise 
Measurement of Stable Potassium Isotope Ratios 
Using A Single Focusing Collision Cell Multi-
Collector ICP-MS. Journal of Analytical Atomic 
Spectrometry. Under review 
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 Eruptions at Merapi Volcano (Indonesia) 

flipped from effusive in 2006 to explosive in 2010, 
without significant change in magma composition or 
mineralogy. In such case, the contrasting eruptive 
styles are controlled by two principal parameters: pre-
eruptive volatile budget and/or magma ascent rate. It 
is often difficult, however, to constrain the two 
parameters or to establish which plays a larger role in 
an eruption. For example, it is difficult to apply the 
“melt inclusion” approach, if the deposits cooled 
slowly and inclusions are not quickly quenched into 
glass. Here we show that volatiles in apatite can 
preserve a temporal and evolutionary record on 
magma, and thus used to address this problem. We 
determined the pre-eruptive volatile budgets and 
magma ascent rates of the 2006 and 2010 eruptions at 
Merapi, to better understand what controls the 
eruptive styles.  

 F, Cl, OH and S concentrations in apatite 
were measured using secondary ion mass 
spectrometry and electron microprobe. Point analyses 
and chemical maps were obtained for apatite crystals 
in different textural context. We found that 
amphibole-hosted apatite inclusions in 2006 and 2010 
deposits have similarly high volatile contents, 
indicating similar initial volatile budgets in magmas 
of the two events, despite the difference in their 
eruptive styles. Besides, apatite inclusions in 
clinopyroxene and plagioclase and apatite in the 
matrix have distinctly low volatile contents. Thus we 
propose at least two reservoirs in the plumbing 
system of Merapi: a deep reservoir where amphibole 
crystallized from volatile-rich magma, and a 
shallower one where magma was more degassed and 
crystallized clinopyroxene and plagioclase.  

 In addition, the 2006 apatite crystals in the 
matrix show increasing Cl content towards the rim, 
possibly resulting from an increase in partition 
coefficient with decreasing pressure, and/or 
increasing Cl concentration in the residual melt due 
to microlite growth during slow ascent. In contrast, 
Cl zoning is not observed in apatite of 2010 deposits. 
Diffusion modelling of Cl concentrations indicate 
that the ascent rate of 2010 magma was >25 times 
faster than that of 2006, consistent with extrusion 
rates obtained from monitoring data. We propose that 
the faster magma ascent rate in 2010 is responsible 
for the greater explosivity of this event, rather than 
higher pre-eruptive volatile budget, compared to 
2006. 
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Continental lower crust is the bridge between the 

felsic upper crust and the ultramafic upper mantle and 
plays a key role in the evolution of the lithosphere. 
The bulk composition of the continental lower crust 
is well established and generally believed to be mafic 
granulite. Whether the lower crust is a mechanically 
strong or weak layer compared to mantle peridotite 
and upper crust granitic rocks has been controversial. 
The Tibetan Plateau, the result of continental 
collision between the Indian and Eurasian plates since 
~50Ma, has a thick (up to 70 km) lower crust. It has 
been suggested that the crust and mantle parts of the 
lithosphere flow as a whole while some others 
interpret the plateau uplift as the consequence of a 
ductile flow of the lower crust. The latest SKS 
measurements show a strong and systematic back 
azimuthal variations of the splitting parameters with a 
90° periodicity in central Tibet and splitting times as 
large as 1.3s, suggesting two strong anisotropy layers 
corresponding to the lower crust and lithospheric 
mantle. 

Here we report the deformation petrofabric, 
seismic properties of garnet amphibolites from the 
exhumed lower crust of Tibet of the eastern 
Himalayan syntaxis. Our results show a strong fabric 
of hornblende with [001] forming a well defined 
point maximum parallel to lineation and [100] and 
[010]  forming girdles normal to the lineation and a 
weak fabric of garnet. The seismic anisotropies of 
garnet amphibolites are AVp=12.9%, AVs1=4.7%, 
AVs2=4.6%. They are much more significant than 
those of deformed mafic granulite and eclogite 
(thickened lower crust). Our simulation results 
suggest that a 40 km-thick amphibolitic lower crust 
can general a splitting time of 0.72s. By comparing to 
the shear wave splitting parameters and the 
anisotropy of surface wave in Tibet, we suggest that 
garnet amphibolites may contribute at least 0.5s 
splitting time for the SKS measurements in central 
Tibet and is probably the main cause for the shear 
wave polarized direction anomalous. An anisotropic 
amphibolitic lower crust also indicates that the 
Tibetan lower crust has been strongly plastically 
sheared. 
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The ~1700 Ma Yinachang deposit in the 

Kangdian region, Southwest China, contains 
economic Fe and Cu, with potentially significant 
REE. Fluorapatite in this deposit records multiple 
phases of hydrothermal REE remobilization 
processes. 

In the Yinachang deposit, there are three stages of 
alteration and mineralization, including pre-ore Na-
(Fe) alteration, Fe-(REE) mineralization, and Cu-
(REE) mineralization. In the Fe-(REE) mineralization 
stage, REE-rich fluorapatite, with total REE 
concentrations ranging from 10,700 to 34,000 ppm, 
formed together with low-Ti magnetite. In the 
following Cu-(REE) mineralization stage, large 
amounts of REE, especially LREE, were leached out 
of the REE-rich fluorapatite due to the interaction 
between fluorapatite and Cl-, F-, CO2-, and Ca-rich, 
but REE-unsaturated fluids. The leaching of REE was 
associated with the obvious removal of Si, Na, Th, U, 
Pb, and Ba, and modification of the oxygen isotopic 
signature in the fluorapatite. 

During a ~840 Ma tectonothermal event, REE-
rich fluorapatite underwent the second interaction 
with oxidized, F-, CO2-, and possibly Cl-rich, but Na- 
and Ca-deficient fluids. Due to fluid-fluorapatite 
interaction, REE were removed from the fluorapatite, 
but were immediately reincorporated into new phases 
within the fluorapatite. Thus, the altered fluorapatite 
contains abundant REE mineral inclusions, including 
bastnäsite-(Ce), monazite-(Ce), and minor xenotime-
(Y). A very small portion of the LREE was 
transported out of the fluorapatite, and formed 
bastnäsite-(Ce) and monazite-(Ce) grains in the 
vicinity of the altered fluorapatite. 

This study demonstrates that REE can be 
mobilized during multiple phases of hydrothermal 
activities and highlights the significant controls of 
fluid compositions on REE transportation and 
deposition behaviors in hydrothermal system. 
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Based on the comparison of sulfate-δ34S, water-

soluble inorganic components, and dual nitrate 
isotopes (δ15N, δ18O), we discussed the sources and 
formation mechanisms of nitrae in aerosols sampled 
at Chengdu (megacity, heavily polluted) and Guiyang 
(small city, relatively clean). In Chengdu and 
Guiyang, the  annual means of sulfate-δ34S in TSP 
were 4.9‰ and -0.2‰, respectively, which are 
consistent with the δ34S values in coals combusted at 
the two respective regions, indiating coal combustion 
is still the key source of air pollution in the two cities.  

The  annual means of nitrate δ15N and δ18O in 
TSP were higher in Chengdu (2.3‰ and 72‰) than 
in Guiyang (-6.1‰ and 55‰), while in each city the 
δ15N and δ18O values were higher in winter than 
those in summer (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Nitrate δ15N vs. δ18O in two cities 
Considering δ15N and δ18O values of emissions 

from vehicle exhaust, coal combustion, and 
agricultural soil, etc., high dual nitrate isotopes in 
Chengdu could be resulted from the ever increasing 
numbers of cars and subsequent pollution. In the two 
cities, low δ15N and δ18O values in summer might be 
affected by different formation pathway as NOx 
mainly oxidized by HO· and/or the hydrolysis of 
N2O5 to generate the nitrate, not as NOx mainly 
oxidized by O3 in winter. 
 
This work was supported by the National Natural 
Science Foundation of China (Grant No. 41173022). 
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At present, primary oil and gas reservoirs of the 

Meso-Neoproterozoic have been reported in Eastern 
Siberia, Africa, Eastern Europe, India, Arabia 
Australia, et al. The proven and exploitable 
hydrocarbon resource is especially large in Eastern 
Siberia and Omen[1]. With the development of 
exploration technology and equipment, deep oil and 
gas resources have gotten the attention of world 
geologists. Whether there are abundant oil and gas 
resources in the Meso-Neoproterozoic of the North 
China platform is an important theme. Therefore, this 
article systematically studied the organic 
geochemistry characteristics of hydrocarbon 
generation conditions between the east and the west 
of Meso-Neoproterozoic in North China Platform, 
analyzing the abundance, the type and the thermal 
evolution degree of organic matter in depth. 

Jiliao Aulacogen is the eastern study area, which 
is the major sedimentary province in the east of the 
North China Platform; and Inner Mengshan 
Aulacogen is the western study area, in which 
abundant hydrocarbon resources of Paleozoic and 
Mesozoic strata have been exploided. Jiliao 
Aulacogen and Inner Mengshan Aulacogen formed in 
the Meso-Neoproterozoic in the North China 
Platform. 

Experiments, such as total organic carbon 
analysis, SEM analysis , organic maceral analysis and 
rock pyrolysis, were did with more than 200 samples. 
Then, the abundance, the type and the thermal 
evolution degree of organic matter between the east 
and the west of Meso-Neoproterozoic in North China 
Platform were compared. 

The research has shown that the hydrocarbon 
source rocks of Meso-Neoproterozoic in the eastern 
part of North China platform is premium source rocks 
for high abundance and good type of organic matter; 
western hydrocarbon source rocks with lower 
abundance of organic matter are poor sorce rocks, 
even though the type of organic matter is also good. 
Although the thermal evolution degree of the eastern 
part of North China platform is similar to the western 
part, their thermal evolutions processes are quite 
different. 

Generally speaking, the hydrocarbon-generating 
potential of the eastern part of the North China 
platform is larger than the western part according to 
the analysis of the organic geochemistry 
characteristics of source rocks. And this research can 
provide certain guidance and suggestion for the 
Meso-Neoproterozoic exploration of the North China 
platform. 

 
 [1] Wang Tie-guan, Han Ke-you. On Meso-
Neoproterozoic primary petroleum resources[J].Acta 
Petrolei Sinica, 2011,32（1）：1-7. 
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Traditionally, Caledonian granite was regarded as 

not related to metal mineralization in South China. 
Several Silurian Cu, W, Mo deposits were discovered 
in past ten years (e.g. Jiepai Cu-W, Baishiding Mo, 
Shedong W-Mo).  

Jiepai Cu-W-Pb-Zn-Mo polymetallic deposit is 
located in the northeast Guangxi Province, South 
China. The orebodies occurs as skarns at the zone 
between the Yuechengling pluton and Cambrian 
dolomitic limestone and slate. Yuechengling pluton is 
the multistage intrusions, including Silurian, Trassic, 
Middle Jurassci, and Late Jurassic. Zircon SHRIMP 
U-Pb shows several stages intrusions emplced at the 
Jiepai deposit, e.g. 448.4±4.6Ma, 429.4±4.5 Ma, 
156.0±3.0Ma. The molybdenite Re-Os age 
(423.0±4.0 Ma) indicated the skarn Cu-W 
mineralization occurred in Silurian, followed the 
Silurian biotite granite. The muscovite Ar-Ar age 
spectrum suggests the late hydrothermal activity 
overprinted the earlier mineralization. 

The hydrothermal biotite Ar-Ar age (152.2±1.1 
Ma) indicated the Late Jurassic hydrothermal activity 
is responsible for late Cu-Pb-Zn mineralization. The 
hydrothermal biotite in biotite-chalcopyrite-quartz 
vein get the Ar-Ar age of 140.4±1.1 Ma, which 
indicates the late Cu mineralization in the Jiepai 
deposit. 

The zircon U-Pb, moybdenite Re-Os, biotite and 
muscovite Ar-Ar ages at Jiepai deposit indicated the 
Silurian mineralization dominated by Cu-W, and the 
Jurassic mineralization dominated by Cu-Pb-Zn. 
Although the Jiepai Silurian Cu-W mineralization 
was overprinted by late several stages magmatic-
hydrothermal activities, the Silurian Cu and W 
mineralization did not strongly influenced. 

 
This study was financially supported by the 

National Natural Science Foundation of China (Grant 
Nos. 41272112 and 41472080). 
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Paddy soils in South China are with high Fe 
contents and highly modified by anthropogenic 
activities with high inputs and accumulation of 
organic C and N. However, few studies have 
investigated microbial communities changes during 
NO3

- reduction and Fe(II) oxidation in paddy soils. In 
this study, kinetics of NO3

- reduction and Fe(II) 
oxidation in paddy soil were investigated under 
anoxic conditions at circumneutral pH using three 
different treatments (i.e., Lactate+Fe(II), 
Lactate+NO3

- and Lactate+NO3
-+Fe(II)). NO3

- could 
be rapidly reduced to NO2

- within two days in 
treatments of Lactate+NO3

- and Lactate+NO3
-+Fe(II), 

and the presence of Fe(II) facilitated NO2
- reduction. 

Whereas no obvious Fe(II) oxidation was observed in 
Lactate+Fe(II) treatment, Fe(II) oxidation took place 
only when NO3

- was added. Illumina high-throughput 
sequencing results showed that the phyla of 
Proteobacteria and Firmicutes had a dominant 
presence in all three treatments. Acidaminobacter, 
Proteiniclasticum, Alkaliphilus and Natronincola 
were found to be the dominant genera during NO3

- 
reduction without Fe(II), and all were seldom 
reported to be associated with NO3

- reduction. 
Azospira, Zoogloea and Dechloromonas dominated 
during NO3

- reduction in the presence of Fe(II), and 
all are betaproteobacterial NO3

--reducing bacteria that 
do not produce ammonium as end products. Whereas 
Azospira, Zoogloea and Dechloromonas have been 
identified from NO3

--reducing Fe(II) oxidation 
culture previously, the NO2

- produced by these 
bacteria can also oxidize Fe(II) abiotically, resulting 
in facilitated NO2

- disappearance in the Lactate+NO3
-

+Fe(II) treatment. These findings increase our 
understanding of the NO3

- reduction processes in the 
absence and presence of Fe(II) in anoxic paddy soil at 
circumneutral pH and extend our knowledge of the 
microbial communities involved in these processes.  
 

Support is provided to Dr. Xiaomin Li through 
National Natural Science Foundation of China 
(41471216) and Australian Research Council 
DECRA grant (DE150100500). 
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A combined study of mineral compositions, bulk-
rock major-trace elements and Sr-Nd isotopes as well 
as laser fusion 40Ar/39Ar geochronology was 
conducted for Mesozoic andesitic volcanics from 
West Qinling, Central China. The results provide 
insights into the origin of high-magnesium andesites. 
The Maixiu pyroxene andesites (MPAs) display a 
hyalopilitic texture, and the predominant phenocryst 
phases are plagioclase, orthopyroxene and 
clinopyroxene. Orthopyroxene generally displays 
delicately normal zoning, whereas some 
clinopyroxene grains exhibit reverse zonings. 
Textural relations indicate that magma mixing plays a 
crucial role for the genesis of high-magnesium 
andesites. The MPAs are characterized by high 
magnesium contents in some samples. The MPAs 
display enriched light rare earth elements and 
relatively high (La/Yb)N ratios (5–9). Clinopyroxene 
phenocrysts are depleted in some HFSE (e.g., Nb, Zr, 
Hf, and Ti) and some LILE (i.e., Ba, K and Sr), and 
are enriched in some other HFSE (e.g., Th and U), 
REE (e.g., Nd and Sm) and some other LILE (e.g., 
Rb and Pb). The MPAs have uniformly low εNd(t) 
values (−7.74 to−9.27) and high (87Sr/86Sr)t ratios 
(0.70788 to 0.71225). Laser fusion 40Ar/39Ar dating 
for matrix glass yields an isochron age of 227−234 
Ma. Based on data for clinopyroxene phenocrysts, we 
estimate a temperature range of 956 to 1087 °C with 
the mean value of 1032 ± 39 °C (1σ), and a pressure 
range from 5.9 to 13.6 kbar with an average of 9.8 ± 
1.9 kbar (1σ). We conclude that the petrogenesis of 
the high-magnesium andesites in West Qinling 
Orogen may have involved magma mixing between 
melts derived from the sedimentary cover of the 
northward-subducting A'nyemaqen–Mianlue oceanic 
slab and peridotite-derived basaltic melts from the 
overriding mantle wedge during the initial collision 
stage between the North China Craton and the 
Yangtze Craton. 

 
This study was supported by CPSF 

(2015T80113). 
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Subsurface oil reservoirs have become a focus of 
intense research because of the presence of 
metabolically active microorganisms within the oil 
rich environment. Microbial communities and their 
associated metabolic activity in petroleum reservoirs 
have a fundamental importance for developing new 
technologies for microbial enhanced oil recovery. A 
global understanding of the pattern of oil reservoirs-
associated environment microbial communities has 
not been systematically investigated, and it is not 
clear whether there are significant differences 
between water-flooded and non-water-flooded 
petroleum reservoirs. Here we present the first meta-
analysis of the bacteria in oil reservoirs, using 16S 
rRNA gene sequences obtained from a range of 
publicly available clone-library and amplicon 
pyrosequencing data. Our results show that 
Gammaproteobacteria, Firmicutes and 
Epsilonproteobacteria are predominant in the 
samples. Furthermore, in Gammaproteobacteria and  
Epsilonproteobacteria, Pseudomonas and Arcobacter 
are the most frequently reported bacteria genus, 
respectively.  Grouping previous studies from 
different oil fields according to low temperature low-
temperature (<50°C) and high-temperature (>50°C) 
reveals that in high-temperature systems, Firmicutes, 
Thermotogae, Thermodesulfobacteria, Nitrospira and 
Atribacteria are more abundance. Bacteria in water-
flooded oil reservoirs demonstrates a similar phylum-
level composition (p>0.05) to that of non-water-
flooded petroleum reservoirs. However, 
Bacteroidetes, Alphaproteobacteria, 
Gammaproteobacteria and Betaproteobacteria 
(p<0.05) existed significant differences among oil 
and water phase samples, which means that they are 
significantly affecting the overall bacterial 
community structure between the two groups. These 
analyses should be significant for well-understanding 
the bacteria diversity involved in wordwide oil 
reservoirs. 
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Lunar dust can make serious damage to the space 
probe, space suit, and health of astronaut, that is one 
of the most important problems faced in lunar 
manned exploration [1, 2]. In the case of rare lunar 
dust sample, CLDS-i lunar dust simulant with high 
similarity to the real lunar dust is an important base 
for studying dust protection and dust toxicity. The 
CLDS-i lunar dust simulant developed by the 
Institute of Geochemistry Chinese Academy contains 
>60% glass and a little nanophase Fe0, and has a 
median particle size about 500-600nm. The CLDS-i 
lunar simulant particles also have complicated shape 
and sharp edges. These are similar to those of lunar 
dust, and make the CLDS-i can be applied to many 
fields such as the scientific research, the treatment 
technology and toxicological study of lunar dust. 
 
[1] Cain  (2010) Earth Moon and Planets 107, 107-
125. [2]  Khan-Mayberry (2008) Acta Astronautica 
63, 1006-1014. 
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Diffusion is a universal phenomenon in minerals. 
Light and heavy isotopes have different diffusion 
rates, which will lead to the uneven isotope 
distribution along a profile in minerals. It is so-called 
the diffusion isotope effect (DIE) of solid. With the 
development of high space resolution mass 
spectrometer (HRMS), the study of isotope 
fractiontion in minerals becomes a research hotspot 
recently. Although isotope data in minerals are 
rapidly accumulating, people still feel difficult to 
figure out: how long the heating history is? what’s the 
diffusion speed difference for different isotope 
systems? Therefore, the theoretical basis and basic 
parameters in these processes are urgently needed 
now. In this study, on the one hand, we will advance 
the theory of isotope diffusion in minerals[1,2], 
including vacancy and interstitial diffusion 
mechanisms. On the other hand, we can demonstrate 
that the use of quantum chemistry methods is a good 
way to explain the DIE in solids.  

Classical theory[1,2] suggested that the DIE is 
affected by two factors, one is the correlation 
coefficient (f) which denotes the degree of deviation 
from the pure random steps, and another is the 
coupling constant (K) which denotes the degree of 
coupling of jump atom and remaining atoms. 
Although f and K have explicit physical significance, 
it is difficult to quantify them in the quantum 
chemistry calculation. We will show that 1)The 
approximation, which is used by previous researchers 
for dealing with the diffusion passing through a 
energy barrier (i.e., the TST model), is improper due 
to the ignoring of kinetic energy differences of 
different isotopes. Considering the kinetic energy 
differences at transition state will provide another 
term in the final DIE formalism besides the f and K 
terms; 2) Quantum chemistry calculation using first-
principles molecular dynamics methods can readily 
provide a lot of DIE coefficients for minerals at high 
temperature and high pressure.  

  
[1] Schoen. (1958) Physical Review Letters 1, 138-
140. [2] Tharmalingam and Lidiard. (1959) 
Philosophical Magazine 4, 899-906. 
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The Jiaobei terrane, located on the eastern margin 

of the North China Craton (NCC), contains an 
important Precambrian core. The High-pressure (HP) 
mafic granulites in this study, which are included 
within the TTG geisses in the Jiaobei terrane, are 
composed of garnet mafic granulites, calc-silicated 
granulite and metamorphized calc-silicates.  

Four metamorphic episodes in the HP mafic 
granulites are identified. Petrogenesis studies found 
that the mafic granulites recorded pre-peak conditions 
at ~754-757°C/0.71-0.73Gpa, experienced peak 
metamorphism at least 771-891°C/1.31-1.34Gpa, 
retrograde to 693-887°C/0.60-0.84 Gpa and the last 
greenschist facies metamorphism that is characteristic 
of exsolution occurrence of amphibolite and 
plagioclase within clinopyroxene. Accordingly, a 
clock wise P-T path is concluded. The calc-silicated 
granulite develops on the late stage of continent- 
continent collision during the exhumation process of 
the HP granulite, combined with Ca metasomatism at 
the same time.  

     An integrated study on zircon grains, 
involving LA-ICP-MS analysis of major and trace 
element compositions, cathodoluminescence imaging, 
and in situ U–Pb dating of zircons, presents inherited 
zircons with ages from ~2.87 to 2.55 Ga and four-
group metamorphic ages of ~2.50 Ga, 2.46–2.20 Ga, 
~1.85Ga and ~1.06 Ga. The inherited zircons are 
commonly accepted as major Archean crustal growth 
periods in the North China Craton, whereas ~2.5 Ga 
represents a period of reworking of the ~2.7–2.9 Ga 
juvenile crust in the NCC. The pervasive 
metamorphic ages of ~1.85 Ga in the Jiao-Liao-Ji 
Belt reflects a later thermal event probably related to 
post-orogenic/anorogenic extension. The ~1.0Ga is 
rare reported so far in the Jiaobei terrane, Eastern 
NCC. Its petrogenesis and tectonic affinity is still 
under investigation.  

Acknowledgement: The current study was 
supported by the Natural Science Foundation of 
China 41272072. 
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Prebiotic denitrification 
Probing the mechanism how nitrate and nitrite 

were reduced to ammonia by natural minerals is 
essential for the understanding of geochemical 
nitrogen cycles and early evolution of nitrogen 
metabolisms on the ancient Earth [1,2]. Recent model 
on geoelectrical current driven prebiotic synthesis 
makes possible that less abundant transition metals 
could play a significant role. Here we report [3] that 
the reduction of nitrate/nitrite can be effectively 
catalyzed by molybdenum disulfide within wide pH 
region, with nitrogen oxides and ammonia as the 
main products, as analyzed using on-line 
electrochemical mass spectroscopy.  

 
Figure 1: on-line electrochemical mass method for 
detection of products during nitrite reduction by using 
MoS2 and Fe3S4 as catalysts. Isotope labeled D2O and 
15NO2

- were utilized. 
Mechanisms 

A concerted proton electron transfer feature in 
edge [-Mo(S2)2-] cluster was clarified, which 
resembles the Mo-S2 pterin cofactors in nitrate 
reductase enzymes, indicating a probable 
evolutionary link between inorganic MoS2 and 
denitrification proto-enzymes [3]. 

 
Figure 2. Denitrification by MoS2 in premitive 

ocean. 
[1] Summers (2005) Orig. Life Evol. Biosph. 35, 
299–312. [2] Orge et al. (1974) Acc. Chem. Res. 7, 
368–377. [3] Yamei Li, Akira Yamaguchi, Ryuhei 
Nakamura, et al., in preparation. 
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The radiogenic isotopic dating method of Lu-Hf 

system utilizes variations in 176Hf/177Hf resulting from 
the radioactive decay of 176Lu to 176Hf and variations 
in 176Lu/177Hf between rocks and different minerals. 
However, whole rock Lu/Hf isochrone often has too 
limited Lu/Hf variation to provide precise ages. 
Apatite, which is a common accessory mineral 
occurring in igneous, metamorphic and clastic 
sedimentary rocks, shows promises in Lu-Hf isochron 
dating for its preferential incorporation of rare-earth 
elements and its poor affinity for Hafnium, resulting 
in high 176Lu/177Hf ratios. Besides, apatite is a major 
host mineral for trace elements that provide massive 
information of provenance and petrogenesis process. 
Nevertheless, the low Hf yield of apatite poses 
obstacles on acquiring accurate and precise 
176Lu/177Hf and 176Hf/177Hf values, thus severely 
impairing constructing high-precision Lu-Hf 
isochrones. 

The Fanshan complex is an ultrapotassic alkaline-
peralkaline pluton, located on the northern margin of 
North China Craton. It is a concentrically zoned 
complex, with syenite in the core, surrounded by 
ultramafic rocks and garnet-clinopyroxene syenite, 
respectively, towards the rim. The complex is known 
for its abundant phosphate reserves in apatite-
magnetite deposit layer. Different isotopic systems 
have been utilized to constrain the emplacement age 
of the complex but give different results. In this work 
we analyze Lu-Hf isotopic system of magmatic 
apatite from Fanshan complex, together with 
clinopyroxene, biotite and whole rock in different 
zones, constructing Lu-Hf isochrones whose ages are 
parallel with U-Pb ages of baddeleyite and other 
accessory minerals in the same location. Combined 
with mineralogical characteristics, geochemistry and 
isotopic data, we propose that the three distinct zones 
of Fanshan complex are derived from a common 
parent magma, and they are products of 
crystallization from several batches of the same 
magma instead of only one batch of magma; the 
complex should originate from an enriched 
lithosphere mantle source. 



Goldschmidt Conference Abstracts 1787 

Molecular corridor based 
approach for predicting phase 

state of secondary organic 
aerosols 

Y. LI12, A. P. TSIMPIDI1, V. A. KARYDIS1, S. N. 
PANDIS3, J. LELIEVELD1, U. PÖSCHL1 AND M. 

SHIRAIWA1 
1Max Planck Institute for Chemistry, Mainz 55128, 

Germany (ying.li@mpic.de, 
m.shiraiwa@mpic.de) 

2Institute of Atmospheric Physics, Chinese Academy 
of Sciences, Beijing, China 

3University of Patras, Greece 
 

The formation and aging of secondary organic 
aerosols (SOA) proceed through multiple steps of 
chemical reaction and mass transport in the gas and 
particle phases, which is challenging for the 
interpretation of field measurements and laboratory 
experiments as well as accurate representation of 
SOA evolution in atmospheric aerosol models. 
Particle phase state (e.g., liquid, semisolid, or 
amorphous solid) is important in gas-particle 
interactions inluding formation and evolution of SOA 
as well as activation to cloud droplets and ice 
crystals.  

We found that organic compounds with a wide 
variety of functional groups fall into molecular 
corridors, characterized by a tight inverse correlation 
between molar mass and volatility (Fig. 1) [1,2]. 
Based on the concept of molecular corridors, we 
develop parameterizations as a function of molar 
mass and O:C ratio to predict glass transition 
temperature of SOA, which is a key property for 
determination of particle phase state. Utilizing the 
atmospheric chemistry model EMAC and an SOA 
module ORACLE [3], a global prediction of SOA 
phase state will be presented.  

  
 
 
 
 
 
 
  
   

 
Figure 1. Molecular corridors of volatility vs. molar 
mass for nitrogen and sulfur containing compounds in 
ambient air [2]. 
 
[1] Shiraiwa et al. (2014) Atmos. Chem. Phys., 14, 
8323-8341. [2] Li et al. (2015) Atmos. Chem. Phys. 
Discuss., 15, 27877-27915.  
[3] Tsimpidi et al. (2014) Geosci. Model Dev., 7, 
3153-3172. 
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P-V-T equation of state of aragonite was 

determined by in situ synchrotron X-ray diffraction 
experiments on a hot-pressed polycrystalline 
specimen of aragonite within its stability field up to 
5.8 GPa and 1173 K. As a complement to this 
experimental study and to investigate the bond 
rotation and shortening, first principles density 
functional theory calculations were performed up to 
20 GPa. Thermoelastic parameters for aragonite 
(CaCO3) were derived by a least-squares fit of the 
experimental P-V-T data to the third-order Birch-
Murnaghan equation of state (EOS), yielding the bulk 
modulus and its pressure and temperature derivatives 
KT0 = 65.24 ± 0.24 GPa, K’T0  = 4.95 ± 0.12, (∂KT/∂T)P 
= -0.024 ± 0.002 GPa K-1 and volume thermal 
expansion α300 = (6.1 ± 0.7)×10-5 K-1. The analyses of 
the axial compressibility at ambient temperature 
show that the c- axis is much more compressible than 
the a- and b- axes. Based on first principles 
calculations, the anisotropic compression behavior of 
aragonite structure is explained by the heterogeneous 
shortening of <Ca-O> and <C-O> bond lengths and 
the rotation of <O-C-O> angles along the a-, b-, and 
c-axes, whereas the unit cell volume change of 
aragonite under compression is accommodated by 
comparable compression rate of the CaO9 polyhedra 
and the voids in the crystal lattice. The results 
attained from this study provide important 
thermoelastic parameters for understanding the 
thermodynamic behavior and chemical reactions 
involving aragonite at subduction zone conditions. 
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Marine carbonate sequences are widely 

distributed and developed with thick layer in China, 
which has been an important field of oil and gas 
exploration. Recently, a series of oil and gas fields 
has been discovered in marine successions of Chinese 
sedimentary basins such as Sichuan Basin and Tarim 
Basin, showing considerable potential of reserves. 
However, the evaluation of marine carbonate rocks as 
effective hydrocarbon source rocks remains an 
unsolved problem because marine carbonate 
sequences in China underwent more tectonic 
movements, more complicated histories of thermal 
evolution and accociatd with lower organic carbon 
content. 

A geochemical investigation was carried out on 
146 core and cuttings samples from selected 
Paleozoic source rocks in the central part of the 
Sichuan Basin. Before conducting the analyses, all 
samples were crushed and divided into two subsets. 
The first subset was pyrolysed using a Rock-Eval 6 
instrument to determine the total organic carbon 
(TOC) content and Rock-Eval pyrolysis parameters, 
such as the free hydrocarbon fraction (S1), the 
fraction released by thermal cracking (S2), and the 
pyrolysis temperature (Tmax) of maximum kerogen 
cracking measured at the top of the S2 peak. The 
second set of powdered samples were conducted by 
the X-ray diffraction in order to obtain the content of 
clay minerals and ordinary non-clay minerals.  

Rock-Eval pyrolysis data reveal that these 
samples have relatively high thermal maturity, their 
organic enrichment decreased due to the generation 
and expulsion process of hydrocarbon and the 
original TOC should be recovered as described by 
Jarvie[1]. The results reveal that the TOC increased 
with the increase of the content of clay minerals, 
meaning that the content of clay minerals plays an 
important role in the organic carbon content and its 
contribution to hydrocarbon accumulation of marine 
carbonate source rocks. Moreover, according to the 
relation between  depositional environments and 
source rock quality, the continental shelf could offer a 
favorable condition for source rock development. 
 
[1] Jarvie D M. et al. (2007) AAPG Bulletin, 
91(4),475-499. 
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The origin of the material that formed the Earth 
and the source of water, carbon, and nitrogen on our 
planet is an important unresolved problem. Several 
isotopic systems suggest that enstatite chondrites 
could be the main source of material that formed the 
Earth, but this view has recently been challenged by 
silicon isotope data. Here we report experimental 
results on nitrogen isotope fractionation between 
coexisting liquid Fe-rich metal and silicate melt at 1.5 
to 7.0 GPa and 1600 to 1800 °C. We observe an 
isotopic fractionation of   Δ15Nmetal-silicate = −3.5 ± 1.7‰ 
and partition coefficient DN

metal/silicate of 1-150. Our 
data show that the present-day mantle δ15N value of 
−5‰ can be derived from an enstatite chondrite 
composition via terrestrial core-mantle separation. 
This observation strongly supports the notion that 
enstatite chondrites were the main component from 
which Earth formed and likely also a main source of 
some of the terrestrial volatiles. Moreover, we show 
that the positive δ15N values of oceanic island basalts 
can be explained by the presence of a Fe-rich metal 
phase in the deep reduced mantle.  
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Laterites cover one third of the continental crust 
[1]. During the formation of laterites, elements are 
intensely transported from the crust to river and 
oceans. Silicon shows remarkably isotope 
fractionation during weathering processes [2]. 
Therefore, Si isotopes can be used to estimate the 
amount and isotopic composition of Si that is leached 
out from the solid earth[3].  

Here, we present Si isotope data for a tropical 
laterite profile originated from intensively weathered 
basalts in Guangdong, South China. Isotopic data was 
measured by MC-ICP-MS at the University of  
Science and Technology of China, with long-term 
δ30Si precision within 0.05‰ (2SD). The profile 
shows a decreased trend of Si depletion with τSi 
(τSi=[Si]laterite×[Th]bedrock/[Th]laterite×[Si]bedrock -1) down 
to -0.83 in the surface soils. δ30Si of whole profile 
ranges from -1.79‰ to -2.45‰, lighter than that of 
basaltic bedrocks. The profile displays two distinct 
trends of δ30Si. The upper layer (0-350cm) shows a 
negative correlation between δ30Si and τSi. This is 
opposite to the trend in the lower layer (350-450cm) 
with incompleted weathered rocks, reflecting the 
effect of different mineralogy and weathering extent. 
Finally, the weighted average δ30Si of the laterite 
profile is -2.06 ±0.05‰. Mass balance calculation 
shows that 79.2% of Si with an average δ30Si of 
0.54±0.05‰ was leached from bedrock during 
laterite formation, which could have big impacts on 
Si budget and isotope composition in river and ocean 
systems. 

 
[1] Tardy, Y. (1997). A. A. Balkema, Rotterdam, 408 
pp. 
[2] Ziegler, K. et al. (2005). GCA, 69, 4597–
4610. 
[3] Georg, R.B. et al. (2006). EPSL, 249, 290–306.	  
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Fe is not only the important ore-forming element 
but also the most abundant element engaging in redox 
chemistry, and is one of the element has been used 
biologically at very early stage. Thus understanding 
the geochemical cycling of Fe has great implications 
for the development of atmosphere oxygenation, ore 
genesis and the origin of life. Banded iron formations 
(BIFs) are marine chemical precipitates. They have 
potential to preserve paleoceanographic signitures. 
Here we report the results of an Fe isotope study on 
Superior-type iron formation from North China 
Craton.  

The BIFs studied were formed at 
Paleoproterozoic (～2.3 Ga), and subjected to 
greenschist to ampiblite-facies metamorphism. They 
consist of layered alternating beds dominated by 
magnetite/hematite and quartz respectively, with 
minor siderite, specularite, limonite and pyrite. 

Fe isotope compositions of bulk samples as well 
as mineral separates of hematite, magnetite and 
siderite, were measured using a Nu Plasma HR MC-
ICP-MS at high-resolution mode after purification 
using anion exchange chromatography. The results 
show some important features: 1) Fe isotope 
compositions of iron ore bulk samples show heavy Fe 
isotope enrichment, and the overall variation in Fe 
isotope compositions ranges from 0.03 to 0.76‰ in 
δ56Fe values; 2) Both hematite and Magnite of 
mineral separates show heavy Fe isotope enrichment, 
and siderire show both positive and 
negtiveδ56FeIRMM-14 values; 3) The relative order of 
δ56FeIRMM-14 values appears to decrease from 
magnetite to hematite to siderite. 

The average Fe isotope compositions obtained 
from the Superior-type BIF in this study for bulk 
rocks show heavy Fe isotope enrichment which are 
silimar with the Algoma-type BIF from NE China, 
and is explained by partial oxidation of Fe and the 
variations in Fe isotope compositions may be 
explained in terms of different degree of 
precipitation.  

In all, the results obtained in this study 
demonstrates that the oxygen fugacity in the 
depositional environment was relatively low and the 
seawater was not oxygenated enough to have Fe 
quatitatively precipitated . 
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Nano zero valent iron (nano-Fe0) has been 

attractive to use in groundwater remediation, such as 
in situ degradation of trichloroethylene (TCE). 
Natural organic matter (NOM) is ubiquitous in the 
environment. Therefore, the interaction of nano-Fe0 
and NOM should be addressed for the 
sorption/desorption of NOM and the effect on the 
removal of TCE in groundwater. 

In our present study, we synthesized nano-Fe0 and 
bentonite supported nanoscale Fe/Ni bimetals 
(bentonite-Fe/Ni). Humic acid (HA) was used as a 
representative model of NOM. Our research showed: 
(1) nano-Fe0 could adsorb HA, and the 
sorption/desorption behavior could be influenced 
significantly by the pH value and the ionic 
compositions of the solution. It shows that when the 
pH value of solution was increased from 3 to 12, the 
adsorbtion of HA was decreased. And in alkaline 
condition, the surface charge of nano-Fe0 caused the 
electrostatic repulsive forces between HA and the 
nano-Fe0 particles, which promoted HA desorption 
greatly. As for anions and cations in solution, 
divalent cations (Ca2+, Mg2+) could enhanced HA 
adsorption significantly; however with the addition of 
phosphate, the HA desorption promoted greatly. (2) 
The degradation of TCE by nano-Fe0 could decreased 
in the presence of HA, while HA enhanced 
significantly the degradation rate of TCE by 
bentonite-Fe/Ni. This peculiar phenomenon was 
elucidated for the presence of humic acid, serving as 
electron shuttles with the role of quinone moieties in 
bentonite-Fe/Ni system. A comparable experiment of 
a substitution of humic acid analogue quinone 
compound, named 9,10-anthraquinone-2, 6-
disulfonate (AQDS), was showed the similar 
mechanism of enhanced degradation of TCE by 
bentonite-Fe/Ni. 

 
This study was supported by National Natural 

Science Foundation of China (41472232, 41272061) 
and Fundamental Research Funds for the Central 
Universities. 
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Fungus-mineral interactions play unparalleled 

roles in shaping the planet Earth but are under-
appreciated relative to the bacterial influences. 
Unique to fungus but largely unknown are the 
interfacial processes associated with the long thread-
like hyphae that can extend hundreds of km 
cumulatively in soils/kg, and the extensiveness of 
hypha- vs. spore-mineral interactions in light of the 
associated turgor pressure differences. Here we 
examine lizardite [Mg3Si2O5(OH)4] dissolution by a 
native fungal strain in bulk and at interface through 
determining the total metal release in culture, the pH 
local to surface-bound cells, and the material 
composition and structure beneath cell-colonized 
surfaces.  Our goal is to explore the mechanism, 
driving force, and magnitude of the interfacial 
reactions. Results from confocal laser scanning 
microscopy, atomic force microscopy, transmission 
electron microscopy–energy dispersive X-ray 
spectroscopy, and microplater examination showed 
(1) significant pH reduction around cells once 
becoming surface-bound, (2) exclusive Fe loss from 
the mineral at the cell-mineral interfaces, (3) 
destruction of the mineral crystal structure below the 
area colonized by hyphae but not that by spores, and 
(4) substantially enhanced production of total 
proteins, siderophores, and oxalic acid by the microbe 
in the presence of mineral. Compared to the results 
from bulk experiments and at the mineral-water 
interface, these observations attest to the strong 
occurrence of cellular dissolution on mineral 
surfaces, and futher indicate that (1) cellular 
dissolution proceeds by a mechanism fundamentally 
different from that at the mineral-water interface, (2) 
only attached cells release siderophores, and (3) 
biomechanical forces of hyphal growth are 
indispensable for fungal weathering and strong 
enough to breach the mineral lattice. Estimated 
mineral volume loss at the interface suggests cellular 
dissolution can ultimately account for ~40%–50% of 
the overall bio-weathering, significantly larger than 
the previous estimate of ~1% contribution.  Our 
results thus strongly suggest that fungal cell-
promoted interfacial dissolution may have been 
significantly underestimated and needs to be 
reassessed in terms of its role in the biogeochemical 
cycling of nutrients and carbon. 
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Anthropogenic CO2 emission into atmosphere 

with relation to global change becomes the main 
challenge issue in the 21st century. One of the 
effective solutions for reducing CO2 emission is 
carbon capture and storage (CCS). However, the 
storage mechanism has not been thoroughly 
understood because of scarce research and 
experiments conducted. Our study explored the 
reactive mechanisms of CO2-olivine-water 
interactions. All the experiments were performed for 
1000 hours at  a temperature of 150� and a pressure 
of 150 bar, respectively. 

It’s very critical for us to understand the different 
influencing factors in such CO2-olivine-water 
systems. We tried to use multiple characterization 
techniques including TEM-EDS, SEM-EDS, XRD, 
ICP-MS, to figure out the contribution of intrinsic 
capability of CO2, pressure/temperature, and the role 
of clay mineral in natural olivine. (i) High 
temperature and pressure could accelerate the 
decomposition of the original forsterite during 
CO2/N2-forsterite-water interaction. A reactive 
transitional zone was formed on the surface to 
enhance H+ entering into the silicate framework for 
the reaction; (ii) We found the formed amorphous 
silica could be a passivating layer that mitigated the 
interaction, while clay materials could help 
facilitating ionic exchange between olivine and the 
surrounding solution, and the role of clays would 
favor magnesite formation. Our findings provide 
insights into the reaction mechanisms of CO2-olivine-
water interaction process in natural ultrabasic rocks 
with related to CO2 sequestration. 

 
This study was supported by National Natural 
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It is rarely reported about actinomycetes mediated 
biomineralization. In this work, we investigated 
carbonate biomineralization mediated by a strain of 
actinobacteria, Streptomyces luteogriseus, a dominant 
lithophilous actinobacteria isolated from microbial 
mats on limestone rocks in Puding, Guizhou 
Province, southwest China. The strain was used to 
investigate its potential biomineralisation to allow a 
better understanding of actinobacterial contributions 
to carbonate mineralisation in nature. Upon 
completing the actinobacterial cultivation, the 
ammonium carbonate free-drift method was used 
with mycelium pellets, the spent culture, and a liquid 
culture (no visible mycelium pellets). XRD and SEM 
analyses showed that hexagonal prism calcite was 
only observed in the sub-surfaces of the mycelium 
pellets, which is a novel morphology mediated by 
microbes. Hemispheroidal vaterite appeared in the 
presence of spent culture, mainly because of the 
effect of soluble microbial products (SMP) during 
mineralisation. When using the liquid culture, 
doughnut-like vaterite was favoured by 
actinobacterial mycelia, which has not yet been 
captured in previous studies. Based upon these 
findings, we propose a mechanism for the S. 
luteogriseus mediated calcite mineralization and 
conclude that the effects of mycelium pellets as a 
molecular template almost gained an advantage over 
SMP both in crystal nucleation and growth, having 
nothing to do with biological activity. The whole 
process involves epi- and inter-cellular growth in the 
local microenvironments whose conditions may be 
controlled by high pH value, cell sequestration and 
molecular template in the mineralisation system. It is 
thereby convinced that lithophilous actinobacteria, S. 
luteogriseus, owing to its special genetic metabolism 
and filamentous structure, showed good 
biomineralisation abilities, maybe it would have 
geoactive potential for biogeochemistry in local 
microenvironments. 
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Many researches have studied the microbial 

communities of anaerobic alkanes-degradation under 
methanogenic conditions, while few of them were 
focused on the long-term succession of microbial 
communities. The methanogenic petroleum 
hydrocarbons degrading microbial communities are 
complex consortia that contain various fermenting 
bacteria, syntrophs and methanogens. The large 
quantities of non-culturable and metabolically 
inactive organisms interfere the identification of the 
active members essential to the consortium for 
degradation. In addition, the various syntrophic 
associations in methanogenic consortia and the 
obligate anaerobic conditions make isolation of pure 
cultures difficult and impossible with the available 
techniques. Stable consotium obtained through 
enrichment culturing with long-term stability for 
methanogenic alkane degradation can eliminate the 
inactive members to large extent so that the essential 
ones can be promoted. According to our research, 
after nearly 6 years of incubation, microorganisms 
came from oily sludge shifted�Anaerolineaceae 
(within the phylum of Chloroflexi) were predominant 
(45.5%), suggesting syntrophic cooperation with 
Methanosaeta spp. in the process of methanogenic 
degradation of alkanes. While, in another 5 years of 
incubation from petroleum reservoir production water 
sample�Thermodesulfovibrio (49.4%) and 
Anaerolineaceae (33.3%) syntrophically cooperated 
with Methanoculleus spp. (100%) as the dominant 
microorganisms performing the process of alkane 
degradation and methanogenesis. Interestingly, when 
comparing Anaerolineaceae sequences with isolated 
strains, the highest identity is only at 91% with 
Levilinea saccharolytica strain KIBI-1T, indicating 
that this Anaerolineaceae in petroleum hydrocarbon 
environment may be a new division different from 
the isolated strains.. These observations are important 
for predicting long-term microbial communities’ 
changes of methanogenic biodegradation in 
petroleum-impacted anaerobic environments. 
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The influence of minerals (kaolinite and 

ferrihydrite) on the microbial transformation of 
chitin, peptidoglycan and glucose was studied by 
cultivating prairie microbial communities in the 
artificial broth culture. Greater carbon and nitrogen 
loss was observed in the presence of either mineral 
relative to mineral-free system after 26 days of 
incubation, which indicated that the minerals served 
to provide a microenvironment conducive to 
microbial proliferation rather than to exert a 
protective effect on the biomolecules investigated. 
Carbon and nitrogen losses from chitin were 
significantly lower than those from peptidoglycan or 
glucose, suggesting that fungal chitin was relatively 
less susceptible to decomposition, or more input by 
new fungal residues compared with bacterial 
peptidoglycan. In respect of mineral and mineral-free 
application, the inconsistence between CO2 evolution 
and carbon loss indicated CO2 is risky to be used as 
the biomarker for microbial metabolism due to the 
additional pathway for carbon release, especially in 
some special environment. Principal component 
analysis of fatty acid methyl ester (FAME) showed 
the difference of community structure of microbiota 
among different substrate treatments and indicated 
that the fungal chitin as a preferential breeding-
ground for fungal group, while bacterial 
peptidoglycan for bacterial group, particularly for 
gram-negative bacterial group. 
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Porphyry deposits worldwide occur mainly at 

subduction and continental collision zones [1, 2]. The 
Dabaoshan porphyry Mo-W deposit in the norhern 
Guangdong province is located in the interior of the 
South China Block, which is more than 1500 km 
away from the present oceanic trench.   

The Dabaoshan porphyry Mo-W deposit is the 
largest one of the three porphyry Mo deposits located 
along the Wuchuan-Sihui deep fault zone (WSZ) in 
the northwestern Guangdong province. The 
Dabaoshan porphyry is made up of monzogranite 
porphyry and granite porphyry with zircon LA-ICP-
MS U-Pb ages of 166.3±2.0 Ma. The porphyry is 
characterized by low �Nd(t) ( -8.20 ~ -6.6)  and low 
zircon �Hf(t) values ( -13.21 to -7.51), which is 
similar to the rangs of Cathaysia Proterozoic crust. 
The Dabaoshan porphyry has TDM2 ages ranging from 
1.7 to 2.0 Ga and its  Th/U ratios (averaging at 5.0) 
and Nb/Ta ratios (averaging at 11.8) are similar to 
those of the Cathaysia Protorozoic basement.  

The above geochemical features  suggeste that the 
Dabaoshan porphyry result from the partial melting 
of the Proterozoic basement without contribution of 
mantle sources.  Based on this conclusion, together 
with that the poprhyry Mo deposits distributed  along 
the WSZ and are more than 1500 km off the present 
ocenic trench, the following model is proposed for 
the formation of the Dabaoshan porphyry deposit: (1) 
local low pressure and wet domains modifided by 
H2O rich fluids released from metamorphic 
dehydration or crustal thickened were formed along 
the WSZ in compressional environment during the 
Caledonian or the Indosinian, (2) the Dabaoshan  
magma was formed by partial melting of the wet 
domains of the Proterozoic basement triggered by the 
activities of the WSZ during the Yanshanian, which 
resulting in upwelling of asthenospheric mantle. 
 
This work was supported by the Chinese NSF 
(41172080, 41272099). 

[1] Richards JP (2003) Econ Geol, 98, 1515-1533 
[2] Hou ZQ et al. (2015) Geology, 43, 247-50 
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Since last century, a large amount of radiocesium 

(RCs) released from atomic weapon tests and nuclear 
accidents was directly introduced into environment 
through atmospheric transportation and deposition on 
land surface soil, discharged into river system by 
erosion effect during rainfall, and finally released into 
ocean. In this study, the generalized adsorption model 
(GAM) for Cs+ was employed to estimate the solid-
water distribution of Cs+ in the river-estuary-ocean 
system. The results confirmed that the capacity of 
each adsorption sites of river sediments, i.e., frayed 
edge site, interlayer site, type II site, or planar site, 
can be precisely optimized through the adsorption 
isotherm of Cs+ combined with the radiocesium 
interception potential (RIP) and cation exchange 
capacity (CEC).  

According to the GAM, the main contributor to 
Cs+ adsorption is the frayed edge site due to the very 
low Cs+ concentration in the river-estuary-ocean 
system. The different solid-water distribution of Cs+ 
in the river-estuary-ocean system was dominantly 
controlled by the salinity in the aqueous phase. 
Therefore, cesium should be highly reactive with 
strong adsorptive character to particulate matters in 
river system, whereas a conservative distribution 
must be dominant in ocean with much weaker affinity 
to particulate matters because of the high salinity. 
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The issue of ore-forming fluids sources and 
genesis model of sediment-hosted disseminated gold 
deposits including Carlin-type and some orogenic 
gold deposits has been debated for several decades. 
Although Yangshan gold deposit was taken as the 
largest Carlin-type gold deposit in China ten years 
ago, there are still experts who propose that 
Yangshan belongs to orogenic type gold deposit [1]. 

The microthermometric measurements show the 
homogenization temperature from 221°C to 303.5 °C 
and low salinities of 2.0~7.2 wt.% NaCl equiv of the 
H2O-CO2 system. 3He/4He ratios of fluid inclusions 
ranging from 0.0330 to 0.0809 Ra, shows no mantle 
sources. The measured 40Ar/36Ar values of fluid 
inclusion in pyrite and quartz range from 434.1 to 
863, higher than the ratio of 40Ar/36Ar of air-saturated 
water (295.5). The 40Ar*/4He values (0.0227-0.0539) 
for the pyrite samples  are far below the crustal and 
mantle values (0.2 and 0.5 respectively).The in-situ 
sulfur isotopes of  Au-bearing pyrite results using 
Nano-SIMS is as the following: framboidal pyrites 
show low δ34S values of -23.8~-20.9‰; the pyrites 
from mineralized plagiogranite dikes have a narrow 
δ34S range of -4.4~1.3‰; and the inner part of  zoned 
pyrites form the main ore rocks of  black 
carbonaceous phyllites have the similar δ34S feature 
to the framboidal pyrites, whereas the rims enriched 
in gold have δ34S values around 0‰, similar to the 
pyrites in mineralized plagiogranite dikes.  

Based on the characteristics mentioned above, we 
concluded that: first, ore-forming fluids own typical 
feature of orogenic gold deposit; second, recycled 
meteoric water heated by magmatic heat source may 
be a component of ore fluids instead of mantle matter 
involvement; third, in-situ sulfur isotope analyses 
indicate that the exact ore-related sulfur sources are 
magmatic sulfur. 
 
[1]Liang J.L., Sun W. D., et al. 2014, Journal of 
Asian Earth Sciences. 40-52. 
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Mercury (Hg) can be transformed in aquatic 
environments to  the potent neurotoxin mono-
methylmercury (CH3Hg+) species by anaerobic 
bacteria and archaea. Recent identification of the 
two-gene cluster, hgcAB, involved in biotic Hg 
methylation enables us to consider the molecular 
mechanisms of HgcA, a transmembrane corrinoid 
(vitamin B12-binding) protein, and its partner 
ferredoxin, HgcB, in CH3Hg+ biosynthesis. HgcA is 
hypothesized to bind its B12 cofactor tail in a 
configuration in which a strictly conserved Cys 
residue from HgcA is coordinated to the Co center. 
The electron-rich Co–S bond could facilitate methyl 
carbanion (:CH3

–) transfer to Hg2+. Following 
carbanion transfer, the Co3+ in HgcA-B12 would need 
to be reduced to Co+ before it can accept a methyl 
group for the next cycle;  this reduction could be 
performed by HgcB.  

To better understand the mechanism of Hg 
methylation by HgcA, we have reexamined the 
abiotic process of mercury methylation by 
methylcobalamin with an attempt to produce enzyme 
mimics. Extensive studies in the 1970s suggest that 
the methyl group is transferred as a negative ion, i.e., 
carbanion (:CH3

–) from methylcobalamin to Hg2+ [1-
2]. Using different types of alkyl substituents 
coordinated to the axial position of the Co, studies 
show that the rate of alkyl transfer follows the 
decreasing order: methyl > ethyl > propyl, signifies 
the steric influence on accessibility of the carbon 
attached to Co [1-2]. UV/Vis spectra indicates that 
the nucleotide tail 5,6-dimethyl-benzimidazole 
(DMB) of the cobalamin is coordinated to Co during 
Hg methylation. This tighter binding can increase the 
e- density on the Co and facilitates electrophilic 
attack on C leaving group [1-2]. With regard to the 
Hg species and solution electrolytes, the presence of 
Hg-binding ligands, such as Cl–, could significantly 
reduce the rate of Hg methylation [3-5]. And the 
methyl transfer reaction is faster in acid than in 
neutral pH solutions. We discuss the results of these 
abiotic Hg methylation assays and their significance 
for understanding the mechanism of the enzymatic 
system. 

 
[1] Schrauzer, Weber, Beckham, Ho (1971), 

Tetrahedron Letters 3: 275-277. [2] DeSimone, 
Penley, Charbonneau, Smith, Wood, Hill, Pratt, 
Ridsdale, Willimas (1973), Biochimica et Biophysica 
Acta 304: 851-863. [3] Bertilsson and Neujahr 
(1971), Biochemistry, 10: 2805-2808. [4] Chu and 
Gruenwedel (1977), Bioinorganic Chemistry 7, 169-
186. [5] Craig and Morton (1978), J Organometallic 
Chemistry, 145, 79-89. 
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We use AGMP-1M anion exchange resin to 

purify Fe in geological samples after high 
temperature PTFE bomb dissolving. The Fe isotope 
compositions were measured by Nu 1700 multi-
collector inductively coupled plasma mass 
spectrometry (MC-ICP-MS) at high resolution mode 
(Resolution = 14000RP). The interference peaks over 
Fe isotopes can be separated completely. The 
calibration method using in this work is sample-
standard bracketing technique (SSB). The total 
procedure blank is < 7ng. The experiments show that 
the difference of Fe concentration between samples 
and standard has no effect on Fe isotopic 
compositions as long as the Csample/Cstandard is between 
0.3-3. However, the difference of acidity between 
samples and standard affects the Fe isotopic 
compositions seriously when the difference is larger 
than 10%. The measured Fe isotopic compositions of 
BCR-2, BHVO-2, AGV-2, GSR-2 and GSR-3 agreed 
well with reported values within 2SD. The external 
precisions of both δ56Fe and δ57Fe are better than 
0.03‰ (2SD) for BCR-2, BHVO-2, AGV-2 and 
GSR-3. The precision of δ56Fe and δ57Fe for GSR-2 
are 0.05‰ and 0.07‰, respectively. This could be 
caused by its low contents (Fe =3.47 μg/g) . 
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Transition metal-substituted magnetite minerals 

have attracted increasing attention for their wide 
application in industry and environmental protection. 
By altering the valence and distribution of cations in 
octahedral and tetrahedral sites, isomorphous 
substitution can tune the physico-chemical properties 
of magnetite. From previous studies, the distribution 
and local environment of iron and substituting cations 
in magnetite structure have been investigated by a 
number of instrumental techniques, including XRD, 
TG, XPS, Mössbauer spectroscopy and FTIR, all of 
which probe the coordination environment of Fe 
cations, but could not precisely reflect the structural 
information with respect to the substituting cations. 

In this study, the valence and atomic environment 
of some substituting metals in magnetites (Fe3-xMxO4, 
M= V, Co and Ni) were investigated using X-ray 
absorption fine structure (XAFS) spectroscopy. The 
results deduced from X-ray absorption near edge 
structure (XANES) spectroscopy indicated that the 
valences of V, Co and Ni in Fe3-xMxO4 were +3, +2 
and +2, respectively. Extended X-ray absorption fine 
structure (EXAFS) spectroscopy suggested that the 
substituting cations occupied octahedral sites in the 
magnetite structure. The M-O and M-M/Fe distances 
were consistent with the Feoct-O and Feoct-Fe 
distances, respectively, in the magnetite (Fe3O4) 
structure. The occupancy of the substituting cations 
was assessed by crystal-field theory (CFT). The 
relationship between the chemical environment of 
substituting cations and their effects on the physico-
chemical properties of magnetite including thermal 
stability, surface properties, and catalytic reactivity, is 
discussed. 
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We measured trace metal composition in the size-

fractionated suspended particles collected in the 
surface water of the Kuroshio region, the section 
passing the Western Philippine Sea (WPS) and the 
Okinawa Trough, to investigate the relative 
contribution of anthropogenic, biogenic, and 
lithogenic materials in the oceanic region. The 
elements determined include P, Al, Ti, V, Mn, Fe, 
Co, Ni, Cu, Zn, Mo, Cd, and Pb. Their elemental 
ratios in the size-fractionated particles, including the 
fractions of 0.2~10, 10~60, 60~150, and >150 µm, 
are compared to known intracellular metal to 
phosphorus quota, lithogenic metal to Al ratio 
(M/Al), and metal to Al ratios in aerosols collected in 
the adjacent oceanic regions.  Our results show that 
the metal to P ratios obtained in the two smaller 
fractions are one to two orders of magnitude higher 
than plankton intracellular metal quota, suggesting 
that the majority of the particulate trace metals can be 
either extracellularly adsorbed or composed of abiotic 
particles. The M/Al ratios for most of the metals are 
also one to two orders of magnitude higher than their 
lithogenic ratios but are comparable to metal 
composition observed in the aerosols, suggesting that 
the trace metals mainly originate from anthropogenic 
aerosols but not lithogenic materials. In terms of 
spatial variation, the concentrations of Fe, Mn and Al 
are elevated at a station next to the ECS margin, 
indicating the possible lithogenic input from Yangtze 
river or bottom resuspension. Our results show that 
anthropogenic material, originating from aeolian and 
riverine input, is the dominant trace metal source for 
all of the metals determined in the suspended 
particles collected in the surface water of the 
Kuroshio region. For some of the sampling stations, 
lithogenic material from bottom resuspension or 
riverine input may still be an important source for Al, 
Ti, Fe, and Mn. Overall, anthropogenic material is the 
dominant trace metal source in the particles of the 
Kuroshio water, originating from the open ocean.  
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The North Qinling belt is an important HP-UHP 

metamorphic orogenic belt in China, which has been 
intensively studied. However, detailed metamorphic 
evolution which combined geochronological analysis 
to closely integrate with petrological studies should 
be further unravelled. A integrated study of the 
petrology, phase equilibria modeling and 
geochronology of the Zhaigen and Songshugou areas 
retrograde eclogites bring fresh informations to 
potentially understand tectonic implications of the 
North Qinling HP-UHP metamorphism in the early 
Palaeozoic. 

Detailed  petrographic  investigation  and  
mineral  elements  analyses  discovered  relic 
omphacite in garnet inclusions, and garnet grains 
preserved prograde metamorphic zonation both in 
major and trace elements. These retrograde eclogites 
experienced at least a four stages clockwise 
metamorphism evolution from pre-peak eclogite 
facies to eclogite facies, then back to granulite facies 
and the later amphibolite facies. In the retrograde 
eclogites, most zircon grains occur as homogeneous 
crystals, while some are present as overgrowth rims 
around inherited cores. The inherited cores have 
oscillatory zoning and yield U-Pb ages of c. 800 Ma, 
representing their protolith ages. The metamorphic 
zircons yield ages of c. 497-495 Ma and c. 470-450 
Ma, representing eclogite-facies metamorphic age 
and retrograde metamorhic age, representively. These 
are consistent with the metamorphic and protolith 
ages of Guanpo UHP eclogite which lies at the north 
margin of the Qinling complex. 

Zhaigen and Songshugou retrograde eclogites 
together with exsiting HP-UHP rcoks in the North 
Qinling belt were formed within a single tectonic 
event involving continental subduction/deep 
subduction and exhumation. 
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By using a Gaspro capillary column to separate 

C1–C5 gaseous hydrocarbons and using polystyrene 
as external standard, we explore a quantitative Py-GC 
flame ionization detector (FID) method to study the 
C1–C5 pyrolysis products released from kerogens 
(coals) by primary cracking. Our study suggests that 
the reproducibility of this method is pretty good. 
Based on this method, the yields of C1–C5 gaseous 
hydrocarbons released from various kerogen types 
were quantitatively studied. The results indicate that 
kerogen type plays a key role in controlling the 
compositions of C1–C5 gaseous hydrocarbons 
released by kerogen primary cracking. Molecular 
proportions of C1/C2 ratios (by volume) based on 
logarithmic scales (Ln(C1/C2)) for kerogen primary 
cracking gas can may provide the information of 
kerogen types. For example, Ln(C1/C2) < 0 for type I 
kerogen, Ln(C1/C2) > 1.0 for type III kerogens, and 0 
≤ Ln(C1/C2) ≤1 for type II kerogens.  

Due to the high reproducibility, our recent 
researches suggested that quantitative Py-GC can also 
be a reliable method in studying the generation 
kinetics of C1-C5 gaseous hydrocarbons by kerogen 
primary cracking at various maturity stages. The 
results suggested that most of the C2-C5 gaseous 
hydrocarbons by kerogen primary cracking were 
released at maturity within oil-generative window, 
while the generation of C1 can have broader maturity 
range, especially for type III kerogens and vitrinite-
rich coals. Such differences may be attributed to that 
C2–C5 are mainly generated by the release of alkyl 
precursors while aromatization and condensation of 
the kerogen structure may also be an important 
source of C1 at high maturity, especially for type Ⅲ 
kerogens (vitrinite-rich coals). Our closed-system 
artificial thermal simulations on both oil-prone type 
II, type I kerogens and type III kerogen suggest that, 
for type II and type I kerogens, most of the C1 is 
genrated through secondary cracking of oil at high 
maturity, not by kerogen primary cracking. While for 
type III kerogen (vitirinite-rich coal), relatively 
higher content of C1 can be produced by kerogen 
primary cracking.  
 



Goldschmidt Conference Abstracts 1808 

Chalenging GDGT proxies’ 
assumptions of archaea ecology: 

compound-specific δ C and 
genetic insights from Orca 

Basin, Gulf of Mexico  
SAMANTHA LICHTIN , COURTNEY 

WARREN , ANN PEARSON , THOMAS 
NEAR , MARK PAGANI

 

 

 

Geology & Geophysics, Yale University, New 
Haven, CT 06520, USA (*correspondence: 
samantha.lichtin@yale.edu)  

 

Earth & Planetary Sciences, Harvard University, 
Cambridge, MA, 02138, USA  

 

Ecology & Evolutionary Biology, Yale University, 
New Haven, CT 06520, USA  
 
Over the last decade and a half, glycerol dialkyl 

glycerol tetraethers (GDGTs) have increasingly been 
used to reconstruct environmental temperatures; 
proxies like TEX

 

that correlate the relative 
abundance of these archaeal cell membrane lipids to 
sea surface temperature are omnipresent in 
paleoclimatology literature. While it has become 
common to make claims about past temperatures 
using GDGTs, our present understanding of the 
organisms that synthesize the compounds is still quite 
limited. The generally accepted theory states that 
microorganisms like the Thaumarchaeota modify the 
structure of membrane lipids to increase 
intermolecular interactions, strengthening the 
membrane at higher temperatures. Yet to date, culture 
experiments have been largely restricted to a single 
species, Nitrosopumilus maritimes, and recent studies 
on oceanic archaeal rRNA have revealed that these 
biomarkers are produced in diverse, heterogeneous, 
and site-specific communities. This brings up 
questions as to whether different subclasses of 
GDGTs, and all subsequent proxies, represent 
adaptation within a single organismal group or a shift 
in community composition. To investigate whether 
GDGTs with different chain structures, from the 
simple isoprenoidal GDGT-0 to Crenarchaeol with its 
many cyclopentane groups, are sourced from archaea 
with similar or disparate metabolic pathways—and if 
that information is inherited in GDGTs trapped in 
marine sediments—this study examines the stable 
carbon isotope values (δ C) of GDGTs extracted 
from the uppermost meters of sediment in the Orca 
Basin, Gulf of Mexico, using spooling-wire 
microcombustion isotope-ratio mass spectrometer 
(SWiM-IRMS). The homogeneity of GDGT δ C 
through the sediment profile contrasts with a 
heterogeneous biological community represented in 
archaea ribosomal genetic sequences, challenging 
fundamental assumptions of archaeal lipid based 
proxies that influence the way we perceive the 
veracity of existing temperature records.  
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Sulfur is the third most abundant volatile species 

in magmas. One of the key questions in 
understanding the global S cycle is the S excess 
problem [1] which is linked to the presence of an 
exsolved volatile phase in magma reservoirs and 
intimately related to volatile diffusion [2]. Sulfur 
diffusion in silicate melts is a function of pressure, 
temperature and composition (including water 
content). Existing S diffusion data reveal large scatter 
([2] for compilation) potentially due to the poorly 
established effects of oxidation state on S diffusion. 

In silicate melts with oxygen fugacities 
corresponding to two log units above FMQ, S is 
mostly present as sulfate  
(SO4

2-) whereas at values below FMQ it mostly 
occurs as sulfide (S2-) [3]. The contrasting oxidation 
states result in a rather large range of possible 
(effective) ionic radii ranging from 1.84 Å for the 
reduced to 2.50 Å for the oxidized species ([4] and 
refs. therein). It is, therefore, expected that S 
diffusion is sensitive to varying oxygen fugacities. 
However, the published data do not show any 
significant systematic difference in diffusivities over 
a relatively large fO2 range. 

In order to explore this issue, we investigated S 
diffusion in natural dacitic melts under different 
oxygen fugacity conditions. The experiments were 
conducted with a hydrothermal, rapid-quench, cold 
seal pressure vessel under hydrous condition (4.5 wt. 
% H2O) at 200 MPa in the temperature range between 
950°C to 1100°C. Oxygen fugacity was varied 
between fairly reducing (FMQ -0.8) and more 
oxidizing conditions (FMQ +2.5). On the base of 
diffusion profiles measured by electron microprobe, 
we established two Arrhenian equations revealing 
one order of magnitude higher S diffusivity at 
reducing conditions compared to those determined at 
more oxidizing conditions. This study demonstrates 
for the first time that oxygen fugacity has a 
significant effect on S diffusivity. 
 
 [1] Shinohara (2008) Rev. Geophys. 46, 1-31.  [2] 
Behrens & Stelling (2011) Rev. Mineral. Geochem. 
73, 79-111. [3] Jugo (2009) Geology 37, 415-418. [4] 
Baker & Rutherford (1996) Contrib. Mineral. Petrol. 
123, 335-344. 
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In 1978, Tissot published the hydrocarbon 

generation model. Through a large number of 
experiments and exploration practice, this classical 
model was proved to be a correct and near-perfect 
model to describe the process of hydrocarbon 
generation. Recent years, petroleum explorationists 
are increasingly concerned about the quantitative 
relationship between retained hydrocarbon and 
expelled hydrocarbon and their respective evolution 
characteristics, so as to indicate the direction of 
exploration. We chose different kerogen types and 
different organic matter abundance of source rocks as 
the samples. Through the simulating experiments, we 
quantitatively modelled the process of generation and 
expulsion of hydrocarbon and established a new 
whole process of hydrocarbon evolution model. This 
model has the following new understandings: (1) The 
new model refined the evolution of thermal 
characteristics of hydrocarbon generation at different 
stages, quantitatively described the evolution process 
of retained hydrocarbon and expelled hydrocarbon, 
and made the model of Tissot further developed. (2) 
The maturity of main gas generation for oil cracking 
gas is 1.6%~3.2%, while kerogen cracking gas is 
1.3%~2.5%. The amount of oil cracking gas is 3 to 4 
times than kerogen cracking gas. Therefore, oil 
cracking gas should be mainly searched in marine 
strata at high to over mature stage. (3) The 
quantitative chart of expulsion efficiency of 
hydrocarbon and retained hydrocarbon amount in 
different evolution stages were established. For 
source rocks with typeⅠand Ⅱ1 kerogen, expulsion 
efficiency is 20%～50% at oil-condensate 
window(Ro=0.8%～1.3%) and 50%～80% at high 
mature stage(Ro=1.3%～2.0%). Determining the 
amount of retained hydrocarbon provides the basis 
for resource evaluation of shale oil and gas in 
selecting the parameter value. (4) The cracking 
temperature for alkane gases were confirmed, for 
example, the lower limit of Ro for methane cracking 
is greater than 5%. Therefore, at the particularly high 
stage of hydrocarbon evolution, there still has 
exploration potential for natural gas, and this new 
finding provides a theoretical basis for deep gas 
exploration. 
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Current research introduces utilization of stable 
isotope for identification of nitrogen sources with 
conventional approaches (bulk carbon and nitrogen 
isotope of POM and nitrogen isotope of DIN) as well 
as new approaches (nitrogen and oxygen isotopes) in 
freshwater ecosystem. In this study organic matter 
origin and nitrogen sources is possibly traced by both 
approaches suggesting that nitrogen sources should 
be identified in freshwater ecosystem using multiple 
stable isotope methods.  

In order to determine the suitable sample 
concentration required for high precision and 
accuracy and the factors required for optimal 
equipment conditions, certified reference materials 
were repeatedly measured with various concentration 
range using TG-IRMS. To evaluate the precision and 
accuracy of our analytical resutls, three reference 
materials (IAEA-NO-3, USGS 34 and USGS 35) 
were analyzed repeatedly. Measured δ15N and δ18O 
values of IAEA-NO-3, USGS 34 and USGS 35 were 
4.7±0.1‰ and 25.6±0.5‰, and -1.8±0.1‰ and -
27.8±0.4‰, and 2.7±0.2‰ and 57.5±0.7‰, 
respectively. These data are all consistent with 
recommended values within the error. This indicates 
that our established method and measurement is 
reliable and thus can be widely used to trace the 
contamination source of nitrate in freshwater 
ecosystem. Therefore, organic matter origin and 
nitrogen sources is possibly traced by denitrification 
method suggesting that nitrogen sources should be 
identified in freshwater ecosystem using multiple 
stable isotope methods.  
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Kyoto University is coordinating an integrated 
multidisciplinary study on the assessment of activity 
of active faults involving active tectonics, structural 
geology, geochemistry and geochronology of active 
fault zones in Japan, particularly the Nojima fault 
which triggered the 2015 Mw 7.2 Kobe earthquake 
and Arima-Takatsuki  active fault zone which is one 
of the most active faults in Japan. The neotectonic 
Nojima and Arima-Takatsuki fault zones are 
currently investigated within trench and drilling sites 
providing unique fresh and unaltered sample 
materials of fault damage zones. Samples from the 
trench and drilling sites are investigated by a whole 
array of geophysical, geological and geochemical 
tools. The geochronological history and isotopic 
signatures of the fault zones will be investigated in 
detail from a relative high temperature frame work 
(U-Pb) of the host rocks, via fault zone activation and 
reactivation documented in authigenic illite (K-Ar) to 
very low temperature last fault motion and slip events 
(ESR, OSL and TL). The thermochronological 
framework will be investigated by ZFTA, AFTA and 
U-Th/He dating providing temperature information 
from ~ 300 to 70 °C. The compositions of major and 
trace elements as well as isotopic ratios of fault gouge 
samples will also be analyzed to understand the fault 
shearing and frictional heating processes. The 
combination of these methods will provide a unique 
integrated toolbox to constrain the timing of fault 
zone formation and the most recent event in 
geological timescale. In addition active fault drilling 
will start in spring of 2016 complementing the fault 
zone sample suite. Unique drill core samples from 
different depths at ~300 m, ~700 m and ~1500 m will 
be investigated using the new analytical protocols to 
test, compare and refine results obtained from near 
surface trench sites.  
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In the Tatun volcanic area, just north to the Taipei 
metropolitan, the geothermal and seismic activities 
are still very strong. Although there was no volcanic 
eruption in human history, recent studies including 
geochemical analyses, crustal deformation, seismic 
data and volcanic ash strongly indicate that the 
volcanoes in the Tatun area might be considered as 
“dormant active volcanoes”. Thus, the possibility of 
re-eruption in the Tatun volcanic group is not only a 
scientifically interesting topic but also an important 
issue related to the safety in the whole Taipei area. In 
order to improve the capability of volcanic 
monitoring in the Tatun volcanic area, the Taiwan 
Volcano Observatory at Tatun (TVO) has been 
established in the Yan-Min-Shan National Park since 
2011. At TVO, we have successfully installed some 
real-time monitoring systems such as seismic, GPS, 
tilt-meter, geothermal and geochemical observations 
as well as some other site analyses nearby volcanoes. 
All of the observed results are demonstrated in real-
time at TVO for mitigating any possible volcanic 
activity in the future. In the meanwhile, all of 
collected data and analyzed results at TVO provide 
for both basic research and education purposes. 
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There are two helium isotopes: 3He and 4He. 

While 4He (α particle) can be replenished by 
radioactive decay of uranium, 3He is almost 
exclusively primordial and is degassed from earth’s 
mantle. As a consequence, oceanic volcanic rocks 
(partially from melting upper mantle) contain helium 
ten-fold enriched in 3He/4He relative to atmospheric 
helium (atmospheric air ~1.4×10-6;  mid-ocean ridge 
basalts ~1.1×10-5). Subsequently, hydrothermal 
plumes produced in active mid-ocean ridges and 
seamounts such as Hawaiian Islands introduce 3He-
rich fluids into the deep ocean. However, there is 
little known about what the helium isotopes are after 
seawater circulates within the oceanic basement. This 
research provides helium isotope data for basaltic 
fluids from sedimented ridge flank area.  

The uppermost (40-500 m) ridge flank basement 
(> 1 My) is the largest aquifer on earth, holding an 
amount of hydrothermal fluid at ~2% of the ocean 
volume and hydrothermal flux ~5-60% of riverine 
input. Within the sediment-buried 3.5 Myr old 
basaltic crust of the eastern Juan de Fuca Ridge flank, 
the circulating basement fluids have moderate 
temperature (~65°C). High integrity basaltic fluid 
samples were collected through submarine 
observatories—Circulation Obviation Retrofit Kits 
(CORKs) 1026B, 1301A, 1362A and 1362B installed 
by Integrated Ocean Drilling Program (IODP) and 
Ocean Drilling Program (ODP) program. We present 
helium concentrations and isotopic compositions and 
their geochemical interpretations. We will also put 
our data in a global geographic perspective and 
discuss the importance of ridge flank circulation as an 
important conduit for helium degassing.  
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This study reports particulate fluxes and isotopic 

compositions of planktonic foraminiferal shells 
collected from sediment trap moorings at the SEATS 
(18°N; 116°E) in the northern South China Sea. 
Sinking particles were collected from three 
consecutive deployments conducted from August 8, 
2004 to February 16, 2005 (KK-3), from April 1, 
2005 to October 10, 2005 (KK-4), and from 
November 15, 2005 to May 26, 2006 (KK5). 
Although three depths were moored for each 
deployment, only samples from the upper most level 
of sediment trap were adopted for this study (515 m, 
519 m, and 661 m, respectively). Two common 
subtropical species, Globigerinoides ruber and 
Globigerinoides sacculifer were applied for this 
study.  Generally secular variations of δ18O and δ13C 
between these two species are coherent with each 
other. Isotopic gradients for both δ18O and δ13C 
between two species are significant smaller in winter 
season (November to April) than summer (May to 
October). A relatively C13-enriched of G. sacculifer 
interval during the first half of KK4 deployment 
(April 2005~June 2005) is corresponding with an 
anomalous particle mass flux peak by an order of 
magnitude. The contemporary δ18O signal shows a 
progressive depletion trend, indicating a SST 
warming and/or a decreasing of salinity. In addition, 
foraminiferal isotopic data of four species from two 
deep-moored traps were examined. One was moored 
at 3451 m in 2004/2005 and the other one was at 
3500 m in 2013/2014. Overall the δ18O values fall in 
the same range for two moorings except for the 
significant enrichment of two shallow species in 
October, 2013. The δ13C compositions of four 
species, however, are consistently depleted in 
2013/2014 than those of samples collected in 
2003/2004.  Causes other than Suess effect need to be 
explored. 
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Ferromagnesite [(Mg,Fe)CO3] has been 

commonly proposed to be a major carbon carrier in 
the Earth’s mantle. Knowing its physical and 
chemical properties under relevant P-T conditions of 
the deep mantle is thus important for our 
understanding of the deep-Earth carbon storage and 
cycle. Here I will discuss our recent research results 
on single-crystal elasticity, spin transition, structural 
transitions in ferromagnesite in the deep mantle [1-4]. 
An electronic spin transition of iron in ferromagnesite 
occurs at approximately 40 GPa and can significantly 
affect its elasticity, phase stability, and chemistry at 
high P-T [3-4]. Drastic softening in some elastic 
constants and sound velocities of ferropericlase is 
observed across the spin transition, while high-spin 
and low-spin ferromagnesite alone exhibits extremely 
high compressional wave (VP) anisotropy and shear 
wave (Vs) splitting anisotropy as well as distinct 
seismic parameters at high pressures. These 
anisotropies and seismic parameters are very different 
from those of major constituent minerals in the 
Earth’s mantle, suggesting that the presence of a 
certain amount of ferromagnesite as a deep-carbon 
carrier in the subducted slabs can contribute to 
regional seismic heterogeneities that are quite 
different from normal mantle materials. 

Following the spin transition in ferromagnesite at 
mid-lower mantle P-T conditions, the rhombohedral 
phase transforms into an orthorhombic 4high-
pressure phase in the low-spin state with unique 
physical and chemical properties that can become a 
stable deep-carbon carrier at deeper parts of the lower 
mantle below 2000 km in depth. Further studies have 
indicated the occurrence of the four-fold coordinated 
carbon in ferromagnesite at extreme pressures. These 
results will be used to refer the physics and chemistry 
of the deep carbon cycle and storage in the lower 
mantle. 

 
[1] Liu et al. (2015) Sci. Rep., 5, 7640. [2] Yang et al. 
(2014) Earth Planet. Sci. Lett., 392, 292-299, 2014. 
[3] Liu, et al. (2014) Am. Miner., 99, 84-93. [4] Lin et 
al. (2012) Am. Miner., 97, 583-591, 2012. 
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Here we present yearly-resolved oxygen and 

carbon isotopic records, spanning the past 300 years 
(1700-2003 AD), on an aragonitic stalagmite sample 
YPXR5 retrieved from Xianren Cave in Yunnan 
province, southwestern China. The chronology of our 
records was determined by 35 high-precision U-Th 
dates, with 2-sigma error as small as ±1 year.  
 

The YPXR5 oxygen isotopic record displays 
numerous decadal variations as well as two 
centennial cycles, with an amplitude ~1.7‰ (from -
10.1‰ to -8.4‰). The record resembles remarkably 
with the stalagmite data from the region which have 
comparable resolutions and age controls, namely the 
stalagmite δ18O records from Xiaobailong Cave, 
southwestern China (Tan L. et al., 2016) and Sahiya 
Cave, northwestern India (Sinha et al., 2015), which 
suggests that the stalagmite δ18O represents primarily 
a change in regional Indian summer monsoon 
intensity. The YPXR5 δ18O record also shows a 
significant but negative correlation with the Northern 
Hemisphere (NH) temperature index record, except 
for the past 70 years during which both the stalagmite 
δ18O and NH temperature increase. The decoupling 
between the Indian summer monsoon and the NH 
temperature in the recent decades underscores the 
emerging impacts of anthropogenic forcing, in a 
region much broader than the East Asia summer 
monsoon territory (Zhang et al., 2008; Tan M., 2016).  

Contrary to the δ18O record, the YPXR5 δ13C 
record shows a stepwise change in the last 300 years. 
The values vary between  -8.8‰ and -10.4‰ during 
the first 140 years, then increase rapidly by as much 
as ~3‰ from 1840 to 1880 A.D., and stabilize at ~ -
7.5‰ afterwards. Such dramatic stepwise change 
cannot be attributed to changes in regional rainfall or 
vegetation type. As this area became to be populated 
in early to mid Qing Dynasty, we propose that the 
dramatic shift in δ13C was caused by the human 
disturbance on the original forest coverage. The 
continuously high δ13C values after 1880 AD 
probably indicate that the soil coverage in the 
limestone area has not been recovered, once disrupted 
by human activity.  
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Neoproterozoic cap-dolostones were widely 

distributed over the global strata; their distinctive 
geochemical features could reflect the extensive 
sedimentary environments after the Snowball Earth. 
Interpretation of geochemical features is still 
contentious for the hypotheses of sedimentary 
timescale and conditions.   Here we present the major 
ion concentration and δ26Mg of the Neoproterozoic 
cap-dolostones in the Lantian Formation at Shiyu, the 
South China, to examine the geochemical features of 
paleo-oceanography in continental margin area 
during the deglaciation.  

To avoid post-diagenesis after precipitation and 
contamination from silicate materials, hence, the 
sample extraction procedure was evaluated by a 15-
step sequential extraction using ammonium acetate 
and acetic acid. Geochemical parameters of Mg/Ca, 
Mn/Sr, 87Sr/86Sr and δ26Mg were determined to 
ensure the isolation of the primary signals from the 
cap-dolostone specimens. Matrix separation for Mg 
was processed using Biorad AG50W-X8 (200–400 
mesh), δ26Mg were measured by the multiple 
collectors inductively coupled plasma mass 
spectrometer (MC-ICP-MS, Neptune) with Aridus II 
desolvating system. The selected extraction fraction 
was performed the δ26Mg determination and further 
to discuss the continental weathering and  
sedimentary changes during the deglaciation. 
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This study reports new detrital zircon U-Pb and 
Hf isotopic data of the Salween drainage, Myanmar. 
Three samples, i.e., a riverbank sediment from the 
river’s mouth, and a Late Triassic mica schist and a 
Permo-Triassic sandstone from central Myanmar, 
were analyzed, and combined with the zircon dataset 
from nearby areas, to investigate their source 
provenances and implications for regional tectonics 
and crustal evolution. While the P-Tr sandstone 
shows zircon U-Pb and Hf isotopic characteristics 
typical of the Sibumasu origin, the Tr schist shows a 
marked change in source provenance most likely 
from the Yangtze block. Zircons from the rivermouth 
sediment, despite having younger grains (<250 Ma) 
in abundance with an Indosinian age peak, show U-
Pb and Hf isotopic characteristics similar to those of 
the P-Tr sandstone. 

Regarding specifically for detrital zircons <250 
Ma, the Salween sample shows U-Pb and Hf isotopic 
systematics comparable to those from other major 
rivers in SE Asia, e.g., the Yangtze, Red and 
Mekong, east of the Salween, all of which are 
overwhelmed with negative εHf(T) values with older 
crustal model ages. These are in significant contrast 
to zircons form major rivers flowing west of the 
Salween, i.e., the Irrawaddy, Yalu-Tsangpo and 
Brahmaputra, all contain abundant grains with high 
and positive εHf(T) values and thus younger model 
ages, contributed by the Gangdese and associated 
magmatic rocks.  
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 Neotethyan ophiolites that crop out in the 
northern margin of Arabia, from SE Turkey to Iran 
and Oman, have a short “life span” of <20 myr from 
their birth to death. While this ophiolite belt is widely 
believed as forming in the forearc environment 
related to intra-oceanic subduction initiation, the arc 
magmatic product is rarely observed in this belt. Here 
we report for the first time zircon U-Pb ages and Hf 
isotopes, and whole-rock geochemical and Sr-Nd-Hf 
isotopic data of late Cretaceous (83-73 Ma) magmatic 
rocks from the areas around Elazığ, SE Turkey, 
which we argue to be part of the missing arc product 
subsequent to the formation of the ophiolites. The 
Elaziğ magmatics that occurred within a short period 
(~10 myr) are characterized by significant 
geochemical variations over time, varying from low-
K tholeiitic to calc-alkaline and then shoshonitic, 
with associated enrichments in LREE and LILE, and 
progressive changes in isotopic compositions. Zircon 
and whole-rock εHf(T) values, for example, vary 
from +20 to -3. The temporal variations are 
interpreted as involving two main components in the 
magma generation, i.e., a depleted mantle source that 
prevails in the formation of the Neotethyan ophiolites 
and an old continental crust that resembles the Bitlis-
Puturğe massif in SE Turkey. Moreover, the 
variations are indicative of changing source regions 
of the Elazığ magmatism that we attribute to the 
collision and following continental subduction of 
Arabian crust, thus resulting in the HP-LT 
metamorphism of the Bitlis-Puturğe massif during 
79-74 Ma. To sum up, the Elazığ magmatism, short-
lived in the late Cretaceous while showing significant 
geochemical variations, suggests a rapid switching of 
tectonic setting from intra-oceanic subduction to 
continental collision, a common feature in the 
Arabia-Eurasia collision zone marked with the 
“Turkic-type” orogeny. 
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Bayan Obo is the largest light rare earth elements 

(REE) deposit in the world and also a large Nb and 
iron deposit in China. Its genesis is highly debated [1-
2]. The ore-forming age of the Bayan Obo deposit is 
controversial, which hinders the geologists to 
decipher its genesis in terms of geochronology. A 
huge number of geochronological work has been 
done in Bayan Obo using diverse kinds of dating 
methods, in order to constrain the events such as 
formation of the basement, carbonatite magmatism, 
ore-forming process and granitic magmatism. In this 
contribution, a comprehensive review on the 
geochronological data of Bayan Obo was conducted 
to construct the timing framework of Bayan Obo.  

The basement formed at the peak of ~2.0 Ga, 
which was intruded by ~1.3 Ga carbonatite 
magmatism. The Bayan Obo deposit formed between 
750-350 Ma by metasomatism of subduction released 
fluids with enriched Mg and Fe from the mantle 
peridotite by serpentinization and subsequently 
enriched with REE, Th, Nb from the carbonatite by 
fluxing [2]. The tectonic regime is coherent with the 
closure of the Palaeo-Asian Ocean. The granitic 
magmatism intruded in Bayan Obo at 243-294 Ma, 
which is ~55 Ma later than the youngest ore-forming 
stage [3]. 
 
[1] Yang et al. (2009) Geochimica et Cosmochimica 
Acta 73(5): 1417-1435. [2] Ling et al. (2013) 
Scientific Reports 3, 10.1038/ srep01776. [3] Ling et 
al. (2014) Lithos 190-191, 430-439. 
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The Neoproterozoic history of South China has 

long been hotly debated, due mostly to competing 
interpretations of the nature and their relationship of 
the Neoproterozoic magmatic events. Most of the 
Neoproterozoic magmatism in South China show 
ages of ~820-780 Ma, and are located mainly along 
the margins of the Yangtze block and its welding 
boundary with the Cathaysian block. Though some 
early Neoproterozoic igneous suites along these 
marginal areas have also been documented, few are 
founded in its central terrains. We report here an 
assemblage of newly identified ~865-845 Ma 
intrusive suites in the interior of the Yangtze block, 
aiming to provide new insight into the early 
Neoproterozoic evolution of South China. 

The intrusions were emplaced into the Kongling 
Archean crystalline basement, the continental nucleus 
of South China. They comprise lithologically 
amphibolized gabbro, diorite and rapakivi-textured 
granite, and were intruded by the ~820-790 Ma 
Huangling intrusive complex. U-Pb zircon dating 
indicates that the gabbros formed at 864±7Ma and 
845±8Ma, the diorite at 859±4Ma, and the rapakivi-
textured granites at 865±7Ma and 857±5Ma. 
Inherited zircons of 865-845 Ma have been frequently 
identified in the 820-790 Ma intrusive complex, this 
work first confirms the presence of this episode of 
magmatism. The ~865-845 Ma intrusions are calc-
alkaline, and display LREE-enriched patterns, 
marked depletion in HFSE and variable extents of 
positive Sr, Ba and Pb anomalies. Zircons from the 
gabbro and diorite have εHf(t) values of -5.93 to +3.09 
and -3.06 to -6.07, respectively, suggesting a 
moderately enriched mantle source; whereas those 
from the rapakivi-textured granite have a range of -
15.5 to -3.20, suggesting a reworked crustal source. 
These bimodal intrusive suites are thus inferred to 
have formed at a back-arc-related extensional setting.  

Given the recently reported ~1.1 Ga arc-related 
volcanics in the adjacent Shennongjia area, a double-
subduction model is applied for the amalgamation 
between the Shennongjia and Kongling terrains, 
providing new evidence of accretionary orogenic 
process for the unification of South China.   
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The upper mantle of the Nógrád-Gömör Volcanic 

Field, located on the northern part of the Pannonian 
Basin, has been the subject of several physico-
chemical studies in the past few years through the 
examination of peridotite xenoliths hosted by Plio-
Pleistocene alkali basalts. The volcanic field can be 
divided into three major domains based on the age 
and location of the basalts, and each of them has been 
discretely sampled and analysed. This study 
synthesises and compares the results, providing a 
broad insight into the geochemical properties and 
processes of the discussed mantle domains. 

The xenoliths show different degrees of depletion 
due to partial melting, with subsequent overprinting 
by different types of metasomatism. These effects 
include modal metasomatism in the form of 
amphibole in samples of the northern and southern 
part, as well as amphibole and secondary 
clinopyroxene in the central part. Cryptic 
metasomatism is detected as Fe-, Mn- and Ti-
enrichment in some of the samples from the central 
part, and as LREE-enrichment in the northern and 
central part. Cryptic metasomatic effects in the 
central part seem to be connected to a process that 
caused the formation of secondary clinopyroxenes, 
ultimately leading to wehrlitic compositions in some 
xenoliths from the central part [1]. Amphibole 
formation, however, appears to predate the cryptic 
metasomatic event, as their LREE patterns match 
those of clinopyroxenes in the samples where they 
occur. 

Based on these results, we suggest that at least 
two major metasomatic processes have affected the 
upper mantle of the volcanic field, with different 
intensity in the three sub-areas. 

 
[1] Patkó et al. (2013) Mineral. Mag. 77, 1934. 
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We examined evidences from seismology, 

thermal physics, paleomagnetic records, 
cosmochemistry and meteorite, metal-silicate 
partitioning experiments, phase diagrams and 
equations of state of iron and iron compounds to 
present briefly the state of art on the composition and 
evolution of the Earth’s core and discuss some 
unresolved problems along with their relation to bulk 
Earth volatile budget. In this report we pay attention 
to the three particular subjects summarized below. 

An existence of basal magma ocean (BMO) is 
required by recent models of the core thermal 
evolution with high thermal conductivity. BMO 
means extensive melting and core-mantle 
equilibration, which at those temperatures (above 
4500 K) reveal extremely high content of light 
elements in the core, exceeding observed density 
deficit. The alternative to BMO is a significant 
contribution of radioactive elements to the core, 
which reduce initial temperature required for BMO. 
The problem of BMO is also related to existence of a 
hidden reservoirs, structure of the D'' layer and 
volatile exchange at the core–mantle boundary. 

We analysed Archean and Proterozoic 
paleointensity records and suggested that frequency 
of reversals and superchrons are consistent with the 
periods of intensive magmatism caused by generation 
of the mantle plumes from the core mantle boundary. 
The absolute values of paleointensities remain about 
the same from the Archaean to the present time, 
however, the peaks paleointensity correlate well with 
episodes of mantle plume activity (and episodes of 
continental crust formation). Significant decrease of 
paleointensity in Proterozoic near 1.4 Ga ago can be 
assigned as the age of the inner core. 

We discuss problem of inner core composition 
and review recent models suggesting significant 
amount of carbon in the inner core. We calculated 
quasiharmonic PVT EOS for non-magnetic Fe-
carbides and show their close proximity to the inner 
core density and seismic velocity. We also described 
Fe–C–O–H reactions at the core–mantle boundary 
conditions and suggested possible formation of 
hydrocarbon species by reaction of subducted fluid 
with metal from the core. 

The work is supported by Russian Science 
Foundation (No 14-17-00601). 
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Zinc (Zn) is a bioessential element, and the 
behaviour of Zn and Zn isotopes in the oceans might 
therefore be expected to reflect biological uptake and 
remineralisation. In fact, the oceanic distribution of 
Zn and its isotopes in the sub-surface can be 
understood largely in terms of the physical ocean 
circulation, with a key role for Southern Ocean 
diatoms in setting water mass endmember 
compositions [1]. The Southern Ocean today is Fe-
limited, and this unusual ecology is critical to the 
physiology of modern day diatoms, which grow with 
very high Zn/P and high Si/N ratios [2,3]. Alleviation 
of Fe-limitation in the past, or a change in the 
physical ocean circulation, may thus have had 
substantial implications for past ocean nutrient 
distributions. To this end, we seek an archive of past 
ocean Zn and Zn isotopes.  

To date, a reliable archive for past ocean Zn 
isotopes has been lacking, because Zn is present at 
high concentrations in potential contaminating 
material, e.g., lithogenic or authigenic (e.g. Fe-Mn 
oxide) phases. Deep-sea coral skeletons provide an 
exciting new possibility. Their size and global 
distribution, combined with an ability to assign 
precise ages to individual specimens [4], give corals 
distinct advantages over more traditional 
palaeoclimate archives. Their size is a particular 
advantage for trace elements such as Zn, which are 
present at low concentrations in carbonate.  

Here, we present the first data for Zn isotopes 
coupled to metal/Ca ratios for a small suite of deep-
sea corals from the Southern Ocean. We carry out a 
series of physical and chemical cleaning experiments, 
which demonstrate that thorough physical cleaning 
alone is effective at removing  >90% of the Fe-Mn 
coating, with cleaned coral Zn/Ca ratios in the range 
0.5-0.8µmol/mol. Isotopic data indicate that Zn in the 
coral skeleton may indeed reflect the isotopic 
composition of the seawater in which it grew, 
although more work is required to isolate the 
respective roles of adsorption onto Fe-Mn oxides 
organic phases and incorporation into coral aragonite.   
 
[1] Vance, D. et al. (2015), Goldschmidt Abstracts 
3224. 
[2] Sarmiento et al. (2014), Nature 427, 56-60. 
[3] Twining B.S. et al (2004), Limnol. Ocean. 49, 
2115-2128. 
[4] Robinson, L.F. et al. (2014), DSR Part II 99, 184-
198. 
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The material of the study is based on samples 
collected in 2006 in the southern part of the Russian 
sector of the Chukchi Sea on board the sea tug 
"Shuya" [1]. The material for the study were samples 
taken along the core of the borehole One (Long 
Strait, on the south side of Wrangel Island). 
Analytical procedure included the determination of 
elementary (TOC, Ccarb), group and molecular 
composition of dispersed organic matter soluble part 
using preparative liquid chromatography method and 
GC-MS analysis (hydrocarbon markers (alkanes, 
arenes, cyclanes)) with the Agilent Technologies 
6850/5973 GC/MSD System.  

Analysis of changes in the content of TOC and 
Ccarb in sediments allowed to make conclusions 
about the changing of marine (QIV) by coastal-
continental (QIII) and shallow continental (N2) 
sedimentation environment (changing of TOC and 
Ccarb content down the core) and also a possible 
climatic optimum with significant inflow of humic 
organic matter (OM). Differences in the process of 
formation the organic component of the bottom 
sediments of the upper and lower parts of the studied 
section also shows the distribution of hydrocarbons 
(HC). It is necessary to take into account the variety 
of factors that determine the composition of the OM 
of sediment and the statistical nature of the 
geochemical parameters. We can talk only about the 
prevalence of certain components. For example, the 
dominant role of humic material in the OM of studied 
section may be illustrated by the n-alkanes ratio 
(C17/C29). In the lower part of the core were found 
molecular biomarkers that are evidence of higher 
terrestrial vegetation (retene, cadalene, Olean-18-ene, 
D-Friedoolean-14-ene). This is consistent with 
paleomagnetic data, the micro fauna analysis and 
spore-pollen spectrum studies [1]. 

References 
1. Gusev E.A. et. al. Stratigraphy of Late Cenozoic 
sediments of the western Chukchi Sea: new results 
from shallow drilling and seismic-reflection profiling 
/ Global and Planetary Change. – 2009.–Vol. 68.– 
Issues 1–2. – P.115–131. 
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Upper Cretaceous mudstones are the most 

important source rocks in the Termit Basin, SE Niger. 
For this study, 184 mudstone samples from the 
Santonian-Campanian  Yogou Formation and the 
underlying Cenomanian-Coniacian Donga Formation 
from eight wells were analyzed on the basis of 
palaeontological, petrographical and geochemical 
data, the latter including the results of biomarker and 
stable isotope analyses. Samples from the upper 
member of the Yogou Formation contain marine 
algae and ostracods together with freshwater algae 
(Pediastrum) and arenaceous foraminifera, indicating 
a shallow marine to paralic depositional environment 
with fresh- to brackish waters. Terrestrial pollen and 
spores are common and of high diversity, suggesting 
proximity to land. Samples from the lower member 
contain marine algae and ostracodes and arenaceous 
foraminifera without freshwater algae, indicating a 
shallow-marine, brackish-water setting. Terrestrial 
pollen and spores are common in the lower member 
but are reduced in both diversity and abundance 
compared to the upper member. This may reflect a 
reduced rate of terrigenous input, perhaps due to 
deepening or more offshore conditions. 

The Pr/Ph ratio is widely used as an indicator for 
the redox potential of the depositional environment 
[1,2](Powell and McKirdy, 1973; Didyk et al., 1978). 
Gammacerane is an indicator for water column 
stratification, which commonly occurs in hypersaline 
settings [3](Sinninghe Damsté et al., 1995). The 
gammacerane index is used to measure the relative 
prominence of gammacerane. The wide range of 
gammacerane index (gammacerane/C30 hopane) 
(0.07-0.5) and Pr/Ph ratios (0.63-4.68) in samples 
from the upper member of the Yogou Formation 
suggest a low to moderately saline environment with 
oxic to anoxic conditions. In samples from the lower 
member, the narrow range of gammacerane index 
(0.23~0.35) and Pr/Ph ratios (0.76-1.36) probably 
indicate a moderately saline environment with 
suboxic to relatively anoxic conditions. 
 
[1] POWELL et al.. (1973) NPS, 243, 37-39. [2] 
DIDYK et al.. (1978) NATURE, 272, 216-222. [3] 
SINNINGHE et al.. (1995) GCA, 59, 1895-1900. 
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The fifth member of Xujiahe Formation (T3X

5) 
located in the Chuanxi sag, Sichuan Basin is a typical 
continental shale gas reservoir.  No water was 
produced from the wells prior to hydraulic fracturing, 
but cumulative water production is significantly more 
than the injected fracturing fluid afterward. This 
suggests that the fracturing fluid have been mixed 
with formation Fm water. The origin of the 
discharged water was investigated by detailed water 
chemistry analysis. The results (e.g., rNa+/rCl-

:0.85±0.7; (rNa+-rCl-)/rSO4
2-:-150±-1200; (rCl--

rNa+)/rMg2+:10±6) show that the discharged water is 
of a CaCl2  type when the flow-back ratio is over 
100%. The rNa+/rCl- ratios range from 0.7 to 0.85, 
suggesting that part of the discharged water may be 
from T3X

4. The Steve Hydrochemical Facies (SHF) 
diagram indicates that the discharged water from the 
T3X

5 shale gas reservoir in the Xinchang gas field is 
dominated by released bound water from the T3X

5 
member, and to a lesser extent, from T3X

4. In addition, 
the Fm water in T3X

5 was originally immobile and 
bound to the minerals by high Fm pressure with 
pressure coefficients of ~1.2–1.7 and poor 
permeability. The enrichment of high-valence cations 
and low rK+ and rNa+/rMg2+ ratios, combined with 
Fm rock XRD data, suggest that the impact of 
pressure-triggered ion exchange processes may have 
caused the primary immobile water to transform into 
free water during the fracturing process. The Alkali 
Exchange Index (IBE) of 200 to 400, indicates a 
strong water-rock reaction. Additionally, the 
improvements of reservoir permeability and a sudden 
Fm water reduction during the fracturing also play a 
key role in this alteration. 
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Abstract: The volcanic activity is intense in the 
forming period of the Cretaceous Yingcheng group in 
southern Songliao basin, the volcanic rocks mainly 
compose of rhyolites with minor basaltic trachy-
andesites and dacites. By element analysis, it is found 
that, in major elements, acid volcanic rocks consist of 
SiO2 contents of 65. 7% -75.2%, total alkali (K2O + 
Na2O) of 3. 29% - 7. 71% and Mg# of 21.68 - 39.24, 
and basic volcanic rocks consist of SiO2 contents of 
49.32% -56.4%, total alkali (K2O + Na2O) of 4.4% -
7.60% and Mg# of 33.49- 59.51. In trace elements, 
the volcanic rocks have chondrite-normalized REE 
patterns with the right-inclined type, enriching in 
light rare elements(LREEs) and large ion lithophile 
elements, and depleting in heavy rare 
elements(HREEs) and high field strength elements. 
According to the characteristics of these elements 
combined with the diagrams of SiO2 versus total 
alkali, the diagrams showing petrogenesis for acid 
volcanic rocks and the diagrams showing tectonic 
setting for rhyolites ,etal, it is suggested that ①The 
magma of basic volcanic rocks in Yingcheng group is 
mainly derived from the mantle and the magma of 
acid volcanic rocks in Yingcheng group is mainly 
derived from the earth’s crust; ②The formation of 
Yingcheng volcanic rocks is related with the 
delamination of the lithosphere under a subduction 
setting of the westward-movement of the Paleo-
Pacific plate underneath the Eurasian Continent． 
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Lithium isotopes (δ7Li) are ideal tracers of 

geologic processes, including continental weathering 
[1] and reverse weathering [2]. It has been proposed 
that Li adsorption on mineral surfaces could account 
for the isotope fractionation observed during 
continental weathering [3]. This proposal has been 
tested experimentally [4-6] but needs to be re-
examined systematically as previous experiments 
were performed at a wide range of experimental 
conditions, and reported different results. 

In this study, we investigated Li adsorption on 
four common secondary minerals formed during 
continental weathering: kaolinite (Al2Si2O5(OH)4), 
gibbsite (Al(OH)3), goethite (FeOOH) and hematite 
(Fe2O3). The adsorption experiments were performed 
at conditions mimicking continental weathering 
processes, with a range of pH values (4.0-10.0) and 
realistic Li concentration in solution (~0.1 ppm) at 
ambient temperature. Preliminary results suggest that 
Li adsorption is controlled by pH and mineral 
species, with more Li adsorption at higher pH for 
kaolinite and gibbsite. These results could shed new 
insights on Li isotope fractionation during continental 
weathering. 
 

 1. Rudnick et al. (2004) Chemical Geology, 212, 45-
57; 2. Chan et al. (1992) EPSL 108, 151-160; 3.Liu et 
al. (2013) GCA, 115, 73-91; 4. Pistiner and 
Henderson (2003) EPSL, 214, 327-339; 5. Millot and 
Girard (2007) Clay in natural & engineered barriers 
for radioactive waste confinement-3rd International 
Meeting-Lille; 6. Wimpenny et al. (2015) GCA 168, 
133-150. 
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Iron minerals are one of the most active 

constituents of soils and play important roles in the 
biogeochemical cycles of soil elements. Besides the 
dissimilatory iron reduction and ferrous oxidation, the 
direct interplay between aqueous Fe(II) species and 
the structural Fe(III) in soil iron-bearing minerals is 
one of the most important reactions of the iron cycle. 
Fe(II)-induced phase transformation of iron 
(hydr)oxides during the interplay has been reported 
and the coexisting metal pollutants have been found 
to inhibit the phase transformation rates. However, 
the underlying mechanisms of the metal cation effect 
and the most critical property of metal cations 
responsible for the inhibition remain unclear. The 
present study focused on the cation effect of seven 
divalent cations (indicated as Me(II), including 
Mg(II), Ca(II), Ba(II), Mn(II), Co(II), Ni(II), and 
Zn(II)) and herein the influencing mechanisms on 
Fe(II)-induced transformation processes of 
ferrihydrite. The stability constant (logK) of Me(II) 
was explored to be critical in affecting the 
ferrihydrite transformation. The Me(II) with higher 
binding stabilities (higher logK values) decreased the 
bound-Fe(II) intensity on ferrihydrite and reduced the 
redox activity of the Fe(II)-catalyzed system, so as to 
more inhibit the transformation rates of ferrihydrite. 
The phase transformation rates were negatively 
correlated with the logK values of Me(II). Besides the 
inhibition effect, Me(II) were partly stabilized in the 
formed secondary iron minerals. The binding 
stabilities of Me(II) also affected the ferrihydrite 
transformation pathways of ferrihydrite through 
affecting the intensity of bound-Fe(II) on ferrihydrite. 
Ferrihydrite was first transformed to lepidocrocite 
and then to goethite and magnetite when with Me(II) 
that had lower logK values than Fe(II), whereas 
directly transformed to goethite and magnetite when 
with Me(II) that had higher logK values than Fe(II). 
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China initiated High-level Radioactive Waste 
Disposal Program in 1985 in realizing the potential 
importance of safe disposal of high-level radioactive 
wastes (HLW) in the development of nuclear 
industry, especially in the development of nuclear 
energy in China. At the beginning of the 21 century, 
when China’s attitude toward nuclear energy was 
changed from moderate to active and fast 
development, the importance of safe disposal of 
HLW was again widely recognized. In Feb. 2006, a 
planning and policy document for the R&D on 
Geologic Disposal of High-level Radioactive Wastes 
was jointly released by the Commission of Science 
Technology and Industry for National Defense, the 
Ministry of Science and Technology of the People’s 
Republic of China, and the State Environmental 
Protection Administration of China. This document 
outlines the research framework of the China’s HLW 
Disposal Program (CHILRAWD). On the first annual 
meeting of the expert group held on October 27, 
2006, the first 17 projects proposed by the institutions 
from the China National Nuclear Corporation, the 
Chinese Academy of Sciences and Universities, 
covering radionuclide migration, safety assessment 
methodology, engineering design and site 
investigation were reviewed and approved. 
Currrently, 12 sites are investigated and finally 3 site 
will be selected for the potential geological repository 
in China. In this paper, the CHILRAWD will be 
presented and discussed. 
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Revolutionary	  New	  Method 

Generally,	  the	  δ13C1	  of	  the	  lower	  Paleozoic	  gas	  
is	  as	  heavy	  as	  that	  of	  the	  upper	  Paleozoic	  coal-‐
derived	  gas	  in	  Ordos	  Basin,	  while	  the	  δ13C2	  of	  
lower	  Paleozoic	  gas	  is	  more	  negative	  than	  that	  of	  
the	  upper	  Paleozoic	  gas,	  showing	  a	  characteristic	  
of	  oil-‐associated	  gas[1].	  	  

 
Figure 1: The four patterns of the carbon isotope-type 

curves of the lower Paleozoic gases in Ordos Basin(based 
on [2]) 

Discussion	  of	  Results 
Based on the carbon isotope data of 154 gas 

samples and TOC of 733 core samples in Lower 
Paleozoic strata of Ordos Basin, we divided the gas 
into four types: the coal-derived gas generated from 
the upper Paleozoic coaly source rock, the oil-
associated gas sourced from the lower Paleozoic 
source rock, the mixing gas originated from the upper 
Paleozoic coaly source rock and marine source rock, 
and the over-mature reversed gas. Moreover, the 
hydrocarbon generating potential of the lower 
Paleozoic Ordovician source rock results showed that 
all the samples have an average TOC of 0.35%, with 
19.37% of them having TOC>0.4%. the kerogen type 
of the source rocks were indicated to be of sapropel 
type. In conclusion, the lower Paleozoic Ordovician 
source rock can serve as the source of some lower 
Paleozoic gas. 
 
[1]Dai et al. (2005) Organic Geochemistry 36, 1617-1635. 
[2] Zou et al.(2007) Organic Geochemistry 38, 1398-1415. 
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Fine particulate matter (PM2.5) was collected at 

ten urban sites in China from October to November 
2013. Elemental carbon (EC), organic carbon (OC), 
water-soluble OC (WSOC), and water-insoluble OC 
(WINSOC) were analyzed for 14C in order to 
distinguish fossil from non-fossil emissions. 14C-
derived source apportionments show that non-fossil 
source generally has a great contribution to the total 
carbonaceous aerosol in ten urban cities. During the 
non-haze days, the non-fossil sources are responsible 
for 74.4±7.9% and 55.2±10.8% of organic carbon 
(OC) and elemental carbon (EC), respectively, 
whereas, these values decrease to 70.0±6.7% and 
45.3±11.9%, respectively. The total carbonaceous 
aerosol is composed of secondary organic carbon, 
primary fossil-fuel carbon and primary biomass-
burning carbon. SOC is mainly formed from non-
fossil volatile organic compounds. 
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Voluminous meta-sedimentary rocks, including 
the Macheonayeong Group in North Korea, Ji’an and 
Laoling groups in the southern Jilin, the North and 
South Liaohe groups in the eastern Liaoning, the 
Fenzishan and Jingshan groups in the Jiaobei massif, 
and Wuhe Group in Anhui Province, are widely 
distributed within the Paleoproterozoic Jiao-Liao-Ji 
orogenic belt, North China Craton. Previous studies 
revealed that a Paleoproterozoic partial melting event 
was only identified in the Jiaobei terrane. However, 
present study shows that layers and irregular lenses of 
granitic leucosomes are widely distributed within 
granulite-facies meta-sedimentary rocks from North 
and South Liaohe, and Ji’an groups. The migmatized 
rocks extend over an belt of at least 900×50 km from 
Jiaobei, through eastern Liaoning, to southern Jilin. A 
combined study of mineral inclusions, 
cathodoluminescence (CL) images, and zircon U-Pb 
LA-ICP-MS dates provide clear evidence on the 
nature and timing of the partial melting in these 
granulite-facies meta-sedimentary rocks. Most 
zircons from the granitic leucosomes are either 
inherited crystals (igneous or detrital) with distinct 
overgrowths, or are simply new euhedral crystals. 
Both the overgrowths and the new crystals commonly 
exhibit perfect euhedral shapes, pronounced 
oscillatory zoning. These features suggest that the 
new zircons are anatectic in origin. Numerous U-Pb 
spot analyses of anatectic zircons reveal that the 
whole Jiao-Liao-Ji orogenic belt experienced a major 
episode of partial melting in the Paleoproterozoic, 
with crystallization of the melt occurring in two 
distinct periods from 1860±4 to 1855±3 Ma, and 
1840±3 to 1835±5 Ma, as represented, respectively, 
by the magmatic cores and rims of the anatectic 
zircons. The first age group probably represents the 
initial crystallization of melts derived from partial 
melting within the Jiao-Liao-Ji orogenic belt, while 
the second age group may represent the completion 
of migmatization and crystallization of granitic 
leucosomes. This significant partial melting event 
was gernetially associated with the Paleoproterozoic 
granulite-facies ‘hot’ stage of exhumation of the Jiao-
Liao-Ji orogenic belt, and it induced extensive 
retrogression of the voluminous pelitic granulites, as 
well as the formation of regional migmatites. 
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There were only a few attempts available for 
studying stable Sr isotope fractionation in the 
terrestrial environment. This study aims at 
understanding the controls of water δ88/86Sr ratios 
responsible for bedrock lithologies and fractionation 
processes at carbonate-dominated catchments under 
various climatic conditions. We represent a monthly 
monitoring data of major ion concentrations, 87Sr/86Sr 
and δ88/86Sr ratios for a karst river at the Luofang 
Cave in the Central China. Our results showed 
seasonal variations in the water Sr isotopic 
compositions characterized by radiogenic 87Sr/86Sr 
and heavier δ88/86Sr ratios in the warm and rainy 
season, and vice versa in the dry period. The 
markedly heavier δ88/86Sr (0.30 to 0.42‰) related to 
the bedrock (~0.24‰) cannot be interpreted solely by 
lithologies. Laboratory leaching of the local soils 
suggested limited δ88/86Sr fractionation during 
incongruent silicate weathering. The absent or low 
density of local vegetations imply that plant 
utilization and biological activities may not be the 
primary control on water δ88/86Sr. Thermodynamic 
calculation of the calcite saturation states, water pHs, 
and the decreased Sr/Na ratios refer the favorable for 
calcite precipitation in that time. Stable Sr isotope 
fractionation during the calcite formation was 
evaluated in the freshwater system by the calcite 
precipitate and drip waters, and the Δ88/86SrCar-Aq was 
estimated -0.15±0.07‰ (2SD). Thus, if the calcite 
precipitation is the only process controlling the cave 
water δ88/86Sr, the enrichment of the heavily Sr 
isotopes in waters relative to the bedrocks equal to 
~30 to 70% of Sr removed from the water. Our 
results indicate that secondary calcite precipitation in 
the carbonate-dominated environments could be of 
significance and play an important role controlling 
water δ88/86Sr compositions. 
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Quantifying the biogeochemical factors that 
determine microbial metabolic capabilities remains a 
grand challenge for geomicrobiology with relevance 
to predictive modeling and engineering of natural, 
industrial and anthropogenically perturbed 
ecosystems.  Specifically, a predictive understanding 
of how natural gradients of compounds influence the 
rates, intermediates and end-products of element 
cycling (i.e. C, N, P, S) will enable better 
biogeochemical models and permit selective 
perturbation of environmental systems to achieve 
desired outcomes.  Current approaches to 
understanding the controls on microbial element 
cycling are generally low-throughput.  We are 
developing a general, laboratory-based, high-
throughput screening strategy to quantify the 
inhibitory and stimulatory concentrations of 
compounds that influence the functional capacity of 
natural microbial communities to transform microbial 
respiratory substrates in the nitrogen cycle to 
different endproducts (e.g. dinitrogen/ammonia).  We 
also evaluate the synergistic and antagonistic 
interactions between natural and anthropogenic 
compounds to develop a complete picture of how 
multi-dimensional gradients influence respiratory 
processes.  The predictions from the high-throughput 
screening campaign can be tested in mesocosm and 
field scale experiments, and amplicon sequencing and 
metagenomics can be used to define how community 
structure changes along with changes in respiratory 
rates. 
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53Mn-53Cr short-lived chronometer (t1/2=3.7 Myr) 

is a powerful tool for high resolution chronological 
studies of the early Solar Sytem events occurred in 
the very first 10 Ma. However, cosmogenic effects, 
induced by spallation and thermal/epithermal neutron 
capture processes, could hamper the correct 
determination of radiogenic contribution to 53Cr, 
therefore influence the accuracy of 53Mn-53Cr 
chronometry, especially for samples with high Fe/Cr, 
Ni/Cr ratios and long exposure ages ([1,2]). Metal 
and olivine phases in meteorites that are often used 
for the determination of Mn-Cr age, have high Fe 
and/or Ni contents and could be vulnerable to 
cosmogenic effects. Thus it is necessary to examine 
the comogenic Cr isotopic signature in meteorites, 
and to find a proper method to correct for such effects 
on Cr isotopic composition in order to obtain 
meaningful Mn-Cr ages. 

 Iron meteorites are ideal samples for 
investigating cosmogenic effects on Cr isotopic 
composition because of their high Fe/Cr, Ni/Cr ratios 
and relatively long exposure ages. In this study, we 
analyzed 25 iron meteorite samples from 9 chemical 
groups using a Thermo Finnigan Triton multi-
collector thermal ionization mass spectrometer at 
DTM. The samples display large coupled variations 
in ε53Cr and ε54Cr (up to ~250ε for ε53Cr and up to 
~1000ε for ε54Cr)  with a ratio of approximately 
1:3.9. This ratio is similar to that determined through 
three pieces of Carbo meteorites in [3] and is 
consistent with our modeling results (~1:3.4). We 
found that this correlation is very robust and is 
independent of the chemical composition (different 
Fe/Ni ratio) of the meteorites. Therefore, we can use 
this correlation to correct for cosmogenic effects on 
ε53Cr, because the pre-exposure ε54Cr (anomalies) are 
often known and the magnitude is small compared to 
the variation generated by comgenic effects. 

[1] Shima, M. and M. Honda (1966) EPSL, 1(2): 
65-74. [2] Birck, J. and C. Allegre (1985) Isotopic 
Ratios in the Solar System, 1: 21-25. [3] Qin L. et al. 
(2010) GCA, 74(3): 1122-1145. 
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The Gulf of Mexico (GOM) oil spill in 2010 

attracted international attention on the risk of oil 
contamination in deep-sea environments, especially 
as the number of offshore drilling platforms keeps 
increasing worldwide.  However, little is known 
about the oil attenuation potential in the deep sea.  It 
has been shown that environmental factors, such as 
the microbial community, nutrients, and temperature 
play an important role in oil biodegradation, but these 
factors vary according to different locations.  In order 
to elucidate the relationship among nutrient 
conditions, microbial communities and the potential 
for oil degradation, we analyzed deep-sea water 
samples from different locations where oil drilling 
leases have been sold in the Eastern Mediterranean 
sea and Great Australian Bight (GAB). 

Enrichments were carried out aerobically using 
five different conditions: oil, oil+ COREXIT, 
COREXIT, oil+ Phosphate (or FeCl2) and oil+ 
Phosphate (or FeCl2) + COREXIT. Serum bottles 
were connected with a Micro-OxyMax respirometer 
to detect CO2 level every two hours.  Bottles were 
sacrificed for the analysis of the microbial 
community at three sampling points and then 
sequenced with the Illumina MiSeq sequencer. 

During the incubations, we observed diverse CO2 
evolution patterns upon different treatments.  In the 
enrichments with Mediterranean water, the CO2 
accumulation in the treatment with oil and/or 
COREXIT was much higher than the control 
(seawater alone).  FeCl2 amendments lead to a 
slightly higher CO2 accumulation.  However, 
phosphate amended treatments produced much more 
CO2 than those without phosphate.  These results 
suggested that phosphate, rather than iron, is the 
limiting nutrient for microbial respiration of oil from 
that area.  Unlike the Eastern Mediterranean Sea 
enrichments, the CO2 evolution from treatments with 
oil in GAB water was lower than the seawater 
control, implying suppression of microbial respiration 
from crude oil.  Enrichments with the FeCl2 
amendment had a higher CO2 accumulation, 
suggesting iron is a potential limiting nutrient for 
microbial respiration in oil from the GAB.  However, 
the respiration data of Eastern Mediterranean Sea and 
GAB was much lower as compared with GOM, 
indicating lower oil degradation potential at these two 
sites. What’s more, the dissolved organic mater 
analysis revealed that  
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Melt-rock interaction is a common mantle 

process occuring in the mantle during the ascending 
of melts. Here, we present a case study of Quaternary 
Nuominhe basalts from the Greater Khingan Range to 
investigate the effect of melt-rock ineraction on the 
formation of potassic basalts.The Nuominhe basalts 
are predominantly basanites with high MgO and 
alkalinities (MgO = 9.0–16.8 wt.%, K2O+Na2O = 
6.0–8.2 wt.%). They are characterized by positively 
Ba, K and Sr, and negative Th-U, Zr-Hf, and Ti 
anomalies, similar to EM 1-type OIBs and average 
lower continental crust (LCC). Additional, they have 
EM1-type isotope compositions (87Sr/86Sr = 0.70467–
0.70483, εNd = -4.1–-1.5, εHf = -0.3–2.3, 206Pb/204Pb = 
17.03–17.36). These compositional feathers suggest a 
LCC recycling-associated enriched source (EM1-
type) for them. On the other hand, the Nuominhe 
basalts contained zoned olivine xenocrysts whose 
cores have high Fo89-92 and low CaO (< 0.1 wt.%), 
consistent with those from the nearby mantle 
peridotitic xenoliths. In contrast, their rims have low 
Fo75-86 and high CaO (> 0.1 wt.%), which are similar 
to those olivine phenocrysts crystallized from the host 
basalts. These textural feathers demonstrate that melt-
rock interaction played an important role in the 
formation of Nuominhe potassic basalts. 

In Northeast China, besides of Nuominhe basalts, 
lavas with EM1-type geochemistry are distributed 
mainly along the northern margin of Songliao basin, 
including Wudalianchi, Erkeshan, and Keluo. These 
rocks show good correlations between 87Sr/86Sr and 
K2O/Na2O and Rb/Nb. Notably, these ratios decrease 
with increasing lithospheric thickness, which may 
reflect melt-perdotite interaction. Phlogopite 
precipitated when potassic melts passed through the 
lithospheric mantle, and K and Rb contents of the 
residual melts decreased over time. Therefore, the 
compositions of potassic basalts were controlled by 
both their enriched sources and reactions with 
lithospheric mantle. 

 
This study is financialy supported by the NNSF of 

China (41172060). 
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Isotopes of calcium (Ca) are a useful tracer for 

weathering, atmospheric fluxes, and cation biocycling 
[1]. We present basic models for application of 
calcium isotopes to the intersection system in the 
Yangtze estuary, on assuming that the ocean Ca cycle 
is in steady state [2]. Mixing calculations show that 
the dissolved δ44/40Ca of the surface water at the 
Yangtze estuary is fit well with the seawater–
freshwater simulate curve, but the intermediate and 
bottom water at the turbidity maximum of the 
Yangtze estuary are drawn below the seawater–
freshwater simulate curves (up to -0.17‰ and -
0.21‰, respectively). The possibility for the 
deviation is due to the competitive absorption 
between Ca isotope and heavy metal ion in the 
turbidity maximum near the mouth bar of the 
Yangtze estuary, which maybe controlled by the 
salinity effect [3]. Another reason is related to a 
combination of the Huangpu River, which 
contribution has been proven by the Sr isotope and 
the major element evidences, with the lighter Ca 
isotope composition. 
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High-precision measurements of W isotopic 
ratios have boosted recent exploration of early Earth 
processes from the small W isotope anomalies 
observable in some Hadean-Archean rocks. However, 
before applying W isotopic data to understand the 
geological processes responsible for the formation of 
these rocks, it is critical to evaluate whether the 
rocks’ present W contents and isotopic compositions 
reflect that of the protolith or the effects of secondary 
W addition/mobilization. To investigate this issue, we 
have carried out in situ concentration measurements 
of W and other HFSEs in mineral phases and 
alteration assemblages within a broad spectrum of 
rocks using LA-ICP-MS. Isotope dilution whole-rock 
W concentration measurements are used along with 
modes calculated from mineral and bulk rock major 
element data to examine the mass balance for W and 
other elements. In general, W is positively correlated 
with Nb, Ta, Ti, Sn, Mo and U, indicating similar 
geochemical behavior. Within granitic gneisses and 
amphibolites, biotite, hornblende, titanite and 
ilmenite control the W budget, while plagioclase and 
k-feldspar have little effect. For granulites, 
pyroxenites and eclogites, titanite, rutile, ilmenite, 
magnetite and sulfide, as well as grain boundary 
alteration assemblages dominate the W budget, while 
garnet, clinopyroxene, orthopyroxene and plagioclase 
have little or no W. Within mantle harzburgites and 
dunites, major phases such as olivine, clinopyroxene, 
orthopyroxene and spinel/chromite have very low 
concentrations of W, Nb, Ta, Sn and Mo. Instead, 
these elements are concentrated along grain 
boundaries and within sulfide/mss. Mass balance 
shows that for granitic gneisses and amphibolites, the 
rock-forming minerals can adequately account for the 
whole-rock W budget, whereas for ultramafic rocks 
such as pyroxenites, eclogites and harzburgites and 
dunites, significant W is hosted along grain 
boundaries, indicating that metamorphism and 
melt/fluid metasomatism can dramatically modify W 
concentrations in such rocks. Therefore, for rocks that 
experienced subsequent W enrichments, their W 
isotopic compositions may not necessarily represent 
their mantle sources, but could predominantly reflect 
later inputs, for example from a crustal reservoir that 
has long existed on Earth. 
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The role played by ancient melt-depleted 
lithospheric mantle in preserving continental crust 
through time is critical in understanding how 
continents are built, disrupted and recycled. While it 
has become clear that much of the extant Archean 
crust is underpinned by Archean mantle roots, reports 
of Proterozoic melt depletion ages for peridotites 
erupted through Phanerozoic terranes raise the 
possibility that ancient buoyant lithospheric mantle 
acts as a “life-raft” for much of the Earth’s 
continental crust. Here we report the largest crust-
lithospheric mantle age decoupling (~2.4 Ga) so far 
observed on Earth and examine the potential cause 
for such extreme age decoupling [1].  

The Phanerozoic (< 300 Ma) continental crust of 
West Otago, New Zealand, is intruded by Cenozoic 
diatremes that have erupted cratonic mantle-like 
highly depleted harzburgites and dunites. These 
peridotites have rhenium depletion Os model ages 
that vary from 0.5 to 2.7 Ga, firmly establishing the 
record of an Archean depletion event. However, the 
vast range in depletion ages does not correlate with 
melt depletion or metasomatic tracer indices, 
providing little support for the presence of a 
significant volume of ancient mantle root beneath this 
region. Instead, the chemical and isotopic data are 
best explained by mixing of relict components of 
Archean depleted peridotitic mantle residues that 
have cycled through the asthenosphere over Ga 
timescales, along with more fertile convecting 
mantle. Extensive melt depletion associated with the 
“docking” of these melt residues beneath the young 
continental crust of the Zealandia continent explains 
the decoupled age relationship that we observe today. 
Hence, the newly formed lithospheric root 
incorporates a mixture of ancient and modern mantle 
derived from the convecting mantle, cooled and 
accreted in recent times. This model could account 
for the large spectrum of ages observed in fertile to 
moderately depleted peridotites sampled from 
lithospheric mantle beneath SE Australia, W 
Antarctica and other locations in Zealandia, as well as 
the oceanic mantle. Our data confirm the longevity 
and dispersal of ancient depleted mantle domains in 
the convecting mantle and their re-appearance 
beneath young continents. 

[1] J. Liu et al., 2015. EPSL 424, 109-118. 
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Heavy metal accumulation in rice has become a 

main public concern in Asia. Prior studies showed 
that the redox cycling of iron in paddy soils strongly 
affects the uptake of heavy metals by rice. It is not 
clear whether such effects are largely due to mass 
transfer processes within the external soil 
environment or due to physiological translocation 
processes within the plant.  The objective of this 
study was to examine synergetic versus antagonistic 
effects of iron on translocation of heavy metals by 
rice. We grew rice hydroponically to minimize the 
external effects of soil biogeochemical processes.  
Nutrient solutions used for growing rice contained 
variable concentrations of zinc whereas the iron 
concentration was kept constant.  Root, stem, leaf, 
husk and grain in different growth stages were 
divided after the whole plant samples were collected.  
Chemical analysis results showed different 
correlations between iron and zinc uptake by rice. 
With the increase of zinc concentration in nutrient 
solution, the zinc concentration also increases in all 
parts of plant. In tillering stage (the first growth 
stage), the iron concentrations in root increased as the 
aqueous zinc concentrations increased from 1 to 500 
µM, whereas the iron contents in stem and leaf 
decreased as the solution-phase zinc concentration 
increased.  In maturity stage (the last growth stage), 
the changes in aqueous zinc concentrations resulted 
in a different trends on iron accumulation. When the 
aqueous zinc concentrations increased from blank to 
10 µM, the iron concentrations in different parts of 
the plant all increased. The iron concentrations 
decreased when the aqueous zinc concentrations were 
equal to or greater than 100 µM. The results 
suggested that in different growth stages, rice plant 
may have different mechanisms for translocation of 
iron and such mechanisms may be influenced in the 
presence of zinc. We are currently conducting 
experiments to quantify how aqueous iron 
concentrations affect uptake of zinc and cadmium by 
rice.  The study could provide a dataset on 
differential uptake of metals by rice at varying 
background concentrations of heavy metals.   
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Xiangshan uranium deposit is the largest volcanic 

rock type uranium deposit in China. As uranium is 
usually in reduction state of this ore, oxidizing agent 
is needed to be added during U leaching. In order to 
determine the effect of U leaching, tests were carried 
out with different oxidizing agents. The uranium 
grade of sample is 0.298%, with 0.202% of U4+ and 
0.096% of U6+.  

The shaking flask leaching test was carried out 
with common uranium leaching oxidizing agents, 
such as MnO2, H2O2 and KClO3. Test conditions are 
shown as table 1. The test method is that samples are 
all in 100ml each with MnO2, H2O2, KClO3 and 
H2SO4 oxidizer, in 250ml Erlenmeyer flask and are 
shake for 24 hours. When these tests are finished, U 
concentration in leaching liquid is analyzed and 
uranium leaching recovery is calculated for each 
sample. 

Oxid
izer 

Pulp 
density 

(%) 

Temp 
� 

Sampl
e 

wt(g) 

Oxidi
zer 

amou
nt 

H2S
O4 
(g) 

MnO
2 

40 30 50 3.7543
g 8 

H2O2 40 30 50 5ml 8 
KCl
O3 

40 30 50 1.5098
g 8 

Table 1 test conditions of oxidant comparison 
experiment 
 

Oxidi
zer pH 

Eh 
(mv

) 

U 
(mg/L) 

U 
recov
ery�
%� 

H2SO4 
consump
tion�%

� 

MnO2 
1.0
2 497 1639.4

6 92.25 16 

H2O2 0.9 383 1262.9
6 77.75 16 

KClO
3 

0.9 705 1323.7
9 82.28 16 

Table 2 Test result of different oxidant 
The test results (Table 2) showed that the U 

leaching recovery was 92.25% with MnO2, 77.75% 
with KClO3 and 82.28% with H2O2, respectively. 
This indicates that MnO2 is one of the best oxidizing 
agents compared with the other oxidizers under the 
same temperature and acidity leaching conditions. 
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Thallium (Tl) is a typical toxic rare element that 

has a higher toxicity to mammals than lead, 
cadmium. In recent years, serious Tl pollution 
incidents have frequently occurred, such as Tl 
pollution in the North River in 2010 and  in the He 
River in 2013. As a matter of fact, China has been 
suffered from Tl pollution for a long time. For several 
decades since 1960s, Tl pollution has been out of 
governmental supervision, and a large quantities of Tl 
have been released into the environment without 
proper treatment. The ambiguity of Tl pollution set a 
giant obstacle for pollution treatment of Tl. Effective 
pollution control needs to know where the pollution 
comes from and to know how much each pollution 
source contributes.  

Based on the previous investigation on 
environmental geochemistry of Tl over 10 years, we 
carried out a pioneering study on using Tl, Zn and Pb 
isotopic composition by multi-collector inductively 
coupled plasma mass spectrometry (MC-ICP-MS)to 
uncover the source, migration and fate of Tl in a 
riverine system of a pyrite mining city in the Western 
Guangdong Province, China. Twenty surface water 
and sediments were sampled from the river which 
bypass the pyrite mining and smelting site. The 
results showed that excessive Tl was accumulated in 
most of the studied sediments. Obvious linear 
correlations were found between 208Pb/206Pb and 
206Pb/207Pb of the sediments, designating two 
endmembers: (1) natural source-the weathering of the 
original parental rock, and (2) anthropogenic 
contamination-pyrite exploitation. Besides, 
significant isotopic fractionation of Tl and Zn was 
observed during pyrite smelting process, with ε205Tl 
of the raw pyrite ore at 1.3 per 104 and δ66Zn at 0.08 
per 103, and  with ε205Tl of the fluidized-bed furnace 
bottom slag at 15.0 per 104 and δ66Zn at 0.76 per 103. 
In this way,  it may be possible to distinguish the 
pollution source between ore exploitation and 
smelting by applying the synergistic effect of non 
traditional stable isotope fractionation like Tl and Zn.
  

 
This project was supported by National Natural 
Science Foundation of China (No. 41573008; 
41203002; 41573119; 41303007 and 41273100). 
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Nanoparticles in absence of stabilizing agent tend 

to aggregate so as to minimize the surface energies. 
Aggregation state of nanoparticles affects their 
reactivity, stability, transport, and fate in aqueous 
environments. There are limited methods for in situ 
characterization of aggregate strucutre and 
movement. Here, liquid cell transmission electron 
microscopy (LCTEM) was utilized to in situ observe 
the size, structure, and motion of aggregates that were 
composed of 9 nm and 36 nm hematite nanoparticles, 
respectively, in water or NaCl solution. When using 
the same mass concentration, the aggregates of the 
smaller nanoparticles were statistically more compact 
and slightly larger in hydrodynamic diameter than 
those of the 36 nm nanoparticles. The morphology 
analysis indicated that aggregates of both 
nanoparticles were non-spherical. Increasing ionic 
strength resulted in more compact aggregates and 
different modes for the cluster-cluster aggregation, 
due to the differences in diffusion coefficients and 
interaction energies. This study not only directly 
presented the influences of particle size and ionic 
strength on aggregation state, but also proposed a 
promising method to link aggregation state to 
dynamic processes of nanoparticles. 
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Regional biomass burning injects enormous 

amount of gasses and particles into the atmosphere. It 
is regarded as an important biogeochemical processes 
even at global scale, and poses significant impact on 
regional atmospheric environment. Biomass burning 
contributes to both the direct emission of primary 
organic aerosol (POA) and the formation of 
secondary organic aerosol (SOA) in the atmosphere, 
and has been identified to be an important source of 
air pollution or even haze events in Chinese large 
cities. Radiocarbon analysis is a powerful tool in 
tracking the carbon source of aerosols, which, along 
with organic molecular markers such as 
levoglucosan, could provide critical information for 
the source apportionment of air particulates.  A series 
of methodologies were developed in GIGCAS for the 
isolation of organic carbon (OC) and element carbon 
(EC) in aerosol for radiocarbon analysis, and were 
applied in the source apportionment of carbonaceous 
aerosols in 2 background sites and several large cities 
in China. Here we report the results in Guangzhou, 
the largest city in South China, which demonstrate 
the probability of using radiocarbon and molecular 
tracers to identify local and regional haze events. 
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Following a huge success in North America, 
unconventional hydrocarbon resources, such as tight 
and shale oil and gas, are now being actively 
explored world-wide. Recent studies have shown that 
unconventional reservoirs are primarily dominated by 
fine-grained sediments with multiscale, complex 
compositional and structural heterogeneities down to 
micro-nano scales, which control the storage and 
flowing capability of hydrocarbons in the reservoirs. 
This poses considerable challenges for the 
characterisation of unconventional reservoirs using 
the traditional visual and optical petrographic 
methods.  

As part of reservoir characterization of the shale 
oil reservoir in the Jurassic Lucaogou Formation, 
Junger Basin, northwest China, we employed a suite 
of chemical and mineralogical speciation techniques 
including Micro X-ray fluorescence spectrometry 
(Micro-XRF), Field-Emission Scanning Electron 
Microscopy (SEM) with Energy Dispersion 
Spectroscopy (EDS), and synchrotron-based multi-
energy micro-CT imaging coupled with Data 
Constrained Modelling (DCM). The integration of 
these techniques allows us to systematically map the 
reservoir mineral compositions and pore structures 
from cm to nm scales in both two-dimensions and 
three-dimensions. It enables us to effectively identify 
the mineral species, pores and fractures, and 
effectively predict the reservoir wettability and 
frackability for shale oil development purposes.   
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Ancient CO2 reservoir is a natural analogue for 

CO2 geological storage, where the passage of the 
CO2-bearing fluids is preserved as mineralogical and 
geochemical changes in the rock. The ancient CO2 
reservoir is characterized by the dawsonite-bearing 
sandstone in Southern Songliao basin, China. Cored 
interval (1478.5-1484.0 m) from well HX in the 
Southern Songliao basin Provides ideal material for 
revealing the influence of CO2-bearing fluids on 
mudstone. Mudstone interlayer interval (1480.5-
1481.5 m) and mudstone caprock interval (1472.5-
1478.5m) have been examined with respect to 
petrology, mineralogy, and geochemistry, based on a 
total of 23 core samples. 

The mudstone interlayer consists mainly of clay 
mineral and quartz plus feldspar, with subsidiary non-
clay authigeneic mineral. Clay minerals were 
identified as illite/smectite and illite. The non-clay 
authigeneic mineral is characterized by the 
occurrence of dawsonite (1.8-5.9%), with varying 
amounts of dolomite, siderite, and pyrite. The δ13C 
composition of dawsonite and dolomite has a very 
narrow ranges from -0.9 to -1.5‰ (PDB) and -0.3 to -
1.2‰ (PDB), respectively; δ18O composition ranges 
from -14.8 to-15.2‰ (PDB) and -15.2 to-16.0‰ 
(PDB), respectively.  

The content of clay mineral and most of non-clay 
fraction in the mudstone caprock are similar to that of 
the mudstone interlayer, except for dawsonite. Being 
different from the mudstone interlayer which all 
contain dawsonite�dawsonite is detected only in one 
sample in mudstone caprock interval, where is 
located above the interface between sandstone and 
mudstone, and the vertical distance is about 1m. The 
δ13C composition of dolomite also has a very narrow 
range from -1.0 to -2.4‰ (PDB), δ18O composition 
ranges from -16.2 to-17.3‰ (PDB). 

Based on carbon isotope data, CO2 used for 
dawsonite and dolomite formation in mudstone 
interlayer and caprock is inferred to have derived 
from magmatic source, the  carbonate minerals may 
thus be the result of mass transfer from the underling 
sandstone (ancient CO2 reservoir) and CO2 
immobilization through carbonate precipitation. This 
research is funded by the National Natural Science 
Foundation of China (No. 41172091 and No. 
41572082). 



Goldschmidt Conference Abstracts 1851 

Investigation of carbon cycle in 
the historical methane seepage 

in Dongsha Area, Northern 
South China Sea 

LIHUA LIU1*, XUETING WU12, FENG ZHANG12,  
SHAOYING FU3 AND NENGYOU WU45  

1Key Laboratory of Gas Hydrate, Guangzhou institute 
of energy conversion, Chinese academy of 
sciences, Guangzhou 510640, CHINA  

2University of Chinese academy of sciences, Beijing 
100049, china; 

3Guangzhou Marine Geological Survey, Guangzhou 
510760, China 

4The Key Laboratory of Gas Hydrate,Ministry of Lan
d and Resources,  Qingdao Institute of Marine Ge
ology, Qingdao, 266071, China 

5Laboratory for Marine Mineral Resources, Qingdao 
National Laboratory for Marine Science and Tech
nology, Qingdao,266071, China 

*correspondence: liulh@ms.giec.ac.cn, Tel: +86 20 
3728 7704, Fax: +86 20 87076246 
 
Methane seepage records the message of local 

carbon cycle and directly points to the deep 
hydrocarbon reservoir. The investigation of the 
seepage is thus significant to the exploration of 
petroleum, gas and gas hydrate and to the 
understanding of paleo-environmental conditions. 
The sediments and distribution of solutes in 
interstitial water were analyzed to reveal the activities 
of seepage in the Dongsha Area, Northern slop of the 
South China Sea. The low content of organic carbons 
in the sediments indicated local methane mainly 
source of deep reservoir rather than in situ 
degradation of organic carbon. Further, there are one 
to five carbonate-rich layers at each investigated site. 
The multilayer of carbonates demonstrated the 
episodic eruption or venting of deep hydrocarbon 
reservoirs. The episodic venting forms active or 
dormant seepages during the geological time. A 
numerical model was developed to simulate the 
distribution of solutes and derive the reaction rates. 
The model concentrations matched the field data and 
the fitting kinetic rates were determined. Through 
simulation the local carbon cycle which is methane to 
dissolved inorganic carbon to the carbonates was 
confirmed. The rate of local gas irrigation, 
dissolution, geochemical reactions and benthic flux 
was obtained and the episode of seepage was also 
quantitatively recognized.  
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Bitumen, with the content between 0.65% and 

7.20%, developed well in the dawsonite-bearing 
sandstones of the Qingshankou Formation in 
Honggang Oil Field, south of the Songliao basin. 
Bitumen occurs usually in the residual pores left by 
feldspar, or in the inner-crystal of the radial 
dawsonite assemblages; some other parts of the 
bitumen as the veins present in the crack. Paragenetic 
sequence of the dawsonite-bearing sandstone show 
that bitumen formed later than dawsonite and other 
authigenic minerals.  

Fluid inclusions recorded two generations of 
hydrocarbon injection in Honggang Oil Filed. The 
first one normally grew in detrital quartz or inside 
quartz overgrowth, with the groups appearing as 
discontinuous belt, the homogenization temperatures 
ranged from 70°C to 90°C. The second one was lying 
outside of quartz overgrowths, or in calcite and 
dawsonite, the homogenization temperature was 
100~120°C. CO2 flooding occurred just between the 
two generations of hydrocarbon injection. Currently, 
dawsonite is used as a trace mineral for CO2 
migration. Therefore, the occurrence of bitumen, 
growing in the dawsonite assemblages, suggests that 
the formation of bitumen was later than CO2 
flooding.  

The bitumen might be a product of petroleum 
displacement by inorganic CO2. The  evidences are: i) 
CO2 was found in the oil-associated gas of the well 
H73, with the δ13C(PDB) lies in the ranges of -5.32 ~ 
-5.80(‰), implying that inorganic CO2 once 
dissolved in the crude oil. ii) There is a weak positive 
association between the contents of dawsonite 
cements and the bitumen, which distributed in both 
oil and dry layers. Apparently, a genesis relationship 
should exit between the bitumen and the CO2 
contributing to dawsonite precipitated. iii) The fluid 
inclusions, developed in the micro-fractures of 
detrital quartz and quartz overgrowths, were detected 
to be contained with gas CO2, liquid CO2, CO3

2- and 
CH4, indicating that an extraction for hydrocarbon 
occurred during CO2transgression. 
This work is financially supported by the National 
Natural Science Foundation of China (No. 41202073 
and No. 40972075) 
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To constrain further the Mg isotopic composition 

of the oceanic mantle, investigate Mg isotopic 
fractionation of abyssal peridotite during 
serpentinization and weathering, and assess Mg 
budget in the ocean, a suite of abyssal peridotite 
samples from the Gakkel Ridge and Southwest Indian 
Ridge (SWIR) has been selected for high-precision 
Mg isotopic analyses. Most of the abyssal peridotites 
in this study have been intensively altered, dominated 
by serpentinization or weathering. A few relatively 
fresh samples contain olivine with δ26Mg varying 
from -0.30 to -0.12 ‰, orthopyroxene with δ26Mg 
varying from -0.32 to -0.16 ‰, and clinopyroxene 
with δ26Mg varying from -0.23 to -0.09 ‰. Whole-
rock δ26Mg values of thirty abyssal peridotites 
display wide variations from -0.24 to 0.10 ‰ with an 
average value of -0.12 ± 0.14 ‰ (2SD, n = 30). In 
particular, Mg isotopic composition of 
serpentinization-dominated rocks have lower average 
δ26Mg values (δ26Mg = -0.19 ± 0.07 ‰, n=7, 2SD) 
compared with weathering-dominated ones (δ26Mg = 
-0.10 ± 0.13 ‰, n=23, 2SD). These indicate that the 
oceanic mantle may have slightly different Mg 
isotopic compositions at current analytical 
uncertainty. Post-magmatic serpentinization does not 
fractionate Mg isotopes of abyssal peridotite whereas 
low-T weathering and the formation of clay is the 
main cause for enrichment of heavy Mg isotopes in 
abyssal peridotite. The significance of this study is 
that the Mg isotopic composition of a rock has no 
essential correlation with Mg content and Mg isotopic 
composition of the reacting melt/fluids, but is 
strongly dependent on the secondary minerals 
formed. Release of light Mg isotope into the ocean 
during alteration of abyssal peridotite should be 
considered as an important influx of Mg in the 
seawater Mg budget. Abyssal peridotites with heavy 
Mg isotopic signature can be recycled into the mantle 
in subduction zones and thus may be potential source 
for arc magmas with heavy Mg isotopes. 
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High precision position-specific (sometimes 
called site-specific) isotope fractionation signatures at 
equilibrium determined by theoretical methods are 
imperatively needed as references for the application 
of the intramolecular isotope effects. This study 
provides the position-specific carbon isotope 
fractionation at equilibrium of several organic 
compounds obtained by using quantum chemistry 
methods (e.g., propane, acetic acid, etc.). Our 
calculation are performed at CCSD/6-
311+G(3df,3pd) by using Gaussian 09 program 
without scaling frequencies.  

For testing the calculated accuracy, theoretical 
treaments beyond the harmonic approximation by 
including several higher-order corrections to the 
Bigeleisen-Mayer equation are used [1]. 
Contributions from higher-order corrections (e.g., 
AnZPE, AnEXC, VrZPE, VrEXC, QmCorr and 
CenDist) are estimated to repire the ignorings of the 
Bigeleisen-Mayer equation (the anharmonic effects of 
vibration, vibration-rotation coupling, quantum 
mechanics and centrifugal distortion for rotation, etc.) 
for the calculation of partition function ratios [2].  

Our prediction of position-specific carbon isotope 
fractionation offers a theoretical framework to study 
the thermodynamics of the intramolecular isotope 
exchange reactions, or track kinetic processes such as 
biogenic effects during the formation of the organic 
compounds. 

 
[1] Liu and Liu. (2016) Geochim. Cosmochim. Acta 
175: 252-270. [2] Liu et al. (2010) Geochim. 
Cosmochim. Acta 74: 6965-6983.  
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Recent studies have recognized submarine 
groundwater discharge (SGD) as an important 
component of the hydrological cycle and chemical 
budgets in the coastal zone. While it is clear that 
many coastal systems are affected by SGD, however,  
its variation and impact in decadal time scale under 
climate change is largely unknown, particularly in 
complex coastal system influenced both by river and 
SGD. Toyama Bay (TB) is such an ideal study area, a 
semi-enclosed bay in the Sea of Japan at mid latitude 
zone, which receives huge amounts of nutrients from 
runoff and fresh SGD. The river basin near the TB, 
snowmelt runoff timing is sensitive to temperature 
change in winter. In this study, hydrographic 
parameters in the TB were measured monthly from 
2004 to 2013. We constructed salt and water budget 
in the inner TB and calculated monthly fresh SGD 
flux. SGD peak occurred in spring and summer in 
recent decade, consistent with seasonal change of 
groundwater table. However, during another decade 
from 1978-1987, SGD flux reaches to maximum only 
in summer. Based on historial dataset of precipitation 
and river flux from 1978 to 2013, across ~40 years, 
snowfall significantly decreased in winter time, in 
contrast, rainfall increased in winter and spring. 
Response with these precipitation variations, total 
flux of five main rivers in Toyama was on the 
increase in spring and winter, growth rate in spring 
was greatly faster than that in winter. Moreover, the 
river flux peak shifted from July to May in recent 
three decades. Therefore, SGD peak moving forward 
toward spring in the last decade may be interpreted 
by the increase of rainfall and river flux in spring 
with climate change. Being as a significant nutrients 
source to TB in summer, fresh SGD has particularly 
important impact on the shallow oligotrophic 
baywater during stratification in summer when slight 
nutrients were supported by vertical mixing. 
However, SGD peak shifting toward spring would 
lead to nutrients deficiency and may cause reduction 
of primary production, as well as negative effect on 
the ecosystem of TB in the summer time. 
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The Namche Barwa complex from eastern 

syntaxis of the Himalayas experienced obvious 
migmatization during the deep subduction of the 
Indian continent. In previous investigations, peak-
metamorphic conditions of melting event was 
estimated at ~820℃and ~1.3 GPa. The garnet-
bearing biotite plagio-gneiss from this complex 
consists mainly of quartz, plagioclase, biotite and 
garnet in matrix, in which some felsic leucosomes of 
~1 cm wide are distributed as concordant 
compositional layers. Two types of polyphase 
inclusions are identified within fine-grained garnets. 
The first type inclusions contain plagioclase, quartz, 
biotite and K-feldspar with subhedral crystal shapes, 
zircon and apatite are also observed in some 
inclusions. These inclusions are 10~30um in 
diameter, displaying regular negative-crystal shapes 
as well as having well-developed off-shoot structures, 
which are generally considered as nanogranite 
inclusions in host garnet formed at peak metamorphic 
conditions. The mineral assemblage of the second 
type inclusions consists of quartz 
+biotite±plagioclase or K-
feldspar+quartz±biotite±rutile, ranging from two 
phases to four phases. Biotites in these inclusions 
show relic mineral shapes. These results suggest that 
dehydration melting of biotite occurred under high 
pressure granulite facies conditions with the reaction 
of biotite+quartz+plagioclase → garnet+K-
feldspar+granitic melt. These results provide 
important insights into the initial melts of the melting 
process within the Namche Barwa complex. The 
characteristics of nanogranite inclusions also provide 
a unique window into the origin of the Himalayan 
leucograinte. Further petrological-experiments will be 
carried out to investigate the formation mechanism 
and geological significance of such a process.    
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Qunji PCD is situated west of Awulale 

metallognic belt (AMB), western Tianshan, Xinjiang. 
Qunji PCD occurs in small albite porphyry dike and 
is closely associated with albite porphyry, but in 
basalts there is no Cu mineralization. The ore 
minerals in Qunji PCD main include Cp, Bn and Cc, 
and the magnetite and gypsum is absence. The 
alteration of Qunji Cu deposit is weak, and occurred 
only potassium. The hydrothermal minerals are also 
rare in the Qunji PCD. This phenomenon is consistent 
with the reduced porphyry Cu deposit. In order to 
testing our suspect, we made in-situ S sulfur isotope 
analysis. The analysis results show that the sulfur 
isotopes of the Qunji PCD are negative and the range 
of variation is small. The source of sulfur is 
magmatic. The sulfur isotope is different in different 
sulfides, sulfur isotope is gradually decreased from 
pyrite, chalcopyrite to bornite, indicating that ore-
forming fluid oxygen fugacity increased gradually. 
Sulfur isotope with-in Py, Cpy and Bn is also 
different. Py and Cpy has higher S isotope in core 
than rim, but the Bn has opposite phenomenon, 
showing Py and Cpy is forming in reduced condition 
and Bn is in oxidized condition. So the Qunji PCD is 
a reduced porphyry Cu deposit.  

 
[1] Gomide et al (2013) Chemical Geology, 341, 

38-49. [2] Marini et al (2011) Reviews in Mineralogy 
& Geochemistry, 73, 423-492  
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Site selection is the basis and one of the key 
processes for geological disposal of high-level 
radioactive waste (HLW). Regarding to the selecting 
of host rock type and the final decision from the 
authorities for HLW repository, there should be 
various alternatives in the vast mainland of China. 
The results approved that there are suitable clay 
formations in the mainland of China  

for HLW geological disposal. 
 The systematic survey on clays in the mainland 

of China indicated that the major clay formations are 
distributed in Northwest China Gansu, Qinghai 
provinces, Xinjiang and Inner Mongolia autonomous 
regions, in North China Songliao basin and in East 
China Shandong, Jiangsu, Anhui, Jiangxi and 
Zhejiang 

 provinces. Systematic survey on the distribution 
of clays has been conducted according to the request 
of the National Plans. The results approved that there 
are suitable clay formations in the mainland of China 
for HLW geological disposal. Two clay areas as the 
candidate area for HLW repository have been  

recommended for future investigating. 
Four distribution areas have been selected as the        

potential areas with the suitable clay formation. 
including Zibo area of Shandong province with 
Tertiary Minghua clay formation, East potion of 
Gangsu Province with Cretaceous 
Huanhehuaci(K1h)clay formation, North margin of 
Caidamu basin in Qinghai province with Tertiary 
Gancaigou(ENg)and Youshashan(Ny) clay 
formations, Tamusu of Bayingebi basin in Inner 
Mongolia with Cretaceous bayingebi upper clay 
formation(K1b2). While two areas including North 
margin of Caidamu basin in Qinghai province and 
Tamusu of Bayingebi basin in Inner Mongolia have 
been selected as the candidate area for HLW disposal 
repository in China after preliminary assessment on 
geology, hydrogeology, geography and economy& 
society conditions in above four potential areas. 
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The Zhuqing V-Ti magnetite deposit is located in 

the cross between the Hongmenchang fault and 
Huangchangwan fault, which belongs to the Anding 
River- Yuanmou fault belt. This ore bodies are 
stratiform-like, lenticular and veined, mainly 
occurred in the gabbro [1]. Zircon ICP-MS U-Pb 
dating results for the gabbro indicate that this pluton 
was emplaced in the Meso- Proterozoic (ca. 1464±83 
Ma; MSWD =1.9). This new age is distinguished 
from those of the Late Permian (ca. 260 Ma) large 
scale deposits such as the Panzhihua, Baima, Taihe 
and Hongge deposits. According to the Fe2O3 and 
TiO2 contents, the ores are divided into two types, 
i.e., Fe-Ti rich and Fe-Ti poor types. The Fe-Ti rich 
type shows ~43 wt.% Fe2O3 and ~9 wt.% TiO2, 
whereas the Fe-Ti poor type has ~27 wt.% Fe2O3 and 
~6 wt.% TiO2. In addition, TiO2 and MgO show 
positive correlation with Fe2O3. 

The ore- rich samples contain low Rb (~7.55 
ppm), Sr (~21.0 ppm) and total REE (~84.73 ppm) 
with pronouncedly negative Eu anomalies (δEu ~ 
0.78), whereas the ore- barren samples have relatively 
high Rb (~126.2 ppm), Sr (~38.9 ppm), and REE 
(~161.28 ppm) with obviously positive Eu anomalies 
(δEu ~ 1.16). 

The age of Zhuqing Fe–Ti–V Oxide Deposits in 
western margin Yangtze Block was documented as 
Mesoproterozoic, its genesis may be related to 
development of the Panxi rift. The distinguished 
geochemical compositions in the ore- rich and ore- 
barren samples, suggest they were possibly generated 
by two different magmatic events. 
 
[1] Chen C J. et al. ( 2012). Acta Geologica 
Sichuan�32�Supplement��73~77 

 



Goldschmidt Conference Abstracts 1860 

Europium (II) and Europium 
(III) in hydrothermal fluids: 
new insight from in-situ XAS 

experimental results 
WEIHUA LIU1, BARBARA ETSCHMANN2, ARTAS 

MIGDISOV3, HAKIM BOUKHALFA3, DENIS 
TESTEMALE4, HARALD MUELLER5, JEAN-LOUIS 

HAZEMANN4, JOËL BRUGGER2 
1CSIRO Mineral Resources, Australia; 

weihua.liu@csiro.au  
2Monash University, Australia 
3Los Alamos National Laboratories, USA 
4Univ. Grenoble Alpes, CNRS, Inst NEEL, France 
5European Synchrotron Radiation Facility, France 
 

Knowledge of the mobility of europium and other 
Rare Earth Elements (REE) in hydrothermal fluids is 
important for understanding both the formation of 
REE deposits and REE geochemistry in general. 
Many REE deposits are considered to be of 
hydrothermal origin, and some magmatic REE 
deposits have undergone hydrothermal alteration. In 
geochemistry, the redox changes during magmatic-
hydrothermal processes can be fingerprinted by 
observing the variation in the so-called “europium 
anomaly”, because Eu has both di- and trivalent 
oxidation states in hydrothermal fluids, and thus 
behaves differently to other trivalent REE elements.  

We have conducted in situ synchrotron X-ray 
absorption spectroscopy (XAS) experiments to 
investigate the oxidation state and speciation of 
europium in hydrothermal chloride solutions at 
temperature from 35-400°C, 600 bar. Our data show 
that Eu(II) species become stable with increasing 
temperature relative to Eu(III) in our experimental 
solutions. For Eu(III) chloride species, the number of 
water ligands around Eu(III) decreases with 
increasing temperature, and the number of chloride 
ligands increases. For example, in 4.5 m NaCl 
solution, there is approximately two chloride ligands 
around Eu(III) in the first coordination shell at 
400°C, consistent with the speciation model from 
recent experimental solubility results (Migdisov et 
al., 2009, GCA 73, 7087-7109). For the Eu(II) 
system, our data confirm Sverjensky’s (1984, EPSL 
67, 70-78) theoretical predictions that Eu(II) species 
become more stable than Eu(III) at elevated 
temperatures; however the new data indicate that 
complexation between Eu(II) and chloride is much 
weaker than Haas’s (1995, GCA 59, 4329-4350) 
theoretical estimations. A new model for the 
speciation of Eu(II) in hydrothermal fluids is 
proposed.  
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Acidity constant (pKa) and redox potential (U0) 

are the fundametal thermodynamic quantities to 
construct pH-Eh diagrams. The traditional static 
quantum chemistry method ignores the details of the 
solvent and therefore hard to be applied at the P-T 
conditions of geofluids. First principles molecular 
dynamics (FPMD), treating both the solvent and the 
solute at the same quantum mechanical level,  
provides a feasible way to estimate pKa and U0 at 
elevated P-T conditions. 

This contribution will introduce our recent 
progress in the calculations of pKa and U0 by using 
the FPMD based vertical energy gap method that 
combines FPMD with free energy perturbation 
technique. Extensive tests indicate that both 
generalized gradient approximation (GGA) and 
hybrid functionals reproduce the pKas with an 
acceptable accuracy. In contrast, the U0 by GGA can 
be too low by over 1 V. It is found that GGA can 
exaggerate the mixing of the electronic states of the 
solute with the valence band of liquid water, causing 
underestimation of U0 of the solute. Hybrid 
functionals improves the prediction of the band states 
of liquid water, that eventually leads to considerable 
improvement of the redox potentials. After a short 
introduction of the techniques, we will show the pKas 
results of small molecular acids and metal aqua-
cations and the U0s of organic radicals and transition 
metal aqua-cations.  
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Uplifted coral reef terraces, possibly spanning the 
last one million years, are extensively exposed along 
the northern coast of Sumba Island, Indonesia. Until 
now, terraces have not been well investigated except 
for the ones at Cape Laundi, where uplift rates 
however were estimated in great discrepancies (ESR 
dating and U/Th alpha-counting methods, uplift rate 
~0.5mm/yr [1]; U/Th mass spectrometric dating 
method, uplift rate ~0.2mm/yr [2]). Here we present a 
total of 102 U/Th dates, including 22 replicates, on 
fossil coral samples spreading from the eastern to 
western coasts in Sumba Island. Of them, 12 dates 
show δ234Uinitial values within the range of 147±8‰, 
suggesting that only a small portion of the samples 
have likely remained closed to chemical exchange. 
Two open-system models were then used to 
recalculate the ages of samples with elevated 
δ234Uinitial values. We observed broad linear trends 
among the samples from a same terrace in the plot of 
measured δ234U versus (230Th/238U)activity, and U/Th 
ages increase in concert with initial δ234U values. We 
hence adopted the coral diagenetic criterion proposed 
by Gallup et al. [3] and regressed individual “terrace 
ages” assuming continuous additions of 234U and 
230Th to the corals from the same terrace. We 
additionally used the model proposed by Thompson 
et al. [4] to determine each sample’s open-system 
age, which is based on the α-recoil-dependent 
redistribution of 234U and 230Th in coral skeleton. We 
found that the ages of terraces at Cape Laundi, 
northern coast of Sumba, are consistent between the 
two open-system calculations. They can be grouped 
and correspond to the previous sea level highstands 
during time periods such as MIS5c, 5e, 7, and 9. Our 
results indicate an uplift rate of ~0.5 mm/yr at Cape 
Laundi for the last 130,000 years, higher than the rate 
of ~0.2 mm/yr estimated by Bard et al. [2]. 
 
[1] Pirazzoli et al. (1993) Mar. Geol. 109: 221-236. 
[2] Bard et al. (1996) Geophys. Res. Lett. 23(12): 
1473-1476. [3] Gallup et al. (1994) Science 263: 796-
800. [4] Thompson et al. (2003) Earth Planet. Sci. 
Lett. 210: 365-381. 
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Iron is the fourth most abundant element in the 
continental crust and influences global climate and 
biogeochemical cycles in the ocean. Continental 
inputs, including river waters, sediments and 
atmospheric dust are dominant sources (>95%) of 
iron into the ocean1. Therefore, understanding how 
continental inputs may have changed through time is 
important in understanding the secular evolution of 
the marine Fe cycle.  

We analysed the Fe isotopic composition of 
twenty-four glacial diamictite composites, which 
serve as proxies of the average upper continental 
crust2, with ages ranging from the Mesoarchean to the 
Paleozoic eras to track how δ56Fe may have changed 
in the continental crust through time. The diamictites 
generally have elevated chemical index of alteration 
(CIA) values and other characteristics of weathered 
regolith (e.g., strong depletion in soluble elements 
such as Sr), which they inherited from their upper 
crustal source regions. δ56Fe in the diamictite 
composites ranges from -0.59 to +0.23‰, but most 
diamictites cluster around an average δ56Fe of 
0.11±0.20 (2σ), overlapping juvenile continental 
material such as island arc basalts, which show a 
narrow range in δ56Fe from -0.04 to +0.14 ‰3. There 
is no obvious correlation between δ56Fe of the glacial 
diamictites and the CIA. The data suggest that the Fe 
isotope compositions in the upper continental crust 
has been constant throughout Earth history. Anoxic 
weathering pre-GOE (Great Oxidation Event) does 
not seem to generate different Fe isotopic signatures 
from the post-GOE oxidative weathering 
environment in the upper continental crust. 
Therefore, the large Fe isotopic fractionations 
observed in various marine sedimentary records are 
likely due to other processes occurring in the oceans 
(e.g., biological activity) rather than abiotic redox 
reactions on the continents. 

 
References: 1.Fantle and DePaolo (2004) EPSL. 2. 
Li et al. (2016) GCA.. 3. Dauphas et al. (2009) EPSL.  
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The distribution of water in the mantle and its 
effects on mantle dynamics are significant to 
understand the evolution of the Earth. It’s believed 
that the water is transported from the surface into 
deep mantle via a variety of hydrous minerals in the 
subducting oceanic slabs (Ohtani, 2015). However, 
stability of hydrous mineral(s) in basaltic system at 
the pressure and temperature conditions equivalent to 
cold slabs in the transition zone, remains unclear. 

High-pressure and high-temperature experiments 
were conducted in a hydrous basalt (JB-2 basalt plus 
brucite, water content=3.5wt.%) at 17–25 GPa, and 
800–1200°C using multi-anvil apparatus. We used 
Au/Pt double capsules as sample containers, and the 
oxygen fugacity was buffered at ~NNO. The run 
products were analyzed by FE-EPMA. The water 
contents in hydrous phases were estimated from total 
deficits in FE-EPMA analyses.  

The phase assemblages of the run products 
include majorite, stishovite, perovskite(s), hollandite, 
silicate melts and hydrous phase(s). The hydrous 
phase is Fe-Ti hydroxide at pressures lower than 
18GPa or Al-bearing phase D at pressures higher than 
18GPa. These two hydrous phases coexisted in one 
experiment (18GPa, 900°C). Our results show that 
the phase D is stable at pressures of 18–25 GPa, 800–
1000°C. The Al2O3 content and (Fe+Mg)/Si ratio of 
phase D increase with increasing pressure. It is 
important to note that wadsleyite coexisting with Al-
bearing phase D seemed to be nearly anhydrous in 
our experiment suggesting the importance of the 
subducting basaltic crust as a water carrier in mantle 
transition zone. 

We propose that the phase D is one of major 
water reservoir in cold subducting oceanic crust at the 
mantle transition zone. Moreover, if the subducting 
slabs stagnate at the bottom of the transition zone and 
warmed up, the water would be released from phase 
D in the subducting former oceanic crust, which may 
be the dominant way to hydrate the transition zone or 
to cause magmatism in back arc hot spots.  
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China Geochemical Baselines project provides 

mercury dataset of drainage catchment sediments and 
soils during 2008~2012 in China. The Hg anomalies 
relative to the limits of the China National 
Environmental Standards for Heavy Metals in soil 
(GB 15618-1995) are discussed in detail. The sources 
of anomalies of the top and deep samples are 
variously interpreted with respect to 
geology/mineralization and human activities (non-
ferrous metals smelting, coal combustion, industry, 
urbanization and agriculture). Nearly 72% anomalies 
(41 among the totaling 57 anomalous locations) are 
concerned with mineralisation/mining of deposits 
including Hg, As, Sb, Au, Ag, Pb, Zn, coal etc. 
However, it is difficult to distinguish the difference 
between mineralization and mining in this global-
scale geochemical sampling. The anthropogenic 
sources of coal combustion, industry and urbanization 
cause the much more degree of mercury pollution in 
the eastern China, a highly populated and developed 
area. The influence of large-scale Zinc Smelters (e.g. 
in Zhuzhou and Huludao) and artisanal gold smelting 
of Hg amalgamation on Hg concentration in soils are 
reflected in the global-scale geochemical map. 
Agriculture is an important Hg-emission source in the 
Chengdu Plain, as a favorable agricultural base for 
more than 2500 years in China. It is critical to carry 
out the follow-up detailed source investigation and 
monitor the temporal changes of Mercury in soils. 
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Base on the theory of structural geology, 
sedimentary petrology and reservoir geology, the 
Paleozoic metamorphic buried hill reservoir types of 
the Talara basin are classified into surface weathered 
crust reservoir and inside fracture reservoir by the use 
of core observation, well logging, seismic 
interpretation and other methods. Reservoir rocks are 
all kinds of quartzite, gneiss and slate and other 
metamorphic rocks. Reservoir space is mainly for 
various dissolution pores and fractures, reservoir 
types include three kinds, pore and fracture-pore and 
fracture, but the shallow-medium buried fracture-pore 
reservoir is the best. Palaeogeomorphology, 
weathering and tectonic activity are the main factors 
controlling the formation of buried hill reservoirs. 
Favorable lithology and tectonic activity effected the 
formation of fractures, while the weathered crust 
reservoir space was affected by the lithology, tectonic 
activity and ancient climate. The lateral faults which 
connected the source rocks and reservoirs are the key 
factor of oil and gas accumulation, the formation and 
influence radius of the faults controlled the vertical 
and horizontal distribution of the buried hill oil and 
gas reservoirs. The buried hill oil and gas 
accumulation has been proved by the discovery of 
several buried hill in the Talara Basin in recent years. 
The palaeotectonic high structures which distributed 
along the two main northeast - southwest direction 
faults are favorable exploration target area, with 
better reservoir conditions and exploration potential, 
which is a favorable direction for the secondary 
exploration in the old Talara Basin. 
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The Himalayan Mianning–Dechang (MD) REE 
belt in western Sichuan Province, SW China, is 
approximately 270 km long and 15 km wide, and 
contains total reserves of 3 Mt of light rare earth 
elements (LREE), mainly including one giant 
(Maoniuping), one large (Dalucao), small REE 
deposits (Muluozhai and Lizhuang) and occurrences. 
The REE mineralization within this belt is associated 
with carbonatite–alkaline complexes that contain 
alkaline syenite stocks and associated carbonatitic 
sills or dikes. SHRIMP U–Pb zircon dating indicates 
the formation of the Maoniuping, Lizhuang, and 
Muluozhai alkali complexes at 27–22 Ma in the 
northern part of the belt, and the formation of the 
Dalucao complex at 12–11 Ma in the southern part. 

The No. 3 orebody within the Dalucao and 
Lizhuang complexes is characterized by fenitization 
associated with the intrusion of carbonatite. The REE 
mineralization within the belt is present as complex 
vein systems that contain veinlet, stringer, stockwork, 
and brecciated pipe type mineralization. The ores 
within the deposits range from coarse-grained 
(Maoniuping and Diaoloushan deposits) to brecciated 
(Dalucao and Lizhuang deposits), and stringer 
(stockwork) and weathered ores (Maoniuping and 
Dalucao deposits) that mainly contain a fluorite + 
barite + celestite + calcite + pyrite mineral 
assemblage. Petrographic and field-based research on 
the ores indicate that bastnäsite and other REE 
minerals formed during the final stages of the 
evolution of the magmato-hydrothermal systems in 
this region.  

The chemical composition of the syenite and 
carbonatite units in this area indicates that the REE 
were transported as chloride species within 
hydrothermal fluids, and the presence of bastnäsite 
and parisite indicates that the REE precipitated as 
fluorocarbonates. The alteration, petrographic, and 
geochemical data presented here, combined with our 
analysis of the ore types present within these 
deposits, suggests that the giant or large REE deposits 
within the MD belt are related to voluminous 
carbonatite–syenite complexes, similar ore-forming 
fluids, significant alteration, multiple stages of REE 
mineralization, and tectonic activity in this area. 
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Carbon and oxygen isotope analysis is not only 

the basical means of research in carbonate formation 
environment and origin，but also the important 
marker of environmental evolution and diagenetic 
mechanism. Carbon and oxygen isotope analysis of 
different carbonates, such as calcite and dolomite, can 
provide more effective research evidence. Many 
resesrchers used selective acid extraction in carbon 
and oxygen isotope analysis of calcite and dolomite 
mixture. But there are some different opinion about 
the reaction condition in selective acid extraction. In 
our study, we did experiments of artificial mixtures 
and reaction rule experiments of pure mineral, in 
order to explore the principal factor of accuracy in 
carbon and oxygen isotope analysis of the mixture 
including calcite and dolomite，also in order to 
improve the reaction condition in selective acid 
extraction. 

The reaction temperature and the reaction time 
would affect on the accuracy in carbon and oxygen 
isotope analysis of different carbonate minerals. The 
grain size would not affect on the analysis accuracy 
while the sieve mesh number was 200 or 300. 
Reaction rule experiments of pure mineral indicated 
that the reaction completeness was more than 99% 
when calcite reacted with phosphoric acid after 
60min at 25℃, and the carbon and oxygen isotope of 
dolomite would get light firstly and remain stable 
later when dolomite reacted with phosphoric acid at 
25℃. In the first stage of selective acid extraction 
reaction, when the reaction of sample and 100% 
phosphoric acid lasted 45min at 25℃, carbon dioxide 
from calcite should be collected. In the second stage, 
when the reaction lasted 240min at 25℃, carbon 
dioxide from both carbonates  should be collected. In 
the third stage, when the reaction lasted 30min at 
90℃, carbon dioxide from dolomite should be 
collected. 

Research supported by the Natural Science 
Foundation Of China (No.41202093). 
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The alternating marine-terrigenous shale facies of 

the Lower Permian Taiyuan (P1t) formation and the 
Lower Permian Shanxi (P1s) formation in the north 
margin of the southern North China basin (SNCB) 
are characterized by their high TOC values (1.76-5.09 
%), types II and III organic matter, and high Ro 
values (> 3.0%). Geochemical parameters of 12 gas 
samples from the Lower Permian shale formations 
from well Weican-1 were analyzed in this study. The 
gases are dominated by methane, with small amounts 
of ethane, without propane and butane. Wetness of 
the gas is only 0.25-0.58% reflecting extremely high 
maturity of the source rock. The δ13C1 values range 
from −31.6‰ to −26.8‰ and the δ13C2 values range 
from −35.9‰ to −33.2‰, the δ2HCH4 values range 
from −221.1‰ to −187‰. Furthermore, carbon 
isotopic compositions of the alkane gases from the 
Lower Permian shale are characterized by δ13C1 > 
δ13C2, this indicates that the gases released from 
Permian shale are of thermogenic origin and mostly 
sourced from the continental shale and coal measures, 
with minor contribution from oil cracked gas from 
marine mudstones. Geochemical fractionation during 
the adsorption/desorption process of the shale system 
may play a significant part in influencing δ13C1 
values of shale gas. The results show that the δ13C1 
becomes heavier with increasing degree of gas 
desorption. Based on isotope fractionation during 
desorption of gas in shales, an equation was 
established to estimate the proportion of free and 
adsorbed gas in shales using δ13C1 of shale gas. In 
comparison with other equations, this equation is 
based on the direct data of gas desorption experiment 
to avoid the adsorbed gas content often exhibit 
maxima from excess sorption isotherms experiment. 
This method provides efficient way to understand the 
gas storage behavior in shales and broaden the 
application of gas isotope. 
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The major challenges to the use of laser ablation 

(LA) sample introduction, combined with inductively 
coupled plasma mass spectrometry (ICP-MS), are the 
problems of matrix effect and fractionation effect. 
Using fused lithium borate glasses of powered solid 
geochemical samples, as a strategy to homogenously 
distribute could reduce matrix effect between 
standards and samples effectively. In this work, the 
method to reduce fractionation effect for determining 
rare earth elements (Rees) in fused glasses by LA-
ICP-MS has been investigated. In general, the 
element fractionation factor (EFF) formula was used 
to describe the fractionation effect in LA-ICP-MS 
determination. But a limitation for this formula was 
that it could not characterize the fluctuation of laser 
signals. A new method was proposed to describe the 
fractionation effect. Firstly, a linear fitting was done 
through the stabile fractionation region, and then, 
calculated the residuals from the experimental data to 
the relative points on the fitted line in the whole 
stabile region, the absolute values of the residuals 
were used to calculate the relative residuals. Thus, the 
mean relative residual (MRR) and the relative 
standard deviation (RSD) of the relative residuals 
could be used as the parameters for evaluating the 
fluctuation of signals, and the slope of the fitted line 
as the parameter for fractionation effect. Using the 
proposed evaluation method, the influence of laser 
conditions, including laser energy, frequency, spot 
diameter and acquirement mode (single point or line 
scan) on the fractionation effect for Rees were 
investigated. At the optimum laser condition, i.e. 
660v laser power (610v relative to 10% energy and 
760v relative to 100% energy), 10Hz laser frequency, 
150µm spot diameter and 30µm/s scan speed, EFF 
(89Y) = 1.01, EFF (139La) = 1.02, EFF (157Gd) = 1.02 
and EFF (175Lu) = 1.02. Using fused glasses for the 
determination of Rees in geochemical samples by 
LA-ICP-MS, the fractionation effect could be 
ignored. 
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Few direct long-term records, especially in the 
Pacific, limit our understanding of long-term natural 
variability of the Intertropical convergence Zone 
(ITCZ). Here we present a tropical precipitation 
record from the Southern Hemisphere covering the 
past 282,000 years, inferred from rare earth elements 
(REEs) to Ca ratios in the planktonic foraminifer 
Globigerinoides ruber shell calcite, of a Pacific 
marine sedimentary core MD05-2925 (9o20.60’S, 
151o27.54’E; water depth 1661 m), collected off the 
eastern coast of Papua New Guinea. Unlike the 
precession paradigm expressed in its East Asian 
counterpart, our record shows that the western Pacific 
ITCZ migration over the past three glacial-
interglacial cycles was influenced by combined 
precession and obliquity changes. Geochemial 
records and model simulations sugguest the obliquity 
forcing could be primarily delivered by a cross-
hemispherical thermal/pressure contrast, resulting 
from the asymmetric continental configuration 
between Asia and Australia in a coupled East Asian-
Australian circulation system. Our finding highlights 
that the obliquity forcing may play a more important 
role in global hydroclimate cycles than previously 
thought. 
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The assessment of modern ocean acidification 
requires knowledge of the full range of natural 
variability in seawater pH. Here we splice together 
fossil-coral boron isotopic records from Xisha Islands 
in the central South China Sea to provide a 
continuous record of seawater pH that commences in 
AD1455. We applied micro-sublimation technique 
and MC-ICP-MS measurement to provide a low-
blank and highly precise δ11B measurement. Large 
variability in pre-industrial period was found. 
Spectral analysis of the reconstructed pH records 
showed significant periodicities at 11, 15.5, 22.5-26 
and 175 years. While the frequencies of 15.5 and 
22.5-26 years were associated with Pacific Decadal 
Oscillation (PDO), the stronger variability at 11 and 
175 years bands were linked to solar activity. We 
proposed a physical mechanism behind it may be 
related to the coupling processes of the Asian 
monsoon, PDO and biogeochemical cycles in coral 
reef systems .Our record provides a natural baseline 
against which the long-term effects of ocean 
acidification on reef-water pH. 
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The Wuhe complex (WC) in the Bengbu and 

neighboring areas is located at southeastern margin of 
the North China Craton (NCC) and belongs to the 
Precambrian metamorphic basement resulted from 
the lower crust. It comprises garnet amphibolite, 
garnet granulite, rodingite, garnet-bearing mafic 
gneiss, granitoid gneiss, micaschist, marble, quartzite 
and meta-sandstone. The WC experienced the HP 
granulite-facies metamorphism [1], accompanying 
close-to-coeval partial melting and heterogeneous 
carbonate metasomatism. 

Pb-isotope data from the WC display two 
contrasting compositions. The first are characterized 
by low 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb ratios 
(16.632−17.606, 15.257−15.597 and 37.035−37.754), 
are similar to those of the typical Precambrian lower-
crustal rocks in the NCC. In contrast, the second 
show significantly high Pb-isotope ratios with 
206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb values of 
18.207−32.048, 15.512−17.779 and 37.449−47.501. 
However, the whole-rock Pb-Pb dating for the 
marbles and various rocks yield isochron ages of 
1911 ± 64 Ma and 1906 ± 61 Ma, in agreement with 
the granulite-facies ages of 1876 ± 18 Ma and 1918 ± 
56 Ma defined by zircon U-Pb dating [2, 3]. Thus the 
~1.91 Ga is interpreted as the peak metamorphic time 
during which Pb isotopes were homogenized. The 
coexisting garnet amphibolite in the marble was 
documented to be metasomatised by carbonate-
bearing sediment melts/fluids at ~1.91 Ga, resulted in 
exceptionally high Pb-isotope compositions 
registered by some of the rocks in the WC. Therefore, 
the carbonate metasomatism was responsible for Pb-
isotope heterogeneity of the lower crust in the region. 

This study was supported by the National Basic 
Research Program of China (2015CB856104) and the 
PhD Foundation of the Ministry of Education of 
China (20133402130008). 

 
[1] Liu et al. (2009) JMG 27, 125-138. [2] Wang et 
al. (2013) Geoscience Frontiers 4, 57-71. [3] Guo & 
Li (2009) Sci China Earth Sci 52, 1039-1045. 
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Observations have shown that in soils, the rate of 
carbon respiration is often highly dependent on soil 
moisture content [1]. However, a consistent, process-
based model for this relationship has yet to be 
implemented in a reactive transport framework. We 
present the results of soil incubation experiments 
using samples collected from the East River 
watershed in Colorado to quantitatively determine the 
effect of water availability on microbial oxidation of 
organic carbon. CO2 concentration and stable carbon 
isotopes were measured in time series with different 
soil moisture contents (0, 33%, 66%, and 100%) and 
depths (0-52 cm, 63-108 cm, 112-165 cm) in 
incubation experiments. CO2 concentration results 
show that for a given soil sample, respiration rates 
can range between 0.03 to 5.31 µmol CO2/g soil/day 
with an increase between 0 and 66% moisture 
content, and a decrease between 66% and 100%. 
These variations show agreement with previous 
observations. Isotope data show a slight decrease in 
δ13C for bottom and middle soil samples as time 
passes, but stay roughly the same for top soils. Little 
difference in δ13C (<4‰) is observed in samples at 
the same depth with different moisture contents 
compared with samples in different depth (~12‰ 
between top and bottom). 

Using these data, we develop and constrain a 
novel reactive model relating soil respiration rate to 
moisture content through division of the total biomass 
into active vs. dormant pools [2]. Our derivation 
successfully quantifies the correlation between 
respiration rate and soil moisture in arid and semi-
arid areas, and where little carbon is present in the 
soil. Integration of this model into the CrunchTope 
reactive transport software allows us to test this 
relationship within the context of hydrologic 
transport and multi-component reactivity.   

 
[1] Howard & Howard (1993). Soil Bio. and 
Biochem. 25: 1537-1537 
[2] Manzoni et al (2014). Soil Bio. and Biochem. 73: 
69-83 



Goldschmidt Conference Abstracts 1875 

Decay constant uncertainties in 
isochron 

YUMENG LIU AND TIANYI LU 
State Key Laboratory of Marine Geology, Tongji 

University, Shanghai 200092, China 
(hannibal6274@gmail.com) 

 
The uncertainties in decay constant have received 

less attentions despite of the increasing applications 
of various radiometric systems in diverse rocks.At 
present, multiple radioisotope dating methods are 
increased in demand for more precise results and 
easily interpreted comparison. As many geologists 
and geochronologists have realized that the precision 
of radioisotopic ages is limited by the accuracy of 
radioactive decay constants, they have to take 
systematic errors due to large uncertainties in the 
decay constants into consideration for obtaining 
smaller errors and higher precision dating data which 
is often ignored or unclear in many cases most 
probably because the uncertainties in the decay 
constants are not in a quantitative sense.  

In this study we have investigated some 
published data which did not consider the influence 
of radioactive decay constants on errors as well as 
some age comparison based on different radioisotope 
dating methods.  The value of the Lu-Hf decay 
constant is calculated from the relationship  

λ176 = ln(m+1)/t, where m equals the slope of the 
Lu-Hf mineral isochrone and t is the age constrained 
by U-Pb. According to the error propagation formula, 
we obtain a simple and easy formula omitting errors 
caused by isotope ratio measurements: σt = σλ/λ*t , 
where σt means age error and σλ is the uncertainty of 
decay constant. Therefore, We can easily obtain a 
linear relationship between age error and minerals 
formation age or geological events age. 

 On the tectonic scale of 4600Ma, age error and 
formation age of minerals or geological events age is 
linear and positive. When the tectonic scale extends 
to billions of years, age errors from Lu-Hf and Sm-
Nd isotope ratio measurements both remain 
approximately constant during the period, 270Ma 
and140Ma respectively.At this point,age error is 
mainly controlled by the uncertainty of decay 
constant.Age errors from Lu-Hf and Sm-Nd mineral 
isochrones are more easily influenced by decay 
constants. For every 234Ma and 131Ma add in age, 
the age errors increase 1 Ma. Particularly when the 
actual age of minerals or geological events is less 
than 200Ma, each time d/p ratio adds 0.2, the age 
error from Lu-Hf increases approximately 1Ma. 

 We call for a concerted effort to achieve 
improvements on complicated calculation of error 
propagation. 
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Evidences showed that heavy isotope systems 
could be significantly fractionated as the consequence 
of the nuclear volume effect (NVE) or so-called the 
nuclear field shift effect, which is a driving force of 
mass-independent fractionation induced by 
differences in nuclear size and nuclear shape of 
isotopes. Here, the MIFs of Hg, Pb and U isotope 
systems caused by the NVE are investigated with 
careful evaluation on quantum relativistic effects via 
the Dirac’s formalism of full-electron wave function.  

We show that the NVE can cause moderate MIFs 
for not only odd-mass isotopes but also even-mass 
isotopes. Interestingly, the NVE produce quite 
strange kinetic isotope fractionations for chemical 
reactions predominated by one direction. The heavy 
isotopes often can react faster than the lighter ones 
due to the NVE. We also show the effect of MIFs of 
U and Pb isotope systems on the accuracy of U-Pb 
dating methods. 
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The chemical composition, structure, mineralogy 
and dynamics of the Earth’s lower mantle can be 
studied by phase relations in the simplified system in 
MgSiO3 – Al2O3 at high pressure and high 
temperature [1-2]. In this study, phase relations in the 
system MgSiO3-Al2O3 have been determined at 
pressures of 15-52 GPa and at a temperature of 2000 
K using in situ synchrotron X-ray diffraction 
measurements with sintered diamond anvils in a 
multi-anvil apparatus. A wide two-phase region of 
garnet and corundum is found to exist up to 27 GPa, 
while a phase assemblage of aluminous bridgmanite 
and corundum is stabilized at higher pressures. The 
Al2O3 solubility in bridgmanite and the MgSiO3 

solubility in corundum are highly dependent on 
pressure: the Al2O3 content in bridgmanite increases 
from 12 mol% at 27 GPa to 29 mol% at 52 GPa, 
forming bridgmanite with the pyrope composition (25 
mol% Al2O3) at about 45 GPa. The new phase 
diagram in the system MgSiO3-Al2O3 confirms that 
bridgmanite is the dominant host mineral for Al2O3 in 
the Earth’s lower mantle. 

 

[1] T. Irifune, T. Koizumi, J. Ando, 1996. Phys. Earth 
Planet Inter. 96, 147-157. 
[2] T. Irifune, and T. Tsuchiya, 2007. Treatise on 
Geophysics, vol. 2 Elsevier, pp. 33-62. 
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The South China Sea (SCS) offers an excellent 

case for studying source-to-sink transport processes 
of fluvial sediments among the global marginal seas. 
This study synthesizes existing clay mineralogical 
and geochemical data from the seafloor and 
surrounding rivers combined with deepwater mooring 
observation results [1]. Source-to-sink sediment 
transport from the river mouth to the continental shelf 
and then to the abyssal basin is investigated. The 
results show the high diversity of clay mineralogical 
and geochemical compositions in riverbed surface 
sediments surrounding the South China Sea through 
chemical weathering controlled principally by the 
East Asian monsoon climate and subordinately by 
tectonic activity and specific lithological character. 
The basin-wide distribution of clay mineral 
assemblages combined with neodymium and 
strontium isotopic compositions reflects strong 
provenance control and differential settling effects. 
Through combining clay mineralogical distributions 
on the seafloor with observed oceanic current 
systems, the modern transport pathways can be well 
established. (1) In the northern SCS, smectite derived 
from Luzon is transported mainly by surface current 
with significant influence of the Kuroshio Current 
intrusion, illite and chlorite from Taiwan are mainly 
carried by the deep SCS Contour Current, while 
kaolinite from the Pearl River is clearly transported 
by the eastward Guangdong Coastal Current. (2) In 
the eastern SCS, the distinctive smectite content may 
be produced through chemical weathering of volcanic 
ash on the seafloor. (3) In the western and southern 
SCS, the transport pathway of clay minerals is 
difficult to identify because of highly homogenized 
clay–mineral distributions due to mixing by surface 
current systems. 
 
[1] Liu Z. et al. (2016) Earth-Science Reviews 153, 
238-273. 
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Hyporheic flow in aquatic sediment controls 
solute and heat transport thereby mediating the 
distribution and patterns of nutrients and 
contaminants, dissolved oxygen, and water 
temperature in the sediment hyporheic zone (HZ). 
We conducted a series of numerical simulations with 
different homogeneous and steady temperatures, 
coupling turbulent open-channel fluid flow, porous 
fluid flow, and reactive solute transport, to study the 
temperature dependence of biogeochemical reactions 
and the HZ nitrate source-sink functionality and its 
associated efficiency. Two cases were considered: a 
polluted stream and a pristine stream. Sensitivity 
analysis was performed to investigate the influence of 
stream water [NO3

-] /[NH4
+ ]. The simulations show 

that in both cases warmer temperatures resulted in 
shallower denitrification zones and oxic-anoxic zone 
boundaries, but the trend of net denitrification rate 
and nitrate removal or production efficiency of the 
HZ for these two cases differed. For both cases, at 
high [NO3

-]/[NH4
+], the HZ functioned as a NO3

- sink 
with the nitrate removal efficiency increasing with 
temperature. But at low [NO3

-]/[NH4
+], the HZ is a 

NO3
- sink at low temperature, but then switches to a 

NO3
- source at warmer temperatures in the polluted 

stream. For the pristine stream case, the HZ was 
always a NO3

- source, with the NO3
- production 

efficiency increasing monotonically with 
temperature.  In addition, although the interfacial 
fluid flux expectedly increased with the increasing 
temperature due to decreasing fluid viscosity, the 
total nitrate flux into the HZ did not follow this trend. 
This is because when HZ nitrification is high, 
uniformly elevated [NO3

-] lowers dispersive fluxes 
into the HZ. Our study shows that HZ temperature 
and stream [NO3

-]/[ NH4
+] are key controls for the 

ability of HZs to remove or produce nitrate. It 
highlights the need for better understanding the 
complex links and feedbacks between hydrodynamic, 
biogeochemical, and thermal processes in the HZ. 
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The marine subsurface contains abundant, 
diverse, and uncultured microorganisms. Two 
outstanding questions are: 1) Can specific groups of 
these microorganisms be accurately quantified in 
situ? And 2) What are their ecophysiologies? We 
conducted an interlaboratory comparison of taxa-
specific quantification methods (qPCR and CARD-
FISH) on Baltic Sea Basin (IODP Exp. 347) sediment 
down to 85 m. Working with similar protocols, qPCR 
and CARD-FISH were reproducible across the 
laboratories, although 91% of CARD-FISH 
measurements were below the quantification limit. To 
examine potential microbial physiologies, we 
sequenced and assembled 27 single cell genomes 
from an organic poor site (Anholt Basin) and 16 from 
an organic rich site (Lille Belt); all from uncultivated 
clades within the Deltaproteobacteria, OPB41, 
Atribacterales (JS1), Aminicenantes (OP8), 
Chloroflexi, Bathyarchaeota (MCG), and MG-2. 
Although phylum-level identities were the same for 
both sites, local endemism was apparent because each 
SAG only recruited metagenomic reads from its own 
location. Predicted functions for SAGs were diverse 
within each phylum suggesting significant sub-
phylum diversity of ecophysiological strategies.  
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Large datasets of high-precision 143Nd/144Nd 

isotope ratio measurements are required for tracing 
and understanding global seawater circulation 
patterns, for example for the GEOTRACES 
programme [1].  Two key challenges in generating 
such a datasets are: 1) the low concentration of Nd in 
seawater (especially in surface waters) and 2) the 
large number of sample analyses required. 

TIMS can be the most efficient technique with 
respect to ion yield, backgrounds and mass 
fractionation, offering the highest 143Nd/144Nd 
precision and accuracy for the smallest sample 
amounts.  However, MC-ICP-MS sensitivity has been 
improved through the combination of high-efficiency 
inlet systems and sampling interfaces to the point that 
small (ng) Nd samples can also be measured at sub-
epsilon unit precision. MC-ICP-MS offers advantages 
in terms of sample throughput. 

Here we evaluate the combination of the 
microFAST-MC and Apex desolvating nebulizer 
(ESI, Omaha, USA) as a high-efficiency sample 
introduction system. The dual loop injection system, 
syringe loads sample into one loop while syringe 
injecting sample from the other loop to the nebulizer. 
Alternating loop injections avoids overhead 
associated with sample uptake and washout during 
conventional self-aspiration. This provides very 
efficient sample handling for a wide range of sample 
volumes (10s to 100s of µl) increasing both sample 
utilization and sample throughput. 

Nd isotope ratios were measured using a 
NEPTUNE Plus MC-ICP-MS with Jet Interface 
option for highest ICP sampling efficiency (Thermo 
Scientific, Bremen, Germany). 1013 Ω amplifier 
technology was employed for monitoring 140Ce and 
147Sm for ion interference corrections. 

Data are reported for measurements from Nd 
sample amounts ranging 1 – 10 ng. Throughput of 
over 10 samples per hour was achieved. The external 
precision achieved for 143Nd/144Nd was better than 0.5 
epsilon units (2s) for 2 ng samples amounts. 

 
[1] van de Flierdt et al. (2012), Limnol. 

Oceanogr.: Methods 10,. 10 234–51. 
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U-Th dating of ostrich egg shells (OES) offers a new 
approach to precisely date early human activity, 
particularly for sites older than 50,000 years where 
14C dating techniques are not effective [1].  OES, 
commonly found in early human sites, form with a 
crystalline calcite matrix that absorbs U from the soil 
after burial. Measurement of 234U and 230Th from in 
situ U decay and modelling the U diffusion into OES 
allows determination of a burial age [2]. Additionally, 
a correction for common Th in the OES, a component 
of the measured 230Th, must be made to determine an 
accurate U-Th age. Large uncertainties in assumed 
common Th initial isotopic compositions result in 
large uncertainties in calculated ages.  Avoidance of 
common Th improves OES U-Th ages.  
The crystal, palisade and cone layers of OES (from 
outside to inside) are composed of crystalline calcite 
that appears to be largely impervious to the diffusive 
uptake of Th [3].  However, the cone and crystal 
layers commonly contain elevated concentrations of 
common Th, likely from incorporated Th-rich soil 
particles [3]. These soil particles may also enter the 
palisade layer of the OES through penetrative pores. 
TIMS U-Th isotopic analyses of the palisade layers 
of OES indicate that removal of pore-fill from the 
palisade layer significantly decreases common Th in 
analyses.   
Cross-sectional surfaces of palisade layers contain 1-
3 µm wide streaks of brown calcite that anastomose 
across the ~2 mm thick layer.  We interpret that these 
are recrystallized pore-fill. To characterize the three 
dimensional structure of the pores, we imaged OES 
using high resolution X-ray computed tomography 
(CT). These images reveal regularly-spaced small 
clusters of anastomosing channel-like shapes, 
equivalent to the brown streaks observed on the 
cross-sectional surface. Discrete clusters of round 
pores, matching those observed by CT, are visible on 
surfaces of the palisade layer after removing the cone 
and crystal layers. We present methods to extract the 
pore-fill from the pristine palisade layer and analyses 
of host soils, pore-fill and clean palisade calcite that 
diminish the impact of the soil component on U-Th 
age analyses. 
 
[1] Brandt et al. 2012. Quat. Int., p. 274. [2] Sharp et 
al. (2015) AGU Fall Mtg Abs., San Francisco, CA 
Dec 14-18, 2015. [3] Sharp et al., 2014, Goldschmidt 
Mtg. Abs., Sacramento, CA, June 8-13, 2014. 
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Decades of ocean drilling have demonstrated 

wide spread microbial life in deep sub-seafloor 
sediment, and surprisingly high microbial cell 
numbers. Despite the ubiquity of life in the deep 
biosphere, the large community sizes and the low 
energy fluxes in the vast buried ecosystem are still 
poorly understood. It is not know whether organisms 
of the deep biosphere are specifically adapted to 
extremely low energy fluxes or whether most of the 
observed cells are in a maintenance state. 

Recently, we developed and applied a new 
culture independent approach – the D:L-amino acid 
model – to quantify the turnover times of living 
microbial biomass, microbial necromass and mean 
metabolic rates. This approach is based on the built-in 
molecular clock in amino acids that very slowly 
undergo chemical racemization until they reach an 
even mixture of L- and D- forms, unless 
microorganisms spend energy to keep them in the L-
form that dominates in living organisms. The 
approach combines sensitive analyses of amino acids, 
the unique bacterial endospore marker (dipicolinic 
acid) with racemization dynamics of stereo-isomeric 
amino acids.  

Data from different sub-seafloor oceanic settings, 
ages and organic matter quality will be presented 
together with a thorough discussion of the input 
parameters to the D:L-amino acid model. 
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In recent years, a number of studies have aimed 

to establish baseline dissolved gas concentrations in 
groundwater from areas of potential unconventional 
(shale) gas resource development. However, as yet, 
there are no reports of time-series data from private 
wells. In this study, 434 private water wells were 
sampled in four areas of southeastern New 
Brunswick, Canada. Additionally, a subset of 15 
wells was monitored monthly for 1 year. Water 
quality testing included inorganic parameters, 
dissolved gases, and isotopes of water. Wells with 
methane concentrations ≥0.1 mg/L were sampled a 
second time, which included collection of additional 
samples for methane stable isotope analyses. The 
wells selected for time-series sampling represent 
methane concentrations that span several orders of 
magnitude. 

Methane was detected in 240 (55%) of the wells 
tested. The median concentration for the wells with 
detectable methane was 0.006 mg/L and the 
maximum was 29 mg/L. Methane concentrations 
were high enough to allow for the measurement of 
methane stable isotopes in 9% of the wells tested. 
The methane concentrations from the monthly 
sampling of 6 wells in the Kent area indicate little 
variability in time, with a maximum rsd of 20%. The 
methane concentrations in the 9 Sussex area wells 
that were sampled monthly were more variabile, with 
rsd values between 18 and  133%. Both biogenic and 
thermogenic methane was identified in all study 
areas. Concern over extended hold times prior to 
methane isotope analyses prompted an assessment of 
the effect on preserved samples. There was no 
correlation between δ2H values and hold time. The sd 
in δ2H was ±4‰, based on measurements made over 
19 weeks. The δ13C values displayed a trend of 
depletion with time (R2 0.97), resulting in a 
difference of -8‰ after 19 weeks.  Despite hold times 
up to 15 weeks, the depletion in δ13C did not affect 
the ability to distinguish biogenic from thermogenic 
methane in 89% of the samples.   
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The ratio of the two major uranium (U) isotopes, 

238U/235U, varies in natural environments depending 
on biogeochemical conditions [1]. This isotopic 
signature is proposed as a tool to distinghuish 
between abiotic and biotic U reduction in paleo and 
modern redox processes [2]. Experimental findings 
indicate that strong U isotope fractionation (with high 
238U/235U in the product) occurs during biotic U 
reduction, while during abiotic reduction, 
fractionation is either negligible or opposite in 
direction [2, 3].  

However, in order to use U isotopes as a robust 
marker for biological processes, it is critical to 
understand the mechanistic processes of biotic and 
abiotic reduction with regard to U isotope 
fractionation. Here, we tackle reduction mediated 
(abiotically) by the Fe(II)-bearing mineral magnetite. 
From the limited data available [2], there appeared to 
be a dependence of the fractionation behavior on the 
uranium surface loading of the magnetite.  

To test this hypothesis, we systematically 
investigated the effect of U(VI) loading on the rate of 
U reduction and the isotopic fractionation in a batch 
configuration. The reduction was monitored over 
time with inductively coupled plasma mass 
spectrometry (ICP-MS) to capture the reduction 
progress over time and isotopic fractionation was 
probed by multi-collector ICP-MS. Finally, the 
products in the solid phase were characterized with 
X-ray absorption spectroscopy. We observed that, at 
low U loadings, 235U was preferentially reduced 
resulting in an isotope enrichment factor of  2.89 and 
1.5 ‰. In contrast, at higher loadings, isotope 
fractionation was muted. Additionally, we confirmed 
the two-phase reduction kinetics previously observed. 
Independently from the loading, little to no 
fractionation occurs in the first phase of reduction, 
while the light isotope is preferentially reduced 
during the second phase (but only at low loading). 

We also investigated the role of phosphate 
ligands on the reduction and isotopic fractionation of 
U. Previous work has shown that the product of 
uranium reduction by phosphate-reacted magnetite is 
not uraninite (as usually expected for abiotic 
reduction), but rather non-crystalline U(IV) [4]. 

 
[1] Weyer et al. (2008), Geochimica and 
Cosmochimica Acta 72, 345-359.[2] Stylo et al. 
(2015), PNAS 112, 5619–5624.[3] Basu et al. (2014), 
Geochimica and Cosmochimica Acta 136, 100-136. 
[4] Veeramani et al. (2001), Geochimica and 
Cosmochimica Acta 75, 2512-2528. 
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Quartz arenite of Early Cambrian age is a world-

wide phenomenon. Reworking and diagenetic 
processes are, however, rarely taken into account in 
order to explain their origin. We study quartz-arenitic 
deposits related to the incipient stage of the Early 
Cambrian transgression on Baltica from a combined 
diagenetic, provenance and sedimentary perspective. 
U-Pb-dating of detrital zircon of the quartz arenite 
show dominating ages of 1.6–1.8 Ga and 0.9-1.3 Ga, 
with local variations. The ages are in accordance with 
transport from the Transscandinavian Igneous Belt 
and the Sveconorwegian Orogen, indicating a short 
transport distance on the given peneplain setting. 
Quartz arenite from Southern Norway has an 
intergranular volume of ca. 20% with almost 100% of 
the initial porosity being replaced by quartz cement. 
Authigenic minerals and detrital phyllosilicates 
represent only 5% of the present-day composition in 
most samples. This indicates that the sand was 
extremely quartz-rich already at deposition, formed 
during CO2-driven chemical weathering of granitic 
bedrock over very long time intervals. Reworking by 
waves and subsequent removal of early authigenic 
components formed by fresh-water flushing and 
alteration of feldspar is believed to severely have 
influence the composition. The sand grains of the 
arenites are interpreted to represent first-cycle 
deposits. Nearly 50 meters of continuously cross-
bedded and rippled medium-coarse sand suggest a 
relatively stable shallow marine environment. These 
geometries may have resulted from landward-directed 
high-energy wave activity and reworking of marine 
sand deposits during long periods of little sediment 
supply from land. Time is the critical factor in 
formation of Early Cambrian quartz-arenites, 
including weathering, flushing and reworking 
processes. 
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An estimated 2 million liters of petroleum 

products were released to the environment via a leak 
in an underground pipeline that traverses a financial 
district in the Philippines. Since its discovery in 2010, 
product recovery activities and the installation of a 
multiphase extraction system were utilized to 
remediate the spill. It was discovered that benzene 
levels are persistently high in monitoring wells 
adjacent to the spill point and that some polycyclic 
aromatic hydrocarbons are still present in the 
groundwater samples taken four years after the spill. 
This study focuses on the VOC profiles of the 
groundwater samples taken from mid-2012 to 2013. 
Valuable information on the degradation of 
petroleum hydrocarbons occurring on the subsurface, 
during the time when multiphase extraction system 
was being employed, can be observed by examining 
the GCMS-derived chromatograms of the 
groundwater samples. 
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Iron (Fe) limits or co-limits primary productivity 

and nitrogen fixation in large regions of the worlds 
oceans. Hydrothermal vent supply of Fe to the deep 
ocean is now known to be extensive, however the 
mechanism of Fe plume stabilisation in the deep 
ocean is poorly understood. To examine this process, 
hydrothermal plumes above the Beebe and Von 
Damm vent fields were sampled for Total Fe (TFe) 
dissolved Fe (dFe) and soluble (sFe). Plume particles 
sampled in situ were characterised using scanning x-
ray microscopy. 

We show that 48 to 87 % of dFe in the Beebe 
hydrothermal plume is present as colloidal Fe (dFe-
sFe = cFe). In the first 100 m of plume rise 30 % of 
the sFe fraction is added to the cFe fraction. sFe 
behaves conservatively from 100 m above the sea 
floor. PFe (TFe-dFe) increases by 25 % in the 
neutrally buoyant plume along with a 22 % decrease 
in cFe which is a result of colloid aggregation in the 
non-bouyant plume. Dissolved Fe in the Von Damm 
plume contained 14 to 81 % cFe. The highest cFe 
concentrations of 6 nmol kg-1 were measured in the 
most dispersed plume samples which had the lowest 
PFe concentrations of 1 nmol kg-1.  

Beebe Fe plume profiles can be explained by 
plume dilution and exchange of Fe between different 
size fractions. In contrast Von Damm Fe plume 
profiles may reflect the variability in vent sources 
adding Fe to the plume as well as exchange of Fe 
between size fractions. 

Our study highlights the very different processes 
occurring during plume dispersion above two 
hydrothermal sites that are 21km apart on the Mid-
Cayman Rise.  Plume processing of iron-rich colloids 
and particles will control the flux of dFe to the deep 
ocean from hydrothermal systems.  
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The formation of the Moon is thought to be the 
outcome of a collision between a Mars-sized object 
and proto-Earth at the end of Earth’s accretion [1]. 
The energy released by this collision led to a partially 
or even completely molten early Moon [2]. The 
subsequent evolution of the Lunar Magma Ocean 
(LMO) is key to the present structure of the Moon. 
The crystallisation of the LMO led to the formation 
of a primary feldspar solid crust, constituting much of 
the lunar highlands [3]. At the bottom of the LMO a 
complementary layer of ultramafic composition 
formed and later became the source region for the 
basalts that compose the lunar maria. 

The goal of our study is to understand and 
characterize the influence of melting on the long-term 
thermo-chemical evolution of the Moon, starting 
from a magma ocean. Our approach is to model the 
viscous creep of solid rock using the code StagYY 
[4], while parameterizing melt processes, as 
previously done in 1-D models [5, 6, 7]. It includes 
melt-solid separation at all melt fractions, the use of 
an effective diffusivity to parameterize turbulent 
mixing in largely molten regions, coupling to a 
parameterized core cooling model and a radiative 
surface boundary condition. Additionally a 
petrological model, based on pMELTS [8] results is 
incorporated into StagYY. 

We present 2-D spherical annulus model results 
for the evolution of the Moon, while testing the effect 
of uncertainties in parameters such as surface heat 
loss, different petrological models and efficiency of 
turbulent mixing. We compare our results with 
observations, adressing questions regarding the 
present-day composition of the Moon’s mantle and 
presence of partial melt in it. 

 
[1] Hartmann & Davies (1975) Icarus 24, 504-

515. [2] Stevenson (1987) Annu. Rev. Earth Planet. 
Sci. 15, 271-315. [3] Taylor (1982) Lunar and 
Planetary Institute. [4] Tackley (2008) PEPI 171, 7-
18.  [5] Abe (1997) PEPI 100, 27-39. [6] Solomatov 
(2007) Treat. Geophys. 9, 91-120. [7] Elkins-Tanton 
(2008) EPSL 271, 181-191. [8] Ghiorso et al. (2002) 
G3, 3(5). 
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Boron isotopes are fractionated during 

weathering: while rock dissolution releases B with 
11B/10B ratio similar to that of the rock, 10B is 
preferentially incorporated into (or adsorbed onto) 
secondary minerals, leaving the solution enriched in 
11B. Boron isotopes in river waters, sediments and 
soils are thus used as a weathering proxy. This 
weathering signal can however be partly masked by 
anthropogenic B inputs as well as by B uptake/release 
by plants. Moreover, the surface weathering B signal 
can be affected by high temperature water-rock 
interaction, with large amounts of B released, and by 
admixture of groundwaters. 

A two years seasonal sampling of the streams and 
springs within the Aso caldera provide us the 
opportunity to explore the variability of the boron 
isotope signatures through both time and space. In 
this work we combine boron isotope ratios, major and 
trace element concentrations, as well as hydrologic 
and residence time constraints to determine the 
sources of boron within the Aso caldera and the bio-
geochemical processes boron isotopic ratios could 
possibly trace within this volcanic environment.  

The preliminary 11B/10B ratios measured in Aso 
waters sampled during autumn 2014 show a large 
range of δ11B, from -10 to +15 ‰. The lowest δ11B 
values (and highest boron content) correspond to 
thermal springs or to rivers where hydrothermal 
inputs are suspected. The highest δ11B values (and 
lowest B content) are observed for small rivers 
sampled just after or during a heavy rain. Those are 
however not as high as the δ11B measured on other 
volcanic islands such as Guadeloupe1 or Réunion2, up 
to 45 ‰. The variability of this δ11B signal for rivers 
draining volcanic settings is to be linked with the 
weathering conditions of each island, but most likely 
also reflects the origin of the water (surface/ soil/ 
groundwater…), which probably records differently 
the vegetation impact upon the boron isotope cycle. 
[1] Louvat et al., 2011, Appl. Geochem., 26, S76-S79; 
[2] Louvat et al., 2014, Proc. Earth Planet. Sci., 10, 231-237. 
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Volatiles released to the mantle-wedge by slab-

derived fluids (aqueous fluids, hydrous melts or 
solute-rich supercritical liquids) are expected to have 
a significant impact on the chemistry of the mantle 
wedge, and have been suggested to favor the 
development of oxidative conditions in the sub-arc 
mantle [1]. The actual composition of such fluids 
remain mostly unconstrained, mainly due to the 
difficulty in preserving their high P-T chemistry 
when returning natural samples to the surface, and in 
quenching and analysing experimental run products.  

In situ measurements, for example by SXRF or 
Raman, conducted in externally-heated diamond-
anvil cells up to 600-800 °C and 1-10 GPa have 
proven to be a powerful tool to investigate the 
speciation and solubility of volatile elements in fluids 
and melts at the P-T conditions characteristic of 
subduction zones, and thus provide empirical 
constraints on volatile element concentrations and 
speciation in subduction zone fluids [2,3,4,5]. 
However, these high P-T studies remain too scarce to 
validate the most recent thermodynamic models of 
volatile transfer upon fluid/slab/mantle interaction in 
subduction zones or during early atmosphere 
formation [6,7].  

Here, we present results from two new in situ 
studies. First, in situ SXRF and XAS measurements 
that are used to assess the efficiency of Br recycling 
from the subducting slab, via the determination of 1) 
Br fluid-melt partition and 2) Br speciation in diluted 
aqueous fluids to increasingly polymerized 
‘supercritical’ liquids and hydrous melts. Secondly, 
new Raman measurements that aim at constraining 
the speciation of C and S upon the dissolution of 
siderite, anhydrite and/or pyrite in H2O±Cl, Si, Na, 
Al. The potential implications for mantle redox 
conditions and the impact of volcanic degassing on 
the Earth’s past and present atmosphere will be 
discussed. 
 
[1] Kelley and Cottrell, 2009. Science 325, 605-607. 
[2] Bureau et al., 2010. GCA 74, 3839-3850. [3] Facq 
et al., 2014. GCA 132, 375-390. [4] Marocchi et al., 
2011. Chem. Geol. 290, 145-155. [5] Ni and Keppler, 
2012. Am. Mineral. 97, 1348-1353. [6] Sverjensky et 
al., 2014. Nature Geosci. 7, 909-913. [7] Mikhail and 
Sverjensky, 2014. Nature Geosci. 7, 816-819.  
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Transient and stable environmental tracers are 

increasingly used in groundwater studies. In his 
presentation we review results from the Otway Basin, 
Clare Valley and Great Artesian Basin of Australia.  
Recent advances in analytical techniques will result 
in increased measurements of 81Kr and 39Ar. These 
isotopes combined with 4He fill important gaps in 
chronological studies of groundwater systems. We 
show examples where under certain conditions the 
groundwater can be used as an archive of paleo 
hydrogeology via climate reconstruction of 
atmospheric noble gases.  Other examples show how 
a detailed knowledge of the isotope systematics 
provides a powerful tool to understand groundwater 
flow dynamics. We provide examples from a variety 
of different geological mediums including unconfined 
coastal aquifers, pre Cambrian fractured rock aquifers 
and pore water fluids. A number of new and novel 
field techniques are presented showing the latest 
application of sampling noble gases including direct 
field measurements.    Finally examples of future 
application include environmental reconstruction 
from travertines and a novel application to identify 
hidden channels in groundwater flow systems.     
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The technique of continuous-flow hydropyrolysis 

(hydrogen pyrolysis, termed HyPy) has proven 
capabilities for accessing in situ ancient kerogen-
bound organic molecules [1-3]. Analysis of organic 
matter in rocks older than 2.5 Ga has been hampered 
by high thermal alteration of such rocks, which 
results in the loss and/or degradation of any original 
biomarker constituents. The main organic matter 
phase present in Archean rocks (>99 wt%) is 
overmature  biogenic kerogen. Archean sedimentary 
organic matter can exhibit a wide range of 13C-
depleted bulk carbon isotopic signatures (ranging 
from -30 to -55‰), not generally found in younger 
rocks, which may reflect the balance of enigmatic 
biological source organisms in the Archean ocean.  

The HyPy of kerogen approach generates a source 
of unambiguously syngenetic molecular remains 
(hydrocarbons and polar compounds) which can be 
quantified and generates sufficient products for 
detailed compound-specific carbon isotopic analyses. 
Overall product yields from HyPy of kerogens from 
2.7 Ga Jeerinah Formation black shales were 
significantly lower than kerogens prepared from 2.6 
Carawine dolomites and their PAH profiles displayed 
a significantly lower degree of alkylation indicating 
poorer preservation [3], likely reflecting a higher 
degree of thermal alteration for black shales 
promoted by organic matter-acidic clay mineral 
interactions during burial maturation. Absolute yields 
of PAH compounds released by HyPy of kerogens 
were typically at least an order of magnitude higher 
than for the extractable PAH released by solvent 
extraction for the same rocks [3].  The PAH and n-
alkanes generated by HyPy from kerogen in this 
study constitute the most 13C-depleted molecular 
signatures reported for Archean organic matter [3], 
strongly supporting that these are primary Archean 
organic molecules. Hopanes and steranes were 
undetectable in all HyPy products of Archean 
kerogens analysed using multiple reaction monitoring 
(MRM)-GC-MS, consistent with the high thermal 
maturity of Archean kerogens [3].  

 
[1] Love et al. (1995) Org. Geochem. 23, 981-986. 
[2] Marshall et al. (2009) Precam. Res. 155, 1-23. 
[3] French et al. (2015)  PNAS 112(19), 5915-5920. 
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We investigated reactions between sediment-

derived melts and depleted peridotite in a series of 
“sandwich” experiments in the piston-cylinder at 2 
GPa  and 800-1100°C, in which a layer of sediment, 
the source of the melt, is overlain by a layer of 
peridotite, representing the mantle wedge. Our 
natural sediment starting materials contained variable 
amounts of water and carbonate and included a: 
USGS marine mud standard (MAG-1), a calcareous 
metapelite from the western Alps, and a granite 
composition approximating “average continental 
crust”. We also conducted a corresponding series of 
sediment-melting experiments at similar P-T 
conditions in order to define the initial composition 
of our sediment melt.  

Partial melts produced from all three sediment 
types are granitic sensu stricto, peraluminous, and 
possess trace element signatures comparable to 
typical arc lavas. The interface between sediment and 
peridotite in our experiments is in every case 
characterised by a discretely layered reaction zone 
containing variable amounts of: orthopyroxene 
(adjacent to the peridotite), phlogopite  ± Al-rich 
diopside ± dolomite ± magnesite ± pyrope-rich 
garnet. The thickness of this zone decreases with 
increasing temperature, and corresponds with a 
decrease in the proportion of phlogopite, which 
disappears above 1000 °C. Although the reaction 
zone shields the sediment melt from further 
interaction with the peridotite, the presence of 
secondary minerals (i.e. magnesite, dolomite, 
diopside, enstatite) further into the peridiotite layer 
show that high-T aqueous fluids are still capable of 
efficiently transporting some solute into the peridotite 
beyond the reaction zone.   
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Garnet exsolution in clinopyroxene megacrysts in 

basalts can be used to reconstruct the thermal history 
of the lithosphere. Multiple stages of exsolution and 
recrystallization have been preserved in garnet 
pyroxenite xenoliths in Cenozoic basalts from 
western Victoria, and provide new insights into the 
evolution of the active continental lithosphere of SE 
Australia. The exsolved and equilibrated assemblages 
include dominant clinopyroxene, garnet, 
orthopyroxene and spinel ± ilmenite ± plagioclase, 
suggesting that the xenoliths originally were 
clinopyroxene-dominated cumulates with minor 
associated garnet, orthopyroxene or spinel. 

Geothermobarometry of the exsolved, host and 
reconstructed original mineral assemblages suggests 
that the garnet pyroxenites first crystallized at 1300-
1500 °C and pressures of 16-30 kb. They then 
underwent extensive exsolution, recrystallization and 
reaction during cooling and finally stabilized at ~950-
1094 °C and 12-18 kb before entrainment in the 
basalts. Variation of REE contents in the garnets and 
their equilibrium clinopyroxene preserves evidence of 
an intermediate stage (1032°C and 21 kb). This 
process implies that the protoliths of the garnet 
pyroxenites crystallized from basaltic magmas over a 
range of depths of ~50-100 km; during or shortly 
after cooling, they were tectonically emplaced to 
higher levels, close to the crust-mantle transition zone 
(~40-60 km; i.e. an uplift of at least 10~20 km). This 
uplift is reflected in aspects of the crustal history of 
the region, and may have been connected with 
lithosphere-scale thrusting or rifting-extension. 
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N-alkanes and isoprenoid compounds, including 

pristane and phytane, in modern soil can indicate the 
changing environment. The different content, carbon 
number range and geochemical parameters of them in 
different soil profile reflects the diversity of the soil 
maturity, redox properties and the organic matter’s 
source.  

In this study, 57 soil samples from seven kinds of 
non-zonal soil(meadow soil, saline-alkali soil, 
swampy soil, alluvial soil� peat soil� aeolian sandy 
soil�and paddy soil) and 8 plants samples were 
collected in Jilin Province, Northeast China and the 
concentration of N-alkanes and isoprenoid 
compounds, including pristane and phytane, were 
detected by gas chromatography analysis method.  
Based on the results and distribution characterization 
of n-alkanes and isoprenoid compounds, we came to 
the conclusion that there were very large differences 
among the non-zonal soil in n-alkanes distribution 
characterization because of the different soil terrain, 
climate, time and matrix. Their universality is that the 
terrestrial higher plants are the main source of soil 
organic matter. A few types of soil have mixed 
carbon source characteristics. The maturity of non-
zonal soil is generally very low and the soil zone 
affects the soil redox properties greatly.  
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Abstract: The Shaxiongdong (SXD) carbonatite 

complex is one of the rare earth element (REE) 
deposits located in the southern margin of the South 
Qinling orogeny, central China. It is mainly 
composed of carbonatite and associated silicate rocks 
(syenite and pyroxenite). The dominant calcite and 
apatite within carbonatite are thought to control the 
REE budget. However, the minority REE minerals 
(e.g., burbankite) might play a significant role in the 
REE distribution. Calcite from SXD carbonatite are 
characterized with highly varied REEs  (133–
1895ppm), and display flat to weakly light REE 
(LREE) enriched chondrite-normalized patterns 
(La/YbN=1.34–31.97; La/NdN=0.71–2.78). 
Fluorapatite is enriched in REEs (2895–24543ppm) 
with negatively sloped distribution patterns. Similar 
to calcite, apatite show a huge LREE variation 
(La/YbN=4.01–226.12; La/NdN=0.51–2.09) as well. 
Monazite-(Ce), burbankite, strontianite-(Ce),  
ancylite-(Ce) and allanite have been identified within 
carbonatite samples that contain calcite and apatite 
with the most depleted LREE contents. These are 
LREE abundant minerals, e.g., ancylite is composed 
of 39.21–54.06% LREE2O3. The highly varied REE 
(especially LREE) compositions observed for both 
calcite and apatite might result from a differentiation 
sequence controlled by an earlier or co-crystallization 
of the REE minerals (e.g., burbankite, monazite). 
These calcite and apatite represent cumulates from a 
highly fractionated carbonatite magma. 

Carbon and oxygen isotopes analyzed for calcite 
from both carbonatite and syenite are plotted within 
the ‘mantle carbon box’. These are characterized with 
similar initial 87Sr/86Sr ratios (0.70317-0.70335 for 
carbonatite; 0.70324-0.70336 for syenite). Sr isotope 
ratios  obtained for apatite (0.70313 to 0.70329) from 
carbonatite overlap the range for the surounding 
calcite. These U-depleted apatite are further analyzed 
by LA-ICP-MS with an Th–Pb age at 433.1±6.4 Ma, 
which coincides with the zircon U-Pb age ( 441.8±2.2 
Ma) from the associated syenite given their 
associated uncertainties. The consistent Sr isotope 
ratios and U-Th-Pb ages further suggest that the SXD 
carbonatite and syenite were formed simultaneously 
from a carbonated silicate melt via liquid 
immiscibility and fractional crystallization.  
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To study the formation of organic acid salts in 

marine carbonate and its hydrocarbon generation 
characteristics in marine strata, simulated 
experiments of reaction of acetic acid and stearic acid 
with calciumcarbonate and hydrocarbon generation 
simulated experiment of calcium carbonate were 
conducted.  

Results showed that the morphology of reaction 
product of calcium carbonate with acetic acid is 
different from that of calcium carbonate, and the X-
ray difraction (XRD), raman and Fourier Transform 
Infrared spectroscopy (FTIR) characteristics are also 
different from that of calcium carbonate, while same 
as that of calcium acetate. The morphology of 
reaction product of calcium carbonate with stearate 
acid is similar with calcium carbonate, and XRD, 
raman and FTIR curves show some characteristics of 
calcium stearate with some features of calcium 
carbonate. No matter short chain organic acid or long 
chain organic acid could react with calcium 
carbonate, forming organic acid salts. However, 
reaction type is different between short chain organic 
acid and long chain acid. Due to acidity of acetic acid 
is relative strong, it can dissolve calcium carbonate. 
While acidity of stearate acid is relative weak, it 
adsorbs on the surface of calcium carbonate, forming 
salt with coordination bond. 

Hydrocarbon generation simulated experiment 
results of calcium carbonate showed that there are 
one peak of liquid hydrocarbon generation at 375°C 
and one peak of gaseous hydrocarbon generation at 
500°C, with total hydrocarbon generation up to 
495kg/tc. Organic acid salts are characterized by 
generation gaseous hydrocarbon at high temperature 
by cracking. 

Since much stable than organic acid and 
hydrocarbon, organic acid salts crack at higher 
temperature, thus being an import hydrocarbon 
source in high mature marine carbonates rocks strata. 
Organic acid salts occur dispersedly in marine 
carbonate strata, which have great influence on 
hydrocarbon generation rate and process of carbonate 
source rocks. Study on the formation, quantity and 
hydrocarbon generation characteristics of organic 
acid salts in different evolution stages have important 
significance on carbonate evolution pattern study, 
carbonate source rocks evaluation. 
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The Devonian Period is crucial for land plant 

radiation when first land forests appeared. Although 
plant fossils are very scattered or nearly absent in the 
organic matter-rich Upper Devonian Chattanooga 
Shale, geochemical analysis may record changes of 
the earliest forests. In the present study, we identified 
carbon sources for organic matter (OM) in the 
Chattanooga Shale using organic geochemical and 
inorganic geochemical proxies. The study outcrop in 
northeastern Alabama was deposited in coastal waters 
in the southern Appalachian basin. We observed 
distinctive lithological features including thinly 
laminated, fissile, pyritic shale in the lower part and 
nearly homogeneous, blocky, heavily oxidized black 
shale in the upper part. Based on conodont fossils, the 
lower part must be assigned to the Upper crepida 
Zone, which indicates the outcrop is entirely 
comprised of the Famennian Gassaway Member. 
Terrestrial OM inputs increase throughout the 
outcrop, based on an increased proportion of long-
chain n-alkanes, i.e., higher terrigenous/aquatic and 
nC27/nC17 values, which coincides with increased 
abundance of organic rich particles in the upper part 
through SEM observations. These data reflect the 
land plants radiated in southern Appalachian basin 
and became an increasingly important carbon source 
during the deposition. Correspondingly, the quartz-to-
clay ratios and detrital influx proxies (i.e., Ti/Al, 
Zr/Al, Th/Al, Ti/Sr and Th/U values) increase 
towards the top of the outcrop. These ratios suggest 
that the land plant expansions may have intensified 
terrestrial weathering and contributed to enhanced 
clastic influx. Furthermore, the presence of 
combustion derived PAH compounds indicates the 
occurrences of forest fires accompanying the 
diversification of early land plants in the Eastern 
Laurasia. 
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Xuanwei coal combustion pollutants (mainly as 

particulate matters) are regarded as a key factor to 
cause high lung cancer incidence of local residents. 
However, mechanism of this kind of lung cancer is 
still not clear. We tried to compare difference of 
chemical constitutes of ambient particles from 
Xuanwei coal combustion, bottom ashes and raw coal 
samples by using of a time-of-flight mass 
spectrometer (ATOFMS). Our results showed that all 
measured particles could be divided into 9 types 
based on mass spectral similarity, carbonaceous 
particles, rich-Na particles, rich-K particles, rich-Fe 
particles, rich-Al particles, rich-Ca particles, rich-Si 
particles, heavy metals containing particles and PAH 
containing particles. Mass concentration of ambient 
particles distributed in the size range of 0.56 ~ 
1.0μm, however, number concentration mainly 
existed in the size range of less than 0.56μm. Most of 
carbonaceous particles and PAH containing particles 
were found in the size less than 0.56μm, and iron 
containing particles were 0.56 ~ 1.0μm, and heavy 
metals particles (mainly consisted by Ti, V, Cr, Cu, 
Zn, and Pb) were less than less than 1μm.  

In bottom ash particles, number concentration of 
rich-Na, K particles was dominant in the measured 
particles, and Al, Ca, Fe, Mg, Mn were the main 
chemical elements. In raw coal samples, 
carbonaceous particles were dominant particles. 
Armed with the above data, oxidative ability and 
toxicity of the samples will be carried out. 
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Microbial methylation and demethylation are two 

competing processes controlling the net production 
and bioaccumulation of neurotoxic methylmercury 
(MeHg) in natural aquatic ecosystems. Although 
mercury (Hg) methylation by anaerobic 
microorganisms and demethylation by aerobic Hg-
resistant bacteria have both been extensively studied, 
little attention has been given to MeHg degradation 
by anaerobic bacteria, particularly the iron-reducing 
bacterium Geobacter bemidjiensis Bem. We report, 
for the first time, that the strain G. bemidjiensis Bem 
can both methylate inorganic Hg and degrade MeHg 
concurrently under anoxic conditions. Results suggest 
that G. bemidjiensis cells utilize a reductive 
demethylation pathway to degrade MeHg, with 
elemental Hg(0) as the major reaction product, 
possibly due to the presence of homologs encoding 
both organo-mercurial lyase (MerB) and mercuric 
reductase (MerA) in this organism. Similarly as 
observed with the G. sulfurreducens PCA strain, G. 
bemidjiensis Bem cells can mediate multiple 
reactions including Hg/MeHg sorption, Hg reduction 
and oxidation, resulting in both time and 
concentration dependent Hg species transformations. 
Moderate concentrations (10–500 µM) of Hg-binding 
ligands such as cysteine enhance Hg(II) methylation 
but inhibit MeHg degradation. These findings 
indicate a cycle of methylation and demethylation 
among anaerobic bacteria and suggest that mer-
mediated demethylation may play an important role 
in the net balance of MeHg production in anoxic 
water and sediments. 
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Dissolved organic matter (DOM) plays a pivotal 

role in a variety of environmental and ecosystem 
processes within aquatic systems. Agricultural land 
use, as a global change that has fundamentally altered 
terrestrial landscapes and soil environments, has led 
to alterations in the quantity and characteristics of 
DOM in fluvial systems. Recent studies have 
suggested that agricultural land use in watersheds 
may change the quantity, source, composition, 
reactivity, and ecological role of DOM in streams. 
These changes could have profound environmental 
and ecological ramifications not only for stream 
networks but also for downstream rivers and coastal 
oceans. Therefore, effective watershed management 
decisions should include monitoring and 
characterizing DOM from human-impacted 
watersheds, but relevant data to inform regulatory 
practices remain scarce. In this study, we synthesized 
literature data relating watershed human land use to 
DOM in lotic ecosystems, in an effort to capture any 
systematic patterns and provide baseline 
understanding of mechanisms regulating human 
influences on the properties of DOM in streams and 
rivers. Specifically, we evaluated how DOC 
concentration and DOM quality (mostly absorption 
and fluorescence indicators and DOC 
biodegradability in some cases) vary with watershed 
attributes, including watershed size, slope, land 
use/cover, watershed temperature, and stream order. 
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The noble gas radionuclides, including 81Kr (t1/2 = 
229,000 yr), 85Kr (t1/2 = 10.8 yr), and 39Ar (t1/2 = 269 
yr), possess nearly ideal chemical and physical 
properties for studies of earth and environmental 
processes. Recent advances in Atom Trap Trace 
Analysis (ATTA), a laser-based atom counting 
method, have enabled routine measurements of 81Kr 
and 85Kr in environmental samples, as well as the 
demonstration of the ability to measure 39Ar. 
Analyses of these three isotopes can be used to 
determine groundwater residence times, date glacial 
ice, and study ocean circulation pathways. In this 
talk, I will provide an overview of the ATTA 
technique and a survey of recent progresses made in 
several laboratories. 

In an ATTA instrument, individual neutral atoms, 
not ions, of the desired isotope are captured by laser 
beams, and detected by measuring their fluorescence. 
81Kr/Kr and 85Kr/Kr ratios of environmental samples 
in the range of 10-14-10-10, and 39Ar/Ar at the level of 
10-16, can be analyzed. For 81Kr-dating in the age 
range of 50 – 1200 kyr, the required sample size is 5 
micro-L STP of krypton gas, which can be extracted 
from approximately 100 kg of water or 40 kg of ice. 
For 85Kr/Kr analysis, the required sample size is 
approximately 20 kg of water. It is expected that the 
required sample sizes will become smaller as the 
technique continues to advance. 

Search “TANGR2012” and “TANGR2015” for 
the websites of two workshops dedicated to this 
subject. An article reviewing both the ATTA method 
and applications is available here: 
http://dx.doi.org/10.1016/j.earscirev.2013.09.002. 

 

 
Schematic of an ATTA instrument (Figure by T.P. 

O’Connor) 
Author’s research website: http://atta.ustc.edu.cn  
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Strontium isotope ratios are a strong tool to study 

ancient hominin and animal migrations, hence the 
increasing need to have a simple, fast and micro-
destructive analytical technique to obtain accurate 
and precise 87Sr/86Sr ratios of precious tooth enamel 
and bone tissue. The traditional analysis by the TIMS 
or MC-ICPMS tecniques requires sample dissolution; 
therefore, several LA-MC-ICPMS methods have 
been developed to prevent sample destruction, 
particularly for prehistoric human teeth. Instrumental 
calibration on human enamel is difficult because of 
the typical low-Sr concentration and analytical 
interferences. In fact, the methodology for data 
reduction of in situ Sr isotopes of biogenic apatite is 
largely debated in the literature [e.g. 1, 2]. While 
monoatomic interferences (Kr, Rb, REE2+) are 
routinely corrected, the correction of polyatomic 
interferences (CaCa, CaAr and 40Ca31P16O) are 
challenging. In particular, the CaPO molecule 
strongly interferes on mass 87, hindering the 
achievement of precise and accurate 87Sr/86Sr ratios. 
Following on the work of Horstwood et al. (2008), 
we developed a method based on the concurrent 
analyses of multiple matrix-matched standard 
materials. We show how the linear regression of 
87Sr/86Sr accuracy vs. 1/88Sr of at least three standards 
allows correction of this interference. During each 
analytical session, we analyse our four in-house 
matrix-matched standards (a human tooth, a bovine 
tooth, a swine tooth and a shark tooth) covering a 
wide range of Sr concentrations (from c.a. 100 ppm 
of the human tooth to the 1000 ppm of the shark 
tooth). A daily CaPO model is then built to predict 
the expected accuracy of the analysis. This correction 
gives an external reproducibility to the 4th decimal 
digit (e.g. 2σ-human enamel = 0.00047; c.a. 100 
ppm) and an accuracy between the 4th and the 5th 
decimal digit when applied to analyses with a laser 
spot sizes of 100µm and a linear dynamic ablation 
pattern. Monitoring of the CaPO molecule formation 
during analysis is also achieved by performing 
several high resolution mass scans.  

 
[1] Horstwood et al. (2008) Geochim. 

Cosmochim. Ac. 72, 5659-5674. [2] Müller and 
Anczkiewicz (2016) J. Anal. At. Spectrom. 31, 259-
269.  
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Here we look at radiation damage in potential 

actinide host phases for nuclear waste storage, 
comparing the results of studies conducted using ion 
irradiation, synthetic samples doped with 244Cm or 
238Pu, and natural samples containing Th and U. 
These approaches provide valuable information on 
radiation effects over short (e.g., hours), intermediate 
(years), and long time (106-109 years) scales. The 
problem of radiation tolerance is framed by extensive 
research using ion irradiation and natural analogues. 
These studies allow an immediate assessment of the 
general aspects of resistance to amorphization in 
waste form materials over short to long time scales. 
Based on ion irradiation experiments (relatively high 
dose rate) wherein temperature is a variable, 
materials are identified that either 1) remain 
crystalline to very high ion fluence a very low 
temperature, 2) can be rendered amorphous at very 
low temperature but exhibit a critical dose at 
moderate temperature, or 3) become amorphous at 
low dose and have a very high critical dose for 
recovery of damage. At the other extreme (low dose 
rate), the mineral analogues can either confirm the 
radiation tolerance or reveal certain aspects of the 
recovery process due to dose rate and effects of 
thermal history. In natural analogue studies, 
understanding the thermal history of the host rocks is 
one of the most important (and difficult) aspects of 
the research. Due to the difficulty of performing 
experiments using 244Cm or 238Pu, only a handful of 
materials have been tested in this manner. 
Nevertheless, the results provide important clues to 
waste form performance at higher dose rates than the 
natural samples, including limited data on thermal 
annealing.  

 
 
 
 
 
 
 
 
 
 

Figure 1: Radiation damage, cracking, and alteration 
of allanite from Amelia, Virginia, USA. High Th 
areas (green) are amorphous and low Th areas (white) 
are crystalline. Altered areas (blue) are adjacent to 
cracks.  
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Today more than half the world’s population 

lives in urban areas and by 2050 two thirds will live 
in cities. As the urbanization steadily increases, the 
use of underground systems will as well. From a 
biological point of view subsurface urban 
environments are unexplored and unknown, and 
represents a whole new niche for ecological research.  

   The Kungsträdgården metro station is the 
deepest (~30 m) station of the Stockholm metro 
system and its platform walls of bare granite is the 
location of a unique ecosystem. The artificial light is 
unusual energy source in the subsurface environment 
and enables the occurrence of microbial communities 
dependent on photosynthesis with primary producers 
as cyanobacteria, diatoms as well as bryophytes. A 
plethora of organisms including Nematoda, 
Collembola, Crustacea, Annelida and Insecta occur 
on the walls, of which many species are unique for 
Stockholm, and even for Sweden. The 
microorganisms appear to play an important 
ecological role as they exist and facilitate specialized 
niches on the granite walls. Diatoms and fungi are 
involved in dissolution but also the formation of 
calcium carbonate speleothems. We identified several 
new lineages of ‘black yeast-like fungi’ 
(Chaetothyriales) living in a speleothem biofilm. 
These fungi await description, but indicate that these 
poorly known environments contain substantial 
amounts of unknown biodiversity. 

  We envision this project as a first step toward 
identifying potential infrastructural threats from an 
ecological perspective, and providing information 
that can be used by the city to create a “smart city”, 
i.e., one that uses high-dimensional information to 
improve city planning, sustainability, management of 
the mass-transit built environment, and human health.  
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During the period from approximately 150 to 35 
million years ago, the Cretaceous–Paleocene–Eocene 
(CPE), the Earth was in a "greenhouse" state with 
little or no ice at either pole. It was also a period of 
considerable global change, from the warmest periods 
of the mid Cretaceous, to the threshold of icehouse 
conditions at the end of the Eocene. However, the 
relative contribution of palaeogeographic change, 
solar change, and carbon cycle change to these 
climatic variations is unknown. Here, making use of 
recent advances in computing power, and a set of 
unique palaeogeographic maps, we carry out an 
ensemble of 19 General Circulation Model 
simulations covering this period, one simulation per 
stratigraphic stage. By maintaining atmospheric 
CO2 concentration constant across the simulations, 
we are able to identify the contribution from 
palaeogeographic and solar forcing to global change 
across the CPE, and explore the underlying 
mechanisms. The stratigraphic stage–stage transitions 
which exhibit greatest climatic change are associated 
with transitions in the mode of ocean circulation, 
themselves often associated with changes in ocean 
gateways, and amplified by feedbacks related to 
emissivity and albedo. Our results also have 
implications for the interpretation of single-site 
palaeo proxy records. In particular, our results allow 
the non-CO2 (i.e. palaeogeographic and solar 
constant) components of proxy records to be 
removed, leaving a more global component 
associated with carbon cycle change. This 
"adjustment factor" is illustrated and applied to proxy 
data for a number of  key sites in the CPE.  The data 
is freely available so that similar adjustments can be 
made to any site and for any time period within the 
CPE. 
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The West Qinling Orogen (WQO) is the 

westward extension of the Qinling-Dabie-Sulu 
orogen in central China. The widespread Early 
Mesozoic magmatic rocks in the WQO may shed 
light on the crustal structure in this region. Their 
emplacements could be divided into two stages: the 
Early Indosinian (~245-230 Ma) and the Late 
Indosinian (~230-205 Ma). The Early Indosinian 
magmatic rocks are mainly composed of diorites, 
mafic magmatic enclaves (MMEs), high and low 
Sr/Y granitoids, while The Late Indosinian magmatic 
rocks consist of only low Sr/Y granitoids and MMEs. 

The Early Indosinian high Sr/Y granitoids exhibit 
high Sr/Y and (La/Yb)N imply a garnet-bearing 
source region. They belong to high-K calc-alkaline 
series and display ISr = ~0.706-0.709, εNd(t) = −9 ~ 
−4, with TDM2 = 1.46-1.74 Ga, indicating derivation 
from ancient Proterozoic K-rich thicken mafic lower 
crust. The Early Indosinian low Sr/Y granitoids with 
low (La/Yb)N and negative Eu anomalies imply an 
source region with residual amphibole and 
plagioclase, probably at a shollower middle crust 
depth. They show similar Sr-Nd isotopes as those 
high Sr/Y granitoids, suggesting that they may be 
comagmatic. Besides, both of the Early Indosinian 
high and low Sr/Y granitoids mainly show high Mg#, 
Cr, and Ni values. Coeval diorites and MMEs are 
abudant in the field. These lines of evidence indicate 
a culmination of basalt underplating during the Early 
Indosinian. In contrast, the Late Indosinian granitoids 
are commonly featured by low MgO, Cr, Ni, Sr/Y 
and (La/Yb)N but high K2O, Rb, and ISr, indicating 
that they were derived from a more evolved and less 
thick crust, with fewer juvenile material 
contributions. On the other hand, previous seismic 
refraction profile results suggest an intermediate 
composition at the base of the present crust in the 
West Qinling, with the likely absence of a mafic 
lower crust. Our new results imply that lower crust 
delamination mostly have occured during the Late 
Indosinian and the underplating in the Early 
Indosinian may have promoted this process. 
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The Triassic-Jurassic (Tr-J) transition witnessed 
one of the ‘Big Five’ mass extinctions of the 
Phanerozoic. Significant perturbations of the carbon 
cycle have been found to accompany this biotic crisis, 
while less is known about its effects on the sulfur 
cycle. Here we present multiple sulfur isotope records 
(δ33S and δ34S) of pyrite and weight ratios of pyrite 
sulfur to total organic carbon (Spy/TOC) in two Tr-J 
successions from the European epicontinental seaway 
(EES), providing insights on sulfur cycling and redox 
conditions in these shallow-marine sites. On the basis 
of  Δ33S and Spy/TOC data, the generally high 
pyrite δ34S values in the latest Triassic can be 
attributed to sulfate limitation in sediment porewaters 
beneath an oxic/suboxic water column. A distinct 
negative shift in pyrite δ34S occurred at the base of 
the Jurassic, above the main biotic crisis interval 
(Triletes Beds). The low δ34S values coincided with a 
high concentration of green sulfur bacterial (GSB) 
biomarkers and high Spy/TOC ratios, suggesting a 
euxinic environment. Although the GSB biomarkers 
are generally below the detection limit in the 
overlying strata, our  multiple sulfur isotopes and 
Spy/TOC data indicate that bottomwater euxinia lasted 
for ~2 million years (Myr). The temporal relation 
between the biotic crisis and redox changes suggest 
that water-column euxinia may not have been a 
proximate kill mechanism in shallow-water settings, 
although it likely affected the subsequent recovery of 
marine ecosystems. 
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Sorption of nonionic organic compounds (NOCs) 

to soils has been the focus of numerous studies with 
conventional batch experiments. Knowledge on role 
of organic carbon moieties as the sorptive domains 
for nonionic organic compounds in soils still remains 
unclear due to the limits of analytical techniques and 
complex soil matrices. Meanwhile, direct evidence 
based on in-situ analytical techniques operated at the 
fine scale for the binding sites and the adsorbed 
species of NOCs in soils is lacking. In this report, we 
identified the speciation and mapped and distribution 
of two organobromine compounds (i.e. 
decabromodiphenyl ether, BDE-209 and 
tetrabromobisphenol A, TBBPA) and four 
nitroaromatic compound with varying hydrophobicity 
(i.e. 1,3-dinitrobenzene, 1,5-dinitronapthalene, 3-
nitrophenanthrene and 6-nitrobenzo[a]pyrene) in soils 
with different properties on a 6~10 μm scale spatial 
resolution using synchrotron based Fourier transform 
infrared (FTIR) and microbeam X-ray fluorescence 
(μ-XRF) microspectroscopies. This work is the first 
in-situ investigation on the microdisrtibution of 
NOCs and their associations with organic carbon 
species in natural soils. The combination of FTIR and 
μ-XRF microspectroscopies allows to in-situ reveal 
the speciation and distribution of some typical 
compounds and their associated environmental 
processes in the soil environments, facilitating to 
understand the relevant reaction mechanisms. 
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Junggar basin is a large oil and gas bearing basin 

in weastern China. Volcanic rocks which are main 
reservoir rocks of more than hundred billian cubic 
meters gas fields  erupted strongly in Carboniferous 
period. It is still controversy on characteristics of 
tectonic and  volcanic rocks during carbonifereous 
period in the basin. The following conclusions were 
be obtained by geochemical characteristics and dating 
data of  volcanic rocks both from basin and outcrops 
and sesmic from basin. 

 Two-period(342-330Ma and 318-300Ma) of 
large sacle volcanos erupted during Carboniferous 
period. At the early stage of early Carboniferous 
period(Dunei period,358-342Ma) ,Junggar basin were 
arounded by Irtysh, Kela-maili, Daerbute, the 
southern Tien Shan oceans which were at extension 
stage. Normal faults were be identified from sesmic 
section in basin. The formation was mainly 
constitued by sedimetary rocks. At the late stage of 
early Carboniferous period(Weixian- Serpukhov 
period,342-318Ma), the background of tectoic and 
volcano eruption in east of basin was different from 
other areas with the closing of Irtysh, Kela-maili 
oceans from east to west. The characteristics of 
volcanic rocks which were higher proportion of 
kalium and  aluminum elements in oupcrop, east of 
basin, while lower proportion in north of basin 
showed that mature continental crust might be formed 
in the east but not in other areas in where might be 
island arc period. Similar conclusion might be 
obtained by geochemical characteristics of volcanic 
rocks in the basin which showed little loss of Nb and 
Ta in the east of basin while strong loss of Nb and Ta 
and enrichment of Ba and Sr and lower LaN/YbN in 
the north and west of basin. Series thrust faults 
developed from north to south in the basin 
particularly strong in the east of basin also abtained 
same conclusion as above. The sedimetary rocks 
deposited after large scale volcanos eruption which 
were main source rocks of  hundred billian cubic 
meters gas reservoir in volcanic. At the late of 
Carboniferous period(318-299Ma), continental 
volcanos erupted strongly again. 
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Electro-geochemistry is a method for collecting 

dynamic ions by placing appropriately prepared 
electrodes in the effective soil area and applying an 
electrical current. By analyzing substances on 
receiver, the results have showed that geo-
electrochemical anomalies may be connected with 
ore bodies, for finding concealed deposits. However, 
this method is featured with different forming 
elements, a mountain of sampling sites, large scale 
mineralization, wide distribution and complex storage 
conditions, which overcome conventional processing 
methods. In the light of the relationship between 
major ore-forming elements and accompaniment 
element, the comprehensive method of processing 
data have been found by applying geostatistics 
methods (including data standardization, histogram 
diagram and etc). Calculate this background value 
twice and then select proper geochemical idicatiors. 
By comparison analysis, the results of this method are 
more intuitive, clearer and more effective over known 
ore bodies. The applying of this method has also its 
distinct advantages in unknown district. 
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The outer membrane (OM) c-type cytochrome 

has been well-known as the key enzyme mediating 
extracellular electron transfer to terminal electron 
acceptors, resulting in the biogeochemical elemental 
transformation, contaminant degradation, and nutrient 
cycling. Although c-type cytochromes (c-Cyts) 
mediating metal reduction have been mainly 
investigated with in vitro purified proteins of 
dissimilatory metal reducing bacteria, the in vivo 
behavior of c-Cyts is still unclear given the difficulty 
in measuring the proteins of intact cells. Here, c-Cyts 
in living Shewanella oneidensis MR-1 was 
successfully quantified using diffuse-transmission 
UV/Vis spectroscopy due to the strong absorbance of 
hemes at 419 nm and 552 nm for reduced form, and 
410 nm for oxidized form. The concentration of c-
Cyts in OM c-Cyts of MR-1 was calibrated by horse 
heart c-type cytochrome according to their heme 
content. Because the absorbance peak at 419 nm and 
410 nm usually overlapped, we established an 
equation to separately calculate the heme 
concentrations of pure reduced c-Cyts and oxidized c-
Cyts. The method established was further used for the 
real sample with changing c-Cyts status, and the 
OD600, cell numbers, DNA copies, and total proteins 
were examined as well. Results suggested that the 
most accurate and stable method for quantifying the 
heme content was to nominate heme concentrations 
by the total proteins. In addition, results implied that 
both the cell numbers and protein expression might 
influence the total heme concentrations in intact cells 
especially for the long-term incubation processes. 
Therefore, the in situ spectral analysis of the OM 
proteins in intact cells by DT-UV/Vis spectroscopy 
appears to be quite promising for the study of the 
microbial metal reduction process in a living cell 
system.  
 
This work was funded by the National Natural 
Science Foundations of China (41522105 and 
41571130052). 
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Samples from hot springs, water wells, and 
petroleum wells along southern California fault zones 
show a large variation in helium isotope ratios, 
presumably due to the interplay of mantle and crustal 
components.  With a few exceptions, samples from 
wells along the San Jacinto, Elsinore, and San 
Andreas Faults have crustal 3He/4He ratios in the 
range of 0.1 – 1.0 Ra.  One of the exceptions is the 
southern end of the San Andreas Fault, where some 
of the thermal wells in the Salton Tough have 
3He/4He up to 6.5 Ra, including the Cerro Prieto 
geothermal field in Mexico with 6.3 Ra helium. 
Recently we measured 3He, 4He, and Ne in 18 
samples from producing oil wells in the Los Angeles 
Basin [1].  Wells on the periphery of the basin and on 
the Whittier Fault had crustal ratios of 0.1 – 0.7 Ra.  
However, the wells along the Newport-Inglewood 
Fault Zone (NIFZ) had much higher values ranging 
from 1.1 up to 5.3 Ra, clearly indicating the presence 
of mantle helium.  CO2/3He and δ13C of the CO2 in 
the NIFZ wells are inversely correlated with the 
helium isotope ratio, indicating an isotopically light 
CO2 fraction of mantle origin. The presence of mantle 
helium and an associated mantle CO2 component 
along the NIFZ suggests that the fault represents a 
major conduit to the lower crust and upper mantle.  
This is surprising, since the NIFZ lacks significant 
geothermal gradients, is not extensional in nature, and 
was thought to be truncated by a major decollement 
beneath the basin.   

 
[1] Boles et al. (2015) G-cubed, 

doi:10.1002/2015GC005951.  
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The Heletz structure has been selected as a test site 
for a prospective CO2 reservoir in Israel.  

To evaluate the chemical processes occurring in 
the Heletz site, we performed four flow-through 
experiments at in situ storage conditions using Heletz 
rock (T = 60ºC, P = 15 MPa, PCO2 =1.8 MPa). The 
flow rates injection were 0.05 and 0.30 mL.min-1. 
Two different brine solutions were used, both 
representative of the Heletz reservoir native water. 
The first one was a synthetic brine of the Heletz 
reservoir (closed to seawater). The second one was 
the first one equilibrated with gypsum. The results 
show an increase in permeability for all the 
percolation experiment whatever the flow rate and the 
brine solution. This is explained by the dissolution of 
ankerite, dolomite and feldspar. Precipitation of 
secondary phases is characterized such as gypsum 
during equilibrated-gypsum brine injection. 
Secondary clay minerals precipitation is also 
observed near feldspar and carbonate dissolution. 

Modeling these experiments is a non-trivial task, 
as some chemical processes are local in space. We 
have used a water mixing approach which uses the 
mass mixing fraction between mobile and/or 
immobile zones. The approach allows decoupling 
chemistry calculation from solute transport 
modelling. The results indicate the important role of 
the mineral distribution and the local transport 
conditions on chemical reactions. We demonstrate 
that clay precipitation occurs always close to 
carbonate dissolution or at least where pH is buffered 
to high value. 
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Eastern Central Asian Orogenic Belt (ECAOB) is 

located in the overlap region between Palo-Asian 
Ocean Tectonic Domain, Okhotsk Ocean Tectonic 
Domain, and Circle-Pacific Ocean Tectonic Domain, 
and has rich mineral resources. Based on all the 
public literatures from 2014 to 2000, this paper 
collected 1200 geochronological data from 1300 
magmatic-hydrothermal ore deposits in ECAOB. We 
eliminated low-precise data, and all measure data 
which is ealier than 2000. Finally 201 available 
geochronological data are confirmed as research 
subjects. From an comprehensive evaluation in terms 
of digital mapping, we proposed that mineralization 
began with Cambrian, and continued to Mesozoic 
from Early Devonian. Moreover, we identified six 
distinct stages of ore formations, i.e. 512~473 Ma, 
373~330 Ma, 322~253 Ma, 250~213 Ma, 209~167 
Ma, 155~100 Ma. The deep analysis of 
mineralization processing further reveal: the 
influencing mineralization of Palo-Asian Ocean 
Tectonic Domain had continued to Late Permian (or 
to Early Triassic), and then overlapped Circle-Pacific 
Ocean Tectonic Domain by the Late Triassic. The 
influencing mineralization of Okhotsk Ocean 
Tectonic Domain began in Triassic in the Erguna-
South Mongolia massif and continued to early Early 
Cretaceous. 
 
Magmatic-hydrothermal Ore Deposits; Isotopic 
chronology; Spatial and Temporal Distribution; 
Eastern Central Asian Orogenic Belt 
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The Ediacaran was a time of great change in the 

atmosphere and hydrosphere of the Earth. Biological 
evolution accompanied physical-chemical changes 
after the end of Marinoan glaciation. The Doushantuo 
Formation (ca. 635-551 Ma) as the intensively 
investigated Ediacaran stratigraphic unit in South 
China has well-preserved multicellular fossil records 
including early animals [1]. Carbonates of the 
Doushantuo Formation distribute continuously in 
time and space which probably record physical-
chemical change of ocean and biological events. Zn 
isotope patterns of seawater are affected by internal 
biogeochemical process and additional processes, 
such as water mass mixing, atmospheric inputs and/or 
adsorption [2]. Our study aims to trace the change of 
biomass by Zn isotopes and the geochemical events 
by Sr isotopes, and eventually to link the biological 
with physical-chemical changes. Before isotopic 
analysis, a leaching procedure is established to get the 
Sr and Zn isotopic compositions of the primitive 
carbonate.   

We have analyzed Zn and Sr isotopic 
compositions of the ‘cap carbonates’ (Member 1 of 
the Doushantuo Formation) and the part of Member 2 
from different profiles in South China. The associated 
variations of Zn and Sr isotopes in ‘cap carbonate’ 
are largely controlled by the input of continental 
weathering. Above the ‘cap carbonate’, the increasing 
of heavy Zn isotopes and relatively constant 87Sr/86Sr 
evidences the rise of biomass which is also proved by 
fossil records. The data suggest that the increased	  
riverine	   delivery	   to	   oceans	   likely	   promoted	   the	  
subsequently	   enhanced	   primary	   bioproductivity	  
and	  microbial	  bloom.	   
 
[1] Jiang et al., (2011) Gonwana Res. 19(4), 831-849. 
[2] Zhao, et al. (2014) Geochim. Cosmochim. Acta 
125, 653-672. 
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The great lakes Ladoga and Onego are seasonally 

ice-covered, limiting studies to summer periods. 
Within the “life under the ice” research program, our 
objectives are to assess for Lake Onego, during 
winter, (i) the abundance and diversity of microbial 
communities in the water column and in the 
sediments, (ii) the importance of physical processes 
like under-ice convection on community structure, 
and (iii) the contribution of micro-organisms on 
biogeochemical processes. We aim to characterize the 
carbon cycle from primary production, transport and 
degradation in the water column, to its recycling back 
to CH4 and CO2 in the sediment. In March 2015, 
water samples were collected at 3 depths chosen 
according to convective cells, and a 1.30 m-long core 
was retrieved. Microbial diversity was investigated 
by high-throughput sequencing (HTS) of 16S rRNA 
genes and transcripts. Functional genes and 
transcripts involved in methane cycle were quantified 
both in sediment and water column. Core description 
and chemical proxies show a redox change 7 cm 
below the surface. At this depth, measurements of in 
situ ATP levels and transcripts of archaeal and 
bacterial 16S rRNA show a peak in microbial 
activity. Below this, mcrA gene and transcript copies 
increase, implying methanogenesis. Above this redox 
boundary, methanotrophs are abundant but their 
activity remains enigmatic. HTS data is being 
analyzed and will allow to characterize the main 
microbial actors in the sediment and the relationship 
between planktonic and benthic communities in the 
ice-covered lake. 
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Our objective was to quantify how perchlorate 

(ClO4
-), iodate (IO3

-), and nitrate (NO3
-) co-

accumulate in the Atacama Desert, Chile; Death 
Valley, USA; Transantarctic Mountains, Antarctica; 
and Kumtag Desert, China. We identified 
environmental controls on soluble salt preservation 
and examined the role of terrestrial deserts as analogs 
for Mars. Concentrations of ClO4

- and IO3
- were 

orders of magnitude greater in the Atacama Desert 
than other deserts whereas NO3

- concentrations were 
similar between the Transantarctic Mountains and 
Atacama Desert. Kumtag Desert exhibited the 
strongest correlations among the soluble salts. Our 
findings confirm the critical role of hyper-aridity, 
geologic age, paleoclimate, and landscape stability in 
soluble salt preservation and demonstrate that local 
scale studies of desert soils are required to interpret 
geochemical relationships on Earth and Mars. 
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Kīlauea Volcano (HI) has a violent eruptive 
history despite the dominance of effusive activity for 
the last two centuries. The most recent explosive 
eruptive cycle (Keanakāko‘i Tephra; 1500-1823 CE) 
began after caldera collapse when crustal reservoirs 
were likely disrupted or destroyed [1]. Cycles of 
effusive-explosive activity correlate with changes in 
magma supply rates, which strongly impact Kīlauea’s 
magmatic plumbing and reservoir system [1]. Major, 
minor, and trace element concentrations in olivine 
and glass from Keanakāko‘i Tephra and modern 
effusive eruptions (1823-present) are used to 
investigate magma storage histories and the nature of 
Kīlauea’s crustal reservoir(s) during these contrasting 
eruptive periods. 

We find that the explosive period of low magma 
supply has high MgO melts [1] and highly 
heterogeneous olivine populations dominated by 
primitive compositions (>Fo86). In contrast, the 
effusive period of high supply has lower MgO melts 
and more homogeneous olivine populations that are 
generally more evolved (Fo80-84). The evolved olivine 
is consistent with a shallow reservoir (2-5 km below 
the summit) that is continually crystallizing, 
outgassing, and being recharged with mantle-derived 
magma [2]. Modeling of Fe-Mg zoning in 
Keanakāko‘i olivine suggests magma storage 
timescales of weeks to years (mostly 4-8 months). In 
additon, olivine rims are out of Fe-Mg equilibrium 
with the carrier melt, indicating that they must have 
been stored in shallow regions and picked up by 
recharge magmas shortly before eruption. These 
timescales of magma storage and recharge are 
interpreted to record the early stages of reservoir 
recovery and re-assembly following caldera collapse. 
Since ~1500 C.E., progressive reservoir re-
establishment has led to increased melt evolution and 
homogenization of olivine in the crust. Trace 
elements in olivine and glass will be used to further 
explore this hypothesis. 

 
[1] Swanson et al. (2014), Geology 42, 631-634. 

[2] Poland et al. (2014), U.S.G.S. Prof. Paper 1801, 
179-234.  
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Introduction: Ultraviolet self-shielding in small 

gas-phase molecules is an important mechanism for 
generating isotopic mass-independent fractionation 
(MIF) signatures. For oxygen isotopes, CO is the 
archetypal self-shielding molecule, with numerous 
astrochemical examples known. 

Here, I derive analytical expressions for O and S 
isotope fractionation due to self-shielding for the case 
of idealized spectra. ‘Idealized’ means that 1) 
perturbations to the isotopic cross sections due to 
interactions among excited electronic states can be 
neglected, and 2) line overlap can be neglected. The 
objective is to illustrate the origin of self-shielding 
fractionation effects, and to explore the range of 
possible MIF from self-shielding, particularly for 
sulfur isotopes with application to Archean S-MIF 
signatures. 

Formulation: Isotopic photodissociation rate 
coefficients may be computed as 

 

∫ −=
band

iii deIJ λλλφλστ λτ )(
0 )()()()(      

(1) 
where σi is the absorption cross section for 

isotope i, φi is the dissociation probability (assumed 
constant here), I0 is the incident photon intensity (also 
assumed constant), τ is the summed optical depth for 
all isotopologues, and λ is wavelength. Simplified but 
representative cross sections are assumed, allowing 
an analytical evaluation of equation (1).  

Implications: There are three main implications 
of the results: 1) For vibrationally excited upper 
states as occur in SO2, large MDF signatures arise 
from spectral shifts, which are given approximately 
as vibrational quantum  number v*ZPE. 2) The latter 
yields an accurate description of laboratory SO2 
photolysis, and may be relevant to modern sulfate 
aerosols, but thus far does not explain the Archean S-
MIF record. 3) Many aspects of laboratory 
experiments on highly optically thick CO can also be 
understood with this approach. All of these  results 
will be discussed. 
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About a decade ago we were asked to consider 
the possibility that minor elements in the oceans, 
rather than N and P, might have been the ultimate 
arbiters in the spatiotemporal patterns of life in the 
Precambrian oceans. Models centered initially on 
molybdenum (Mo) and its role in N cycling have 
branched subsequently to include diverse metals that 
are also essential enzymatic cofactors across wide-
ranging biological pathways. At first, we estimated 
metal abundances based on thermodynamic 
predictions in light of hypothesized prevailing redox 
conditions in the global ocean. Quickly those 
approaches morphed into more direct measures of 
trace metal abundances in the oceans using 
enrichment patterns in black shales and iron 
formations—patterns that could be scaled at least 
semi-quantitatively through observations in the 
modern oceans and in the lab to metal concentrations 
in ancient seawater. Metals such as Mo in black 
shales have utility in identifying local paleoredox 
conditions. If we can constrain those conditions 
independently, as through Fe speciation, we can also 
use metal enrichment to quantify local and even 
global seawater inventories. From those inventories, 
we can infer the spatial extent of anoxic/euxinic 
metal-scavenging settings in the oceans as well as 
low seawater concentrations that may have restrained 
biological activity. At the same time, first-order shifts 
in inferred metal abundances in the oceans linked to 
oxidative weathering on the continents can point to 
fundamental trends in atmospheric oxygenation or to 
transient events as in the case of possible ‘whiffs’ of 
oxygen. And refined perspectives on metal behavior 
allow us to distinguish between oxygen limited to the 
surface oceans and/or microbial mats versus 
appreciable build up in the atmosphere. 

This talk will explore the history of studies of 
metal distributions in the early oceans while also 
emphasizing the latest frontiers. Ironically, some of 
the most exciting recent work is focused on extending 
the lessons learned from the Precambrian to studies 
of oxygen deficiencies in the Phanerozoic—most 
notably oceanic anoxic events. Similarly, spikes in 
metal enrichment in euxinic shales spanning from the 
late Proterozoic to the early Paleozoic are suggesting 
transient oxygenation events in the oceans that may 
have driven innovation among metazoans. Indeed, the 
best studies are using subtle differences in trace metal 
redox sensitivities to nuance the redox landscape 
across time and space.   
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Red layers overlying oceanic basalts were drilled 

about 790 m beneath the seafloor at Site U1433 
(12º55.14ʹN, 115º02.83ʹE) of IODP Expedition 349 in 
the Southwest Subbasin of the South China Sea. The 
biostratigraphic and paleomagneic data confirm its 
formation stating from early Miocene (18.4 Ma) to 
middle Miocene (12 Ma). In order to understand their 
formation and potential paleoceanographic 
significance, element geochemistry (ICP-MS and 
XRF) and bulk mineralogy (XRD) were analyzed for 
the 43.5m thick sequence. The results show V/(V+Ni) 
ratios ranging in 0.3-0.65, all less than 0.7, indicating 
an oxic pelagic sedimentary environment. Negative 
Ce anomaly values also show that the water mass was 
pre-oxidized before transported to the study location. 
Hydrothermal alteration features are observed 
through investigating the change of manganese 
content and the occurrence of pyrophyllite in several 
sections. Our analysis suggests the manganese 
content varying in large magnitudes (250-50000 
ppm), with high values that occurred in locations 
where samples were altered by hydrothermal fluids. 
We suggest that the red layers at Site U1433 were 
developed in externally oxidized water mass 
condition, and partially altered by hydrothermal 
fluids after the deposition of the pelagic sediments. 
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Layered double hydroxides (LDHs) are lamellar 

mixed hydroxides abundantly studied for their uptake 
of anionic contaminants (e.g., As, Se, Cr, etc.) from 
polluted water[1], due to their positively charged 
surface and exchangeable intercalated anions. AFm 
phases are minor phases present in hydrated cement 
and also in hydrated coal fly ash (CFA) that belong to 
the Ca-Al LDHs family[2]. The objective of this 
project is to better understand the MoO4

2- sorption 
mechanisms on AFm-SO4 and AFm-Cl2 and therefore 
the capacity of these minerals to retard Mo mobility. 

Anionic exchange in the AFm interlayer was 
studied using wet chemical methods. Total aqueous 
concentrations of Mo indicate that the removal rates 
of Mo oxyanions by AFm-Cl2 from the solution are 
higher than for AFm-SO4. Compared to the averge Kd 
value of 0.03 m3 kg-1 for AFm-SO4, a value of 10 m3 
kg-1 for AFm-Cl2 was obtained in [Mo]initial range of 
0.001 to 0.02 mM, suggesting that the uptake 
capacity of AFm-Cl2 is larger than that of AFm-SO4. 

Mo K-edge XANES spectra showed different 
uptake mechanisms as [Mo]initial/[Cl2]intercalated ratio 
increased from 2×10-4 to 1 (in absence of CaMoO4 
precipitate) in AFm-Cl2. Mo symmetry evolves from 
tetrahedral to octahedral and back to tetrahedral 
coordination with increasing surface coverage. Three 
sorption mechanisms are proposed: edge surface site 
complexation, structural co-
precipitation/incorporation (confirmed by EXAFS 
with a second shell of Ca and O), and interlayer anion 
exchange (confirmed by in situ XRD with a shift of 
the (001) reflection to lower angle). In contrast, 
MoO4

2- interactions with AFm-SO4 at stoichiometric 
concentrations of total exchange lead to formation of 
a CaMoO4 precipitate.  

These results show different Ca-Al LDHs’ 
affinity for MoO4

2- and an interplay of different 
sorption mechanisms.  
 

 
[1] Goh et al. (2008) Water Res. 42, 1343-1368. 
[2] Matschei et al. (2007) Cem. Concr. Res. 37, 118-

130. 
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Intact polar lipids (IPLs) of dibiphytanyl glycerol 

tetraethers (GDGTs) are the building blocks of the 
majority of archaeal cellular membranes. Because the 
polar head groups hydrolyse quickly after cell death, 
IPLs can be used as biomarkers for the living cells. In 
this study, samples of suspended particulate matter 
from surface water (2~5 m) and subsurface water 
(~50 m) of northwestern Pacific Ocean were 
collected, in which two sites were perturbed by 
cyclonic eddies. Three classes of IPL-GDGTs were 
detected, being monoglycosidic GDGTs (Gly-
GDGTs), diglycosidic GDGTs (2Gly-GDGTs) and 
phosphomonoglycosyl GDGTs (P1G-GDGTs). At the 
reference site, the relative abundance of these IPLs in 
surface water is 46%, 31% and 22%, respectively, 
showing the predominance of Gly-GDGTs; in 
subsurface water, however, P1G-GDGTs are 
dominant (55%). At the sites with cyclonic eddy 
perturbation, P1G-GDGTs are dominated in both 
surface and subsurface water (63%~86%). A previous 
study has indicated that P1G-GDGTs are less stable 
than mono- and diglycosidic GDGTs after cell death, 
making them more effective as a living cell signal. 
Based on this premise, our results suggest that more 
living archaeal cells are present in subsurface water at 
the reference site; whereas the cyclonic eddy 
perturbation may cause the vertical mixing of the 
water column, homogenizing the distribution of P1G-
GDGTs in both surface and subsurface layers.  
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Bacterial community had been studied in many 

Polar Regions through the high throughput 
sequencing method. However, how the community 
response to the ice sheet movement in the forehead is 
not clear yet. The gradient soil samples including the 
ice free and ice covered sites were sampled in the 
forehead of East Antarctica ice sheet. By employing 
the Miseq sequencing methods, 18000 high-quality 
sequences were gotten for each sample and the 
bacterial diversity was studied and compared between 
the gradient samples. The coefficient of variance 
between the five sites of abundant group was 0.886 
which was higher than that of the top 20 rare group 
(0.159) significantly (unpaired t test, p-value<0.0001) 
suggesting that the abundant bacterial communities 
were more sensitive to the ice sheet change in the 
sheet forehead than rare bacteria did. The rare group 
acted more like seed bank to keep the community 
functionality in the forehead of sheet. The abundant 
aerobic heterotrophic bacteria belonging to 
Verrucomicrobia were affected by ice thickness (with 
pearson coefficient 0.9, p-value<0.05). The 
abundant bacteria from acidic wetlands or alkaliphilic 
bacteria were affected by pH (p-valuve<0.05). Given 
the fact that Antarctica environment was more 
sensitive to the global warming, the abundant 
bacterial community will change caused by ice sheet 
movements including the recession and advancement 
but the whole community functionality can be 
guaranteed by highly diverse rare group here. 
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Air pollution remains a major global public 

health issue. The general consensus is that harmful 
contaminants, such as heavy metals and organic 
compounds absorbed on the surface of particulate 
matter (PM) play a key role in increasing toxicity, 
leading to inflammation, oxidative stress, and 
activation of the innate immune system. 
Concentrations of nine phthalate diesters in 24-h 
airborne PM2.5 and PM10 were determined from 
October 2011 to August 2012 in a suburban area in 
Shanghai, China. Dimethyl phthalate (DMP), diethyl 
phthalate (DEP), di-n-butyl phthalate (DBP), di-iso-
butyl phthalate (DIBP), benzyl butyl phthalate 
(BzBP), and di(2-ethylhexyl) phthalate (DEHP) were 
frequently detected in airborne PM at sum 
concentrations of these six compounds ranging from 
13.3 to 186 ng/m3, with an average value of 59.8 
ng/m3 in PM2.5, and from 10.1 to 445 ng/m3, with an 
average value of 132 ng/m3 in PM10 . DEHP, DBP, 
and DIBP were the major phthalate diesters found in 
PM samples. DEHP was found predominantly in 
coarse (size fraction of between PM2.5 and PM10) 
particles, whereas DMP, DEP, DBP, DIBP, and 
BzBP were found predominantly in fine (PM2.5) 
particles. The concentrations of phthalates in PM 
during warm months (207 ng/m3 for PM10 and 71.9 
ng/m3 for PM2.5, on average) were significantly higher 
than those during cold months (76.9 ng/m3 for PM10 
and 50.4 ng/m3 for PM2.5). Significant positive 
correlations were found between concentrations of 
total phthalates, DEHP, and BzBP, with the total 
mass and organic carbon content of PM. Based on the 
concentrations of DEHP, incremental lifetime cancer 
risks (ILCR) from inhalation exposure were 
estimated using a Monte Carlo simulation. Although 
the 95% probabilities for the ILCR values for the 
general population were below the U.S. 
Environmental Protection Agency (EPA) threshold of 
10−6, our result is an underestimate of the actual 
health risk because we only considered the outdoor 
inhalation exposure to DEHP in this study. 
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Irrigation with high saline Rio Grande water has 
led to accumulation of salts in soils and reduced crop 
productivity. The salinity sources in the Rio Grande 
have not been adequately quantified. Here, we 
combine U, S, B, Sr isotopic tracers to fingerprint the 
salinity sources. Our study area focuses on a 200 km 
long stretch of Rio Grande from Elephant Butte 
Reservoir, NM to El Paso, TX. Monthly river 
samples were collected from 2014 to 2016. Irrigation 
drains, groundwater wells, city drains and wastewater 
effluents were also sampled as possible salinity end-
members. Our data suggest multiple salinity inputs 
from geological, agricultural, and urban sources. 
Natural upwelling of groundwater is significant for 
Rio Grande near Elephant Butte, as evidenced by 
high TDS values and high (234U/238U), 87Sr/86Sr, δ34S 
ratios. Agricultural activities (e.g. flood irrigation, 
groundwater pumping, fertilizer use) are extensive in 
the Mesilla Valley. Rio Grande waters from this 
region have characteristic lower (234U/238U), 87Sr/86Sr, 
and δ34S ratios, suggesting strong contribution from 
agricultural sources. Urban impacts on river 
chemistry were evident for downstream locations in 
Las Cruces and El Paso, due to wastewater effluents. 
This study improves our understanding of how 
human activity impacts water quality and elemental 
cycles in a semi-arid river. 
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Lower crustal delamination seems evident 

underneath the eastern part of the North China 
Craton, but it is controversial whether it was a 
mechanism for the cratonic destruction and whether 
the crustal recycling occurred in the Mesozoic. 

The Mesozoic intermediate-felsic magmas with 
adakitic signatures have previously been interpreted 
as the indicator of a thickened (> 50 km) crust to 
support the subsequent lower crustal delamination in 
the North China Craton at that time. These premises 
are built on experiments and modeling using a 
MORB-like source, but the probable source of 
continental adakites (i.e., continental lower crust) is 
compositionally different from MORB. To elucidate 
the effect of source inheritance and pressure on 
resultant melts, geochemical analyses and trace-
element modeling have been carried out on Jurassic 
adakitic rocks from the North China Craton. The 
results show that these continental adakitic melts are 
generated at depths less than 40 km, and their 
“adakitic” signature is most likely inherited from 
their source rocks. 

The hypothetical Mesozoic lower crustal 
delamination is expected to create clear contrast in 
crustal structure and composition among the eastern, 
central and western parts of this craton, but this is not 
the case. Based on reduction to absurdity, we propose 
that delamination may have happened much earlier 
rather than in the Mesozoic. Delamination of lower 
crust is a potential process to differentiate the 
continental crust in orogens/arcs, but it may not be a 
feasible mechanism for destruction of the craton. 
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Based on the published data (Cao et al., 2012), 

geochemical characteristics of natural gas from 
Shinan gas field, NW China, were re-examined. 
According to C1–δ13C1 and δ13C1–δ13C1 identification 
diagrams, most gases were derived from the type III 
kerogens in the Permian Wuerhe Formation. 
However, abnormal geochemical characteristics were 
seen in several gas samples: 

J001, J003, SN4 and SN5 had relatively heavy 
δ13C2 values and light δ13C1 values which was caused 
by the mixing of biotic gases. Carbon isotopic 
reversal between δ13C2 and δ13C3 was observed in 
SN34 with Δδ13C (C3–C2) and C2/C3 being –0.7‰ 
and 1.15, respectively. We subscribe this 
phenomenon to the selective biodegradation of 
ethane. SN30 had the highest Δδ13C (C3–C2) and 
C2/C3 ratios which was most probably caused by the 
selective biodegradation of propane. S106 had the 
lowest Δδ13C (C2–C1) and dry coefficients (C1/C1–C5) 
which were inconsistent with the thermal maturities 
of Permian source rocks. We subscribe this 
phenomenon to the selective biodegradation of 
methane. The biodegradation effects were obviously 
controlled by their burial depth. 

 
[1] Cao et al. (2012) Org. Geochem 53, 166-176.  
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Serpentinized peridotite is one of the most 

important components in the ophiolite suite from 
Darbut, which mainly composed of serpentine, 
carbonates, magnetite, and talc. Recent studies 
mentioned the serpentinization of some specific 
petrologic systems as one of potential mechanism for 
hydrogen and even abiogenic methane generation 
along with the petrologic and mineralogical 
alteration.  In order to gain a better understanding of 
the process of serpentinization, six samples with 
various degrees of serpentinization were collected 
and analysed for major elements composition and 
iron speciation using X-ray fluorescence (XRF) and 
Mössbauer spectroscopy, respectively. The analytical 
results indicated some depletion of MgO and CaO 
along with the increase of serpentinization degree, 
and also the contents of LOI. At the same time, the 
ratio of Fe3+/ΣFe was also raised based on Mössbauer 
spectroscopy measurement. In addition, total amount 
of iron (tot-Fe) and relative content of ferric iron 
(Fe3+) were closely related to the formation of 
magnetite and serpentine in the serpentinized 
peridotite, being positively increased with the 
elevation of serpentinization degrees. These minerals 
and geochemical variations could be potentially 
significant for a better evaluation of H2 production 
during serpentinization and also the behaviour of iron 
in the subduction zone. All these geochemical 
parameters indicated that redox change and/or redox 
conditions were promptly important in the 
serpentinization of periotite rocks. 
 

The project was supported by the “Light of 
Western China” of Chinese Academy of Sciences 
(Grant Number: Y508RC1MXX).  
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Voluminous granitic complexes were emplaced 

in the Late Mesozoic in South China, accompanied 
by large-scale W-Sn polymetallic deposits. 
Traditionally, the late-stage intrusion of a granitic 
complex was considered to be residual melts through 
fractionation of the main-phase intrusion, and 
polymetallic deposits from a common magma. Here 
we study the ages, geochemistry and Nd isotopes of 
the Youmapo complex from South China, and 
propose a different model for the origin of the 
granitic complex and related polymetallic 
mineralization. 

The Youmapo granite is a typical composite 
pluton with main-phase granodiorite and highly 
differentiated muscovite-granite. Zircon U-Pb dating 
shows that the muscovite-granite formed at 100.7±0.5 
Ma, which is significantly younger than that of the 
granodiorite (109.0±0.3 Ma). Other evidence further 
preclude the co-magmatic evolution for the two 
intrusions: (1) Hornblende, titanite and magnetite 
appear in the granodiorite, suggesting water-rich and 
high fO2 features, which is different from the 
fluorine-rich and low fO2 features for the muscovite-
granite as indicated by the presence of fluorite and 
ilmenite. (2) Zircons from the muscovite-granite are 
characterized by extremely high U contents 
(10602×10-6), and contain microfractures caused 
probably by radioactive damage, while zircons from 
the granodiorite have low U contents (860×10-6). (3) 
The muscovite-granite has quite high concentrations 
of W and Sn, with REE tetrad effect and non-
CHARAC behavior, while the main-phase 
granodiorite shows features of normal granites. (4) 
Nd isotopic compositions of the granodiorite (εNd(t) = 
-5.1~-4.0) are also different from that of the 
muscovite-granite (εNd(t) = -9.6~-8.6). 

Therefore, we conclude that the late-stage 
muscovite-granite probably formed through a new 
partial melting event, not derivatives of the 
granodiorite by fractionation. High fluorine lowered 
the solidus temperature and viscosity of granite 
magma. Fluorine-rich highly differentiated magmas 
extracted ore-forming metals from the source and 
country rocks, and finally formed the polymetallic 
deposits in the shallow crust. 
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Shale gas, storage in micro- nano pore system in 

free state and clay and organic matter in sorption 
state, is one important type of unconventional natural 
gas resource. Accurate determination of adsorption 
gas content is a key parameter to evaluate the gas 
content and resources potential of shale. Usually the 
method of isothermal adsorption experiment is 
adopted to determine the adsorption capacity of the 
shale. However, obviously different with previous 
knowledge in the field of coalbed methane, the 
adsorption capacity of the shale at high pressure is 
negative, and the curve of isothermal adsorption 
curve decreases with pressure increasing in most 
cases. In order to correctly explain this phenomenon, 
this study selected various shale samples from 
standard samples of international inter-laboratory 
comparison (e.g. Kimmeridge shale, Posidonia shale), 
Longmaxi Formation in Silurian in Sichuan basin and 
Ordovician in Tarim basin. Isothermal adsorption 
experiments on shale and numerical error analysis are 
performed. Results show that equation of state (EOS), 
void volume, pressure sensor accuracy and blank test 
are identified as major factors to affect the accurate 
measurement of gas adsorption capacity on shale. In 
the EOS, the Se-W equation is the most suitable for 
the calculation of the methane adsorption capacity of 
the shale, and the second is the S-R-K equation. P-R 
equation is the worst. Adsorption capacity of shale is 
negatively related with void volume. The void 
volume has an error that measurement value is larger 
than real, which would result in reducing adsorption 
capacity of the shale in test. Under the condition of 
high pressure, the effect of void volume error on the 
adsorption quantity is more serious. Comparison with 
the temperature sensor, the influence of pressure 
sensor accuracy on the shale methane adsorption 
capacity is more prominent. The adsorption capacity 
test accuracy and stability of measurement system 
with 10-4 precision pressure sensor superior to that 
with 10-3 precision pressure sensor. In addition, the 
test adsorption capacity of the shale which is not 
corrected by the blank test is usually lower than the 
actual adsorption capacity, and possibly leads to 
negative values of adsorption.  
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The bulk geochemistry of 17 crude oil samples 
from TW block were investigated. Results show that: 
1) The crude oils are low mature to mature oils: all 
crude oils are low in saturate content (14.5~23.7%) 
and saturate to aromatic ratio (0.49~0.87), high in 
non-hydrocarbon (14.4~29.7%) and asphaltene 
content (20.45~39.7%); C32 hopane 22S/(22S+22R) 
and C30 moretane/ C30 (hopane+moretane) value 
range between 0.55~0.58 and 0.09~0.10, all these 
indicate that the crude oils are the product when the 
source rock just entered oil window(Ro=0.7~0.9%); 
2) Crude oils are mainly originated from marine 
source rock: Carbon number of alkanes series range 
between C9-C33, front peak distribution, with main 
carbon number of C11, C13 and C15; ΣC21-/ΣC22+ 
range between 2.0-5.5, which indicates that low algae 
and other aquatic organisms are the source materials; 
OEP values ranges from 0.95 to 1.02, without 
obvious odd-even predominance, which instructs 
little contribution of terrigenous plant to crude oil 
generation; 3) Crude oils are formed by two stages 
charging, early charged oil are generally degraded: 
Heptane value is larger than 13, isoheptane values is 
larger than 0.5, Toluene/n-heptane ratio ranges 
between 1~3, N-heptane/methyl cyclohexane ratio 
value range 0~1, "UCM" are obvious in all the 
alkanes total ion figure of crude oils; 25-norhopanes, 
character biomarker of crude oil degradation, are 
found in all crude oils, all these indicate that crude oil 
had experienced degradation; Meanwhile, complete 
normal alkanes series still exist in crude oil proves 
that normal oil (without degradation) exist in crude 
oil samples, so the conclusion could be made that 
crude oil is composed by normal oil and degradation 
oil and formed by two stage charging with 
degradation of earlier charged oil; 4) 4-/1-MDBT and 
1,4/1,5-dimethyl carbazole analysis shows that the 
crude oil origin from two supply points, the west 
supply point and the east supply point, the closer to 
oil supply point the higher chance to get later charged 
oil and the higher chance to drill medium or light oil, 
so the area close to oil supply point should be pay 
much more attention. 
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Rivers act as a reactive conduit within the global 

carbon (C) cycle. Allochthonous organic C (OC) 
from terrestrial soils and biomass is transported 
downstream, autochthonous OC is produced by in-
stream photosynthesis, and part of the OC is lost in 
transit due to mineralization and burial. Dam 
construction is possibly one of the most significant 
anthropogenic perturbations of the land-ocean C 
transfer. In this study we developed the first spatially 
explicit global estimate of OC burial, photosynthesis 
and mineralization in dam reservoirs for the years 
1970, 2000, 2030 and 2050. We followed a 
mechanistic modeling approach which overcomes the 
limitations of relying on data-limited empirical 
models. Our model includes major in-reservoir 
fluxes, transformations and OC pools, and 
distinguishes between allochthonous and 
autochthonous OC burial and mineralization. The 
model is fully coupled to an existing reservoir 
phosphorus model to quantify nutrient-dependent 
changes in primary productivity (PP) [1]. Our results 
show that global mineralization fluxes in reservoirs 
exceed burial fluxes, and that this excess is higher 
during periods of intense dam construction, primarily 
due to decomposition of flooded terrestrial soils.  We 
also show that increasing global reservoir PP fluxes 
from anthropogenic nutrient loading and trapping are 
leading to a shift from predominantly heterotrophic 
(respiration or mineralization dominant) to 
autotrophic (photosynthesis dominant) river systems. 
Regionally, Asia and South American are currently 
experiencing the greatest increases in all fluxes due to 
intense damming. Approximately one quarter of the 
global OC burial in reservoirs will take place in the 
Ganges basin by 2030, while the Amazon may acount 
for up to a third of the total reservoir mineralization. 

 
[1] Maavara, T. et al. (2015). Global phosphorus 

retention by river damming. PNAS 112 (51): 15603-
15608. 
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After the Fukushima accident in 2011, water samples 
at various locations have been collected by a number 
of different research groups to determine the breadth 
and timing of horizontal propagation and the depth of 
the vertical penetration of radionuclides into the 
North Pacific Ocean. Here, we introduce the water 
samples recently collected from 2015 P16N 152°W 
expedition along with samples collected last few 
years. Along 30°N, the 134Cs radio- isotope, which 
carries a footprint unique to the Fukushima nuclear 
power plant accident, had reached a depth of 600 m 
west of dateline with distinct zonal extent. The 
easternmost edge of 134Cs was observed to extend 
along the 30°N transect to 174.3°W in 2012 and 
farther east to 160.6°W in 2013, suggesting an 
eastward propagation speed of ~15° of longitude a 
year (~5 cm/s). In 2014, 134Cs was observed along a 
transect between Dutch Harbor and Eureka crossing 
the Alaskan gyre. The appearance of Fukushima Cs at 
this location agrees well with numerical model and 
drifter-based predictions and is consistent with the 
results reported by other studies. Along 152°W, 134Cs 
was observed to reach down to subsurface with 
vertically uniform structure in upper 300 m between 
30°N and 50°N. The concentration was 3-6 Bq/m3, 
and the existence of 134Cs at 30°N and northern 
extension toward the Gulf of Alaska indicates two 
years Cs progression by ocean current and mixing 
since it was not observed in 2013 30°N expedition.  
 

 
 
Figure 1: Colored circles represent 2015 152°W 134Cs 
concentration in Bq/m3. Circles with crosses indicate 
the concentrations below the detection limit. Thick 
gray circles show sampling locations where samples 
are being processed.   
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The polymer stabilized nanoscale zero-valent iron 

(nZVI) has been highlighted for its application to 
remediation sites contaminated by chlorinated 
hydrocarbons with an enhanced mobility. However, it 
has shown drawbacks to performing effective 
degradations of the chlorinated compounds, due to 
significantly deteriorated reactivity. In this research, 
we successfully synthesized polymer stabilized nZVI-
metal nanoparticles. The results showed that the 
nanoparticles could effectively transform TCE to 
non-toxic by-producs with significantly enhanced 
dechlorination kinetics and mobility. The stability 
and durability of the nanoparticles were also 
evaluated. We continuously observed a rapid and 
complete degradation of TCE without leaching of the 
nanoparticles during the tests. This indicates that the 
synthesized nanoparticles could be potentially applied 
to in-situ remediation of the sites contaminated by 
chlorinated organics with remarkable reactivity, 
mobility, stability, and durability. 
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The unique feature of this study is to obtain the 
vertical profile of groundwater age at a beach with 
very active groundwater flow. We, Geological 
Survey of Japan, has been conducted hydrogeological 
surveys at coastal areas, because coastal area is one 
of the candidates for geological repository of high 
level radioactive waste in Japan. The aim of the study 
is to check the stability of saltwater-freshwater 
mixing zone below active groundwater flow in 
Quaternary unconsolidated fan deposit, which is an 
extreme hydrogeological condition. We carried out a 
drilling up to 350m in depth with taking groundwater 
samples at several depths. In addition, groundwater 
sampling has been done from more than 50 wells in 
the basin.  

At the drilling site, at a distance of 50m from 
shoreline, the groundwater chemistry and resistivity 
log indicate that saltwater-freshwater mixing zone 
ranges from 120 to 150m depth. Below the 150m 
depth, saltwater distributes. The ages of freshwater 
and saltwater have contrasting characters: freshwater 
age ranges from modern to several hundred years 
while the saltwater has more than 10000 years. On 
the other hand, the 4He age do not agree with the 14C 
ages for the water in saltwater-freshwater mixing 
zone.  
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Rock varnishes are black layers of unknown 

genesis, occurring on rock surfaces of slowly 
weathering rocks, independent of their lithology. Its 
main components are poorly crystallized Mn and Fe 
oxides and clay minerals. This sedimentary material, 
applicable as paleoclimate archive, accumulates 
micrometers per thousands of years and grows up to a 
thickness of approximately 250 µm.  

Consequently, femtosecond laser ablation-ICP-
MS and STXM-NEXAFS are suitable µm- and nm-
resolving techniques to obtain information about 
previous climate changes and potential biological 
signals.  

A 200 nm-fs LA-ICP-MS was chosen for high-
spatial-resolution geochemical analyses. STXM–
NEXAFS analyses were conducted on focused ion 
beam ultra thin sections (100-200 nm) and microtome 
slices using the X-ray microscopes at beamline 
5.3.2.2 at the Advanced Light Source, Berkeley, CA, 
USA, and MAXYMUS at beamline UE46-PGM-2 at 
BESSY II, Helmholtz-Zentrum Berlin, Germany.  

Rock varnishes, which cannot be distinguished 
based on their morphological appearance, differ by 
their constituent elemental mass fractions, e.g., of 
Mn, Fe, Ni, Co, Ba, and Pb, and their REE patterns. 
Dust particles, internal structures such as  layers of 
Mn-, Fe-, Ca-, and C-rich material, layer-free 
varnishes from non-arid environments, and cavities 
lined by Mn, C, and Fe were observed in varnishes 
from different regions in the world. 
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Introduction 

MgCO3 magnesite is one of the stable carbonate 
minerals under high-pressure and high-temperature 
conditions [1]. The stability of MgCO3 at high 
pressure and temperature has been studied by 
experiments and ab initio calculations [1–3]. 
Although these studies revaeled that MgCO3 might 
change its structure from magnesite to its high-
pressure polymorph [2,3], the nature of the phase 
transitions of MgCO3 at high-pressure and 
temperature is not well understood. 
Experimental 

We have conducted high pressure and 
temperature experiments on a reaction between 
MgCO3 and SiO2 under the whole mantle conditions 
using a double sided-laser heated diamond anvil cell 
combined with the synchrotron X-ray diffraction 
technique. We have focused on the MgCO3-SiO2 
reaction which is possible to exist in slabs descending 
into the lower mantle and to form diamond in the 
lower mantle [4,5]. 
Results and Discussion 

The phase transition of magnesite to MgCO3 
phase II, a high-pressure polymorph of magnesite, 
was observed at around 80 GPa and 1800 K. Under 
the same pressure and temperature conditions, 
diamond was formed by the reaction of MgCO3 and 
SiO2. We describe the phase diagram of the MgCO3-
SiO2 system. The phase diagram shows that MgCO3 
and SiO2 may not react with each other down to the 
lowermost mantle in cold subducting slabs. The 
reaction occurs near the core-mantle bounday 
conditions and will make 'super-deep' diamond. The 
reaction of MgCO3  and SiO2 may explain diamond 
originating in the lowermost mantle [6,7]. 

 
[1] Fiquet et al. (2002) Am. Miner. 87, 1261-1265. 
[2] Isshiki et al. (2004) Nature 427, 60-63. [3] 
Oganov et al. (2008) Earth Planet. Sci. Lett. 273, 38-
47. [4] Seto et al. (2008) Phys. Chem. Miner. 35, 
223-229. [5] Takafuji et al. (2006) Phys. Chem. 
Miner. 33, 651-654. [6] Hayman et al. (2005) 
Contrib. Mineral. Petrol. 149, 430-445. [7] Wirth et 
al. (2014) Earth Planet. Sci. Lett. 404, 365-375. 
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Enormous amount of carbonate concretions of the 

Lower Miocene Kokozura Formation, the Takaku 
Group, are cropped out along the Izura coast, north 
Ibaraki, Japan. The Izura carbonate concretions are 
stratified and distributed widely in the Kokozura 
Formation. Fossils of symbiotic bivalves at cold 
methane seeps often occur with the concretions, 
suggesting their methane-seep origin. However, 
small-scale methane seeps cannot be responsible for 
the formation of Izura carbonate concretions, since 
their total volume is so enourmous up to more than 
6.0×106 m3.  

The δ13C and δ18O values of carbonates are from 
−30 to −3‰ and from −5 to +2‰, respectively, 
showing the isotopic similarity to those related to 
thermogenic methane. The major component in 
residual gas obtained by the pulvalization of 
carbonate concretion is CO2, that constitutes about 90 
vol%. CH4, C2H6 and C3H8 are also detected 
significantly. The comparatively higher abundance of 
C2H6 and C3H8 suggests the thermogenic origin of 
hydrocarbon gases. The δ13C and δD values of CH4, 
are from −57‰ to −42‰, and from  −209‰ to 
−111‰, respectively, suggesting that CH4, is 
thermogenic and mainly derived from marine 
sapropelic organic matter. The δ13C values of CO2 
from −39 to −15‰ are generally higher than those of 
CaCO3. The difference between δ13C values of CO2 in 
residual gas and CaCO3 appear to be nearly constant 
within approximaterly 10±1.7‰. 

Izura carbonate concretions can be 
morphologically classifed into three types, which are 
located in the upper, middle and lower parts of 
Kokozura Formation. Carbonate concretions in the 
upper part are characterized by comparatively lower 
CO2 concentrations and larger δ13C values of CO2. 
Archaeal biomarker pentamethylicosane (PMI) with 
δ13C values from −104 to −44‰ was detected mainly 
from the upper part. These observations show the 
significant generation and contribution of biogenic 
methane in the later stage of carbonate formation, 
while the formation of carbonate concretions in the 
middle and lower parts are much influenced by 
thermogenic gas. The widespread Izura carbonate 
concretions are geological evidence of enormous 
natural gas seep in the Lower Miocene.     
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There is an ongoing debate about the role of 

mountain uplift on the Cenozoic climate cooling. 
Mountain ranges are thought to enhance silicate 
weathering, organic carbon burial, and the associated 
CO2 consumption. Regolith formation at the interface 
between the atmosphere and the continental bedrock 
appears to be a key factor controlling silicate 
weathering [1]. Mountains landscapes are 
characterized by intense physical erosion, preventing 
the development of thick regolith layer (so-called 
weathering limited regime). A world with globally 
low orography, such as the one encountered during 
the lower Eocene, is propitious for a widespread 
development of thick regolith layers that shield 
continental crust against chemical weathering 
(transport limited regime). This low orography 
configuration may result in a stable warmer climate 
to compensate for the reduced weatherability. This 
scenario is also supported by lithium isotopic data 
that suggest high global regolith production rates 
around 55Ma [2]. 

The work presented here aims at quantifying, 
through numerical modeling, how regolith 
development affects climate regulation by silicate 
weathering and to what extent it can warm the Earth 
climate during the early Eocene. The GEOCLIM 
model (geoclimmodel.wordpress.com) couples a 3D 
Climate model (GCM), a box-model of the 
geochemical cycles, and a new 2D model for 
continental physical erosion, chemical weathering 
and regolith growth. This erosion/weathering model 
mixes a process-based mathematical description of 
the regolith growth (mass budgets in the regolith) and 
empirical laws for erosion and weathering rates. 
Sensitivity tests exploring the feedback between the 
climate and the regolith production rate will be 
presented, for the present day continental 
configuration and for the early Eocene. 

 
[1] Maher & Chamberlain (2014), Sciences 343, 
1502-1504. [2] Vigier & Goddéris (2015), Clim. Past 
11, 635-645. 
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The complex architecture of sedimentary systems 

produces a range of interfaces within groundwater 
systems due to correlations between permeability and 
composition.  These interfaces may include 
transitions between advective-diffusive zones at grain 
boundaries to large-scale depositional transitions 
where redox gradients mediate the exchange of solute 
between the rapidly flowing oxic groundwater and 
diffusion-limited anoxic regimes. Key hydrologic 
interfaces, such as the transition between the 
unsaturated and saturated zones, overprint the 
physiochemical heterogeneity. This broad spectrum 
of interfaces impacts how the concentrations of 
solute, contaminants and their isotopes behave in 
response to seasonal or climate-driven changes in 
discharge. Nevertheless, despite decades of research 
on the impact of subsurface heterogeneity on reactive 
transport processes, predicting the response of 
subsurface interfaces to changes in flow remains an 
outstanding challenge. In addition, techniques for 
evaluating global model sensitivity (i.e., the holisitc 
nature of the relationship between input parameters 
and target responses) have not been developed for 
reactive transport applications.   

We present an evaluation of several key 
hydrologic interfaces, including mixing of 
unsaturated and saturated zones at the scale of 
hillslopes to fine-scale heterogeneity that mediates 
redox gradients. Subsurface interfaces ultimately 
result in a range of fluid travel times. Theoretical 
relationships describing the resulting concentration-
discharge relationships and stable isotope 
fractionation in response to variable fluid residence 
times provide a useful approach for conceptualizing 
the relationship between heterogeneity, reaction rates 
and the travel time distributions in relatively simple 
systems. However, for more complex systems 
diagnosing system behavior requires a more 
comprehensive geostatisical framework. We show 
how application of distance-based generalized 
sensitivity analysis can further promote 
understanding and prediction of subsurface response 
to natural (e.g., seasonal hydrochemical variability) 
and anthropogenic perturbation (e.g., remediation). 
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Hydrothermal vent fluids are enriched in trace 

elements including arsenic. Arsenic concentrations 
and species are reported for three deep sea 
hydrothermal vent polychaetes (Ridgeia piscesae, 
Paralvinella sulfincola and Paralvinella palmiformis 
) from the Juan de Fuca Ridge in the Northwest 
pacific. R. piscesae has similar arsenic concentrations 
(3.8-35 µg g-1) to shallow water polychaetes while P. 
sulfincola and P. palmiformis have significantly 
higher arsenic concentrations (420-1417 and 125-
321µg g-1 respectively). R. piscesae contains 
appreciable quantities of inorganic arsenic (14-36 %), 
monomethyl arsenic (2 2%) and dimethyl arsenic (20-
34 %), which suggests that host and symbionts’ are 
either involved in the methylation of Arsenic, or are 
bathed in fluids enriched in methylated Arsenic as a 
result of free-living microbial activity. 95-98% of the 
arsenic in P. sulfincola and P. palmiformis in 
inorganic arsenic, likely the result of metal 
precipitation within and upon the mucus thy ingest 
while feeding. While all polychaetes have oxo- and 
thio arsenosugars (2-30%), Paralvinella also have 
small amounts of arsenobetaine.  The presence of 
arsenosugars, arsenobetaine and other minor arsenic 
species in the absence of photosynthesising 
algae/bacteria suggests that they may be be formed 
by vent animals in the absence of sunlight, but at this 
time their formation cannot be explained. 
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Since the first discovery of seafloor hydrothermal 

activity at Garapagos Rift in 1977, global plate 
boundaries and hot spot volcanoes have been 
surveyed to know how many hydrothermal vents are 
active on modern Earth. Recent compilation points 
out that more than five hundreds hydrothermal vent 
fields has been discovered  by camera or suggested 
by physical and chemical anomalies of seawater 
column and seafloor sulfide deposition until now [1]. 
However, this is less than half of the expected 
numbers. Because any known hydrothermal fields do 
not show the same composition in fluid chemistry 
and (micro)biological community each other, further 
survey of hydrothermal vent fields and geochemical 
and biological investigation of them after the 
discovery help to accurately estimate geochemical 
flux through seafloor hydrothermal activity and 
biological diversity among the fields. For this 
purpose, we conducted a cruise KR15-16 of R/V 
Kairei and ROV Kaiko Mk-IV at mid- to southern 
Okinawa Trough. The ROV dives were carried out at 
seven regions where acoustic water-column 
anomalies [2] were detected during prior cruises of 
YK14-16, YK15-14, and NT15-18. We successfully 
discovered four hydrothermal vent sites during 
KR15-16 and collected venting fluids and 
macrofauna. A site tentatively named “ANA” is 
located close to Daisan-Kume Knoll (26°17.4’N 
126°28.3’E 1070 m) and characterized by max. 228.5 
℃ fluid venting. Higa site  (26°33.3’N 126°13.4’E 
1485 m) is located at a small hill close to Gima Hill 
and characterized by max. 56.5 ℃ fluid venting. 
Swan site is the second hydrothermal site on Tarama 
knoll and distinguished from the Fox site [3], and 
Crane site is located on Tarama Hill. We will present 
fluid chemistry, mode of occurrence of ore minerals, 
and biological composition  of the newly discovered 
sites. 

 
[1] Beaulieu, S. et al. (2013) Geochem. Geophys. 
Geosys., 14, doi:10.1002/2013GC004998. [2] 
Nakamura, K. et al. (2015) Geochem. J, 49, 579-596. 
[3] Yamanaka, T. et al. (2015) in Subseafloor 
biosphere linked to global hydrothermal systems; 
TAIGA Concept, 497-504. 
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The liquidus water content of a granitic melt at 
high pressure (P) and temperature (T) is important 
because it constrains the volume of granite that could 
be produced by melting of the deep crust. Previous 
estimates based on melting experiments at low P 
(≤0.5 GPa) show substantial scatter when 
extrapolated to deep crustal P and T (700-1000˚C, 
0.6-1.5 GPa). To improve the high-P constraints on 
water concentration at the granite liquidus, we 
preformed experiments in piston-cylinder apparatus 
at 1 GPa using a range of granite compositions 
consisting of albite, orthoclase and quartz. In each 
experiment, granite glass + H2O was homogenized 
well above the liquidus T, then T was lowered by 
increments until quartz and alkali feldspar crystalized 
from the liquid. To establish reversed equilibrium, we 
crystallized the homogenized melt at the lower T, 
then raised the T until we found that the crystalline 
phases were resorbed into the liquid. The reversed 
liquidus temperatures at 2.97, 4.15, 5.82, 7.92, and 
12.00 wt% water are respectively 950-985, 875-910, 
800-850, 750-775, and 650-675˚C. Our results plot 
on the extreme end of the extrapolated water contents 
at the liquidus when compared to all other previous 
determinations, and, as a result, give significantly 
higher water contents than used by most dehydration 
melting models. This presents a challenge for 
producing voluminous amounts of metaluminous 
granites from lower crustal biotite-amphibole 
gneisses by dehydration melting. For example, a 
deep-crustal tonalitic gneiss with 0.6-0.8 wt% H2O 
would yield less than 20 vol% granitic liquid for 
complete dehydration and perfect extractability, 
neither of which are likely to be realized in deep 
crustal melting.  
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Introduction 

Nitrogen (N) saturation is one of the 
environmental issues causing soil acidification, N 
(mainly nitrate (NO3

-)) leaching from forest 
ecosystems via streams, and even forest decline. 
However, the mechanism of N saturation has not 
been clarified completely yet.  

Imizu hill (IM) and Kureha hill (KR) are located 
in Toyama prefecture adjacent to each other. It is 
reported that the recent N loadings on both hills are 
almost same as about 15kgNha-1yr-1, however, large 
amount of N leaching has been found only in KR. 
Methods 

NO3
- concentration and other chemical properties 

as well as pH of bulk precipitation, stream water, and 
soil water were measured to clarify the difference in 
N saturation stages between the two hills from 1998 
to 2013.  
Results and Discussion 

NO3
- concentrations in the soil water taken from 

the depths of 20, 50, 100, 200cm in KR were 
significantly higher than those in IM, and NO3

- 
concentration of the stream water in KR were 
significantly higher than those in IM through the 
period. The pH values of the soil water from the 
depths of 20, 50, 100, 200cm in KR were also 
significantly lower than that in IM. Accordingly, N 
saturation has been taken place at least for recent 14 
years in KR but not in IM, indicating that the N 
saturation in KR would not be caused by the recent N 
loading. 

In KR, the NO3
- concentration in the soil water 

from the depths of 100, 200cm in 2008 significantly 
decreased from 1998, and the NO3

- concentration in 
the stream water during the base flow periods in 2012 
significantly decreased from 1998, though bulk 
precipitation NO3

- concentration had not significantly 
changed over the 14 years. 
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The Perm region (the Western Urals, Russia) 
occupies an area of about 160,000 sq. km. The 
karstified rocks, i.e., limestone, dolomite, gypsum, 
anhydrite, and paleozoic rock salt, are either exposed 
or lie close to the surface in the area of about 30,000 
sq. km. Oil deposits are distributed on the significant 
part of the territory of the region. A considerable 
number of them is located within the drainage area of 
the rivers, where the rivers water is weakly protected 
from pollution due to the intense karst development. 

Turaevka and Kamenka rivers flow on the 
territory of Irensky carbonate-sulphate karst district. 
Part of the riverbeds are underground and discharge 
as karst springs. Kokuyskoye oil field occupies part 
of the territory of Irensky carbonate-sulphate karst 
district; its oil-producing wells are located in the 
drainage area of Turaevka and Kamenka rivers. 

Until the 90s of the 20th century the water in the 
rivers was clean and used as potable one. Numbers of 
accidental spills of oil and technical fluids on the 
surface and leaks of oil through broken sides of oil-
producing wells led to pollution of karstified rocks 
with oil and oil products. Now water of Turaevka and 
Kamenka rivers contains saturated and unsaturated 
hydrocarbons, their acids, ethers, alcohols, and 
halogenated derivatives. The bottom of the rivers are 
covered with a thin layer of dark brown oil tar for 
several tens of meters downstream their discharges 
from the rocks, and subaqual springs in the riverbeds 
periodically discharged with oil. A strong smell of 
hydrogen sulfide coming from the water of these 
rivers, as well as the deposition of elemental sulfur, 
covering the underwater part of the river plants, are 
detected. 

To our minds, this features indicate the 
development of bacterial sulfate-reducing process: 

2SO4
2- + 5Corg + 2H2O = 2H2S + 5CO2, 

where oil hydrocarbons serve as carbon and energy 
sources. Herewith the release of carbon dioxide into 
river water enhances the dissolution of carbonate 
rocks. 

Oil spills in the karst areas may increase the 
processes of carst development and were 
accompanied by bacterial sulfate reduction process in 
the gypsum rocks. 

This work was financially supported by the 
Russian Foundation for Basic Research (project 16-
35-00104 mol_а). 
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Radiation Damage. Emanation Coefficient of  
222Rn 

Metamict minerals contain uranium and thorium 
that degrade the crystal structure of the minerals 
mainly by α-decay events. This presentation reports 
the relantionship between the  results of 222Rn 
emanations and absorbed α-dose for a representative 
group of metamict  oxides, phosphates and silicates 
[1]. The radon isotope 222Rn (T1/2 = 3.64 d) belongs to 
the 238U decay series, and occurs as an inert gas that is 
detectible in U bearing mineral phases. The α-decay 
of 226Ra (Eα = 4.77 MeV) is accompanied by recoil of 
the 222Rn nucleus with an energy of 86 keV. 
Emanation coefficients of 222Rn (e222, expressed in 
percentage) measure the number of radon atoms 
released per the number of radon atoms produced 
within the 238U decay series for a given mineral. This 
ratio provides a quantitative measure of the quality of 
the mineral’s internal structure. 
Results 
 The 222Rn emanation coefficients for the 
presented minerals vary widely from 5 x 10-5% 
(uraninite) to 2.5% (turkestanite). Emanation 
coefficients for 222Rn generally decrease with 
increasing total absorbed α-dose, DT (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: 222Rn emanation coefficients (e222) for 
metamict minerals vs. total absorbed α-dose. 
 

 Figure 1 also shows that 222Rn emanations 
produce visible peaks for metamict phases having 
considerable  concentrations of 232Th  in excess of 2.8 
wt.% and D232 > 26 x 1015 α-decay mg-1 (TUR, FMU, 
BRA, MPE, and THO). Excluding these 
observations, the relationship between e222 and total 
dose (DT) values can be fitted by an exponential 
function. Metamict oxides showed the lowest 222Rn 
emanation coefficients for the highest absorbed α-
dose. 
 

[1] Malczewski & Dziurowicz (2015) Am. Mineral. 
100, 1378-1385. 
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In early works, we developed method for 

mineralogical characterization of single particles 
using quantitative energy-dispersive electron probe 
X-ray microanalysis, called low-Z particles EPMA, 
and ATR-FTIR imaging. In this study, individual 
insoluble particles present in four molten ice-core 
samples (A-D), collected from different depths 
(laeyers) of an ice-core from East Rongbuk (ER) 
glacier at Mt. Everest, Himalayas, were investigated. 
Samples A, C, and D were assumed to be influenced 
by volcanic ashes from Huayna-putina, Taal, and 
Pinatubo eruptions which took place at similar ages 
of sample depositions, respectively. The aim of this 
study was whether we can identify the signature of 
volcanic ash particles and distinguish them from 
normal dust storm particles. Results show that the 
expected volcanic influenced samples, i.e., samples 
A, C, and D, have different characteristics than that 
of sample B. For example, a number of particles in 
sample D were identified as amorphous glass, which 
could be related to volcanic origin. In addition, these 
samples contain a higher extent of silica polymorphs 
other than the quartz, e.g., cristobalite, tridymite, and 
coesite which have been reported to be of volcanic 
origin [1,2]. These silica polymorphs along with glass 
shards can be used as the signature for volcanic ash 
particles. The volcanic eruption influenced samples 
also exhibit high content of plagioclase and low 
content of montmorillonite and kaolinite, and in some 
cases Ti-containing particles. In this study, volcanic 
ash particles were distinguished from normal dust 
storm particles. Correlation might be established with 
ash or debris of historic eruptions which took place at 
similar periods.  

 
[1] Baxter et al. (1999) Science, 283, 1142-1145. [2] 
Damby et al. (2014) J. Appl. Cristallogr., 47, 1205-
1215. 
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Soil is largely a non-renewable and complex 

natural resource performing many vital functions: 
biomass production, storage, filtration, transformation 
of water, carbon and nitrogen. Soil organic matter 
(SOM) is one of the most important soil quality 
indicators. It is a building block for the soil structure, 
improves the infiltration rates and the storage 
capacity of water, presents a major carbon pool and 
can act as a source and sink for CO2 and other 
greenhouse gases. A decrease of SOM contents is 
among 8 main threats for soils as indicated in the EU 
Soil Thematic Strategy. The effective soil 
management should include its different functions: 
production, habitat for living organisms, retention 
capacity. (Micro)biological and abiotic 
transformations (mineralization and humification) of 
SOM from diverse sources lead to formation of 
humic substances (HS), the most spread in nature 
group of organic compounds. The soil utility value 
should be evaluated through the SOM qualitative-
quantitative analysis of organic carbon and total 
nitrogen. Organic substances more rich in carbon but 
poor in nitrogen (e.g. wood, tree coniferous, straw, 
brown coal) are relatively stable sources of energy 
and substrates for microorganisms, thus may slower 
undergo mineralization and humification. Dynamics 
of SOM transformations is important, especially in 
the context of stability and efficiency of applied SOM 
sources. However, no quantitative and qualitative 
systems exist to-date for reliable evaluation of SOM. 
The goal of this paper is to review tools and methods 
for qualitative/ quantitative evaluation of SOM 
coming from diverse sources for effective soil 
management. For the qualitative analysis of SOM and 
humic acids (HAs) novel analytical techniques are 
applied, e.g.: HPLC, EEM, NMR, EPR, ESR, FTIR, 
DSC. The quantitative analysis is done through the 
parameters: humification index (HI), humification 
degree (HD) and humification rate (HR). Because of 
lack of reliable data from sufficiently long-term 
experiments matematical modelling may be applied 
as a tool for quantitative estimation and prediction of 
humification of SOM. The parameterization system 
of SOM quality should be developed to assist more 
rational and sustainable management of the soil 
environment. 
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The flooding in Fukushima Prefecture over 

Typhoon Etau in September 2015 caused substantial 
erosion of soil and re-mobilization of radio-cesium 
fallout from the Fukushima Nuclear disaster. 
Redistribution of radio-cesium fallout affects 
radiation dose rates in contaminated environments, 
both in areas where the inventory decreases by soil 
erosion and areas where the inventory increases due 
to deposition of contaminated sediment. 

This study utilized the results of a sediment and 
radio-cesium transport simulation over Typhoon Etau 
to calculate its effect on gamma radiation dose rates 
in an area surrounding the Fukushima Daiichi site. 
The simulation was performed with the General 
purpose Terrestrial fluid FLOW Simulator 
(GETFLOWS) code [1]. The study area covered the 
Odaka, Ukedo, Maeda, Kuma and Tomioka river 
basins. The effect of radio-cesium redistribution on 
air dose rates was evaluated using radiation transport 
modeling [2]. 

The results show the change in air dose rate after 
Typhoon Etau within ~40 m resolution grid-cells 
covering the study area. The general effect of the 
typhoon was to cause small reductions in dose rates 
across most of the study area where net soil erosion 
occurs. Individual predictions of the magnitude of the 
dose rate change are subject to uncertainty. In 
particular uncertainty derives from limitations in the 
knowledge of the depth distribution of radio-cesium 
in areas of high sediment deposition. 

The results can be used to interpret changes in 
dose rates measured over time in the field. They can 
also be used to inform decisions for further 
remediation work. 
 
[1] Mori et al. (2015) Environ. Model. Softw. 72, 
126-146. [2] Malins et al. (2016) In preparation for 
Anthropocene. 
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K-richterite is an extremely rare mineral in 

Siberian kimberlites, as compared with South African 
kimberlites. In Lower Devonian Bab’e Leto (An-134 
[1]) kimberlite pipe (East Ukukit field), K-richterite 
occurs as metasomatic mineral assemblages, 
coexisting with phlogopite, apatite, zircon, ilmenite, 
and rutile. The Bab'e Leto pipe is characterized by 
unusually high abundance of megacrysts of zircon, 
apatite and K-richterite. The kimberlites from the 
East Ukukit field yield whole-rock—phlogopite Rb-
Sr isochron age of  409±15 and 410±4 Ma and 
SHRIMP U-Pb zircon age of 408±14, 408±19, 
419±10, and 429±29 Ma [1]. 

Six gem-quality K-richterite grains (3-7 mm in 
size) were collected from a heavy mineral concentrate 
of the kimberlite, with a purpose to date a formation 
age using Ar-Ar step-heating method. The K-
richterites yielded plateau ages of 387.7±4.2, 
398.9±5.3, 407.1±5.4, 413.1±5.5, 418.8±4.0 and 
432±4.4 Ma. Most of them are in a good agreement 
with the eruption age of the pipe previously dated by 
Rb-Sr and U-Pb methods. We interpreted the 
youngest age (387.7±4.2) as a partial reset (argon-
depletion) of Ar isotope system, due to Devonian 
igneous activity to have formed numerous mafic dyke 
swarms in the eastern part of the Siberian craton.  

Our new Ar-Ar results indicate that K-richterite 
and zircons started to form in Silurian (~429-432 Ma) 
by a mantle metasomatism in SCLM beneath the East 
Ukukit kimberlite field; the metasomatic events 
might have continued to a time of the final eruption 
of the Bab'e Leto (An-134) kimberlites at ca ~408 Ma 
and lasted for at least ~20 Ma.  

 
This work was supported by RFBR#16-05-01052, 

RSF #16-17-10193, and JSPS KAKENHI# 
26610163.  

[1] Griffin et al. (1999) Tectonophysics 310, 1–
35. 
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Produced waters from unconventional natural gas 
extraction often contain traces of hydraulic fracturing 
chemicals and naturally occurring organic 
compounds that may end up in the vadose zone as a 
result of unintentional release.  Naturally occurring 
organic chemicals considered in this study include 
phenolic compounds (phenol and 2-methylphenol) 
and polycyclic aromatic compounds (naphthalene). 
Chemical additives of hydraulic fracturing fluids 
included a biocide (bronopol), a surfactant (2-
butoxyethanol) and a solvent (limonene). Calculation 
of natural soil attenuation of the organic compounds 
involved implementation of biodegradation pathways, 
i.e. a sequence of organics consecutively undergoing 
biodegradation and transformation, coupled with 
sorption onto soil organic carbon. These coupled 
processes of advection-dispersion equilibrium 
partitioning – first-order biodegradation in variably-
saturated soil were numerically simulated using the 
HYDRUS-1D simulator. Organic carbon is one of the 
most important soil properties influencing sorption 
and transformation of organic compounds. To 
account for soil organic carbon depth-dependency 
and its effect on sorption and biodegradation, a new 
module was developed in HYDRUS-1D which 
distributes measurements of organic carbon with 
depth and updates the sorption and degradation 
parameters accordingly (i.e. depth-dependent). 
Simulation results showed that for all chemicals 
considered in the assessment, the combined effect of 
generally strong sorption and fast biodegradation 
resulted in nearly complete removal of all chemicals 
in the top 5 to 10 cm of the soil profile. These results 
are true for a broad range of sorption and degradation 
parameter values derived from a literature survey. 
This indicates that the risk of bioaccumulation in soil 
and leaching to groundwater is very small for the 
conditions of this study, i.e. a small infiltration flux 
approximately equal to the long-term recharge rate of 
several tens of mm per year.  
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Deep cycling of nitrogen (N) through subduction 

processes involves N-influx via subducting slabs and 
N-outflux via slab-derived fluids/melts that lead to 
arc magmatism. Recent studies point to the increased 
importance of slab melting in subduction zones of 
varying thermal regimes [e.g. 1]. In this study, I have 
estimated the N carrying capacity of slab-derived 
melts in order to understand the influx versus outflux 
of N via subduction processes. I performed 
experiments at 1300 °C, 2-4 GPa, buffered at fO2  of 
NNO, to determine the solubility of nitrogen in 
rhyolites (slab-derived melts) with variable dissolved 
H2O concentrations.  The N is dissolved in the 
rhyolite as molecular N2, which likely occupies the 
ionic porosity in the silicate melt structure.  The 
solubility of N in the slab-derived melts varies from 
0.3 wt.% to 1.2 wt.%, with solubility increasing with 
H2O concentration. Higher H2O concentrations 
correspond to increased OH-  contents in the rhyolite, 
as obtained from in-situ speciation studies on 
rhyolitic compositions [2], which in turn increase 
ionic porosity, hence, molecular nitrogen 
concentrations. Based on the rates of sediment and 
oceanic crustal input in subduction zones worldwide, 
the average nitrogen concentrations of sediments and 
oceanic crust, and the solubility of nitrogen in slab-
derived melt compositions, I estimate that as less as 
up to 2 wt.% of slab–derived melt has enough 
nitrogen carrying capacity to completely depelete the 
subducted slab of N. Thus, not only in hot subduction 
zones such as in Central America [3], N depletion 
from the slab can also take place in subduction zones 
of varying thermal regimes. In fact, in the coldest 
subduction zones such as Tonga where slab melting 
may be suppresed, about 50% of the incoming 
nitrogen may be lost via slab-derived aqueous fluids 
[4]. Therefore, this study finds that the subducted slab 
is not an efficient carrier of N for deep cycling across 
subduction zones with a range of thermal regimes. If 
N has to be sequestered from the slab-derived flux 
and eventually recycled in the deep interior of the 
Earth, other carriers such as metasomatic hydrous 
alkalic minerals in the mantle wedge are required.  

[1] Cooper et al, (2012). G3 13, Q03024. [2] 
Sowerby & Keppler, (1999). Am Min 84, 1843-1849. 
[3] Fischer et al, (2002). Science 297, 1154-1157. [4] 
Li & Keppler, (2014). GCA 129, 13-32. 
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Hexavalent Chromium attracted researcher 

interest as for it’s availability in the natural water 
from tanneries, metallurgy and electroplating 
industries.  Due to it’s long lasting adverse impact on 
the environment and human health, World Health 
Organization (WHO) restrained the effluent discharge 
limit to 0.5 mg/dm3.  

 
Coprecipitation with minerals is one of the 

favourable tools to immobilize the waste water 
anions. Since ferrihydrite contains good absorbent 
quality, thus getting more attention worldwide 
especially removing low concentrated anions like 
arsenate, chromate, selenium etc[1]. Few researchers 
have tried to remove chromate by ferrihydrite with 
some value addition but not clearly understood and 
demanded more in-depth study with pure ferrihydrite. 
Therefore, the objective of this study was to identify 
the sorption mechanism of the chromates with 
ferrihydrite through quantitative evaluation.    

Adsorption and coprecipitation experiment was 
done with pH 5 and pH 7 to understand the removal 
rates and drawing sorption isotherm. Though all the 
cases showed BET type isotherm but coprecipitation 
at pH 5 showed more chromium removal efficiency, 
that was almost twice sorption density than that of pH 
5 adsorption. Like sorption density, X-ray diffraction 
showed identical mineralogical differences along 
with changing initial Cr/Fe molar ratio, that is, peak 
shift was confirmed at lower Cr/Fe molar ratio in 
coprecipitation whereas adsorption process showed 
that at higher Cr/Fe molar ratio. In addition, ζ 
potential of pH 5 Coprecipitation suggested that 
different mechanism starts from Cr/Fe molar ratio 
around 0.5. ESR was done to confirm the oxidation 
states of chromium in supernatant and precipitates. 
Fourier transformed spectra of Cr-K edge showed the 
changing sorption mechanism in higher Cr/Fe molar 
ratio in coprecipitation.  
 
[1] Chiharu Tokoro, Yohei Yatsugi, Hiroshi Sasaki 
and Shuji Owada (2008), Resources Processing 55, 
3-8 



Goldschmidt Conference Abstracts 1957 

Fate of As(V) and As(III) 
during bacterial iron reduction 

of ferrihydrite 
TATSURO MANABE1 AND HIROMI KONISHI1,2, 

1DEPARTMENT OF GEOLOGY, NIIGATA 
UNIVERSITY, 8050 IKARASHI 2-CHO, NISHI-KU, 

NIIGATA 850-2181, JAPAN, 
F15E057D@MAIL.CC.NIIGATA-U.AC.JP 

2hkonishi@geo.sc.niigata-u.ac.jp 
 

Ferrihydrite affects the regulation of element 
cycling in natural environments by adsorbing trace 
elements. Iron-reducing bacteria can reduce iron in 
ferrihydrite, and cause secondary mineralization such 
as magnetite. Initially adsorbed trace elements are 
released to the surrounding water or captured in solid 
phases. Understanding this process is important to 
reveal the mechanism of contamination in soils. We 
investigated the fate of arsenic adsorbed on two-line 
ferrifydrite during bacterial iron reduction. 

Ferrihydrite was synthesized by grinding 
Fe(NO3)39H2O and NH4HCO3 following the 
procedure described by Smith et al. [1]. As(V)- and 
As(III)-adsorbed samples were prepared by soaking 
the ferrihydrite in Na2HAsO4 and NaAsO2 solutions, 
respectively. Bacteria were isolated from a natural 
anaerobic mud sample from Fukushima, Japan. The 
liquid media containing As-ferrihydrite with bacteria 
were incubated for around 30 days. Solid phases were 
analyzed using a transmission electron microscope 
equipped with an energy-dispersive X-ray 
spectrometer. The amount of Fe and As in the liquid 
media were measured by ICP-MS. 

The most of As(V)  was not released from As-
ferrihydrite, whereas ~ 50% of As(III) was released 
into liquid media. Green rust, iron hydroxy carbonate 
phase, and As-bearing magnetite formed in the both 
experiments.  

 
[1] Smith et al. (2012) Inorganic Chemistry 51, 
6421–6424. 
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Precise and accurate determination of isotopic 
composition of carbon (13C) and oxygen (18O) from 
carbonate or DIC sample with proper referencing and 
data evaluation algorithm presents a challenge for 
scientists. Mass spectrometry was the only widely 
used technique for this kind of analysis, but recent 
advances make laser based isotope ratio infrared 
spectroscopy (IRIS) a viable alternative. It is now 
possible to perform this analysis reliably with IRIS 
with sample amounts as low as 200 μg. We present 
measurements of three international reference 
materials, and one of them treated as an unknown. 
Five samples each of approximately 1mg each were 
acidified using a few droplets of 100% H3PO4 and left 
for equilibration overnight at 25°C. The standard 
deviation was less than 0.15‰ δ13C and 0.2‰ δ18O, 
respectively. 

To achieve these kind of results, the Universal 
Reference Interface (URI) Connect was developed. 
CO2 free syntethic air is used to flush out the contents 
of a sample container into a variable volume. If 
necessary, the sample is further diluted  before 
entering the analysis chamber. Reference gas 
measurements are automatically performed at the 
same concentration as sample measurements to 
compensate for instrument drifts and non linearity. In 
a test experiment with 1% CO2 in 12 ml vials, we 
achieved an internal precision of better than 0.07‰ 
and 0.1‰ for δ13C and δ18O, respectively. 

 
The URI Connect can handle about 100 samples 

per day from an autosampler, or samples can be 
injected one at a time through a septum on the front 
of the instrument. Gas samples collected in flasks, 
bags, syringes, or vials can be analyzed. The system 
only needs the equivalent of about 80µg - or 40µL – 
of pure CO2 gas to complete an analysis. Due to it’s 
small weight and robustness, sample analysis can be 
performed in the field, e.g. aboard a research vessel. 
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The formation of speleothems in the cave is a 

complex geochemical process dependent on various 
hydrological and environmental conditions. Using 
stable isotopes as a paleoclimate proxy is a challenge 
due to the multitude of fractionation processes. It is 
of utmost importance to understand and possibly 
quantify mechanisms in the cave that are influencing 
speleothem precipitation. The environmental process 
that is considered to be crucial for the equilibrium 
carbonate precipitation is the spatial and temporal 
variability of CO2. 

To better characterize cave ventilation patterns, 
monitoring of pCO2 , δ13C and δ18O in cave air at 
high temporal resolution (up to 1 s) was performed in 
Spannagel Cave, a high-alpine cave system in the 
Zillertal Alps, Austria. A Thermo Scientific Delta 
Ray Isotope Ratio Infrared Spectrometer was 
installed in a chamber ca. 100 m behind the cave 
entrance. The air temperature was independently 
monitored inside and outside the cave.  

The data show two distinct patterns in terms of 
CO2 concentration and its isotopic composition, 
which are closely coupled with the temperature 
difference between the cave interior and the outside 
atmosphere. This gradient controls the direction of air 
flow in the cave on a seasonal to synoptic timescale 
(chimney-type ventilation). The summer circulation 
is characterized by CO2 closely resembling 
atmospheric values (pCO2 = 399 ± 12 ppm, δ13C = -
8.5 ± 0.7‰, δ18O = 8.1 ± 2.5 ‰). The winter 
circulation mode features generally higher CO2 
concentrations and lower isotopic compositions 
(pCO2 = 409 ± 14 ppm, δ13C = -10.1 ± 0.7 ‰, δ18O = 
2.3 ± 1.5 ‰).  

The high temporal resolution of stable isotope 
data allows tracking cave air ventilation changes, 
including transient and short-lived ones. Specifically, 
periods impacted by respiration from cave visitors 
were filtered based on a linear mixing model.  
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Titanium is a highly refractory and fluid 
immobile element, playing a key role as a marker of 
petrogenetic and cosmochemical processes. Due to its 
incompatibility with the main mantle minerals, Ti is 
enriched in the Earth’s crust relative to its mantle by 
partial melting. Partial melting of the mantle has a 
limited effect on the mass-dependent Ti isotope 
composition, but recent data sets [1,2] indicate the 
occurrence of Ti isotope fractionation during 
magmatic differentiation. To further evaluate the 
conditions under which Ti isotope fractionation 
occurs, we assess the mass-dependent Ti isotope 
composition of mantle rocks and a suite of well-
characterized samples from two distinct 
differentiation sequences from (i) Heiðarsporður 
ridge, NE Iceland [3] and (ii) Mount St. Helens (WA, 
USA). 
 Our analytical techniques follow the double spike 
approach outlined in [1]. Enriched tracers of 47Ti and 
49Ti are added to the samples. Subsequently, we 
separate and purify Ti by ion-exchange 
chromatography. All Ti isotope analyses are 
performed on a Neptune MC-ICP-MS at ETH Zurich 
and are reported relative to an in-house standard 
prepared from an Alfa Aesar ultra-pure Ti-wire. The 
long-term reproducibility (2 SD) obtained by 
repeated measurements (n= 14) of the USGS standard 
BHVO-2 is 22 ppm for δ49/47Ti. 

The results of eight analyzed basalts and two 
peridotites fall within a very narrow range and yield 
an average δ49/47Ti of -0.207± 0.052, thus providing 
an isotopic baseline for the bulk silicate Earth (BSE). 
Resolvable, heavier Ti isotope signatures relative to 
the basalts occur in dacitic rocks from the Iceland and 
the Mount St. Helens differentiation sequences as 
well as the andesite AGV-2 from the Guano Valley 
(OR, USA). Overall, the Ti isotope composition tends 
towards heavier values with increasing SiO2 and 
decreasing Mg and V concentrations. Taken together, 
this provides evidence that Ti is fractionated by the 
sequestration of isotopically light Ti into Ti-oxide 
phases as previously suggested by [2]. 
 

 
Reference: [1] Williams et al. (2013) Meteorit. Soci. 
Meeting, 5174. [2] Millet et al. (2015) Goldschmidt 
conf., 2137. [3] Mancini et al. (2015) J. Volcanol. 
Geoth. Res. 301, 116–127.  
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Magmatic volatiles efficiently transport elements 
thought as non-volatiles, such as base and precious 
metals, through formation of complexes. This is 
evident from the high emission rates of trace metals 
observed during major eruptions as well as in the 
high concentration of, for example, Cu, Au and Mo in 
ore deposits associated with magmatic-hydrothermal 
systems.  
White Island is a subduction-related andesitic 
stratovolcano located off the shore of New Zealand. It 
has been passively degassing for the past 10 000 
years. A dynamic magmatic-hydrothermal system 
occupies the upper part of the volcano, evidenced by 
the constantly evolving fumaroles and hot acid pools 
found in the crater floor. Freshly erupted ejecta were 
sampled during the 1976-2000 eruptive cycle. Major 
elements coupled with S and Cl contents of melt 
inclusions and groundmass glass indicate periodic 
input of undegassed, more mafic melt into the system 
leading to a degassing cycle of the magma through 
convection. We will discuss the pressure of 
crystallization and inclusion entrapment estimated by 
the H2O and CO2 content of the inclusions. High 
concentrations of trace elements occur in the melt 
inclusions. For example, Cu may be present at 
concentrations up to 200 ppm. Comparison with 
volcanic gases from low temperature fumarole (~170 
°C), containing 4 ppb of Cu, and aerosols from the 
super-heated main conduit fumarole containing 47 
ng.m-3 of Cu, indicates retention of metals in the 
hydrothermal system. The presence of Cu-Fe 
sulphide inclusions (10 to 20 μm) in some plagioclase 
and clinopyroxene reinforces this hypothesis.  
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We reevaluated carbon inputs and outputs in 

convergent margins using new estimates of C 
concentration in subducting mantle peridotites, 
carbonate solubility in aqueous fluids along 
subduction geotherms, melting and diapirism of 
carbon-bearing metasediments, and diffuse degassing 
from arcs [1]. Carbon input to the global subduction 
system, including altered peridotite, is 40-66 
megatons carbon/year (MtC/y). Estimates of C lost 
from slabs (14-66 MtC/y) must take into account the 
high CaCO3 solubility in H2O, which contributes 
significant C that must be added to that derived from 
mineral decarbonation. Carbon loss to fluids is 
further enhanced via pH buffering by host rocks, 
addition of alkali halide salts, and C reduction [2-4]. 
When combined with metasediment diapirs and slab-
derived hydrous silicate and carbonatite melts [5,6], it 
is possible that nearly all C can be scavenged from 
subducting lithosphere. The return of C to the 
atmosphere by arc-volcano degassing is 18-43 MtC/y, 
but deep volatile saturation of arc magmas, magma 
ponding in the middle and deep arc crust, and venting 
of CH4 and CO2 in forearcs can account for the 
remaining C lost from the slab. Whereas previous 
studies concluded that about half of subducting C is 
returned to the convecting mantle, we find that the 
large uncertainties in key pathways make it possible 
that little C is currently being recycled. In this case, 
substantial C is stored in the mantle lithosphere and 
crust and the C content of the lithosphere + crust + 
ocean + atmosphere is rising, consistent with 
inferences from noble gas data. 

[1] Kelemen, P.B., Manning, C.E., 2015. Proc. 
Nat. Acad. Sci., 112, E3997-E4006. [2] Manning, 
C.E., 2013. Rev. Min. Geochem., 76, 135-164. [3] 
Newton, R.C., Manning, C.E., 2002. Am. Min., 87, 
1401-1409. [4] Lazar et al., 2014. Am. Min., 99, 
1604-1615. [5] Poli, S., 2015. Nat. Geosci., 8, 633-
666. 
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Ultramafic intrusions in arcs trace the pathways 

of subduction zone magmatism from their source in 
the mantle wedge to their emplacement as juvenile 
additions to continental crust. Dating ultramafic rocks 
is challenging, however, with careful targeting their 
crystallization ages can be established. In this study, 
integrated U-Pb and Ar-Ar geochronology of the 
Giant Mascot ultramafic suite in British Columbia 
constrains the temporal and tectonic evolution of 
regional arc magmatism in a Late Cretaceous 
subduction zone setting. CA-ID-TIMS results for the 
ultramafic rocks yield high-precision crystallization 
ages of ca. 93 Ma and demonstrate that Giant Mascot 
contains the youngest dated Ni-Cu-PGE deposit 
worldwide. Dates from the hosting calc-alkaline 
diorites of the Spuzzum pluton are resolvably older at 
ca. 95 Ma. In contrast, in situ LA-ICP-MS dating of 
zircon from both intrusions defines a wide range of 
dates from crystallization at ca. 95-93 Ma down to 40 
Ma reflecting open-system Pb loss from radiation-
damaged zircon during a lengthy 40-50 million year 
mid-crustal residency prior to rapid exhumation in the 
Late Miocene. These new ages for the Giant Mascot 
and Spuzzum intrusions correlate with the 96 Ma Big 
Jim peridotite near the margin of the 90-96 Ma Mt. 
Stuart batholith in Washington State, confirming 
~170 km of dextral displacement along the Straight 
Creek-Fraser fault system. The dating results of this 
study indicate that these mantle wedge-derived 
ultramafic rocks with calc-alkaline affinities are 
related to the extensive Late Cretaceous magmatic 
flare-up in the North American Cordillera. High-
precision dating of ultramafic rocks in arcs presents 
new opportunities for examining the tempo of 
magmatic processes and continental growth 
mechanisms from below in subduction zone 
environments. 
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Chemotrophic sulfide oxidation to sulfate is a 

major step in the global sulfur cycle. S isotopic 
fractionation during this process is usually small [1] 
but can have a huge impact to the isotopic 
compositions of sedimentary sulfide and sulfate [2]. 
Determining the isotopic fractionation expressed 
during this process in nature is difficult mainly due to 
masking by the relatively large fractionations 
expressed during sulfate reduction. In the sulfidic 
Frasassi caves, Italy, microbial S oxidation dominates 
on the cave walls, leading to gypsum (CaSO4.2H2O) 
formation. This system provides an excellent 
opportunity to determine the isotopic fractionation 
due to chemotrophic sulfide oxidation in the absence 
of other major S cycling processes. We sampled 
hydrogen sulfide gas (H2S(g)) and gypsum from the 
caves for S isotopic analysis. Gypsum minerals were 
classified into two groups based on morphology: 
microcrystalline gypsum and elongated needles. δ34S 
values of microgypsum were between 0 to -9‰ 
depleted relative to the H2S source. Unexpectedly, 
δ34S values of both microgypsum and H2S(g) showed 
a decrease with height, suggesting that diffusive 
fractionation of H2S(g) may contribute to the large (6-
8‰) fractionation in gypsum minerals observed over 
two meters of distance. Within small sections of the 
cave walls, microbial S oxidation expressed <5‰ 
fractionation in microcrystalline gypsum, 
indistinguishable with values expected from abiotic 
sulfide oxidation with O2 [3]. In comparison, needle-
shaped gypsum were between +4‰ enriched to -4‰ 
depleted relative to the H2S source. Additionally, 
needle-shaped gypsum were consistently ~2‰ 
enriched relative to associated microcrystalline 
gypsum. This signifies either a faster oxidation rate of 
H2S or a different pathway of sulfide oxidation to 
sulfate around needles, possibly through an 
isotopically heavier sulfur intermediate such as 
elemental sulfur.  
 
[1] Zerkle, Jones, Farquhar & Macalady (2016) GCA 
173, 373-386. [2] Habicht & Canfield (2001) Geol 
29, 555-558. [3] Fry, Ruf, Gest, & Hayes (1988) 
Chem Geol 73, 205-210.  
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The Santander Massif (SM), located in the 

Colombian Eastern Cordillera, registers different 
Phanerozoic magmatic events. Except for the 
Neogene magmatism (related to porphyry Mo-Cu and 
epithermal Au-Ag mineralization) no metallogenic 
potential has been attributed to these rocks.  

The mapped ‘Durania Granite Unit’ (DGU), 
outcropping in the central part of the SM is a pluton 
composed by different lithologies: from plagioclase-
rich metaluminous to muscovite-garnet-bearing 
peraluminous granite rocks (associated with high 
pegmatite dikes formation). The chemistry of these 
rocks are also variable: from tholeiitic to medium-
high potassium calk-alkaline affinities. This wide 
composition across this pluton is interpreted as 
related to several magmatic pulses that took place 
along with a changing tectonic setting: starting with a 
locally more extensional and finishing with a more 
compressional environment (continental arc 
magmatism). The transition towards compressive 
settings (with a progressive crustal thickening and 
crustal contamination) favored the formation of more 
differentiated magmatic rocks (more felsic and more 
peraluminous granite rocks with enriched light REE 
relative to heavy REE, based on chondrite normalized 
plots). The local abundance of tourmaline and 
greisen-type hydrothermal alteration confined mainly 
to the pegmatite dikes cutting the metamorphic rocks 
of the Silgara Schist Unit (Early Ordovician in age; 
Fammatinian Orogeny) suggests a coeval 
development of magmatic-hydrothermal processes 
with a probable metallogenic significance (W-Sn?).    
The Zircon U-Pb geochronology indicates a GDU’ 
crystallization age of 442.6 Ma +7.4/-6.0 Ma (Early 
Silurian). Similar Silurian igneous bodies 
outcropping in the Merida Andes (Venezuela) allows 
to suggest that the progressive crustal thickening 
event was a regional episode which affected the 
Colombia and Venezuela Andes.  
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Melt inclusions (MI) from euhedral primitive 
olivine have been proposed to represent aliquot of the 
primitive melt composition, unaffected by subsequent 
processes occuring near the Earth’s surface. Much 
larger compositional variations are generally 
observed in MIs than in glasses, which has often been 
interpreted to represent small-scale mantle-
heterogeneity. In this study, we measured δ18O in 22 
MI from a MORB sample from the FAMOUS zone 
(North Atlantic). SIMS analyses, performed with the 
1280-HR SIMS housed at the Université de 
Lausanne, reveal >2.5‰ variations (4.5-7.1‰) in 
δ18O between different MIs from a single sample, 
whereas MORB glasses have a narrow δ18O range 
(5.5±0.3‰). Based on our analyses, the δ18O of MIs 
are not simply correlated with any major, trace or 
volatile elements. Furthermore, the δ18O of some of 
the analyzed MIs are not found to be in equilibrium 
with their host olivine.  

 Phosphorous X-ray maps reveal complex zoning 
in some euhedral olivines, which can be interpreted 
as reflecting rapid crystal growth [1, 2]. A low-
phosphorous (~30ppm) zone surrounds MIs located 
in high-phosphorous (>1000 ppm) regions. 
NanoSIMS profiles across these zones suggest that 
the low-P zone around the MIs is due to dissolution 
of the host-olivine followed by later precipitation of a 
new olivine halo around the MI, which is in 
agreement with the observation of [1].  

Our results suggest that some MIs in this sample 
originally represent melts undersaturated in olivine, 
with a composition in δ18O which is not in 
equilibrium with the fast growing olivine. The origin 
of these melts is currently being further investigated. 
We propose that some of the variations in δ18O 
between different MIs might result from the process 
of MI formation.  

 
1- Milman-Barris et al., Contrib. Min. Pet 155, pp. 
739-765 
2 - Welsch et al., Geology, 42, pp. 867-870 
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After the detection of the 1,20,21-C29 long-chain 

triol in some sediments and freshwater pteridophytes, 
a new homologous long-chain triol, 1,3,4-C27-29, is 
detected for the first time in the sediment of Pearl 
River Mouth Basin in recent research supported from 
the 973 Program (2009CB219506). The hydroxyl 
location and length of the carbon chain is this newly 
discovered triol differ from that of 1,20,21-C29 triol. 
The test results of its molecular distribution and 
individual carbon isotope revealed that 1,3,4-C29triol 
has a good correlation with n-C26-30 even carbon-
numbered long-chain fatty alcohols, with R2 (n=68) 
values of 0.905, 0.929 and 0.903, respectively, and its 
carbon isotope composition, at –32.3‰±1.9‰, is also 
similar to that of n-C26-30. 1,3,4-C29 triol from the 
sediment and terrigenous long-chain fatty alcohol (n-
C26-34) shows highly consistent distribution trends in 
the entire section; thus, the former could serve as a 
proxy indicator of the terrigenous input. Considering 
that the 1,20,21-C29 triol in previous research belongs 
to Azolla, which are fresh water pteridophytes, the 
1,3,4-C27-29 triol identified in this study might have 
similar biogenetic derivation. Thus, determination of 
its biogenic area and growing environment could 
provide potential organic geochemical evidence 
supporting the terrigenous input and source in Pearl 
River Mouth Basin.  
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Background and methods 

A large number of volcanic-rock reservoirs have 
been found in the sedimentary basin of China in 
recent years, such as the Mesozoic-Cenozoic 
reservoirs in Songliao basin and Bohai Bay basin, and 
the the late Palaeozoic reservoirs in Junggar Basin, 
Santanghu basin and Tarim basin. 

According to microscopic analysis of a large 
number of drilling core samples by microscopy, 
scanning electron microscopy and X-CT, it is found 
that various diagenesis effect on volcano rocks in the 
reservoir forming process,such as crystallize 
differentiation, solidification, weathering leaching, 
dissolution, alteration, devitrification. And their 
action processes show the characteristics of stages 
and periods obviously. these volcanic reservoirs are 
mainly developed 3 types of reservoir space: primary 
pore, secondary pore and fracture. 
Results and Conclusion 

1) Diagenesis of volcanic-rock reservoirs can be 
divided into two types: constructive diagenesis and 
destructive diagenesis. The constructive include 
condensing shrinkage,  weathering, dissolution, 
devitrification, corrsion etc. And the destructive 
include crystallization, metasomatic alteration, 
cementation etc. 

2) it is possible to divide the diagenesis processes 
of volcanic rocks into two stages (solidification stage 
and re-construction stage) and further into five 
periods (volcanic active period, solidification period, 
hydrothermal period, weathering & leaching period, 
burial period). 
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Birnessite minerals (layer type Mn(III/IV) 

oxides) are linked to the biogeochemical cycle of 
carbon and many trace metals because of their small 
particle size, abundant sorption sites and redox 
properties. Photoreduction of these oxides  
contributes to the redox cycle of Mn in sunlit aquatic 
environments. We previously showed that δ-MnO2, a 
fully oxidized synthetic birnessite, photoreduces in 
water under visible light irradiation at pH 6.5, 
whereby photogenerated Mn(III) migrates from the 
MnO2 sheet into the interlayer [1]. However, natural 
sunlit environments are characterized by a broader 
range of pH conditions and thus we seek to 
understand the effect of pH on the photoreduction of 
birnessite minerals. 

We investigated the rate, efficiency and 
mechanism, of δ-MnO2 photoreduction at pH values 
of 4.0, 6.5 and 8.0. We coupled flow-through 
irradiation experiments with optical pump-probe 
spectroscopy to measure the rates and extent of 
irreversible Mn(III) generation on hour to day 
timescales and to probe electron-hole pair generation 
and recombination on picosecond to nanosecond 
timescales.  We irradiated suspensions of δ-MnO2 
using 400 nm light and trapped photogenerated 
Mn(III) using pyrophosphate as a strong complexing 
ligand.  

The results showed a four-fold increase in the 
yield of Mn(III) per photon absorbed (quantum yield) 
as suspension pH decreased from 8.0 to 4.0. 
Photoexcitation and recombination processes, 
however, were identical at all pH values. This 
comparison indicates that solution pH does not alter 
the fate or lifetime of photoexcited electrons or holes, 
rather it enhances the rate of one of the chemical 
steps. We propose that increased protonation of 
surface sites with acidic to circumneutral pKa values 
promotes the release of Mn(III) ions into the 
interlayer. The results of this work expand our 
knowledge of the MnO2 photoreduction mechanism, 
an important process in sunlit environmental systems. 

 
1.Marafatto FF, et al. (2015) Proc Natl Acad Sci USA 
112(15):4600-4605. 
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Traditional paleoceanographic measurements of 

planktonic foraminiferal shell chemistry combine 
multiple specimens to obtain a robust mean that 
typically averages over decades to centuries, 
depending on sedimentation rates. Yet because each 
individual foraminifer lives only a few weeks, 
measurements on individuals can provide temporal 
resolution similar to that of macroscopic archives like 
corals, but without equivalent stratigraphic context. 
Certain important paleoclimate questions can 
hypothetically be addressed using the individual-
foram approach, including changes in seasonality and 
interannual variability.  

We have developed a method to analyze 
individual-foram Mg/Ca following the traditional 
‘wet chemistry’ protocol of crushing, oxidative 
cleaning, dissolution, and analysis by sector-field 
ICP-MS. This method is relatively fast and provides a 
more direct comparison to the many multi-specimen 
Mg/Ca studies that have been undertaken over the 
past 15 years. Measurements on liquid standards 
indicate that analytical precision is better than 1% 
down to sub-microgram post-cleaning sample sizes. 
Multi-spot laser ablation measurements made on the 
same individual specimens are in good agreement. 

We demonstrate the utility of this method using 
an unbioturbated box core from Soledad Basin, 
located off Baja California Sur in the eastern 
subtropical Pacific, a site that is strongly 
teleconnected to ENSO today. We present Mg/Ca 
measured on individual specimens of Globigerina 
bulloides (upwelling season) over the past 250 years, 
with ~5-year resolution. For the 20th century 
population we use a Monte Carlo approach to 
simulate what water depths, months, and temperature 
fidelity these individuals are actually recording. 
Mg/Ca average values indicate that this site was 
warmer during the late Little Ice Age, consistent with 
an ‘El Niño-like’ mean state at that time. Quantile-
quantile analysis of populations supports the idea that 
this warm state was accompanied by enhanced ENSO 
variance. 
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The Earth’s core formed from the segregation of 

metal and silicate in a magma ocean. This magma 
ocean is thought to have been deep, and the oxygen 
fugacity (fO2) would have been low (pressures over 
30 GPa and fO2 ~IW–2, where IW is the iron-wustite 
fO2 buffer) [1]. Many models of core formation rely 
on metal-silicate partition coefficients of trace 
elements. These can be affected by both fO2 and 
pressure, especially if there are changes in an 
element’s valence state or coordination number (how 
many oxygens it bonds with). 

This study investigates the valence state and 
coordination of Ge as a trace element in silicate melt. 
Ge is a moderately siderophile element that is used in 
models of Earth’s core formation. Ge4+, the stable 
oxidation state in the Earth today, is chemically 
similar to Si4+. Since Si is known to undergo 
pressure-induced coordination changes in natural 
melts, Ge4+ might do the same. In addition, several 
metal-silicate partitioning studies have suggested that 
the valence of Ge might change from 4+ to 2+ at low 
fO2 [2]. 
 A series of Ge-doped silicate glasses were 
prepared by quenching melts in a piston cylinder 
apparatus at various pressures and fO2. Ge K-edge X-
ray Absorption Near Edge Structure (XANES) 
spectra of the glasses were recorded at the Australian 
Synchrotron. Additionally, the partitioning of Ge4+ 
between olivine and melt was determined as a 
function of pressure, temperature and composition. 

The XANES spectra indicate that the average 
coordination number of Ge4+ increases at pressures > 
4 GPa. The partitioning experiments show that the 
distribution coefficient for Ge4+ and Si4+ between 
olivine and melt (Kd

Ge-Si
ol-melt) decreases with 

increasing pressure, which is consistent with a change 
in coordination. A change in the XANES spectra of 
glasses prepared at low fO2 was also observed, which 
is interpreted as the first spectroscopic evidence of 
Ge2+ in silicate a melt. The partitioning behaviour of 
Ge2+

 is not well known. 
 
[1] Wood, Walter & Wade (2006) Nature 441, 

825-833. [2] Kegler & Holzheid (2011) Eur. J. 
Mineral. 23, 369-387. 
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Air temperature is characteristics of situation on 

of links of climatic system (atmosphere). So, 
clarifying and estimation of regularities of temporal 
distribution of air temperature has importance, 
especially for more accurate definition of thermal 
balance, for productive using of thermal resources. 

Today the effects of climate change are felt 
around the world and Armenia is not an exception. 
Armenia is characterized by vulnerable mountainous 
ecosystems, arid climate, an active process of 
desertification and natural disasters are often 
observed, which makes the country more vulnerable 
the impacts of climate change. 

Air temperature is characteristics of links of 
climatic system (atmosphere). So, clarifying and 
estimation of regularities of temporal distribution of 
air temperature importance, especially for more 
accurate definition of thermal balance, for productive 
using of thermal resources. 

Given the above, the purpose of the work was to 
identify, analyze and assess the patterns of change in 
the dynamics of air temperature in the Republic of 
Armenia.  

For solving of suggested problems as a 
theoretical base have been used appropriate 
researches, as a raw material - actual data of long-
term observations of air temperatures the 
meteorological station of the territory of republic for 
last 100 years, which are kept in the fond of 
Armstatehydromet of the Ministry of Territorial 
Management and Emergency Situations. As a 
methodological base in the work have been applied 
methods: mathematic-statistical, geographical, 
extrapolation, analysis, correlation, complex. 

In study area the values of average annual air 
temperature are within 14.3 ºC (Meghri) and -2.6ºC 
(Aragats). During the year the warmest months are 
July-August, with average monthly temperature 
9.0…27.0 ºC, and the coldest month are January with 
average monthly temperature      -12.7…1.5 ºC.  

After researches became clear, that observes a 
tendency of increase of average annual values of air 
temperature in the territory the Republic of Armenia. 
And changes of air temperature in the different 
regions of Armenia in different seasons have different 
tendencies. So, for future prevention or decrease of 
air temperature is very important planting of greenery 
and creation of little basins. On the other hand it have 
to monitor the realization and care these works. 
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Microscopic and submicroscopic structures have 
been analized in thin polished sections of Fe-Mn 
crusts from Canary Island Seamount Province 
(Central East Atlantic Ocean). The goal of this study 
was to find a correlation between different 
microstructure and geochemistry of oxy-hydroxides. 
Microanalysis have been performed by electron probe 
micro analyzer that has allowed to recognize 3 
different main structures: dendritic, columnar sub-
parallel and laminar massive. Every main 
microstructure shows different geochemistry 
depending on the different mineralogy of intergrown 
oxy-hydroxides. 

Dendritic structures, formed by branched 
columns, have highest average contents of Fe (19 
wt%) and minor Mn (14 wt%). Growth rates 
calculated based on the Co Chronomether were 
ranging from 2 to 20 mm/Ma. Columnar structures 
usually exhibit uniform sub-parallel grown and show 
similar average content for Mn and Fe (16 wt%). 
Massive-laminated structures have high contents of 
Mn (18 wt%) and minor Fe (15 wt%). Growth rates 
calculated for these two structures were 1.7 and 2.2 
mm/Ma respectively. 

Co, V, Ce, P and Ca concentrations are important. 
Co, Ce and Ca are highest in massive and columnar 
structures and their contents increase with the 
increase of Mn, showing a positive correlation. The 
columnar structure shows the highest contents in 
strategic elements. P and V have a clear positive 
correlation with Fe and they show highest contents in 
dendritic structure. 

We interpret the different microstructures as 
result of paleoenvironmental conditions during the 
crusts formation.  Intergrowth of Fe-Mn 
oxyhydroxides, authigenic phosphates and eolian 
detrital inputs should be responsibles for mode of 
accretion, textural features and growth rates in crusts.  
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We updated the 1D model for lake physics and 
plankton dynamics MyLake [1] and coupled it to a 
vertically resolved sediment diagenesis module. The 
new module, written in Matlab, includes a 
biogeochemical reaction network seamlessly 
coupling water column and sediment processes, as 
well as sediment transport processes such as bio-
mixing and sediment advection. Modelled 
concentrations of dissolved species in the lower layer 
of the water column are used as boundary conditions 
for the sediment model. The advective flux of solid 
species, arriving at the sediment-water interface, is 
proportional to its concentration in the water column 
and its settling velocity. The return flux of the 
aqueous species is modelled via molecular diffusion 
at the sediment-water interface, enhanced by 
bioirrigation. 

The application of the model to a boreal lake 
shows the capacity to simulate daily water quality 
and sediment-water exchange fluxes dynamically 
over a period of 40 years [2].  During this period, 
climate warming and increase in dissolved organic 
carbon loads to the lake enhanced lake respiration 
processes, resulting in longer periods of bottom-water 
anoxia. 
 
[1] Saloranta and Andersen (2007) Ecol. Model. 207, 
45-60. [2] Couture et al. (2015). J. Geophys. Res: 
Biogeosci. 120,2441–2456.  
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Redox conditions (EH), pH, mineralogy and 
microbial activity affect the mobility and toxicity of 
arsenic (As), antimony (Sb), chromium (Cr) and 
nitrogen (N) in soils and sediments. However, 
biogeochemical cycling of individual redox sensitive 
elements may also depend on the presence of other 
compounds. Here, we examine the interplay between 
toxic compounds (HAsO4

2-, Sb(OH)6
-, and CrO4

2-) 
and nutrients (NO3

- and O2) in an argillaceous 
suspension of the Tégulines clay. The suspension was 
exposed to redox oscillations in the presence of (a) 
the indigenous microbial community, (b) an amended 
soil microbial inoculum, (c) labile organic carbon 
(ethanol), and (d) microbial inhibitors.  

The results show that in the clay suspensions 
aqueous contaminant concentrations did not oscillate 
during the oxic/anoxic cycles in contrast to similar 
experiments conducted in Fe and Mn-rich soils [1]. 
All compounds were reduced under anoxic conditions 
but were not re-oxidized under oxic conditions. We 
hypothesize that the mineralogy and microbiota of the 
Tégulines clay do not stimulate microbial processes 
controlling contaminant re-oxidation and mobility 
coupled to Fe and Mn cycling. Instead, direct 
microbial processes, such as reductive respiration and 
reductive detoxification, play a major role in the 
immobilization of Sb and Cr; whereas, reduced As 
remains in the solution of the argillaceous 
suspension.  

We show that depending on microbial activity 
and diversity the interplay between coexisting 
contaminants and nutrients may differ. Contaminants 
inhibit each other’s reduction when acting as terminal 
electron acceptors in microbial respiration implying 
successive reduction in the order: O2 > CrO4

2- > NO3
- 

> HAsO4
2- > Sb(OH)6

-. Alternatively, aerobic (O2) or 
anaerobic (NO3

-) reductive respiration can be 
concurrent with multiple reductive detoxifications: 
O2>NO3

-|CrO4
2-/HAsO4

2-/Sb(OH)6
-. 

 
[1] Couture, R.-M et al. (2015) ES&T 49, 

3015−3023. 
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The Late Cretaceous period is marked by a long-

term climatic cooling [1] and by major geodynamic 
changes, with modifications of the pole of rotation for 
the opening of the Atlantic [2]. The African continent 
underwent a major uplift event, that is most 
pronounced in its southern part [2,3]. These 
geodynamic changes may have led to modifications 
in weathering and erosion rates, that may have 
initiated or enhanced the recorded long-term cooling 
through CO2 drawdown linked to silicate weathering. 

In this study we aim to better constrain the 
changes in continental weathering and erosion linked 
to the uplift of South Africa, in order to clarify its 
possible link with the long-term climate evolution. 
We focused on DSDP site 364 in the Angola Basin, 
as a quite detailed stratigraphic framework exists for 
this site and as it was located near an area of Africa 
that should have encountered a significant uplift, 
although less intense than in southern Africa. We 
conducted about 100 analyses of clay mineral 
assemblages, that reflect evolution of humid/arid 
conditions on the nearby continent and can give 
insights on the respective importance of chemical 
weathering and physical erosion on the local 
sedimentation. The first mineralogical results 
highlight major changes in the hydric regime on the 
nearby continent, with an increase of aridity during 
the Campanian. In parallel, we tentatively used the 
isotopic composition of both Hf and Nd of the 
sediment clay fraction as a proxy of chemical 
weathering intensity on about 20 samples from site 
364. Deviation from the clay array of the εHf and εNd 
values of clay-size sediments has been related to the 
intensity of chemical weathering [4]. This approach is 
here attempted for the first time to ancient 
environments. 
  
[1] Friedrich et al (2012) Geology 40, 107-110. [2] 
Guiraud & Bosworth (1997) Tectonophysics 282, 39-
82. [3] Braun et al. (2014) J. Geophys. Res. 119, 
6093-6112. [4] Bayon et al. (2016) EPSL 438, 25-36.  
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Modelling the deepest episodes of the Earth’s 
formation and evolution through time requires 
constraints on the partitioning of elements between 
solid and molten silicate. Such data provide insights 
into the early development and composition of 
different reservoirs of the deep Earth. To elucidate 
the elemental partitioning at high pressure and high 
temperature conditions requires state of the art 
experiments that combine laser heating in a diamond 
anvil cell with focused ion beam sample recovery and 
precise and calibrated chemical analyses. Using an 
in-house laser heating system we have investigated 
the partitioning of elements during the melting of a 
basaltic glass at different pressures. The recovered 
samples were cut using the focused ion beam (FIB) 
method into a 4 micron thick lamellae. The 
composition of the molten and solid area were 
analysed by electron microprobe, an EDX-ray 
spectrometer mounted in the FIB and using a 
transmission electron microscope (TEM), after 
further polishing down to 100 nm.  

FIB and TEM analyses were calibrated using 
natural and synthetic mineral standards that were 
calibrated using the electron microprobe. The sample 
of interest was then thinned to an electron transparent 
lamella using the FIB and an identical location was 
then measured with EDS systems on both the TEM 
and FIB. 

Sample characterization was performed at the 
Bayerisches Geoinstitut using a TitanTM G2 80-200 
TEM operating at an acceleration voltage of 200 kV 
and equipped with ChemiSTEMTM technology. This 
allows high quality X-ray spectra to be recorded with 
short acquisition times, due to the use of SDDs that 
are symmetrically mounted in the microscope column 
around the optical axis with a 0.7 srad solid angle. 
The EDS system works with a much reduced solid 
angle, but the large beam-sample interaction volume 
results in a higher X-ray generation. The data 
measured with both EDS systems are comparable and 
show the potential for obtaining full quantitative 
results from recovered laser heated DAC samples.  
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The properties of grain boundaries strongly differ 

from those of the crystal lattice, and there is growing 
evidence that the presence of grain boundaries 
influence detected geophysical signals such as 
electrical conductivity and seismic velocities 
especially in aggregates with a LPO that favours the 
alignment of specific grain boundaries. However, 
neither the anisotropic frequency or or their 
dependance on chemical compositon are understood 
in olivine dominated aggregates, neither with nor 
without LPO. 

We used electron backscatter diffraction, EBSD 
to detect the orientations of over 1.4x104 grains 
corresponding to roughly 5000mm length of grain 
boundary separating them. Subsequently we used a 
stereological approach to determine the grain 
boundary character distribution, GBCD, defined as 
the relative areas of grain boundaries of different 
types, distinguished by their five degrees of freedom 
(Rohrer, 2007). We analysed olivine aggregates with 
slightly varying chemical composition especially of 
Al and Ca fractionated to the grain boundaries. 

The grain boundary planes showed a preference 
for low index planes, which is in agreement with 
recent findings on other materials (e.g. MgO, TiO2, 
SrTiO3, MgAl2O4). We find that the principal 
crystallographic planes have the lowest energies 
resulting in crystal habits dominated by (001) planes, 
followed by (010) and (001) planes and that 
90°/[001] (100)(010) are the most frequent grain 
boundaries. However in the abcence of any impurities 
such as Al or Ca on the grain boundaries the (001) 
planes dominate the crystal habits. These differences 
and their influence on different rock properties will 
be discussed. 
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Chondrules are submillimeter silicate spherules 
that constitute up to 80% by volume of primitive 
meteorites. Although the mineralogy, petrography, 
bulk chemical and isotopic compositions of 
chondrules are well-documented, the nature of the 
chondrule-forming events remain enigmatic. One of 
the main open questions is the redox conditions at 
which chondrules formed, because the reduced 
conditions (i.e., oxygen-poor) estimated for the 
accretion disk are difficult to reconcile with the 
textural and chemical observations in chondrules. 
Especially, chondrules are characterized by important 
amounts of Fe3+, mostly hosted in magnetite (Fe3O4).  

We report a petrographic and isotopic survey of 
FeS- and magnetite-bearing chondrules in the CV3 
chondrites Kaba and Vigarano. FeS are mainly 
located within the low-Ca pyroxene outer zone and 
their amount increases with the abundance of low-Ca 
pyroxene within chondrules [1]. The magmatic FeS 
commonly occurs in close association with Cr-poor 
magnetite within Fe-Ni metal-free structures that 
present liquid-shaped textures. These characteristics 
suggest that magnetite are high-temperature products 
resulting from the crystallization of FeSO melts.  

FeS associated to magnetite present 
homogeneous S-isotopic compositions (δ34S = δ33S ≈ 
0‰). Magnetites show O-isotopic compositions that 
define a linear array with a slope of 0.94 with no hint 
for mass fractionation, contrary to what could be 
expected in case of aqueous alteration processes. 
Hence, isotopic compositions of FeS-Fe3O4 
assemblages are in line with magnetite being high 
temperature magmatic minerals. According to phase 
diagrams, forming FeSO melts in chondrules can 
only be achieved under oxidizing conditions 
(IW+1/IW+2), suggesting that chondrules interacted 
with an oxidizing gas likely generated by impact 
between planetesimals.  

 
 

[1] Marrocchi Y. & Libourel G. (2013). Geochim. 
Cosmochim. Acta., 119, 117-136 
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1.4 Ga plutons intrude across the southwestern 
US and Colorado Plateau (CP). Despite the large 
volumes of magma and the scale of the intrusion 
event, the origin of the 1.4 Ga plutonism is unclear. 
Geochemical investigations show that the 1.4 Ga 
plutons are partial melts of the crust [e.g., 1], but the 
cause of melting is still debated. Proposed models 
include: subduction, rifting, sub-supercontinent heat 
build-up, and anatexis caused by crustal thickening 
[e.g., 1]. Work on crustal xenoliths from the Navajo 
Volcanic Field (NVF, central CP) suggest that the 1.4 
Ga event is recorded in the CP middle crust [2, 3]. 

Re-Os analyses of refractory xenoliths from the 
NVF yield unradiogenic 187Os/188Os values (0.1140 to 
0.1170), which correspond to Re depletion ages of 
2.1 to 1.6 Ga, consistent with the age of the overlying 
Yavapai and Mazatzal crust [4]. However, new Sm-
Nd and Lu-Hf analyses on cpx in peridotite xenoliths 
from NVF diatremes show that LREE-depleted 
xenoliths fall on a ~1.45 Ga isochron. Clinopyroxene 
from unmetasomatised samples have highly 
radiogenic Nd and Hf isotope compositions (up to εNd 
= +405 and εHf = +586). These samples form a linear 
trend in isochron space, with a Sm-Nd isochron age 
of 1450 ±30 Ma and an intercept model age of 1510 
±140 Ma. Lu and Hf are hosted in opx as well as cpx 
in peridotites, which must be taken into account to 
calculate an accurate isochron age [5]. The calculated 
whole rock Lu-Hf isochron yields an age of ~1.40 
Ga, consistent with the Sm-Nd isochron age but older 
than the age of initial lithosphere stabilization. We 
interpret the Sm-Nd and Lu-Hf isochrons to represent 
an episode of mantle isotopic resetting at ~1.45 Ga. 

Mantle peridotites recording a ~1.45 Ga event 
suggest the lithospheric mantle was involved in the 
1.4 Ga plutonism, which places constraints on the 
tectonic models feasible for pluton melt production. 
Our constraints support pluton formation models that 
include mantle melting rather than models that do 
not, such as anatexis due to crustal thickening. 
 
[1] Goodge & Vervoot, 2006, EPSL 243, 711-731; 
[2] Wendtlandt et al, 1996, GSAB, 108, 757-767; [3] 
Crowley et al, 2006, CMP, 151, 313-330; [4] Bennett 
& DePaolo, 1987, GSAB 99: 674-685; [5] Byerly & 
Lassiter, 2015, Chem Geol 413: 146-158. 
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The origin of carbonate concretions has long been 

a mystery. These structures result from diagenetic 
processes in the host sediment and appear to record a 
long depositional and geochemical history. In south-
central Oklahoma, large carbonate masses (1 to 3 
meters diameter) in the Woodford Shale were only 
studied briefly during the 1990s. A significant 
opportunity exists to revisit these structures, which 
may provide important information on Woodford 
sedimentation and subsequent burial diagenesis. 

The purpose of this research is to identify the 
depositional origin and diagenetic evolution of the 
carbonate masses using techniques such as lithology, 
stable (C, N, S and O) isotope geochemistry, trace 
metals, cathodoluminescence microscopy, and fluid 
inclusion microthermometry. 

Our preliminary results show that, on their 
surfaces, the carbonate masses contain coarse calcite 
crystals, phosphate nodules, chert layers and apparent 
bedding on the largest masses.  Internally, we observe 
an iron oxide stained matrix with possible growth 
layers. Thin section petrography reveals a 
poikilotopic microcrystalline matrix containing 
radiolaria, Tasmanites and sparse organic particles, 
which are possibly pre-oil bitumen. Well-preserved 
siliceous microfossils, including radiolaria and 
triaxon spicules, occur in the phosphate nodules 
within the limestone masses. Solitary rugose corals, 
bivalves, conodant elements and Laevigatosporites 
sp. fossils were also observed within the matrix. 
Diagenetic dolomite is present throughout the matrix 
rimming replaced radiolaria or Tasmanites and filling 
fractures.  Vugs are lined with isopachous cement and 
filled with blocky calcite showing aggrading 
neomorphism. A calcitic and hematitic rhind lining 
the perimeter of the masses displays concentrically 
zoned crystals, which include an erosional surface 
followed by uninterrupted zonation lines. 

The masses appear to be preserving the 
precompactional fabric of the host sediment, with 
complex diagenetic alteration. Petrographic data 
points to possible diagenetic alteration of the masses 
in the phreatic zone, as well as subaerial exposure.  
Both petrographic and geochemical results suggest 
changes in water chemistry during formation of the 
carbonate masses. 
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Radium (Ra) and thallium (Tl) are potential 

contaminants at the vicinity of mining sites and are 
harmful pollutants. Radium 226 is a uranium 238 
daughter and can be found in mine where uranium is 
present (e.g. uranium or coal mines mainly). Tl is 
both lithophilic and calcophilic elements and found in 
sulfur ores (associated with lead, zinc, antimony,…) 
or in rocks containing K-feldspar. Speciation of Ra 
and Tl is poorly-known mainly due to their low 
concentrations in aquatic environments.  
 Review of Ra and Tl geochemistry clearly shows 
a lack of quantitative information about interactions 
with natural organic matter. Organic ligands could 
play an important role in Ra or Tl bioavailability, 
chemical reactivity (adsorption or photo oxidation 
inhibition or catalysis) and hence geochemical 
transfers. 

 Based on equilibrium between two 
solutions that are separated by a selectively 
permeable membrane, the so-called “Donnan 
membrane technique” (DMT) provides a measure of 
free ion concentrations.[1]. Analytes measurements 
are performed by HR-ICP-MS Element 2 (Thermo 
Scientific). Experimental setup allows the Donnan 
equilibrium to be reached after 100 and 120 hours for 
Tl and Ra, respectively. Experiments performed with 
purified natural organic matter allows to calculate 
complexation constants in multiple pH conditions. 
With this work, we contribute new data and 
interpretations to an active debate on Ra and Tl 
geochemical modelling. In conclusion, this work 
brings a new view on risk assesment for mining 
activities. 
 
[1] Temminghoff et al. 2000. Determination of the 
chemical speciation of trace metas in aqueous 
systems by the Wageningen Donan Membrane 
Technique. Analytica Chimica Acta, 417, 149-157 
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Over the five years since the INES Level 7 rated 
accident at the Fukushima Daiichi Nuclear Power 
Plant (FDNPP), a considerable effort has been made 
in the remediation of large contaminated areas; with 
an even greater focus being directed to the 
understaninding of the physical properties and 
environmental behaviour of  this contamination. 
However, this work has centred on the analysis of the 
medium-lived fission product isotopes of cesium, Cs-
134 and Cs-137, with half-lives of 2.065 and 30.17 
years respectively, with limited work on the longer-
lived and frequently forgotten species such as 
uranium.  

Using surface sediment and organic samples 
collected from Iitate Village, located on the main 
plume line 35 km north-west of the  FDNPP, 
individual sub-micron uranium-containing particles 
were extracted from the material using combined 
high-resolution electron microscopy and in-situ nano-
manipulation with an electron polymerising adhesive.  

Through initial synchroton radiation μ-XAS 
analysis of this particulate at the Diamond Light 
Source (UK), it has been observed that the particles 
extracted are comparable to a reference Uraninite 
material – strongly indicating their provenance as 
spent fuel originating from the Fukushima reactors. 
In addition to these uranium containing particles, 
comparable sized fragments composed of fission and 
activation products are found within the bulk 
samples. The size of these particles, in the order of 
200 – 500 nm, are consitent with those encounted by 
Abe et al 1 observed to occur as nuclei in the centres 
of larger micron-sized spherical particles collected 
some distance from the reactor site, composed 
predominantly of cesium.  

The small size of these fragments has strong 
implications for both humans and animals in the 
affected regions, with their size being conducive to 
inhalation and internal exposure. 
 
[1] Abe et al (2013), Analytical Chemistry 86, 8521-
8525. 
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As an end-member ‘hot’ subduction zone [1] and 

host to the termination of a subducting slab, the 
northern Cascade arc (Garibaldi Volcanic Belt, GVB) 
is a unique setting to examine intermediate magma 
genesis and the implications for evolution of the 
continental crust. Two isotopically distinct mantle 
components in GVB basalts indicates toroidal flow of 
deep mantle around the slab edge and into the arc 
mantle source [2], which could lead to unusually hot 
conditions and melting of the slab edge. 

We present new high precision Sr-Nd-Hf-Pb 
isotope and trace element data for lavas from the 
GVB volcanic centres of Glacier Peak, Garibaldi, 
Cayley and Meager. In isotopic plots, GVB lavas 
broadly define mixing curves between northern 
Cascadia Basin sediment [3] and Juan de Fuca 
MORB. GVB lavas are more isotopically depleted 
than High Cascade lavas [2] and have elevated Sr/Y, 
suggesting the possibility of a slab melt component. 
However, only one lava (Enostuck at Mt. Garibaldi) 
has the requisite high Dy/Yb of a slab melt. Mt. 
Baker [4] and Glacier Peak have typical ‘arc’ trace 
element signatures and display a continuum in 
isotopic and trace element compositions from basalts 
to dacites, implying a genetic link between the mafic 
and silicic series and a single mantle source. 
Conversely, lavas of Garibaldi, Cayley and Meager 
indicate two isotopically distinct mantle sources, 
producing separate alkalic and subalkalic magmatic 
lineages. The subalkalic lineage displays a continuum 
between mafic and silicic, but with higher 87Sr/86Sr, 
�Hf, 208Pb/204Pb and 207Pb/204Pb for a given 206Pb/204Pb 
and lower �Nd than the alkalic lineage. Alkalic basalts 
have OIB-like trace element compositions [2], while 
more evolved alkalic lavas show trace element and 
isotope compositions indicative of crustal 
contamination. Despite the GVB’s hot thermal 
regime, slab melts are uncommon and ‘adakitic’ 
signatures are mainly a consequence of crustal 
contamination. 
 
[1] Syracuse et al. (2010) Phys Earth Planet Int 183. 
[2] Mullen & Weis (2015) EPSL 414. [3] Carpentier 
et al. (2014) Chem Geol 382. [4] Mullen & 
McCallum (2014) J Pet 55(2). 
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A mixed-flow steady-state bio-reactor was 

designed to biomineralize CO2 with active 
Synechococcus sp.. Dissolved CO2, was the only 
source of inorganic carbon. Cyanobacteria 
maintained alkaline pH conditions. Ca2+ activities of 
0.16 ± 0.02, 1.71 ± 0.07 and 3.07 ± 0.09 mM, 
corresponding to ionic strengths of 0.08 ± 0.02, 0.09 
± 0.01 and 0.11 ± 0.01 M, remained constant. 
Similarly the Synechococcus sp. biomass, averaging 
204 ± 12, 198 ± 13 and 197 ± 8 mg/L. Stable pH 
values of 10.75 ± 0.10 and 10.66 ± 0.11 for Ca2+ 
activities of 0.16 ± 0.02 and 1.71 ± 0.07 mM, were 
stable. For the highest Ca2+, the pH dropped from 
10.32 ± 0.17 to 9.54 ± 0.14. The saturation index for 
the lowest Ca2+ activity ranged from 1.13 to 1.92 
where no calcite formed. This supports the lack of 
spontaneous nucleation of calcite. This suggests that 
active cyanobacteria do not act as calcite nucleation 
sites. At the highest Ca2+, the saturation index 
reached a maximum value of 5.03, decreasing to 
3.92.  Carbonate activities of 1.15 x 10-7 ± 1.28 x 10-8 
to 6.37 x 10-8 ± 2.91 x 10-9 moles/cm3 at the end of 
the runs. Precipitation rates were calculated from the 
evolution of {CO3

2-}, with reaction orders of 2.91 ± 
0.17 and 2.79 ± 0.14. This indicates the efficiency of 
the mixed-flow reactor set-up for CO2 sequestration.  
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Column experiments 
Ra isotopes are a common natural tracer used to 

calculate Submarine Groundwater Discharge (SGD). 
It’s activity dependence is widely known in the 
ocean, but quantify its behavior in the aquifer source 
(pore-water) is still challenging and requires an 
accuracy assessment of the parameters that controls 
Ra desorption on the freshwater/saltwater interface[1]. 
We performed several column experiments to see the 
influence of salinity on 224Ra desorption from alluvial 
sediments taken from a coastal aquifer with an 
underlying weathered granitic substrate. First, we 
obtained an Incubation Standard (IS) and then used 
several residence times (ts) to track the amount of 
224Ra desorbed with time during the simulation of two 
different phenomena: seawater intrusion and a rain 
event. Results showed a correlation between 
increasing salinity and 224Ra desorption at different 
rates. 

 Measurements were then compared with those 
obtained in the field, where several sampling 
campaigns have been carried out using the 
methodology followed by Rodellas, 2014[2]. 
 
 
[1] Hughes et al., (2015). Estuarine, Coastal and 
Shelf Science, 164, 96-104. 
[2] Rodellas et al., (2015). PNAS, 112, 13, 3926-
3930. 
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Trace metals, especially in mixtures, can disturb 
and modify the competitive balance between 
microorganism species in soils, which in turn induce 
modifications of biogeochemical cycles (C, N, P...). 
Soils are spatially heterogeneous environments 
structured in aggregates of different sizes. Similarly 
to microorganisms, metals present heterogeneous and 
specific distribution patterns among these micro-
aggregates. The objective of this work was better 
understand the spatial impact of heavy metals (Cu-
Cd-Cr) on soil microbial communities, according to 
their respective distribution within the different soil 
microhabitats, and the temporal evolution of 
microbial communities structure in response to the 
multi-metal pollution. By applying a high-throughput 
sequencing approach we studied the restructuring 
action of a Cu-Cd-Cr contamination on the microbial 
community of a grassland-soil at the microaggregate-
scale. The soil was contaminated with equitoxic 
concentrations of Cu, Cd and Cr, alone or mixed and 
regularly physically fractionated (2-64 days). The 
bulk soil and the size-fractions were analyzed for 
mass balance, free, soluble and total metals contents 
and soil properties (pH, Eh, OC and N contents). 
Microbial biomass, and bacterial density/diversity 
were measured (16SrDNA rtPCR and Miseq 
sequencing,). This study provides a new vision of soil 
bacterial community structure. It opens the way for 
the detection and identification of rare taxa and 
potential new bio-indicators of soil health.  
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The composition of volatile elements in the outer 

solar system is still badly known. A better knowledge 
of the elemental and isotopic compositions of major 
volatiles - hydrogen, carbon, nitrogen - and of noble 
gases will shed light on important planetary issues 
such as the origin (solar system versus interstellar) of 
ices, of the isotopic enrichments in D, 15N and 17,18O 
relative to the protosolar nebula composition, and the 
possible contribution of icy bodies to planetary 
atmospheres (e.g., Titan, Earth, Venus, Mars, the 
lunar surface). Ionization experiments of gaseous 
mixtures [1,2] suggest that elemental and isotopic 
fractionations of noble gases, nitrogen and oxygen 
originated in the disk illuminated by the young Sun or 
nearby stars, and do not require ISM contributions, 
but they do not exclude it either.  

The ROSINA mass spectrometer system on board 
of the ROSETTA spacecraft is currently analysing 
volatile elements degassed by Comet 
67P/Churyumov-Gerasimenko. Elevated D/H ratios 
together with high amounts of noble gases permit to 
set stringent constraints on the delivery of water and 
organics onto planetary surfaces [3]. Terrestrial 
volatiles appear to be dominated by asteroidal 
sources, with the exception of atmospheric noble 
gases which are instead consistent with a cometary 
origin. Based on the 36Ar content of the terrestrial 
atmosphere, comets could have delivered organics in 
quantities comparable to the modern biosphere. The 
specific composition of the Martian atmosphere is 
commonly thought to have been shaped by escape 
fractionation processes. However, mass balance 
considerations suggest that cometary contributions to 
the thin Martian atmosphere should also be 
considered. According to current models of solar 
system dynamics [4],the cometary delivery of  
atmospheric noble gases to the inner solar system 
might have been delayed by  several hundreds of Ma,  

 
[1] Chakraborthy et al. (2014), PNAS 111:14704–

14709. [2] Kuga et al. (2015) PNAS 
doi/10.1073/pnas.1502796112. [3] Marty et al., 
EPSL, in the press. [4] Morbidelli et al. (2012) EPSL 
355, 144-151.  
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To obtain the knowledge on the production and 
the  decomposition of  mono-methyl mercury 
(MMHg) in seawater, we  investigated the 
distribution of dissolved and particulate Hg and 
dissolved and particulate MMHg in the seawater of 
the Genkai Sea,which is located between the Korean 
peninsula and the Kyushu islands of Japan. The 
seawater sampling was carried out in fall 2014 and 
summer 2015. MMHg in the seawater were measured 
by cold vapor atomic fluorescence spectorometry 
(CVAFS) after the solvent extraction using dithizone-
toluene and derivatization using sodium tetra ethyl 
borate and GC separation [1]. In addition, dissolved 
and particulate Hg were measured by CVAFS 
according to the EPA method 1631 and mercury 
analysis manual of Ministry of the Environment, 
Japan.  

In fall 2014, total Hg (dissolved Hg + particulate 
Hg) concentrations were 0.14 ± 0.06 ng/L and 
69±10% of total was in dissolved phase. Dissolved 
MMHg concentrations were averaged at 0.004 ± 
0.002 ng/L, corresponding with 4.6±3.9% of 
dissolved Hg, ranging from 0.3 to 19.6%. The 
dissolved MMHg concentration was higher at the 
bottom layer (Water depth is almost 100 m) than the 
other upper layers. In summer 2015, total Hg 
concentrations were slightly lower then those in fall 
2014. The average concentration of dissolved MMHg 
was 0.004 ± 0.003 ng/L, corresponding with 
7.4±3.9% of dissolved Hg. Although the dissolved 
MMHg cocentrations in the surface layer were not 
more than the detection limit (3σ, 0.001 ng/L), 
around 0.010 ng/L of dissolved MMHg were 
observed in the layers under the thermocline and the 
maximum layer of chlorophyll a. These  vertical 
profiles of dissolved MMHg  in fall 2014 and 
summer 2015 were similar with those of PO4

3- 
concentrations, which is one of the nutrients. 
Therefore, the production of phytoplankton and 
remineralization [2] can be ralated to vertical profile 
of dissolved MMHg in this sea area. 

This research was supported by the Environment 
Research and Technology Development Fund (5-
1405) of the Ministry of the Environment, Japan. 
 
[1]Logar et al. (2002) Anal. Bioanal. Chem. 374, 1015-
1021. [2]  Hammerschmidt and Bowman (2012) Mar. 
Chem. 132-133, 77-82. 
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The late Ordovician [Ordovician-Silurian (O-S)] 
mass extinction was the first among the “Big Five” 
mass extinctions of the Phanerozoic era and the first 
that affected animal-based communities. This event 
was likely related to the glaciation of Gondwana; 
however, the exact mechanisms that led to 
widespread extinctions are still unclear. The elevated 
extinction rates were accompanied by a positive 
carbon isotope (δ13C) excursion. Therefore, not only 
climatic cooling or a major sea level drop can be 
related to this mass extinction, both of which are 
directly related to glaciation, but a major perturbation 
of the global carbon cycle might also have been 
involved. However, it is very difficult to draw 
conclusions about the oceanic events from δ13C data 
alone. Therefore, a multi-isotope approach should be 
applied in order to understand the 
paleoenvironmental perturbations in oceans during 
the late Ordovician mass extinction event.  

In this study, isotopic ratios and concentrations of 
carbon and sulfur were analyzed in the Upper 
Ordovician to Lower Silurian shales from the 
Langkawi Islands in Malaysia. The results revealed 
that the weight ratios of organic carbon and pyritic 
sulfur (C/S) varied periodically from <1 to ~30. 
These periodic variations were interrupted by the 
position of the positive δ13C excursion. The excursion 
was accompanied by C/S ratios <0.1, lower than the 
minimum values during the periodical variations. 
These results imply that the depositions of organic 
carbon and pyritic sulfur occurred in highly anoxic 
oceans that might have contained hydrogen sulfide in 
the water column. At the onset of the late Ordovician 
mass extinction, characterized by the δ13C excursion, 
highly anoxic water bodies containing hydrogen 
sulfide likely expanded to form shallow oceans where 
sand deposition occurred. 
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For the formation of clouds in the atmosphere 

under normal relative humidity, aerosol particles are 
necessary to act as cloud condensation nuclei (CCN). 
Among various aerosol particles, calcium sulfate such 
as gypsum (CaSO4.2H2O) is supposed to be formed in 
the atmosphere by reactions of Ca-bearing minerals 
and SOx species. 

In order to examine if gypsum can act as CCN, 
we have conducted adsorption experiments of water 
to gypsum particles under controled relative humidity 
(RH%). 

Infrared spectra of gypsum showed changes in 
OH stretching bands with increasing RH. In order to 
examine quantitatively these changes, the OH bands 
were fitted by 6 Gaussian OH components (Fig.1)  

Among these OH components, 3300 cm-1 
component (Fig.1: 5) showed significant increases 
with increasing RH. This component is considered to 
be corresponding to water molecules with relatively 
short hydrogen bond distances, which are adsorbed to 
gypsum. The relation of this water adsorption to 
cloud formation and assingments of other OH 
components will be discussed. We will also try to 
extend the water adsorption experiments to gypsum 
to lower temperatures from room temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. A representative curve fitting of OH bands of 

gypsum at relative humidity 40%. 
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Blawan-Ijen volcano-geothermal complex is one 

of the most active volcanoes, located in eastern of 
Java, Indonesia and known as its large hyper acidic 
crater lake, poses significant volcanic and 
environmental hazards to its immediate surroundings. 
Besides its threats, the volcano give some benefits for 
the surrounding people due to the prospect of its 
“sulfur mining”, tourism and geothermal energy. In 
Blawan village at northern of Ijen volcano, there is an 
industry of Java Coffee using the supporting energy 
from biomass and solar energy for drying the coffee-
fruit. There was also developed energy based on 
microhydro power plant to support its own electricity 
need. Based on the geological and surface 
investigation, about 21 hot springs have been found 
in Blawan area with the surface temperature ranged 
from about 400C-550C. The geothermal system, type 
of hot spring waters, reservoir temperature and 
geothermal reserve potential of Blawan geothermal 
field have been studied by a multi geosciences 
methods such as Magnetotelluric (MT), Seismicity, 
Geoelectrical, GPR, and Geochemistry. There were 
19 sites of magnetotelluric measurement spacing in 
250 m up to 1200 m, whereas 6 locations of Blawan 
hot spring have been sampled for geochemical 
survey. The results of 2D modeling indicated that the 
geothermal system in the research area consisted of 
cap rock zone (≤32 Ω.m), reservoir zone (> 32Ω.m - 
≤512 Ω.m), and a heat source zone (>512 Ω.m), and 
identified of faults. The characteristics of the hot 
spring water identified through analyzing the major 
and minor elements of some sampled water, then the 
reservoir temperature approximately 150oC based on 
Na-K-Ca geothermometer result. An estimate of the 
geothermal energy using the volumetric method, gave 
total geothermal reserve potential of 32,547 MWe. 
Geoelectrical resistivity and Ground Scan Penetrating 
Radar (GPR) was performed to investigate the 
underground seepage of hot water in Blawan 
geothermal field. Furthermore, seismicity of Blawan-
Ijen volcano-geothermal complex estimated the 
magma chamber system beneath the complex. 
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Recent experimental data indicate that the 

hydrous mineral δ-AlOOH can be stable throughout 
the lowermost mantle. This phase is, therefore, a 
possible carrier and host of water in the deep mantle. 
In order to further our understanding of the global 
circulation of water (or hydrogen) and its associated 
influence on the seismic structure in the deep mantle, 
it is important, therefore, to clarify the physical 
properties of δ-AlOOH such as elasticity or sound 
velocities under high-pressure conditions relevant to 
deeply subducted slabs.  

To uncover the physical properties of δ-AlOOH 
under deep mantle pressure conditions, we have 
conducted high-pressure acoustic wave velocity 
measurements of δ-AlOOH by using Brillouin 
spectroscopy combined with high-pressure Raman 
spectroscopic measurements in a diamond anvil cell 
up to pressures of 134 GPa. There is a precipitous 
increase by ~14% in the acoustic velocities of δ-
AlOOH from 6 to 15 GPa, which suggests that 
pressure-induced O-H bond symmetrization occurs in 
this pressure range. The best fit values for the high-
pressure form of δ-AlOOH above 15 GPa of K0 = 
190 (2) (GPa), G0 = 160.0 (9) (GPa), (∂K/∂P)0 = K0� 
= 3.7 (1), and (∂G/∂P)0 = G0� = 1.32 (1) indicate that 
δ-AlOOH has a 20–30% higher VS value compared to 
those of the major constituent minerals in the mantle 
transition zone, such as wadsleyite, ringwoodite, and 
majorite. On the other hand, the VS of δ-AlOOH is 
~7% lower than that of bridgmanite under lowermost 
mantle pressure conditions because of the 
significantly lower value of the pressure derivative of 
the shear modulus. By comparing our results with 
seismic observations, we can infer that δ-AlOOH 
could be one of the potential causes of a positive VS 
anomaly observed at ~600 km depth beneath the 
Korean peninsula and a negative VS jump near 2800 
km depth near the northern margin of the large low-
shear-velocity province beneath the Pacific. 
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Otsuchi Bay is located at Pacific Ocean side of 

Iwate Prefecturre in northen Japan. Immediately after 
the 2011 off the Pacific coast of Tohoku Earthquake 
occurred in March 11 2011,  giant tsunami attacked 
this coastal area. Many coastal areas have been 
damaged catastrophically, then many of artificial 
materials on land are washed away by the tsunami. It 
is thought that coastal environments were affected by 
terrestrial materials, not only natural materials (e.g. 
soils, plants), but also artifacts on land. Recently, 
platinum has been used as industrial materials, for 
example automobile catalysis and anticancer drugs. 
Possibly, after the giant tsunami, industrial materials, 
containing platinum are affecting the estuarine 
environment of Otsuchi Bay. In this study we 
revealed distributions of dissolved platinum in waters 
at Otsuchi Bay after the tsunami, and traced their 
spatial and temporal variations. We discuss the 
variation of the platinum in Otsuchi Bay before and 
after the tsunami. 

Seawater samples were collected from Otsuchi 
Bay in Iwate Prefecture. We collected seawater 
samples five times from May 2012 to May 2015. And 
we also collected river water which flow into Otsuchi 
Bay. For determine Pt concentration, we used isotope 
dilution method with an inductivity coupled plasma 
mass spectrometer (Suzuki et al., 2014). 

Dissolved platinum concentrations ranged from 
0.24 to 5.18 pmol/L in seawater and were higher than 
that of open ocean seawater. Pt concentrations in 
river water samples were below than the detection 
limit (0.015 pmol/L). The concentrations increased 
to-ward the bottom, which shows that dissolved 
platinum are supplied from the sea floor. Compared 
with the platinum concentrations in surface seawater 
before and after the tsunami, platinum concentrations 
were elevated in all the sampling points of Otsuchi 
Bay after the tsunami. Huge amounts of terrestrial 
materials, containing platinum, were transported from 
river water to the bay by the tsunami. After the lateral 
transportation, dissolved platinum is possibly 
released from the bottom sediments, containing 
terrestrial materials, at high salinity area.  
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Objective & Methodology 

Particulate matter from an urban residential site 
within Agra city (a semi-arid region) were collected 
using respirable dust samplers in order to study the 
concentration and exposure profiles of polycyclic 
aromatic hydrocarbons (PAHs).   

The samples were extracted with 
dichloromethane using an automated Soxhlet 
Extraction. The extracts were analyzed on gas 
chromatography coupled with mass 
spectrophotometer (GC-MS)[1,2,3].  

 
Figure 1: Seasonal trend of PAHs at urban site of 

Agra 

Discussion of Results 
The total PAH (TPAH) concentrations were 

27.96 ± 2.3, 22.24 ± 2.1, and 34.38 ± 3.0 ngm-3, 
respectively, during summer, monsoon and winter 
seasons. The combined mean concentration of TPAH 
was 28.19 ngm-3 for all seasons. The chief PAHs 
found in the samples collected from this urban region 
were Benzo(b)fluoranthene, Benzo(g,h,i)perylene, 
Benzo(b)fluoranthene and Indeno(1,2,3-cd)pyrene. 
Dibenz(a,h)anthracene contributed the highest 
carcinogenic exposure equivalent (4.09 ngm-3) 
followed by Benzo(a)pyrene (2.80 ngm-3), 
Benzo(b)fluoranthene (0.453 ngm-3) and 
Benzo(k)fluoranthene (0.338 ngm-3), accounting for 
approximately 50%, 35%, 6% and 4% of the total 
carcinogenicity of particulate PAH in this urban 
region.  

[1] Masih and Taneja (2006) Chemosphere 65, 
449-456. [2] Masih et al. (2010) EMA 163, 421–431. 
[3] Masih et al. (2010) JHM 177, 190–198. 
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A shallow, silica-rich rhyolitic magma body was 
drilled during the perforation of the Krafla caldera, 
carried out in the framework of the Iceland Deep 
Drilling Project (IDDP). Samples of the rhyolitic 
magma were collected among the cuttings brought to 
the surface by the drilling fluids. These samples 
consist of vesiculated glassy fragments containing 
crystals of titanomagnetite, plagioclase and 
clinopyroxene. Minerals are in textural and chemical 
disequilibrium with the rhyolitic melt, as indicated by 
compositional zoning of plagioclase and exsolution 
lamellae in clinopyroxene. Additionally, Fe-Mg 
exchange between clinopyroxene and melt (cpx-

meltKD
Fe-Mg) and Ab-An exchange between plagioclase 

and melt (plg-meltKD
Ab-An) show values  much lower 

than those expected at equilibrium conditions. These 
disequilibrium features make difficult to assess 
correctly the crystallization path of magma through a 
classical approach based on the use of 
geotherbarometers or thermodynamic modelling. 

Therefore, in order to elucidate the physico-
chemical conditions controlling the final stage of 
magmatic evolution, we aim to investigate 
experimentally the origin of the rhyolitic magma, 
which is still under debate. Indeed, the change of the 
crystallization conditions recorded by minerals may 
be addressed either to rapid extraction of the rhyolitic 
melt from a crystal mush, or to slow cooling of the 
rhyolitic melt produced in-situ by partial melting of 
the host felsite rock. 
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A series of laboratory experiments are 
constructed to 1) learn basic analytical techniques and 
those principles and 2) to understand the formation 
mechanisms of water chemistry through water-rock 
itneraction and anthropogenic pollution. The contents 
of experiments are as follows: 1) DO at different 
temperatures; 2) activity of dissolved ions estimated 
by EC (electric conductivity); 3) Major element 
analyses of natural riverwaters (major anions and 
cations, dissolved silica) and charge valance; 4) 
Chemical weathering process to dissolve major 
cations, silica and REEs simulated by the water-rock 
interaction experiment; 5) Saturation index 
calculation of carbonates and silica of analyzed 
riverwaters; 6) Cation exchange reaction between 
clays and waters; 7) Anthropogenic inputs of 
pollutant into hydrosphere.  

In the couarse of experiments, very basic 
analytical procedures for titration, colorimetry, and 
physical analyses including ion-chlomatography, 
atomic adsorption photometry, mass-spectroscopy, 
etc. were experienced. Throughout the analyses, basic 
knowlegements on the principles of chemical and 
physical analytical techniques were also explained. 

For the water analyses, the waters were taken 
from Yamato River, which is one of most polluted 
rivers of Japan (although the water quality is not 
seriously bad at present). Water-rock interaction 
experiment tells the importance of basement flow 
onto the water chemistry of riverwater in the 
upstream. However, anthropogenic activities affect 
on the water quality, especially sulfate and nitrate 
ions and COD in the downstream. The river is 
running just adjacent to the canpus, and the students 
have easily interests on the environmental problems 
surrounding their own lives. Dissolution reaction of 
various rocks with diluted acid is useful to understand 
the chemical weathering to supply metal ions not 
only major solble cations but also REEs into the 
hydrosphere. When the all data set is summarized in 
the final report, processes of water-rock interaction 
and importance of water as transportation system of 
materials in the hydrosphere can be understood. 
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Red River originates in southern China and flows 
out from northern Vietnam to the ocean. Red color 
suspended matters, which are mainly transported in 
the rainy season, are the name of this river. Arsenic 
contaminated groundwater appears in the Holocene 
aquifer of its downstream delta. The arsenic has been 
believed to be adsorbed onto Fe-oxyhydroxides in the 
aquifer sediments. In this report, the arsenic 
transportation process was traced based on the 
analyses of riverwaters, suspended particles and 
riverbed sediments of Red River in Vietnam territory. 
Total arsenic concentration of main channel water 
was as high as 40 ppb in the dry season at the 
uppermost location near the border to China, and >60 
% of the arsenic was as dissolved component. In the 
rainy season, total arsenic concentration was <10 ppb. 
The total arsenic concentration of riverbed sediment 
ranges within 30 to 50 ppm, and most of the arsenic 
was in insoluble phases such as silicates and/or 
sulfides. The arsenic concentration gave highly 
positive correlation with lead concentration of the 
riverbed sediments, indicating the same source(s) of 
these elements. The lead isotopes gave the isochrons 
for 800Ma, i. e., Precambrian age.  Precambrian rocks 
exposures in the source area of Red River in China 
territory. The arsenic was plausibly derived from this 
rock body or surrounding sedimentary formations 
including detrital materials derived from the 
Precambrian rock body. Although sulfide ore deposits 
occur along the Red River in China and Vietnam, the 
lead isotopes evidenced that the ore deposits were not 
the arsenic source. In conclusion, the arsenic in the 
Red River delta was transported by the detrital 
minerals derived from hinterland rock bodies.  
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Following the Fukushima nuclear accident, large 

amounts of radionuclides were released into the 
atmosphere and deposited in the environment over a 
wide area [Kawamura et al. 2011; Morino et al. 
(2011), Aoyama et al. (2012), Korsakissok et al. 
(2013), Groëll et al. (2014)]. Both environmental 
observations and atmospheric deposition modelling 
have been used to improve the understanding of 
airborne transport of plumes and their deposition 
leading to significant progress. However, many 
uncertainties remain, and important issues are still to 
be investigated. The current state of knowledge will 
be presented by highlighting the main difficulties 
which limit our understanding and the joint efforts 
that have to be made in an attempt to deepen our 
knowledge.  

Milestone has been recently reached with the 
analysis of hourly air concentrations retrieved from 
filter tapes of air quality monitoring sites [Tsuruta et 
al. (2014)]. Those data are a valuable complement to 
the other measurements but understanding the 
formation process of contaminated areas cannot be 
achieved through measurements only. Thus, 
improving atmospheric dispersion simulations 
remains a key issue. It requires reliable input data. 
Therefore, important topics include source term 
assessment [Chino et al. (2011), Stohl et al. (2011), 
Mathieu et al. (2012), Terada et al. (2012), Saunier et 
al. (2013), Winiarek et al. (2014), Katata et al. 
(2015)], modelling of meteorological conditions 
[WMO (2011), Arnold et al. (2015), Sekiyama et al. 
(2015)], modelling of radionuclides transport in the 
atmosphere and deposition processes [Leadbetter et 
al. (2015), Katata et al. (2015)], and modelling of 
uncertainties. 
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Sulphur is an important volatile in many 
magmatic systems. Being multivalent it can be a 
useful tracer of redox state, occurring as sulphide (S2-

) at reduced conditions and sulphate (S6+) in more 
oxidized environments. The speciation and solubility 
of S have important controls on transport through the 
crust and enrichment of economically important 
metals (e.g. Cu, Au) to form Porphyry Copper 
Deposits (PCD). In addition, the release of volcanic S 
can have a critical effect on climate, due to the 
formation of atmospheric aerosols, which lead to 
global cooling. Hence, the understanding of S 
evolution and behaviour is essential to help locate 
important mineral deposits and to predict the risk 
associated with some volcanic eruptions. 

We have experimentally investigated the 
speciation and solubility of sulphur as a function of 
pressure (from 0.5 to 1.5 GPa) and ƒO2 (NNO -1.7 to 
+4.5) in a cooling andesitic magma (850 to 950°C). 
We employ a newly developed experimental 
approach allowing precise control of ƒO2 in these 
high-pressure runs [1]. Results suggest a strong effect 
of pressure on the transition from sulphide to sulphate 
stability over the ƒO2 range expected for subduction 
zone magmas as they ascent through the crust. At 1.0 
and 1.5GPa “sulphate only” stability is reached at 
NNO +3 and +3.5 respectively, 1 to 1.5 log units 
higher than previously observed at 0.2GPa [2]. As 
with other studies, we observe a minimum in sulphur 
solubility between the S2- and S6+ stability fields 
coinciding with a maximum in Au solubility. We 
speculate on the presence of an insoluble sulphur 
species with an intermediate oxidation state. 
 
[1] Matjuschkin et al. (2015) 169:9 [2] Jugo et al. 
(2005) GCA 74:5926-5938 
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Frost flower (FF) on sea ice are formed on new 
and thin sea ice by water vapor sublimation under 
low temperature. Recent studies showed that FF was 
main source of sea salt aerosols in polar region and 
could affect the interpretations of ice core studies, 
and that FF played a role of releaser of halogen, 
which could decompose ozone in troposphere. We 
conducted a field observation at Siorapaluk, 
northwestern Greenland from February to March in 
2014. We collected FF, snow and aerosol samples on 
sea ice in front of Siorapaluk (Fig.1). We also 
measured meteorological conditions by an auto 
weather station near Siorapaluk from December 2013 
to April 2014. In this presentation, we report 
chemical compositions of FF and concentration 
processes of sea salt during growing of FF. 
Concentration factor of FF and brine water onto sea 
ice calculated by ratio of sodium ion concentration in 
FF and brine water to sea water ranged 1 to 3. It 
indicates that sea salt in FF is originated from brine 
water on sea ice. Enrichment factor of sulfate in FF 
tends to decrease with increase of concentration 
factor. The decrease of EF of sulfate could be caused 
by formation of mirabilite in brine water during 
formation and growth of FF. EFs of bromide in FF 
were higher than sea water, indicating that selective 
concentration of bromide occurred during the 
formation of brine water 

 

 
 

Figure1: Frost flowes at the observation site 
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Sulfur isotope fractionation between sedimentary 
sulfate and co-existing pyrite is a proxy of Earth’s 
surface oxidation and has exceeded 55‰ since 
Neoproterozoic. Microbial sulfate reduction plays a 
key role on sulfur isotope fractionation between 
sufate and sulfide, though the factor to increase the 
fractionation is not fully understood. Cell specific 
sulfate reduction rate is known to affect the 
fractionation and decreases when cells are in their 
maintenance phase, and/or when using high-energy 
electron donor like glucose. We carried out batch 
culture experiment of sulfate reducing bacteria (SRB) 
Desulfoviburio desulufuricans (DSM642) in 25°C, 
30°C, and 37°C using glucose as electron donor, and 
studied sulfur isotope fractionation mechanism in 
both exponential phase and maintenance phase. The 
cell specific sulfate reduction rate during 
maintenance phase in 25°C, 30°C, and 37°C become 
0.10±0.03, 0.03±0.02, and 1.02±0.36 fmol/cell/day, 
respectively. The cell specific sulfate reduction rates 
in 25°C and 30°C experiments are equivalent to that 
of present coastal marine sediments. Sulfur isotope 
fractionation during maintenance phase in 25°C, 
30°C, and 37°C are 53±5‰, 107±63‰ and 48±3‰, 
respectively. The sulfur isotope fractionation during 
microbial sulfate reduction of the most popular SRB 
Desulfoviburio desulufuricans (DSM642) also 
exceeded 47‰ when glucose is used as electron 
donor, and the results of our study suggest that cell 
growth phase is important for considering the large 
sulfur isotope fractionation observed in natural 
environment. We compared the 34ε, 33λ, and 36λ 
values derived from our expeimental results with a 
new CAS and sulfide analysis of Ediacaran section in 
the Three Gorges area, South China. The 34ε values of 
Ediacaran samples ranged from -3‰ to 47‰ with an 
average value of 23‰, and the 33λ and 36λ values 
basically concentrated on 0.514 and 1.91 regardless 
of 34ε value. The trend of 33λ and 36λ values are 
different from our culturing experiment of SRB. The 
difference suggest another process rather than 
microbial sulfate reduction played the major role in 
sulfur cycling during Ediacaran ocean. 
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In our resent experimental study in FeOOH-TiO2 

system (Nishihara and Matsukage, 2016, Am. Min.), 
we found new hydrous phases (FeTi oxyhydroxides) 
at pressures of 8-16 GPa and temperatures of 900–
1600°C which corresponds to conditions of the deep 
upper mantle and the mantle transition zone. In this 
system, two stable phases were identified whose 
composition is expressed by (FeH)1-xTixO2, and one 
of them with α-PbO2 type structure (orthorhombic, 
Pbcn) is stable in the system basalt + H2O at pressure 
of 12 GPa and temperature of 1000°C which 
corresponds to condition of the deep upper mantle in 
the slab.  

Here, we perform high-pressure and high-
temperature experimets to identify the stability field 
of the new hydrous minerals in hydrous basaltic 
system (water content = 2 wt%). The experiments 
were carried out at 9-18 GPa and 800–1200°C using 
Kawai-type multi-anvil apparatus (SPI-1000 and 
SAKURA at Tokyo Institute of Technology). Au/Pt 
double capsules were used as sample containers, and 
the oxygen fugacity was buffered at ~NNO by using 
Ni + NiO + Ni(OH)2 powder. The run products were 
analyzed by FE-EPMA.  

We found that the FeTi oxyhydroxide phase with 
α-PbO2 type structure was stable in basalt + H2O 
system at wide pressure range at deep upper mantle 
and mantle transition zone (8-17 GPa), and it 
dehydrate at pressure of ~17 GPa. Above 17 GPa, 
CaTi perovskite was formed as a Ti-bearing phase. 
After dehydration of FeTi oxyhydroxide, Al-bearing 
phase D (Pamato et al., 2015), which is one of major 
water carriers in deep mantle transition zone and  
lower mantle, was stable. Therefore our findings 
suggest that water transport in the Earth’s deep 
interior by basaltic crust is probably much more 
efficient than had been previously thought. 
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One of the least understood characteristics of 
aerosols is the source and contribution of the 
organics. Our recent observation in Noto (remote 
coastal site in central Japan) revealed that submicron 
aerosol particles in the outflow from Northeast Asia 
has a variable but high concentration of carbonaceous 
matter [1, 2]. In order to investigate on their source 
and transport pathways, we analyzed 14C 
concentration within fine carbonaceous particles. 

We collected weekly PM2.5 samples at NOTO 
Ground-based Research Observatory (NOTOGRO, 
37.45ºN, 137.36ºE) from 26th Jun, 2014 to 17th June, 
2015. The analysis of 14C was conducted using AMS 
14C system (High Voltage Engineering Europe, 
Model 4130-AMS). In addition, the other parameters 
including concentrations of specific organic 
compounds, δ13C, black carbon, PM2.5 and back 
trajectory analysis were combined to better constrain 
the carbon sources. 

The results showed that contribution of 
carbonaceous matter originating from fossil fuel 
burning is generally small (30 pMC; percent modern 
carbon), whereas that from modern biological activity 
and/or biomass burning is large (70 pMC). 
Concentration of 14C in autumn samples were the 
highest in all seasons (90 pMC), and there were 
indications that large scale agricultural waste burning 
in Northeast China is the likely source. The lowest 
14C concentrations in winter samples (55 pMC) can 
be linked to combustion of fossil fuel for domestic 
heating and little biological activity. The impact of 
such seasonality in carbonaceous matters (mainly 
organics) on the regional aerosol CCN activity will 
also be discussed in the presentation. 

 
[1] Ueda et al. (2015) Atmos. Chem. Phys. Discuss., 
15, 25089-25138 (accepted for ACP). [2] Iwamoto et 
al. (2015) Aerosol and Air Quality Research, DOI: 
10.4209/aaqr.2015.09.0545. 
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 Dynamics of eruption columns is strongly 
dependent on how the surrounding air is entrained 
and heated to produce buoyancy. Recent fluid 
dynamics modeling has successfully reproduced 
quantitative features of air entrainment observed in 
laboratory experiments [1], but not been tested from 
field observations. Because the essential processes 
include heat transfer from pyroclasts to the entrained 
air, oxidation conditions and temperature to which 
the pyroclasts were exposed may be clues to test the 
simulated thermal structure of eruption columns. In 
this study, we propose that oxidation reaction of 
pyrrhotite (Po) may be used as a maker for 
temperature and oxidation conditions of pyroclasts. 
 The oxidation of Po in pumice clasts of the 
Sakurajima 1914 eruption (Figure 1) proceeded in the 
eruption column syn-eruptively [2]. We measured 
area fraction of Fe-oxide in the pseudomorph of 37 
Po crystals, which corresponds to the oxidation 
degree of Po proceeded during cooling. Based on a 
3D numerical simulation of the Sakurajima 1914 
eruption column with initial temperature of 1000 K, 
discharge rate of 106.8 kg/s and vent diameter of 114 
m, and experimental data on the Po oxidation rate [3], 
we obtained preliminary calculation results of the 
oxidation degree of Po for ca. 500 grains. The 
frequency distribution of these two results will be 
compared and discussed. 

Figure 1: A BSE image of a representative oxidized 
Po grain (modified after Fig. 1c in [2]). 
 
[1] Suzuki et al. (2005) J. Geophys. Res. 110, 
B08201. [2] Matsumoto and Nakamura (2012) J 
Mineral. Petrol. Sci. 107, 206–211. [3] Asaki et al. 
(1983) Metall. Trans. B 14B, 109–116. 
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Atmospheric deposition of fixed nitrogen species 
to the earth’s surface is an important source for 
bioavailable nitrogen both in aquatic and terrestrial 
ecosystems.  In order to characterize deposition 
processes of these nitrogen species, observations of 
the fixed nitrogen species in the size-segregated 
aerosols, gas phase, and wet deposition were 
conducted at an urban site in Kofu, Japan.  Dry 
deposition amounts of these species were estimated 
with an inferential method by using their atmospheric 
concentrations and meteorological parameters.  Here 
we report a large contribution of nitrate in the coarse-
mode aerosols, especially in the aerosols with the 
diameters larger than 10 µm (PM>10), to the nitrogen 
deposition.  

Chemical composition of the PM>10 was similar 
to the coarse-mode aerosols with diameters of 2-10 
µm (PM10-2) as summerized in Table 1, although 
mass concentration of the PM>10 was five times 
lower than that of the PM10-2.  Figure 1 shows the 
calculated dry deposition amounts of nitrate in the 
aerosols.  Despite lower concentrations of nitrate in 
the PM>10, its contribution to dry deposition was 
comparable with that of the PM10-2.  Coarse-mode 
nitrate including the PM10-2 and PM>10 have a large 
contribution to the nitrogen deposition via dry 
processes, which would be comparable with dry 
deposition of gaseous nitric acid.   The preset result 
suggests that nitrate in the PM>10 should be taken 
into account when we discuss the atmospheric 
nitrogen deposition. 

This study was financially supported by JSPS 
KAKENHI (Grant Number 25400525) 

 
 

 

 
 
 
 

 

Table 1. Concentrations of ionic species 
in the aerosols with d<2µm (PM2),  

PM10-2, and PM>10 
 

Figure 1. Calculated dry 
deposition amounts of 
nitrate in the aerosols 

PM2 PM10-2 PM>10 
  Cl - 0.01 0.03 0.03 
  NO 3 - 0.58 0.65 0.11 
  SO 4 2- 2.29 0.41 0.06 
  Na + 0.03 0.16 0.03 
  NH 4 + 0.86 0.10 0.00 
  K + 0.06 0.03 0.00 
  Mg 2+ 0.00 0.03 0.01 
  Ca 2+ 0.05 0.09 0.04 
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The volcanic activity has become higher at Zao 

volcano in Miyagi and Yamagata of Japan since 
January 2013 after the 2011 Tohoku Earthquake [1]. 
Basic water quality of crater lake and geothermal area 
have been studied by Tohoku University since the 
water quality of hydeothermal system in volcano are 
correlating with volcanic activity. As a part of this 
investigation, we are trying to monitor the volcanic 
activity using 129I/127I ratios at Zao volcano. In our 
previous study, 129I/127I ratio in water collected in 
October 2013 from the crater lake at Zao volcano 
were 2.2 × 10−9, which were affected by 
anthropogenic 129I [2]. In terms of the global iodine 
cycle, chronologically-old iodine with low isotopic 
ratio was considered to be supplied into the crater 
lake and geothermal area from underground 
corresponding to the volcanic activity, resulting the 
decrease in 129I/127I ratio of the crater lake. The 
present study aimed to elucidate distribution of 
129I/127I ratio in the crater lake and geothermal area, 
and the relativity between 129I/127I ratio and volcanic 
earthquake for the monitoring of volcanic activity at 
Zao volcano using iodine isotopic ratio. 

The 129I/127I ratios of the crater lake increased 
from 2.2 × 10−9 to 5.6 × 10−9 during October 2013 to 
the middle of October 2014, then, abruptly decreased 
to 4.3 × 10−10 soon after the white turbidity in the 
lake. While the 129I/127I ratios of the geothermal area 
decreased from 5.3 × 10−9 to 1.6 × 10−9 corresponding 
to increase of the volcanic earthquake. Further 
investigations are needed to disscus the relationship 
of  changes in 129I/127I ratio of the hydrothermal 
system and the volcanic activity at Zao volcano. 
 
[1] Japan Meteorological Agency (2015) Monthly 
Volcanic Activity Report (in Japanese). [2] 
Matsunaka et al. (2015) KEK Proceedings 2015-4, 
55-61.  
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Reflectance spectra of some C-type asteroids 

could be the result of surface alteration by space 
weathering [1-2]. As a cause of space weathering, 
micrometeorite bombardments were simulated by 
pulse laser irradiation on carbonaceous chondrites [3-
6]. In this study, we aim to understand the low-degree 
space weathering effects on C-type asteroids by 
pulsed Nd-YAG laser irradiation on Murchison pellet 
samples with lower energies of 0.7, 1, 2, and 5 mJ 
than in previous studies. 

It was found that as the laser energy increased, 
the spectral slope in the UV-Vis range decreased 
(bluing), the overall reflectance decreased 
(darkening), and the 0.7 and 3 μm absorption bands 
were suppressed without any significant changes in 
the band center position or the width. Although these 
changes were also observed in high-energy laser 
experiments [6], the magnitudes of changes were low. 
FE-SEM observation showed that melted/bubbled 
structures were present on the surface of the particles 
collected from the 5 mJ irradiated area, which may be 
products of rapid heating and cooling by laser 
irradiation. The chemical compositions of 
melted/bubbled structures were similar to those of 
FeS-rich particles splashed from 15 mJ irradiated area 
[6]. 

The degrees of spectral bluing and band 
suppression correlate well with laser energies, but 
that of darkening does not. Darkening progresses up 
to 5 mJ in laser energy but becomes satulated at 
higher energies, suggesting that darkening of C-type 
asteroids caused by micrometeorite bombardments 
would stop earlier than other spectral changes. 
 
[1] Hapke B. (2001) J. Geophys. Res. 106, 10039-
10073. [2] Nesvorný D. et al. (2005) Icarus 173, 132-
152. [3] Hiroi T. et al. (2004) LPS XXXV, Abstract 
#1616. [4] Hiroi T. et al. (2013) LPS XLIV, Abstract 
#1276. [5] Gillis-Davis J.J. et al. (2013) LPS LXXV, 
Abstract #2494. [6] Matsuoka M. et al. (2015) Icarus 
254, 135-143.  
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Petroleum Engineering is typical multi-
disciplinary engineering and it needs to cover wide 
temporal-spatial areas such as Geological time and 
Basin-wide to Chemical reaction time and Molecule 
structures of hydrocarbons. In order to handle these 
disciplines, engineers in oil and gas industry have 
been developing computer simulations such as 
reservoir simulators, LBM simulation for multi-phase 
flow in porous media. Now, molecular dynamics 
(MD) simulations become unavoidable in oil and gas 
industry. I will highlight two examples of MD 
simulations: (1) Digital Oil Conception; and (2) 
Wettability Evaluation for CO2/water/rock, and how 
to up-scale these results into geological space and 
time 

The initial objectives of digital oil are to 
understand and solve asphaltene problems through 
MD simulations. We have constructed a digital oil 
model (a full molecular model of crude oil) for a 
crude oil sample, of which the field actually confronts 
asphaltene problems, on the basis of analytical 
experiments and quantitative molecular 
representation (QMR) method. After constructing the 
digital oil model, we calculated association energies 
of asphaltenes by potential of mean force (PMF) 
using MD simulations. The data obtained in this work 
should be used in a thermodynamic model of phase 
behavior of asphaltene dealing with asphaltene 
association and precipitation. Furthermore, we 
propose that association energy of asphaltene can be 
criteria for selecting good asphaltene solvents.  

CO2 Geo-Sequestration, that substantial 
quantities of CO2 can be injected into subsurface 
porous rock formations, has been well accepted as the 
most effective way to reduce the anthropogenic 
greenhouse gas CO2. Cappliary phenomenon is 
dominant in the CO2 injection to the underground, 
and it is the capillary pressure to maintain the CO2 
under the caprocks. However, the wettability of 
CO2/water/rock exhibits different trends as function 
of pressure dependent on the type of the rock 
surfaces. Furthermore, it changes with sallt 
concentration. I’ll show how we could address this 
problem using MD simulations. Finally, I show my 
perspectives of application of nanogeosciences to 
petroleum engineering in near future. 

I would like to acknowledge the financial support 
from JAPEX, INPEX, JOGMEC, JST and JSPS, and 
thank to my colleagues at Kyoto University for their 
contributions.  
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We observe Self-potentials(SP) continuously at 
Izu-Oshima volcano, in order to detect signals 
associated with the changes in volcanic activities. 
The system was installed at Mt. Mihara and its 
surroundings in March 2006, and 11 sites are 
currently operating. The recorded electric differences 
among sites show seasonal variations up to 50 mV, 
although, the linear trends excluding the annual 
variation has not notable changes. 

 Downward meteoric water flow generates 
substantial negative self-potential (SP) via 
electrokinetic coupling. The groundwater level of the 
Izu-Oshima volcano is about 500m depth from the 
caldera floor. Above the groundwater level, a thick 
unsaturated zone develops, where the pore is filled 
with air and water. The numerical simulation 
calculating the hydrothermal flow and associated 
electric potential, shows that the observed seasonal 
SP change is induced by the change of liquid 
saturation in pore due to the meteoric water 
infiltration. From the comparison between the 
observation and calculation, we obtained the suitable 
hydrothermal condition such as porosity, 
permeability and infiltration rate of rainwater at each 
sites. 

 Using the suitable model, we calculated the SP 
change associated with the volcanic gas inflow to the 
unsaturated zone which is located above the 
groundwater level. The simulation shows the SP 
increase with the inflow of high temperature volcanic 
gas and rapid decreases with the outflow of the gas. 
The total amount of SP change depends on the gas 
flow rate and the period of it. When we take the 
inflow rate similar with the rainwater infiltration rate, 
the model indicates that the sufficient change of the 
hydrothermal condition such as temperature and 
pressure occurs at the depth deeper than 300m from 
the surface, which result in the SP change up to 
100mV at the surface. We conclude that SP is 
effective tool to catch the sign of the volcanic gas 
uprising before it reaches to the surface. 
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Before the human nuclear activities, a long lived 
radio isotope 129I (half life: 1.57x107y) is produced by 
cosmic ray interaction in the atmosphere and 
spontaneous fission from 238U in the ocean and crust. 
One of major iodine reservoirs is the ocean. 
Considering the residence time and seawater 
circulation, the isotopic ratio (129I/127I) is believed to 
have been in an equilibrium state, i.e., the isotopic 
ratio (129I/127I)  is identical everywhere. If this had 
been the case, like 14C/12C in the atmosphere, iodine 
isotope system (129I/127I) could be used for the dating 
with longer time scale. On the several hypotheses 
including this equilibrium, some studies tried to 
determine the formation age of iodine-concentrate 
reservoir such as brine. However there is always a 
discrepancy between isotopic age and geologic age 
[1, 2]. One possible reason is the equilibrium initial 
ratio was different. Above mentioned works used the 
initial ratio of 129I/127I =1.5x10-12 based on the study 
by J. Moran et al (1998) [3]. Another possibility is 
that the hypothesis of equilibrium was not true. In 
this study, iodine dynamics is re-evaluated with new 
knowledge recently obtained. The behavior of 129I 
released from the nuclear accident, like Fukushima 
Dai-ich Nuclear Power Plant is quite useful to 
consider the iodine transportation.  
 
[1] U. Fehn et al. (2000) Science 289, 2332. 
[2] Y. Muramatsu et al. (2001) EPSL 192, 583. 
[3] J. Moran et al. (1998) Chemical Geology 152, 
193. 
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In 2014 the Finnish government granted a 
construction license to the nuclear waste management 
company Posiva Oy to build an underground high-
level nuclear waste repository at Olkiluoto Island, 
SW Finland. By 2023 the first nuclear waste canisters 
will be placed in the bedrock. The bedrock is formed 
by the crystalline basement of the Fennoscandian 
Shield and consists of Proterozoic amphibolite-facies 
gneissic metasedimentary rocks and felsic plutons, 
intersected by distinct sets of low-angle and 
subvertical faults. During the process of site 
investigations, illite-bearing fault gouges were 
collected from representative faults, characterised and 
dated by K-Ar to produce a time-constrained 
conceptual geometrical scheme for the development 
of brittle structures at the site and in the region and to 
to assess the timing of both fault nucleation and 
reactivation. Combined with detailed analysis of 
kinematic data from the faults, the K-Ar ages enable 
to constrain the paleostress history of the site from 
the Mesoproterozoic. K-Ar ages indicate a main 
faulting episode during the Mesoproterozoic, ca. 1.4-
1.2 Ga ago and a significant episode of structural 
reactivation during the Neoproterozoic ca. 1.0-0.8 Ga 
ago. When coupled with detailed structural analysis, 
the K-Ar ages indicate that the Olkiluoto bedrock 
reached the state of structural maturity already during 
the Mesoproterozoic, i.e. a state where the crust is 
essentially saturated with brittle structures of 
different orientations. Due to this, after the 
Mesoproterozoic, reactivation of pre-existing brittle 
strctures became the main mode of deformation at the 
site and, as a consequence, the probability of 
formation of new large-scale structures in the future 
can be considered low. 
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Soil arsenic (As) contamination is a global 

problem, resulting in part from anthropogenic 
activities, including mining and the use of arsenical 
pesticides and treated wood. Phytoextraction using 
the hyperaccumulating fern Pteris vittata is an 
emerging technology to remediate soils with shallow 
As contamination with minimal site disturbance. 
However, many challenges lie ahead for widespread 
use of phytoextraction. Most research on As 
phytoextraction with P. vittata has examined As 
removal from sandy soils, with little research 
focusing on As removal from clayey soils, where As 
is less phytoavailable. Even in sandy soil, 
remediation times using P. vittata are on the order of 
decades.  

The objective of this study is to determine the 
effects of soil texture and soil fertilization on As 
extraction by P. vittata, to optimize remediation 
efficiency and decrease remediation time. In parallel 
with a field study, a greenhouse study was established 
with P. vittata planted in a historically contaminated 
sandy loam (176 mg As kg-1) or clay loam (91 mg As 
kg-1). One of eight treatments was applied to 
individual ferns. Treatments included fertilization 
with organic and inorganic fertilizers, compost and 
inoculation with mycorrhizal fungi. Fronds were 
sampled monthly for 4 months. Preliminary results 
one month after treatment show that frond As 
concentrations were an order of magnitude lower in 
ferns grown in the clay loam than in the sandy loam, 
while P and inorganic N treatments lowered fern As 
concentrations compared to the control in the sandy 
loam but not clay loam. We will present comparisons 
of As bioavailability in the two soils pre- and post-
fern growth. 
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Carbon dioxide flux measurements using the 

accumulation chamber have been performed regularly 
since 2008 on the Main Crater Lake (MCL) of Taal 
Volcano. Large variations have been seen up to one 
order of magnitude. However, gas bubble density 
maps made after regular single-beam sonar surveys 
between 2011 and 2015 show very little variation, 
suggesting carbon dioxide migrates primarily in 
dissolved form. Dissolved carbon dioxide (pCO2) in 
the lake waters was measured in situ by an infrared 
gas analyser protected by a PTFE membrane. Spot 
measurements indicate that pCO2 is very 
homogeneous over the entire lake, except for a 
positive anomaly in the northeast sector of the lake 
where upwelling of hydrothermal water occurs. A 
permanent monitoring station was installed in MCL 
in 2013, continuously measuring dissolved carbon 
dioxide. pCO2 and CO2 flux are highly correlated. 
This confirms that most of the carbon dioxide is 
transported to the lake in dissolved state and allows 
us to calculate CO2 flux directly, dramatically 
increasing the temporal resolution of this important 
monitoring parameter.  

 
Figure 1: Continuous measured and calculated 

CO2 flux emitted by Taal MCL. Earthquake source 
amplitude as reference for volcanic activity. 
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On Mars, clays indicate sustained aqueous 
activity in previous geological times. Combined 
satellite and in-situ measurements of Mars surface 
have detected mineral assemblages indicating 
processes for which Earth analogues exist. Among 
them, aluminous clay-sulphate assemblages have 
been observed, which suggest alteration by acidic 
fluids. 

The Riotinto mining district (SW Spain) provides 
an ideal Earth analogue setting for such Martian 
processes. The parent rocks belong to an Upper 
Palaeozoic (Late Famennian-Tournaisian) volcano-
sedimentary complex including siliciclastic 
sediments, mafic and felsic volcanics. All of them 
underwent hydrothermal alteration, thus enriching the 
mineralogy with quartz and illite. The oxidation of an 
extensive pyrite-rich orebody occurred due to 
fluctuation of the water table, and ultimately 
contributed mild to extreme acidic fluxes that leached 
the surrounding rocks for over 20 million years [1]. 
The resulting mineral assemblages are strongly 
dependent on their acidic alteration intensity. 

The paragenetic assemblages clearly reflect three 
different leaching patterns and alteration sequences, 
which can be summarized as follows:  
 

Mild: from chlorite to vermiculite, mixed-layered 
phases, and kaolinite;  

Strong i): from kaolinite and mixed-layered 
phases to jarosite-group phases;  

Strong ii): from kaolinite to alunite, jarosite-
group phases, and iron oxides. 
 

Our findings suggest that, even within this 
general scheme, the specific alteration pathways can 
be different. The presentation will focus on the latest 
mineralogical and chemical discoveries that lead to 
the validation of the aforementioned alteration 
sequences. 
 
[1] Essalhi et al., 2011. Mineralium Deposita 46, 981-
999. 
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Despite the continuously growing demand for 
rare metals, the role of high temperature fluids in the 
formation of HFSE and REE economic enrichments 
in magmatic-hydrothermal systems (e.g., Bayan Obo, 
China; Thor Lake, Canada; Brockman/Hastings, 
Australia) remains poorly understood. For instance, 
current knowledge of those fluids’ composition and 
the control it exerts on HFSE/REE remobilization and 
deposition mainly relies on at posteriori petrological 
reconstruction and only few fluid inclusions or 
experimental studies are available [1,2]. Available 
experimental data are furthermore limited to 
temperature below 300-400 °C and the controls on 
HFSE/REE uptake during fluid exsolution from the 
parental magmatic intrusion remains virtually 
unknown.  

Here, we will present X-ray absorption 
measurements (XAS) that have been conducted in a 
high temperature hydrothermal autoclave [3] to 
investigate the solubility and speciation of Gd, Er and 
Yb in (F, P, Cl)-bearing fluids up to ~ 500 °C and 50-
80 MPa. The experimental results show that 
(M,H)REE solubility decreases systematically with 
increasing temperature, at least for Cl concentrations 
up to ~ 4 wt%. Furthermore, both the addition of P 
and pH increase are found to favor the precipitation 
of the REE [4]. Thus, both P leaching and pH 
buffering by interaction with host rocks may be 
critical processes in the genesis of economic rare 
metal deposits. 

In order to further extend our understanding of 
the early magmatic-hydrothermal evolution of rare 
metal deposits, additional diamond-anvil cell 
experiments conducted to assess Zr, Nd and Yb 
speciation and fluid-melt partitioning up to ~800 °C 
and 2-5 GPa [5] will be further used to discuss how 
pressure, temperature and different ligands may favor 
HFSE/REE hydrothermal mobilization from the 
peralkaline or carbonatic intrusions.  
 

References: [1]Linnen et al., 2014. Treatise 
Geoch. 13, 543-568. [2]Migdisov and Williams-
Jones, 2014. Mineral. Deposita 49, 987-997. 
[3]Testemale et al., 2005. Rev. Sci. Instr. 76, 043905-
1-5. [4]Louvel et al., 2015. Chem. Geol. 417, 228-
237. [5]Louvel et al., 2013. GCA. 104, 281-299.  
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Magnesium isotope fractionation between Mg-

bearing CaCO3 solids and aqueous fluid has been 
studied at 25oC and pH 8.3 during the precipitation of 
amorphous calcium carbonate (Mg-ACC) and its 
transformation into Mg-calcite, under near 
equilibrium conditions. The obtained results indicate 
that the apparent Mg isotope fractionation between 
Mg-ACC and the fluid, Δ26Μg(app)=δ26Μgsolid-
δ26Mgfluid, is  
-1 ±0.1‰ whereas that between Mg-calcite and the 
fluid reaches -3.6 ±0.25‰. Taking account of Mg 
speciation in the reacting fluid and the isotope 
fractionation among aqueous Mg species, it is 
calculated that the Mg isotope fractionation between 
Mg-ACC and Mg2+(aq) is ranging between +2.0 and 
0.0‰. In contrast the calculated Mg isotope 
fractionation between Mg-calcite and Mg2+(aq) is 
negative and its extent increases with the calcite Mg 
content, reaching values as low as -3‰ in 
Mg.19Ca.81CO3. This increase cannot be attributed to 
calcite growth kinetics as the overall enrichment of 
calcite with Mg occurs at near zero growth rates, but 
is likely controlled by the increase of the Mg-O bond 
length in the crystal lattice at elevated Mg 
concentration in Mg-calcite. The obtained results are 
of great importance for the interpretation of Mg 
isotope signatures in biogenic and sedimentary 
calcites as they indicate that: i) the isotopic signatures 
of Mg-ACC reveal a precipitation mechanism which 
involves the entrapment in the solids of MgHCO3

+ 
and MgCO3° as well as the Mg aquo ion, ii) the 
isotopic composition of high Mg-calcite is not only 
controlled by its growth rate but also by its Mg 
content, iii) the isotopic signatures of Mg-rich calcite 
formed via an amorphous precursor record the 
chemical parameters of the confined fluid, where 
transformation occurs, by dissolution and re-
precipitation mechanisms.and not those of the open 
ocean.  
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To assess potential future impacts on shallow 

aquifers by leakage of fugitive gas from 
unconventional energy resource development, it is 
essential to establish a reliable baseline for shallow 
groundwater, but also to fingerprint gases in the 
intermediate and production zones. We used novel 
approaches of in-situ concentration and isotope 
measurements for methane during drilling of energy 
wells characterizing natural gas occurrences in the 
intermediate zone and in production zones of Western 
Canada. In addition, occurrence of methane in 
shallow groundwater was also investigated and 
methane was found to be ubiquitous in aquifers. 
Comparison with mudgas profile δ13C values 
revealed that methane in the investigated shallow 
groundwater in Alberta is isotopically similar to 
hydrocarbon gases found in 100-250 meter depths in 
the Western Canadian Sedimentary Basin and is 
currently not sourced from deep thermogenic 
hydrocarbon occurrences. The data provide evidence 
that potential stray gas contamination by isotopically 
distinct deeper thermogenic gases from the 
intermediate or from production zones can be 
effectively detected by suitable monitoring programs.  
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Density-driven flow not only plays an important 
role for geothermic issues or in the field of 
groundwater exploration in coastal areas but also for 
radioactive waste disposal near or in salt formations. 
Modelling programs commonly use methods to 
calculate densities of complex, high-saline salt 
solutions using total concentrations only, but ignoring 
non-ideal mixing effects. Thus, only rough 
approximation of the density of brines can be 
achieved. 

To increase the accuracy of density calculations 
we developed a new approach (subsequently named 
GRS model) for future implementation in transport 
codes (e.g. TOUGHREACT). Our approach, based 
on the ionic charge, was reviewed for its conformity 
to experimental data and also compared with other, 
more sophisticated approaches: the Pitzer approach 
[1] and the method of Laliberté and Cooper [2]. 
Contrary to the Pitzer approach [1], where over 80 
parameters are necessary, our method requires only 4 
parameters. Binary to hexary systems of brine like the 
IP21 solution (saturated with polyhalite, halite, 
carnallite, kainite, sylvite) were considered. 

We found that predictions of densities for even 
hexary systems of brine up to high ionic strengths 
(17,3 mol/kg) can be achieved. The highest mean 
differences to experimental data are found for quinary 
systems with 0.008 g/cm3 for the GRS model and 
0.003 g/cm3 for the Pitzer approach. Thus, these 
results for modeled densities have an accuracy of 
< 0.01 g/cm3.  

 
[1] Krumgalz, Pogorelsky & Pitzer (1995), J. Sol. 
Chem. 24, 1025-1038. [2] Laliberté & Cooper(2004), 
J. Chem. Eng. Data 49, 1141-1151. 
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The UK has a considerable legacy of water 

pollution arising from abandoned mine sites and 
allied mineral processing sites (e.g. steel mills and 
refineries).   Many of these polluting waters arise 
from sites where there is no party liable for remedial 
costs.  As such, there is increasing focus on options 
for value recovery from remediation schemes to 
offset ongoing treatment costs.  Such legacy 
discharges cover an incredibly diverse range of 
geochemical conditions with pH alone ranging from 
<2 to >12.  This study provides an overview of 
databases of major legacy fluxes of metal(loid)s to 
the water environment, and considers examples of 
potential opportunities and challenges to value 
recovery. 

Metal mine waters discharge an estimated 9.8 
tonnes of As, 0.9 t Cd, 42.4 t Cu, 2.7t Ni, 23.4 t Pb 
and 263 t Zn to the aquatic environment from ~380 
discharges. The majority (83%) are within the 
circum-neutral pH range (6-8) and dominated 
dominated by Ca-SO4-HCO3 facies from orefelds 
hosted in carbonate-rich country rock. Dominant 
trace metals at these sites are Zn, Pb and Cd which 
geochemical modelling suggests are predominantly 
present as carbonate complexes.  While these metals 
accumulate in treatment substrates (e.g. sorbent 
media and bioreactors) to high concentrations (e.g. 3-
7 g/kg Zn), key constraints for practical recovery are 
centred on the disparate nature of many mine sites in 
remote settings, large distances away from processing 
facilities. There are a small number of highly acidic 
and metal-rich discharges (notably Parys Mountain 
which discharges 13 tonnes Cu/yr) which may 
provide alternative options for biologically-mediated 
selective metal recovery.   

 Metal-rich processing wastes, such as steel slags 
generally give rise to much lower fluxes of metals, 
but some are potentially higher value critical raw 
materials. For example oxyanion-forming elements 
such as V and Cr soluble at high pH (>11) in slag 
leachates pose both environmental risks but have 
been recovered using ion exchange resins (>85% 
recovery at pH 11.5 in < 20 min for V).   Here, 
advantages of being proximate to active steel plants 
that could utilise V from pregnant liquors recovered 
from resins may aid economic feasibility of recovery.   
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Cadmium is one of the pollutants of greatest 
environmental and health concern because it is a 
heavy metal, non-degradable, highly toxic to human, 
plants and animals, even being present in low levels. 
Different approaches and adsorbents are proposed for 
cadmium inmobilisation, like precipitation, ion 
exchange, solvent extraction or adsorption on 
minerals, specially clays and oxides. 

In this work, a combined experimental and 
modelling methodology was followed for a 
mechanistic approach to describe cadmium sorption 
onto smectite clay and aluminium oxide (γ-Al2O3). 
Previous sorption studies on both systems are 
reported, but some relevant aspects that prevent 
assessing their remediation power are still under 
discussion. In particular, there is a controversy 
regarding the role of chloride on complexing 
cadmium species. Some authors considered that 
cation adsorption may be promoted in chloride-
bearing fluids, since chloride non-specific adsorption 
lowers charge at the oxide/water interface but other 
authors concluded that choride complexing lowered 
Cd adsorbability. 

A revision of available thermodynamic data for 
cadmium aqueous and solid species was carried out. 
According to speciation calculations, Cd2+ is the 
dominant aqueous specie up to pH 8, with small 
contribution of CdCl+, considering that CdCl+ specie 
has exactly the same “shape” and prevalence region 
than Cd2+. In order to isolate its contribution, 
comparable sorption experiments, in presence and in 
absence of Cl ions were carried out. Equivalent 
sorption was measured in presence or in absence of 
Cl in solution, both in smectite and γ-Al2O3. The 
inclusion of Cd-Cl complexes to describe Cd 
retention is not supported by our study. Given the 
analogy between strong sorption sites in clays and 
aluminol groups, the system comparison allowed 
isolating the contribution of different coexistent 
complexation and cation exchange mechanisms. 
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Lead is a toxic and heavy metal that have adverse 

effects on human health. Toxic effect of Lead on the 
nervous system, blood, kidneys, heart, endocrine, 
immune, gastrointestinal and reproductive system is 
known. Allowable limit of this element in drinking 
water according to EPA standard (2009) is 
0.015mg/L (ppb); based on WHO standard (2011) is 
0.01mg/L (10ppb) and based on 1053 standard of Iran 
(2009) is 0.01mg/L (10ppb). Goethite is one of the 
most important and stable minerals that has high 
ability for adsorption of heavy metals. For this 
purpose, adsorption ability of Pb2+was examined by 
a sample of natural goethite from Hurmoz island , 
south of Iran and effective parameters on adsorption 
were investigated. Finally optimal values of these 
parameters including pH, contact time, initial 
concentration of Pb2+, adsorbent dosage, particle size 
of adsorbent and solution electrolyte obtained. This 
goethite sample contains 78.86 % of Fe2O3 and its 
PZC (Point Zero of charge) is about 7.5. The 
experiments shows that in optimal conditions 
consisted of pH=5, contact time = 60 minutes, initial 
concentration of Pb2+=120 mg/L, adsorbent dosage= 
8 g/L and adsorbent particle size =-230 mesh, to an 
average 97.47% of water-soluble Pb2+ is removed. In 
these conditions adsorption capacity of Pb2+ for 
goethite would be 14.62 mg/g. All experiments were 
performed in ambient temperature (about 22.5 ̊C) 
however, in the optimal conditions, absorption value 
of Lead was increased with increasing temperature up 
to 38 ̊C and then decreased. The results showed that 
the uptake of Pb2+ by goethite was well predicted by 
Langmuir model and correlation coefficient (R2) was 
equal to 0.994. 
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Carbonaceous chondrite meteorites (CCs) in the 
CO group are unusual for containing substantial 
amounts of amorphous silicates [1]. Amorphous 
silicates are Mg,Fe-rich phases that lack long range 
crystalline order. These phases have been interpreted 
as primary nebular condensates that coaccreted with 
other phases. Unlike other nebular condensates, such 
as CAIs and chondrules, amorphous silicates are 
highly susceptible to thermal metamorphism or 
aqueous alteration. The presence of amorphous 
material indicates that the parent body has not 
undergone heating or alteration and is therefore likely 
to represent some of the most primitive materials in 
the Solar System [1]. Studying meteorites and 
asteroids rich in this material will likely yield insights 
into the nature of asteroid formation and accretion.  

In this coordinated spectral-mineralogical study, 
we analyze eight low metamorphic grade (3.0-3.2) 
and low weathering grade CO meteorites. Using 
mineralogy obtained through position sensitive X-ray 
diffraction (PSD-XRD) measurements, we can 
directly compare mineralogy to visible/near-infrared 
(VNIR) and mid-infrared (MIR) spectra of the same 
samples. Spectral data are obtained at the 
NASA/Keck Reflectance Laboratory at Brown 
University. Previous studies [2] have identified the 
presence of amorphous material in VNIR spectra of 
similar COs. Here we present new evidence for the 
spectral signature of amorphous material in the MIR 
as well.  

The VNIR spectral signature attributed to glass 
has been observed in the spectra of some asteroids 
including 10 Hygiea [3]. We have recently observed 
Hygiea in the MIR using SOFIA + FORCAST. If 
amorphous material is found on Hygiea, this may 
represent one of the least processed parent bodies in 
the Asteroid Belt. Ref: [1] Howard, K. T., et al, (2014) 
LPSC #1830. [2] Cloutis, E. A., et al., (2012), Icarus, 220, 
466-486. [3] Yang & Jewett, (2010), AJ, 140, 692-698. 
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It is well established that bridgmanite has a strong 

affinity for ferric iron in the presence of Al, and that 
the amount of ferric iron relative to total iron can 
strongly influence both physical and chemical 
properties of the phase, and in turn the entire lower 
mantle. Recently, however, there have been resports 
that under certain conditions, Al-containing 
bridgmanite will contain substantially less ferric iron 
than previously supposed. One possibility is that 
particular compositions may stabilise ferrous iron 
relative to ferric iron, for example where Al 
substitutes equally on both sites of the perovskite 
structure, thereby balancing divalent iron and 
tetravalent silicon. To explore this possibility as well 
as perform a more comprehensive investigation of the 
effect of temperature and oxygen fugacity on ferric 
iron concentration in Al-containing bridgmanite, we 
carried out a study combining multianvil experiments 
with Mössbauer spectroscopy. 

We synthesised a glass with nominal composition 
0.9 MgSiO3 (enstatite) + 0.1 
(Fe0.75Al0.25)(Si0.75Al0.25)O3 (almandine). Starting 
materials for the multianvil experiments were (1) the 
glass as synthesised in air (Fe3+/ΣFe = 0.5), and (2) 
the glass after reduction in a CO/CO2 gas furnace 
(Fe3+/ΣFe = 0). All multianvil experiments were 
performed at 26 GPa with different combinations of 
starting material (oxidised or reduced glass), 
temperature (1600°C or 2000°C) and capsule material 
(Fe or Re). A final experiment was performed at 
1600°C and then the run product was re-equilibrated 
in a new multianvil experiment at 2000°C. 

All experiments produced bridgmanite with 
Fe3+/ΣFe values between 45% and 66%, consistent 
with previous results. While there was no obvious 
influence of oxygen fugacity or temperature on 
Fe3+/ΣFe, we did observe changes in the shape of the 
Mössbauer spectra, consistent with an influence on 
the distribution of iron between cation sites. Since 
this distribution also affects physical and chemical 
properties, for example spin transitions, further 
analysis is underway to quantify the effect, as well as 
parallel experiments using a laser-heated diamond 
anvil cell. 
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Introduction: Northwest Africa (NWA) 7034 

and its pairings comprise a regolith breccia with a 
basaltic bulk composition [1] that yields a better 
match than any other martian meteorite to estimates 
of Mars’ bulk crust composition [1]. Given the 
similarities between NWA 7034 and the martian 
crust, NWA 7034 may represent an important sample 
for constraining the crustal composition of 
components that cannot be measured directly by 
remote sensing. In the present study, we seek to 
constrain the H isotopic composition of the martian 
crust using Cl-rich apatite in NWA 7034. 

Methods: The H isotopic composition and 
abundances of H2O in apatite from two thin sections 
of NWA 7034 were measured using the Cameca 
NanoSIMS 50L ion probe at The Open University, 
following protocols described in [2] and standards in 
[3]. Real time isotope imaging was utilized to 
monitor for and navigate away from cracks. 

Results: Apatites in NWA 7034 were measured 
in basaltic clasts, Fe-Ti-P-rich (FTP) clasts, and large 
crystal clasts within the bulk matrix domain [4, 5]. 
All apatites were Cl-rich and ranged in H2O 
abundances from 238-1343 ppm. In addition, the δD 
values of the apatites ranged from approximately 
453‰ to 2564‰. 

Discussion: all of the H-isotopic compositions of 
apatite in NWA 7034 fall within ~500‰ of the range 
of values reported for the intermediate reservoir 
predicted for the martian crust by [6]. However, we 
cannot rule out incomplete exchange of H between 
the martian mantle and atmosphere to explain the H 
isotopic compositions of apatites in NWA 7034. 

References: [1] Agee C. B. et al. (2013) Science, 
339, 780-785. [2] Barnes J. J. et al. (2014) EPSL, 
390, 244-252. [3] McCubbin F. M. et al. (2012) 
Geology, 40, 683-686. [4] Santos A. R. et al. (2015) 
GCA, 157, 56-85. [5] Muttik N. et al. (2014) 
Geophys. Res. Lett., 41, 8235-8244. [6] Usui et al., 
(2015) EPSL, 410, 140-151. 
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The δ11B record preserved within the skeletons of 

biogenic carbonates provides an important tool to 
determine the pH of past oceans.  However its utility 
depends upon knowledge of the relationship between 
the pH of the calcifying fluid (pHcf) and that of 
ambient seawater (pHsw). Recent studies [1,2] have 
shown that aragonitic corals have the ability to up-
regulate pHcf, with the relationship between pHcf and 
pHsw being mainly derived from corals grown in 
aquaria under constant temperature and pHsw 
regimes. These studies [1,2] found that the coral pHcf 
reflected only ~1/3 to 1/2 of the changes in ambient 
seawater pHsw. 

We now report the results of a high-resolution 
(monthly) study of δ11B and B/Ca ratios in Porites 
coral from the central Great Barrier Reef (Davies 
Reef) subject to natural seasonal cycles in reef-water 
temperature and pH for the period 2008-2013. We 
find systematic, seasonally driven changes in pHcf 
with lower values in summer (~8.32) compared to 
winter (~8.48), but with an annual amplitude ~x2 
larger than the ambient reef-water (pHsw ~8.02 to 
8.08), in marked contrast to previous findings. 
Similar seasonal changes are found in coral B/Ca 
ratios from which we infer antipathetic increases in 
summer DICcf. We surmise that summer 
enhancement of zooxanthellate photosynthetic 
processes act to increase the supply of DIC to the 
coral host. Thus counter-intuitively, during the 
summer months Porites from Davies Reef act to 
moderate their  rate of calcification by reducing their 
pHcf.  Regardless, this implies strong seasonal and 
likely temperature controls on pHcf that are 
significantly larger (~x4 to x5) than those expected 
from changes in ambient reef-water pHsw alone. Our 
findings while confirming the importance of pHcf and 
DICcf up-regulation in symbiont-bearing corals, show 
that seasonal controls (e.g. temperature) are the 
dominant driver of δ11B rather than seawater pHsw.                               
[1] Trotter et al., Earth Plan.Sci. Lett. 393, 163-173,  
2011 [2] McCulloch et al., Nat. Climate Change v2, 
623-627, 2012 
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Beachrock forms through carbonate cementation 

of sediments in the intertidal zone of low-latitude 
beach environments. These lithified units play a key 
role in stabilizing sand cays in reef environments, and 
may become increasingly important to the existence 
of these islands as sea level rises. Although 
beachrock formation is influenced by many chemical 
and biological factors, the primary cause of this 
contemporary geological process has not been 
identified. In this study, the role of microorganisms in 
beachrock cement precipitation was investigated by 
synthesizing new beachrock using samples of beach 
sand, beachrock and associated microbial 
communities from Heron Island, Great Barrier Reef, 
Australia. Cements in natural and synthesized 
beachrock were characterized using synchrotron-
based, X-ray fluorescence microscopy (XFM). The 
results of this study suggest that microbial recycling 
of ions within beach sediments plays an important 
role in cement precipitation. Dissolution of sand 
grains via boring by endolithic cyanobacteria 
generates high concentrations of soluble calcium and 
other cations. Cation enrichment combined with the 
highly alkaline microenvironments generated through 
cyanobacterial photosynthesis results in 
supersaturation conditions with respect to carbonate 
minerals. The microbial community also aids cement 
formation through the generation of extracellular 
polymeric substances that provide nucleation sites for 
carbonate mineral precipitation. Examination of this 
microbe-mineral interaction using high-resolution 
microscopy has allowed for the characterization of 
previously undetected features of beachrock cements. 
Understanding, and potentially accelerating, the 
processes responsible for early marine diagenesis and 
cementation may become vital to reef island stability 
and preservation in the near future.  
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Subsurface microbial communities inhabiting 

saline fracture waters in the deep terrestrial 
subsurface such as those in South Africa [1], may 
rely on sulfate (SO4) reduction coupled to hydrogen 
(H2) oxidation [2] as a key metabolic strategy.  The 
cycling of sulfur in anoxic fracture waters in Canada 
with average crustal residence times >1 Ga [3] is 
important to understand SO4 sources for potential 
subsurface life in other deep Earth environments.   
The production of SO4 and associated redox gradients 
in subsurface aqueous environments also has 
implications for habitability on other planets (e.g., 
Mars). In order to constrain the origins of SO4 in 
these systems, we carried out multiple sulfur (S) 
isotope analyses on dissolved SO4 and sulfide  in 
fracture fluids from five mines in the Precambrian 
Canadian Shield, including one entirely hosted in 
Archean rocks (Kidd Creek, ON), and four located at 
the boundaries between Archean and 
Paleoproterozoic terranes (Thompson and Birchtree, 
MN;  two mines in the Sudbury basin, ON).  

Characteristic Archaean mass independent 
fractionations in S isotopes (S-MIF) were observed in 
SO4 and sulfide in fluids from all locations. To our 
knowledge this is the first evidence of S-MIF signals 
in fluids freely discharging from fractures at rates of 
> 1 L/min. Negative Δ33S values in fracture water 
SO4 are found at 2.4 km and 2.9 km depth at Kidd 
Creek while positive Δ33S values are observed at 
Thompson and Birchtree mines and at both mines in 
the Sudbury basin.  The similarity in S-MIF 
signatures between the SO4 and the host rock sulfides 
indicate that the Archean S is mobilized into the 
fluids through water-rock reaction over long time- 
and space-scales. This finding connects the ancient S 
cycle and S cycling in modern subsurface fluids.  
 
[1] Lin et al. (2006) Science 314, 479-482; [2] 
Sherwood Lollar et al. (2014) Nature 516, 379-382; 
[3] Holland et al. (2013) Nature 497, 357-360. 
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 An accurate understanding of the 
subsurface production of radionuclide 39Ar rate is 
necessary for argon dating techniques and noble gas 
geochemistry of the shallow and the deep Earth, and 
is also of interest to the WIMP dark matter 
experimental particle physics community. Our new 
calculations of subsurface production of neutrons, 
21Ne, and 39Ar take advantage of the best available 
tools of nuclear physics to obtain reaction cross 
sections and spectra (TALYS) and to evaluate 
neutron propagation in rock (MCNP6). We discuss 
our method and results in relation to previous studies 
and show the relative importance of various neutron, 
21Ne, and 39Ar nucleogenic production channels. 
Uncertainty in nuclear reaction cross sections, which 
is the major contributor to overall calculation 
uncertainty, is estimated from variability in existing 
experimental and library data. Depending on selected 
rock composition, on the order of 107–1010 particles 
are produced in one kilogram of rock per year (order 
of 1–103 /kg s), the number of produced neutrons is 
lower by ~6 orders of magnitude, 21Ne production 
rate drops by an additional factor of 15–20, and 
another at least one order of magnitude is dropped in 
production of 39Ar. Our calculation yields a 
nucleogenic 21Ne/4He production ratio of (4.6 ± 
0:6)×10-8 in Continental Crust and (4.2 ± 0.5) ×10-8 in 
Oceanic Crust and Depleted Mantle. Calculated 39Ar 
production rates span a range from 29 ± 9 atoms/kg-
rock×yr in the K–Th–U-enriched Upper Continental 
Crust to (2.6 ± 0.8) ×10-4 atoms/kg-rock×yr in 
Depleted Upper Mantle.  
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U-Th dating has been broadly used to offer 

precise and accurate dating of Earth surface processes 
and climate changes of the last 600,000 years. Since 
its invention in the 1990s, the Multicollector-
Inductively Coupled Plasma Mass Spectrometry 
(MC-ICPMS) technique has opened up new horizons 
for U-Th geochronology with its higher ionization 
efficiency of Th and U atoms, pushing measurement 
precision to ε-unit level.  

In this study we evaluate the capability of the Nu 
Plasma II MC-ICPMS equipped with an Enhanced 
Sensitivity (ES) interface for high precision U-Th 
isotope measurements. The typical ion transmission 
of U and Th was 1.2 – 1.5% on the instrument. For 
the preliminary experiments, samples ranging in age 
from <100 a to ~400 ka were analysed in static mode 
with 234U measured on a full size discrete dynode ion 
counting multiplier, and other U isotopes on Faraday 
cups. For Th analyses, 229Th was measured on a 
Faraday cup with a 1012 ohm resistor, 230Th on an ion 
counter and 232Th on a 1011 ohm resistor. Using the 
1012 ohm resistor to measure small 229Th beams had 
the potential of substantially reducing the 229Th spike 
usage and corrections for 230Th in the spike while 
maintaining the advantages of static analysis. U and 
Th isotope standards were used to monitor ion 
counter gain drifts, which limit precision in 
230Th/229Th and 234U/238U ratios to 1-2 per mil using 
this method. In order to improve measurement 
precision for ages >300 ka, samples of high 
concentrations were analysed in static mode 
involving all Faraday cups. A combination of 1010 
ohm (238U) and 1011 ohm resistors were used for U 
isotopes, and a combination of 1012 ohm (230Th) and 
1011 ohm resistors were used for Th isotopes. 
Additional experiments are in progress to further 
demonstrate the capability of the Nu Plasma II-ES for 
high precision U-Th isotope measurements.  
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Globally the presence of arsenic within the 
groundwater system has caused both environmental 
and health related issues mainly in South East Asia 
and America. Within these regions several studies 
have focused on national assessments of arsenic [1, 
2], however the presence of a similar study within an 
EU state does not exist.  

 A national database (EPA) was used as a 
tool to monitor the assessment of elevated arsenic 
(groundwater threshold value (GTV): 7.5 µg L-1); 
however, due to different water usage patterns this 
data was separated into two databases containing 
poorly porductive aquifers (PPA) project data (EPA-
PPA – 8339 measurements) and a database without 
PPA data (EPA-NPPA – 7334 measurements). The 
EPA-PPA and EPA-NPPA datasets comprise of 294 
and 222 unique monitoring locations. A geochemical 
classification using five intervals was completed, 
(0,1], (1,7.5], (7.5,10], (10,100] and (100, 234] using 
ArcGIS® 10.2 (ESRI®, Colorado) (data not shown). 
While the majority of sites fall into the (0,1] & (1,7.5] 
intervals (elevated = ≥ 7.5 µg L-1), some do exceed 
these categories. Removal of the PPA data reduced 
the number of sites exceeding the arsenic GTV value 
from 26 to 9 (generally the PPA sites contain elevated 
arsenic).Using spatial interpolation methods, several 
hotspots of arsenic contamiantion in Ireland were 
revealed. In addition, statisitcal methods were 
employed to assess whether statistically significant 
differences existed between certain rock types, i.e. 
sandstone and shale (data not shown). 

 This present study, while not showing 
grossly elevated arsenic concentrations, identified 
persistent low-to-medium levels of arsenic within 
certain locations in Ireland. The presence of arsenic 
within groundwater presented at a national level 
highlighted potential areas of contamination for 
future monitoring and research needs. The framework 
of this study can be implemented within other EU 
states to help achieve objectives of the Water 
Framework Directive (WFD). 
 
[1] He and Charlet (2013) J. Hydrol. (Amst) 492, 79-
88. [2] Welch et al. (2000)  Ground Water 38, 589-
604. 
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H2O degassing during magma ascent plays a 
fundamental role in determining eruption style and 
deposit characteristics, hence volcanic hazard. H2O 
contents of pyroclast glasses offer insight into 
eruptive processes, but secondary hydration (i.e. the 
addition of H2O from the surrounding environment at 
low temperature in the time following deposition) can 
alter this record. In order to obtain meaningful final 
H2O data from hydrated glasses it is necessary to 
distinguish between the original final dissolved H2O 
content and the H2O added subsequently during 
hydration. Since H2O added during hydration is 
added as molecular H2O (H2Om), and the species 
interconversion between H2Om and hydroxyl (OH) 
species is negligible at ambient temperature, the final 
OH content of the glass remains unaltered during 
hydration. By using H2O speciation models to find 
the original H2Om content that would correspond to 
the measured OH content of the glass, the original 
total H2O (H2Ot) content of the glass prior to 
hydration can be reconstructed. These H2O speciation 
data are obtained using FTIR spectroscopy. In many 
cases OH cannot be measured directly and instead is 
calculated indirectly as OH = H2Ot - H2Om. Here we 
demonstrate the importance of using a species-
dependent H2Ot molar absorptivity coefficient to 
obtain accurate H2Ot and H2O speciation data and 
outline a methodology for calculating such a 
coefficient for both hydrated and unhydrated rhyolite 
and andesite glasses. Using this method we present 
reconstructed final H2Ot contents of hydrated silicic 
pumice from submarine volcanoes in the Japanese 
Izu-Bonin Arc and use these data to investigate 
submarine silicic eruptions and the processes that 
produce submarine pumice, in order to understand 
their associated hazards. In particular, we show that 
pre-hydration final H2Ot contents for pumice from 
Kurose Nishi and Oomurodashi volcanoes were 
typically <0.3 wt% H2Ot, equivalent to quench depths 
of <50 mbsl, and that pre-hydration final H2Ot 
contents vary with pumice texture. 
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Deep geological repositories (DGR) for nuclear 
waste typically rely on both engineered and natural 
barrier systems to contain and isolate radionuclides. 
The Canadian Nuclear Waste Management 
Organization`s (NWMO) engineered barrier system 
consists of used fuel containers made of copper-
coated steel, surrounded by highly compacted 
bentonite clay. The natural barrier system will be 500 
m of overlying low-permeability host rock (i.e., 
sedimentary or crystalline) in a willing and informed 
host community. 

Microbial processes play an important role in 
geochemical processes and therefore have the 
potential to impact a DGR if not considered in 
repository design. For example, sulphate-reduction 
can create sulphide that can cause corrosion of used 
fuel containers, and methanogenesis can generate 
methane that can create preferential transport 
pathways in the bentonite. Evaluation of 
microorganisms, and their potential activity, is 
therefore an important component of studies to 
demonstrate that the engineered and natural barriers 
can contain and isolate used nuclear fuel in a DGR.  

The results of extensive experimental program by 
Canadian academics has demonstrated that bentonite 
compacted to 1.6 g/cm3 is inhibitory to microbial 
growth. This provides evidence that the engineered 
barrier can prevent microbially induced corrosion of 
the containers.   

The typical low permeability of the rock samples 
proposed for DGR construction means that 
groundwater is not present in sufficient quantities for 
standard microbial assessment protocols. As such, 
innovative methods to characterize microorganisms 
in low permeability, low biomass rock samples 
typical of the natural barrier system are under 
development. These methods will be used to 
investigate microorganisms in rocks under 
consideration in Canada to host a DGR.  
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The long-term carbon cycle controls atmospheric 

CO2 on >106 year time scales. Therefore, tracking 
temporal variability in the magnitude of CO2 input 
from volcanic-metamorphic outgassing and the 
efficiency of the silicate weathering CO2 sink through 
geologic time is critical to understand the 
mechanisms that drove changes in Earth’s baseline 
climate. Here we will discuss the utility of proxies 
that aim to track both processes associated with the 
volcanic CO2 flux and paleo-weathering rates. The 
detrital zircon U-Pb record tracks regional silicic 
magmatism, mostly derived from magmatic arcs. Our 
large zircon data compilation demonstrates a 
consistent first-order relationship between the 
variable distribution of continental arcs and major 
icehouse-greenhouse transitions, suggesting that 
volcanic CO2 outgassing exerted the dominant control 
on baseline climate for the last ~720 Myr. We then 
use integrative structural, geo-/thermochronometric, 
and geochemical data from Himalayan bedrock and 
foreland basin deposits to examine the influence of 
Himalaya exhumation on the Sr and Os paleo-
weathering proxies. Importantly, our data show that 
shifts in exhumation of compositionally and 
isotopically distinct thrust sheets directly corresponds 
with respective changes in seawater 87Sr/86Sr and 
187Os/188Os. Our age constraints for unroofing 
combined with mass-balance modeling indicates that 
the Neogene seawater 87Sr/86Sr and 187Os/188Os 
records were primarily driven by compositional 
changes in the source rock being weathering, rather 
than changes in global weathering rates. The 
influence of substrate compositions on these records 
hinders their utility to track silicate or shale 
weathering processes related to the carbon cycle 
during the Cenozoic, as well as throughout deep 
geologic time. 
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Pallasite meteorites are mixtures of olivine and 
metal [1, 2] with numerous accessory phases such as 
chromite [3]. Most originated in a single early 
planetesimal [4] formed in the early history of the 
Solar System, but this type of parent body may be the 
default end-product of silicate melt extraction [as 
indicated by the presence of other pallasite parent 
bodies, e.g. 5]. Like the geochemically similar IIIAB 
iron meteorites [6], pallasite meteorites contain 
chromite, which mostly crystallised from metal vi 4a 
early oxidation of Cr by oxygen acting as an 
incompatible trace element [7]. However, unlike 
IIIAB irons that contain nearly pure end-member 
FeCr2O4, pallasite chromites contain variable Mg and 
Al contents [8]. In chromite, these two components 
trace the effects of metamorphism by equilibration 
with olivine, and the presence of silicate magma 
during earlier, higher temperature differentiation [e.g. 
according to their respective diffusivities in chromite: 
9, 10]. 

The early identification of two types of chromite 
in pallasites [8] have become clearer with the 
collection and collation of more data [e.g. 3, 11], 
with: 1) a common cluster characterised by a 
correlation between Fe# (Fe/[Fe+Mg]) and Cr# 
(Cr/[Cr+Al]), and 2) e 4ffectively Al-free chromites 
with a range of Fe# in the low-Mn pallasites Brenham 
and Molong. These represent silicate-present and 
silicate-free conditions respectively, in stark contrast 
to expectations from phosphate mineralogy [12]. The 
two trends converge near Fe# 80 and Cr# 100, which 
seems to be a kind of parental chromite. This 
composition is also shared by chromites from some 
more conspicuous pallasi 4tes, including: Brahin 
(homogeneous chromite and low-Mn olivine), 
Pavlodar (ultra-refractory?) and Phillips County and 
Zaisho (FeO-rich), reflecting early planetary-scale 
differentiation. 
 
[1] Buseck (1977) GCA 41, 711-740. [2] Scott (1977) 
GCA 41, 349-360. [3] Bunch and Keil (1971) Amer. 
Min. 56, 146-157. [4] Greenwood et al. (2006) 
Science 313, 1763-1765. [5] Clayton and Mayeda 
(1996) GCA 60, 1999-2017. [6] Olsen et al. (1999) 
MAPS 34 4, 285-300. [7] Ulff-Møller 1998 LPSC 29, 
1969. [8] Wasson et al. (1999) GCA 63, 1219-1232. 
[9] Ozawa (1984) GCA 48, 2597-2611. [10] Posner et 
al. (2016) GCA 175, 20-35. [11] Boesenberg et al. 
(2012) GCA 89, 134-158. [12] McKibbin et al. (2015) 
Goldschmidt abstract. 
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Recently obtained geochronological evidence 

from lunar ferroan anorthosite 60025 has led to a 
proposal that the Moon-forming giant impact 
between Earth and a Mars-sized object occurred from 
around 4.42 to 4.34 Ga [1].  This time window is 
significantly later than previous estimates of ≥ 4.5 
Ga.  While this late age is inconsistent with some 
published older ages for lunar crustal rocks, it has 
been suggested that these previously published older 
ages may be in error [2].  Alternatively, the event 
recorded during this time window could have been 
the result of a lunar upheaval following earlier Moon 
formation.   

A record of a global-wide lunar event at this time 
is also consistent with the 142Nd-143Nd systematics of 
lunar basalts that give a mantle source closure age of 
ca. 4.35 Ga [3].  This age overlaps with the 
prominent peak of 4.345 Ga for U-Pb in lunar 
zircons.  These ages are consistent with either 
scenario.  New Sr isotope data and in-situ trace 
element data on lunar felsic granulite NWA 3163 is 
presented here to examine this issue.  The 87Sr/86Sr 
isotopes for 3 fractions of NWA 3163 have an 
average of 0.699282±7 (2σ).  The calculated source 
model Sr TRD age is 4.34±0.057 Ga, and overlaps 
with the lunar basalt mantle source closure age, and 
the peak in lunar zircon ages.  The REE 
concentrations in plagioclase and pyroxene from 
NWA 3163 indicate that they were derived from 
melts that were more LREE-enriched than melts 
derived from a primordial magma ocean.  Hence, 
taken together, the NWA 3163 Sr model age and its 
mineral trace element compositions support a 
reworking event at ca. 4.35 Ga in the Moon.  The 
convergence of lunar ages, in combination with 
evidence from Earth rocks, for example, a minimum 
source Sm/Nd fractionation age from 142Nd-143Nd 
systematics of 4.50 Ga for Isua, Greenland rocks, [4] 
indicates that the ca. 4.35 Ga age represents a lunar 
upheaval in an already formed Moon.  Possible 
mechanisms for a 4.35 Ga lunar upheaval will be 
discussed. 

 
[1] Borg (2011) Nature 477, 70-73. [2]  Borg et  al. 
(2015)  MAPS 50, 715-732.  [3] McLeod et al. (2014) 
EPSL 396, 179-189. [4] Bennett et al. (2007) Science 
318, 1907-1910. 
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Prehistoric bones and teeth are extremely 

valuable resources for both life history (in-vivo) and 
diagenetic (ex-vivo) information. Taphonomy is the 
study of the ex-vivo processes and resulting alteration 
a biological organism undergoes from the time of its 
death until its discovery. Depositional and post-
depositional taphonomic processes cause the mixing 
of remains that were originally interred during 
different events, forming time-averaged deposits. 
Observations of both macro- and microscopic [1] and 
histological [2] diagenetic alteration help assess the 
depositional history of bones at prehistoric sites. At 
Scladina Cave, such studies have demonstrated the 
relationship between physical alteration of remains 
and their original sedimentary contexts. Quantitative 
geochemical methods are being developed to 
modernise this approach. These are based on the 
assumption that the ex-vivo diagenetic alteration of 
bone, mostly occuring during early diagenesis, 
reflects the chemistry of pore waters present in its 
original depositional environment [3,4].  

Cave bear (Ursus spelaeus) bones from Scladina 
Cave were analysed for trace elements with LA-ICP-
MS to assess the geochemical variability between 
different contexts at this site. Trace element 
characteristics of bones from different contexts at 
Scladina are geochemically distinct. Although all 
material plots in a similar location in (La/Sm)n vs 
(La/Yb)n space [4], rare earth element concentrations, 
the shape of diffusion profiles, and the extent of La 
and Ce anomalies vary between bones from different 
sedimentary environments. Sedimentary contexts also 
exhibit different amounts of inter-sample variability 
that is indicative of mixing between facies. This 
provides a framework for assessing the degree of 
time-averaging (i.e., reworking) in bone assemblages 
that also might help to identify the original 
sedimentary context of reworked bones. Such an 
approach is especially important for remains that 
cannot be radiocarbon dated or at sites where 
sedimentary relationships are not clear. 
 
[1] Madgewick & Mulville (2015) J. Archaeol. Sci. 
53, 255-263. [2] Turner-Walker and Jans (2008) 
Palaeogeogr. Palaeocl. 266, 227-235. [3] Trueman & 
Benton (1997) Geology 25, 263-266. [4] Trueman et 
al., (2006) Geochim. Cosmochim. Ac. 70, 4343–4355. 
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The 3He/4He ratio in volcanic emissions and 

groundwaters is often co-seismic with, and 
sometimes precursory to, volcanic unrest and 
earthquake activity [1].  Because of the extremely 
low abundance of primordial 3He to radiogenic 4He, 
and difficulties in resolving 3He in the presence of 
hydrogen isobars such as HD, the measurement of 
this ratio has so far been confined to the laboratory.   
A field-portable He isotope instrument to monitor 
critical locations must overcome these analytical 
hurtles and be small, compact, lightweight and low in 
power consumption. 

We describe a new instrument consisting of two 
compact mass spectrometers, an MKS ion trap and a 
frequency-modified quadrupole mass spectrometer 
(MS), pumped using NEG, noble diode ion and 
turbo-rough pumping. Helium separation and inlet 
into the vacuum system is via high-purity quartz glass 
heated under high vacuum. The ion trap monitors 
vacuum quality and the quadrupole MS determines 
hydrogen and helium isotopes. Two methods of 
isobaric separation are utilized: a statistical mass-2 
vs. mass-3 regression intercept, and an adjusted 
(threshold) ionization mass spectrometry (AIMS) 
technique.   Comparison of these two independent 
methods for 44 data pairs yields a significant 
correlation (r = 0.89).  Results on laboratory air are 
within a factor of 2 of the Ra ratio of 1.40 x10-6. 
 
[1] Sano et al. (2015) Scientific Reports, 5, 
doi:10.1038/srep13069. 
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Developing a better understanding of the role of  

rhizosphere processes in meeting the global 
challenges of sustainable food and energy production 
in the face of global climate change and population 
growth while also maintaining environmental quality 
is one of the most important science frontiers of this 
century. For many plants more than half of their total 
biomass exists below ground as roots.  Roots not only 
anchor the plant, but activley forage for nutrients and 
water, and in the process contribute 10-40% of their 
total phyotsynthetically fixed C to the soil. Physical 
action of the roots creates unique hydrologic 
pathways, and the quantity and diverstiy of organic 
and inorganic root products released produces 
extreme pH, Eh and chemical gradients around the 
roots that shape a diverse consortia of 
microorgansims ranging in function from symbionts 
to pathogens. This keynote will provide a broad 
overview of the importance of these  interactions in 
driving carbon and nutrient cycling, metal reactivity, 
mineral weathering, and contaminant dynamics in 
terrestrial environments.  
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To assess the applicability of bank infiltration 

technology and to understand groundwater-surface 
water interaction, hydrochemical investigation was 
performed in a point bar sedimentary environment in 
Gimhae at the low reach of Nakdong River, South 
Korea. A small riverine island is being developed for 
bank infiltration and was formed by recent 
sedimentation at the confluence with Miryang River. 
Geologic logging shows that the alluvial deposits are 
about 40m thick and comprise fine- to medium-
grained sand, silty sand with clay intercalations, and 
sandy gravel in descending order. The silty sand at 
intermediate depths (14-18m and 27-31m below the 
land surface) represents an impermeable layer. A 
total of 66 water samples including river water, pond 
water, and groundwater (n=57) were collected; a total 
of 21 groundwater samples were collected from three 
multi-level samplers (35m deep). Groundwater 
chemistry is highly variable but shows a distinct 
hydrochemical change with sampling depth: shallow 
groundwater (<22m deep) from the upper sandy 
aquifer is typically enriched in NO3, SO4 and Cl, due 
to agricultural contamination, while deeper 
groundwater (>32m deep) from sandy gravel aquifer 
is free of NO3 and relatively rich in F. Deeper 
groundwater is also higher in pH, Na, K, Mg and 
HCO3

-. The PCA analysis shows the distinction of 
hydrochemistry between upper and lower aquifers, 
indicating the hydrologic disconnection between the 
two groundwater masses. The lower groundwater 
likely recharges from regional groundwater flow, 
while the upper groundwater represents direct 
infiltration through surface soils and locally river 
water (via hyporheic flow). The hyporheic flow of 
river water is recognized as the zone of low TDS 
values (<200 mg/L) at the upstream part of the island. 
Large-scale bank infiltration is not promising in the 
study area because the productive lower groundwater 
is not directly connected with the bottom of the 
channel of Nakdong River. This study shows that 
careful examination of groundwater chemistry can be 
very helpful to evaluate the potential of bank 
infiltration technology. 
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The city of Labin has been a major center of 

former coal mining, coal-fired electricity, and 
associated industries for more than 100 years. The 
domestic superhigh-sulphur Raša coal was 
characterised by S up to 14% [1], and increased 
radioactivity [2], making the area an environmental  
hotspot [3]. Soil around a nearby coal-fired power 
plant is polluted with S (up to 4%), PAHs (up to 
13,535 ng/g) [4], and Ra-226 (up to 581 Bq/kg) [5]. 
The aim of this study is to present for the first time 
the heavy metal values in soil, surface water (stream 
and estuary), and vegetables (salad and tomato), 
whilst S only in soil. Metal analysis was carried out 
by AAS, and S with Eschka mixture. The basic (mean 
± SD) values  of  Hg, Cd, V, Se, Pb, Sr, Cr, Zn, Cu, 
U (mg/kg), and S (%) are as follows: 0.52 ± 0.37, 
0.42 ± 0.56, 115.12 ± 140.61, 1.99 ± 2.97, 137.40 ± 
211.73, 243.40 ± 176.03, 184.75 ± 459.60, 415.70 ± 
338.21, 215.65 ± 458.53, 3.98 ± 5.34, and 2.46 ± 
2.57, respectively. Compared with Croatian 
legislative values, at least Hg, Cd, Pb, Cr, Zn, and Cu 
were increased approximately 2, 2, 9, 23, 6, and 20 
times, respectively. With respect to regional control 
soil data, Hg, Cd, Pb, Cr, Zn, Cu, and S were 
increased approximately 13, 6, 23, 36, 10, 264, and 
63 times, respectively. Statistically significant 
Kendall Tau correlations ≥0.5 (P<0.05) were found 
for the following variable pairs: Hg-U, Se-U, Zn-Hg, 
Zn-Pb, and Zn-Cu. Mercury, Cd, and Pb were below 
detection limits in water, whilst their values (mean ± 
SD) in vegetables were within acceptable limits as 
follows (mg/kg): 0.017 ± 0.012, 0.15 ± 0.16, and 1.04 
± 1.25, respectively. Herewith, the analysed soil is 
severely polluted with S (%), and potentially toxic 
Hg, Cd, Pb, Cr, Zn, Cu (mg/kg), characterised by 
following maximum values: 6.9, 1.14, 2.36, 870, 
1860, 950, and 1850, respectively. These results call 
for further detailed research.    

 
[1] Valković et al. (1984) Fuel 63, 1357-1362. 
[2] Marović et al. (2004) J. Radioanal. Nucl. Chem. 
261, 451-455. [3] Mohorović (2003) Environ. Health 
Perspect. 111, 1902-1905. [4] Medunić et al. (2015) 
27th IAGS, 1-17. [5] Ernečić et al. (2014) Acta 
Mineral. Petrogr. 8, 28.  
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All dissimilatory (per)chlorate-reducing 

microorganisms (DPRM) tested to date innately 
oxidize H2S, producing elemental sulfur as the 
primary end-product. Although this is a 
thermodynamically favourable metabolism (ΔG0’=-
206 kJ.mol-1 H2S) the underlying biochemical 
mechanism(s) are unknown. While many DPRM can 
alternatively utilize nitrate, sulfur oxidation is a 
perchlorate specific metabolism, suggesting that it 
requires some unique components of the perchlorate 
respiratory pathway.  Interestingly, there is no growth 
benefit although H2S is preferentially utilized over 
physiological organic electron donors such as lactate 
or acetate. The perchlorate specific oxidation of H2S 
was hypothesized to be due to a combination of 
biotic/abiotic interactions with the (per)chlorate 
reductases as well as the reactive chloride species 
(RCS) or molecular oxygen that are generated as 
intermediates of perchlorate respiration. These abiotic 
reactions may have integrated with enzymatic steps 
as a part of a metabolic strategy, or may be solely an 
inadvertent consequence of generating highly 
oxidized intermediates in an anaerobic environment. 
Using various high throughput-sequencing 
approaches such as Bar-Seq, RNA-Seq and 
proteomics, along with targeted mutagenesis and 
biochemical characterization, we identified all facets 
of perchlorate-dependent H2S oxidation in the model 
DPRB, Azospira suillum PS.  In support of our 
proposed model, deletion of known H2S oxidation 
genes (eg. Sox, SQR) had no phenotypic effect on 
H2S oxidation and purified perchlorate reductase 
alone was able to mediate H2S oxidation to 
perchlorate reduction in the absence of any other 
redox active electron transfer proteins. Our studies 
highlighted upregulation of a variety of stress 
response proteins such as metal efflux pumps and 
divalent heavy-metal transporter proteins under H2S 
conditions. The results of these studies indicate that 
H2S oxidation is an innate ability of DPRM that is 
mediated by short circuiting of the electron transport 
chain and direct oxidation of H2S by the perchlorate 
reductase. 
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Due to its toxic, explosive, and corrosive nature, 

inadvertent biological H2S production by sulfate 
reducing microorganisms (SRM) poses significant 
health and industrial operational risks.  
Anthropogenic sources are dominated by the oil 
industry where H2S in reservoir gases and fluids has 
an associated annual cost estimated at $90 billion 
globally.  Our previous studies identified perchlorate 
(ClO4

-) as a selective and potent inhibitor of SRM in 
pure culture and complex microbial ecosystems. 
However, constant addition of inhibitors like ClO4

- to 
natural ecosystems may result in a new adaptive 
selective pressure on SRM populations.  With this in 
mind we investigated the ability of Desulfovibrio 
alaskensis G20, a model oil reservoir SRM, to adapt 
to perchlorate and develop a resistance. Serial 
transfers of three parallel cultures with increasing 
concentrations of perchlorate up to 100 mM were 
generated and compared to wild-type strains that 
were transferred for same number of generations in 
absence of perchlorate. Genome sequencing revealed 
that all three adapted strains had single non-
synonymous single-nucleotide polymorphisms in the 
same gene, Dde_2265, the sulfate adenylytransferase 
(ATP sulfurylase (ATPS))  (EC 2.7.7.4). ATPS 
catalyzes the first committed step in sulfate reduction 
and is essential in all SRM. IC50s against growth for 
these evolved strains demonstrated a three-fold 
increased resistance to perchlorate compared to wild-
type controls.  These evolved strains also had ~5x 
higher transcriptional abundance of Dde_2265 
compared to the wild-type strain. Biochemical 
characterization of the purified ATPS enzyme from 
both wild-type and the evolved strain showed that the 
mutant ATPS from the evolved strain was resistant to 
perchlorate inhibition of ATP turnover with a KI for 
perchlorate that was ~3x greater relative to the wild-
type ATPS. Additional for understanding the 
evolutionary dynamics of this SNP, 10 independent 
cultures were gradually evolved in increasing 
concentration of ClO4

- in order to follow the 
frequency of the SPN though time and concentration 
of ClO4

-, using a high-throughput sequencing 
approach- FREQ-Seq. These results demonstrate that 
a single-base pair mutation in ATPS can have a 
significant impact on developing resistance to 
perchlorate and suggest that adaptive evolution is a 
valuable tool to understand potential responses of 
microorganism to any environmental perturbations 
imposed during oil production. 
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HCl and H2S are two of the most significant 

volatiles in the Earth’s crust. It is well established 
that chloride (Cl–) and bisulfide (HS–) play important 
roles in transporting metals (e.g., Cu, Au, Zn) in 
hydrothermal fluids. Thus, the thermodynamic 
properties of HCl and H2S in aqueous solutions over 
a wide range of temperature and pressure are crucial 
for the understanding and numerical modelling of 
metal transport and deposition in hydrothermal fluids; 
however, significant discrepancies exist in the 
dissociation constants for HCl(aq) and H2S(aq) 
determined from various experimental studies. For 
example, there is up to 5 orders of magnitude 
difference in pKa values for HCl(aq) in the literature 
(Pokrovskii, 1999). Here we conducted ab initio 
molecular dynamics (MD) simulations to calculate 
the pKa values for HCl(aq) and H2S(aq) in hydrothermal 
fluids, and constructed activity-activity diagrams of 
the solubility gradients of gold, copper and zinc 
minerals using the new properties. 

Dissociation constants for HCl(aq) and H2S(aq) at 
25-350 ºC were calculated by performing series of 
distance-constrained ab initio MD simulations using 
CPMD as described by Mei et al. (2013, 2015, 2016). 
The free energies of the HCl(aq) and H2S(aq) 
dissociation reactions were obtained by 
thermodynamic integration. This computational study 
provides an independent check that helps to resolve 
the discrepancies of the dissociation constants for 
HCl(aq) and H2S(aq) from different experimental 
studies, and provides new data for these important 
species in the hydrothermal fluids beyond 
experimental conditions. 

 
References: 
Mei et al., Geochim. Cosmochim. Acta, 2013, 102, 
45–64 
Mei et al., Geochim. Cosmochim. Acta, 2015, 150, 
265–284 
Mei et al., Geochim. Cosmochim. Acta, 2016, 179, 
32–52 
Pokrovskii, Geochim. Cosmochim. Acta, 1999, 63, 
1107-1115 
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The Paleocene-Eocene Thermal Maximum, ∼55 

million years before present, was a period of rapid 
warming marked by a negative carbon isotope 
excursion and widespread dissolution of seafloor 
carbonate. These changes have been attributed to a 
massive release of carbon into the exogenic carbon 
cycle, and thus, the event provides an analog for 
future climate and environmental changes given the 
current anthropogenic CO2 emissions. Previous 
attempts to constrain the amount of carbon released 
have produced widely diverging results, between 
2000 and 10,000 gigatons carbon (GtC). Sediment 
records indicate that acidification of deep waters was 
generally more extensive and severe in the Atlantic 
and Caribbean regions, with more modest changes in 
the Southern and Pacific Oceans. Here we compare 
simulations integrated with the UVic Earth System 
Climate Model with reconstructions of temperature 
and dissolution to present a mechanism that might 
explain the observed spatial differences and to 
constrain the total mass of carbon released.  
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Less than 6% of groundwater in the crust is 

modern, the 94% being older than 50 years [1]. A 
correct evaluation of the resource available for 
humans requires valuable chronometers such as U-
Th/4He, for dating older groundwater. Studies 
worldwide have shown that the U-Th/4He is 
hampered by large amounts of radiogenic 4He, far 
beyond those produced at steady-state in aquifers. 
The cause of this “excess” helium has been mainly 
related to the presence of a basal He flux entering the 
bottom of the aquifers [2]. On the other hand, 
Solomon et al. [3] suggested that only a portion of 
produced helium in aquifer is released in water, the 
majority accumulating in the rock and released 
suddenly by stress-induced fracturing.  

Large amounts of radiogenic 4He up to 4.48 x 10-5 

cm3 STP/gH20, 104 times higher than expected for U-
Th in situ steady-state production were recently found 
in St. Lawrence Lowlands aquifers, QC, Canada. 
Radiogenic 4He is correlated with 234U/238U-
fractionation, which deviate from secular equilibrium. 
Modelling of the He-U data shows that enhanced 
fracturing of the aquifer rocks during the last ice 
retreat could have increased the specific surface of 
rocks, allowing 234U and 4He to be released by α-
recoil and diffusion into groundwater. These results 
suggest that the U-He relation could be the key to 
quantify correctly the helium sources in a 
groundwater system and make it a valuable 
chronometer for dating older groundwater. 

 
[1] Gleeson et al. (2016) Nature Geosci. 9, 161–167.  
[2] Torgersen &Ivey (1985) GCA, 49, 2445-2452. 
[3] Solomon et al. (1996) Wat. Ress. Res., 32, 1805-
1013. 
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Concentrations and emission rates of major gas 
species were measured in August 2015 at Ebeko 
volcano, a quiescently degassing andesitic volcano on 
Paramushir Island, Northern Kuriles. Using mobile 
and scanning DOAS measurements we estimated SO2 
emission from the active crater of the volcano at 100 
+36/-15 t/d. Based on the comparison of plume areas 
of individual fumaroles, ca. 90% of the total gas 
emission from Ebeko in 2015 was provided by a 
single powerful vent (“Active Funnel” fumarole) and 
the rest was shared among low-temperature 
fumaroles. At the time of measurements, gases from 
the main fumarole had temperature from 420 to 490 
°C and composition close to the average arc gas [1], 
as shown in Table. 

 
Gas species CO2 SO2 H2S HCl H2O T, °C 

mmol/mol 

Main fumarole 27.9 23.5 6.1 5.6 936 420 

Low-temp. jets 92.2 2.62 0.68 1.6 902 <120 

 
Low-temperature fumaroles (<120 °C) emitted 

gas enriched in CO2 (up to 28 mol%, 9.2 mol% on 
average). Such CO2 enrichment together with 
depletion in HCl and sulfur species can be explained 
by scrubbing of soluble gas species by a well-
developed hydrothermal system which discharges 
ultra-acid SO4-Cl waters [2]. A weighted-average 
estimate of the total gas+vapor emission from the 
Ebeko summit provided 1470 t/d, which includes ~ 
101 t/d SO2, ~ 110 t/d CO2, ~ 14 t/d H2S and HCl, 
and 1230 t/d of water vapour with > 50% of the 
magmatic component. The gas fluxes measured in 
August 2015 using DOAS fall into the range of 
previous measurements made from 1960 to 2012 that 
used direct methods [2] and correspond to the 
moderate degassing rate of the volcano. This work 
was supported by RSF grant # 15-17-20011. 
 
[1] Shinohara (2013) JVGR 268, 46–63. [2] 
Kalacheva et al. (2016), JVGR, 310, 118-131. 
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 Surface acidity is one of the essential 
characteristics of variable charge minerals such as 
goethite, and one which influences considerably their 
behavior towards adsorption of ions. Theoretical 
determination of surface pKa values for individual 
proton-reactive site types, through either molecular 
[1] or surface complexation modelling (SCM) [2-4], 
so far has not produced reliable pKa values for 
describing thermodynamic adsorption behavior at the 
mineral/water interface.  Therefore, the pKa values of 
all proton-active sites present at mineral surfaces in 
MUSIC SCM are typically equated to the 
experimental value of the overall point of zero net 
proton charge of the mineral. 

In this work we propose an empirical approach 
that yields a unique set of individual (and distinct) 
pKa values and electrolyte binding constants for each 
proton-active surface group on goethite, i.e., for 
singly- and doubly-coordinated oxygen sites.  This 
was accomplished by constraining the potential sets 
of values that are capable of describing proton 
surface charge curves of any individual goethite, by 
using two goethite preparations with widely different 
crystal face distributions, and thus, with considerably 
different site density values of both proton-active 
sites.  A face distribution-site density model proposed 
previously for goethite [5] was modified with 
independent measurements of face contributions 
through high-resolution TEM images [6]. With these 
observed contributions the correponding surface site 
density values for each site type were calculated 
using theoretical crystallographic data for each 
crystal face present, and subsequently used for 
MUSIC SCM. 

 
 [1] Aquino et al. (2008) Geochim. Cosmochim. Acta 
72, 3587-3602 [2] Van Riemsdijk & Hiemstra (2006) 
Interface Sci. Technol. 11, 251-268 [3] Venema et al. 
(1998) J. Colloid Interface Sci. 198, 282–295 [4] 
Ghose et al. (2010) Geochim. Cosmochim. Acta 74, 
1943-1953 [5] Camacho & Villalobos (2010) 
Geochim. Cosmochim. Acta 74, 2257–2280 [6] Livi 
et al. (2014) Goldschmidt Abstracts, 1500 
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Fractured basalt reservoirs hold promise as CO2 

storage repositories, as the trapping of injected CO2 
as stable carbonate precipitates could provide long-
term secure CO2 storage. However, the evolution of 
fracture microstructure and permeability after CO2 
injection will control the viability of these reservoirs 
for geologic CO2 sequestration activities. 

Here, we apply reactive transport modeling to 
simulate and extend experimental investigations of 
these processes. A series of CO2-water core flooding 
experiments examined two different basalts, a 
serpentinized and a flood basalt, exposed to flow of 
CO2-acidified water under representative geologic 
storage conditions. Dissolution was more pronounced 
for both rocks when exposed to higher salinity water 
representative of typical reservoir fluids, but variation 
in temperature from 45°C-100°C was found to have 
less of an impact on dissolution rates.  

A predictive modeling framework was developed 
to evaluate the role of mineral spatial distribution in 
controlling fracture permeability evolution by linking 
high-resolution imaging techniques with reactive 
transport modeling. Backscattered electron imaging 
and energy dispersive spectroscopy are used to 
identify specific mineral phases within X-ray 
computed tomography (XCT) data of the basalt cores. 
Mineral segmentation data from the processed XCT 
scans serves as input for two-dimensional reactive 
transport simulations designed to investigate the flow 
of CO2-saturated water through fractured basalt. The 
reactive transport code CrunchFlow is used to follow 
the evolution of reactive mineral phases and solution 
composition along fracture pathways. Effluent 
chemistry data from the core flooding experiments 
complement simulation results. Reactive transport 
modeling coupled with experimental validation 
allows us to extend our work to greater spatial and 
temporal scales than can be achieved in lab. This 
approach offers insight into the implications of 
mineral distribution, heterogeneities, and reactivity 
on the long-term security and viability of CO2 
sequestration in basalt formations.  
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It is always known that the composition and 

geochemistry of mantle-derived fluids are very 
complex. For understanding the characterisitics of 
mantle fluids, we have investigated the features of 
volatiles extracted from basaltic rocks and related 
xenoliths collected from Shuangliao volcanic field, 
Northeastern China. The Shuangliao volcanic rocks 
consist of basanite, alkali olivine basalt, transitional 
basalt and diabase. These rocks carry abundant 
mantle xenoliths of spinel lherzolites. Two types of 
fluid inclusions can be recognized in the olivine 
phenocrysts and constituent minerals of xenoliths. 
The volatiles in early stage inclusions trapped during 
the crystallization of minerals represent the initial 
volatiles of magmas. The volatiles in late stage 
inclusions trapped by minerals alteration and 
metasomatism processes represent the external 
volatiles. The volatiles in early and late stage 
inclusions are released at the high tempreture interval 
(600~1200°C) and the low tempreture interval 
(200~600°C), respectively. Initial volatiles of 
xenoliths are composed mainly of H2O、CO and H2 
with minor CO2 and CH4. The δ13C values of CO2 
and hydrocarbons indicate a biogenic origin of initial 
volatiles which can be attributed to the involvement 
of sedimentary organic matters in mantle during the 
formation of lithosphere mantle. Metasomatic 
volatiles of xenolith are dominated by H2O and CO2 
with minor CO、H2 and CH4. They are characterized 
by similar δ13C values of CO2 and CH4 with initial 
volatiles and also show biogenic signatures for CO2 
and hydrocarbons. The biogenic volatiles were most 
likely derived from the sedimentary organic matters 
in subducted Pacific slab.  

 
This study is supported by the National Natural 

Science Foundation of China (41302102) and the 
Fundamental Research Funds for the Central 
Universities(15CX05007A).  
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We report new Hf isotopic data on mid-ocean 
ridge basalts (MORB) from the Pacific-Antarctic 
Risecrest (PAR) at 53-57°S. Sr-Nd-Pb isotopes and 
major-trace elements had been reported previously. 
Hf isotope of lavas correlated well with Sr-Nd-Pb 
isotopes and with ratios of incompatible trace 
elements, which is most probably result from melting 
of a two-component mantle. Furthermore, in the Hf-
Nd isotope diagram, the PAR basalts plot 
predominantly along the Pacific MORB array, while 
some samples have higher εHf values at a given εNd 
value. The component with higher εHf values 
represents residue of ancient melt extraction at the 
garnet stability depth. The contribution of such 
depleted refractory materials in the mantle source is 
relatively limited, and it is easy to be “concealed” due 
to its extremely depleted nature.  

 
 

This study is supported by the National Nature 
Science Foundation of China (Grants 41273013 and 
41173016). 
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Danfeng area was the most important pegmatite-

type uranium ore-fields in China. Microscope, SEM 
& EPMA had been employed to study the 
characteristic of occurrence, paragenetic association, 
and hydrothermal alteration of the uranium minerals. 

The studied results indicated that uranium 
mainly existed as independent uranium 
minerals(uraninite, coffinite, uranophane), few 
existed by isomorphism distributed in thorite, zircon, 
xenotime, rutile and other minerals. Uraninite was the 
only primary uranium mineral, displayed in 
automorphic & hypautomorpuic granular texture and 
disseminated embedded in quartz, potash feldspar, 
plagioclase and other gangue minerals or among their 
grains, and closely paragenetic association with 
accessory minerals, such as zircon, monazite, and 
xenotime. The contents of UO2, ThO2 and PbO in 
uraninite varied respectively between 
82.39~89.40wt%, 2.02~3.08wt% and 3.92~4.08wt%, 
the U/Th ratio of uraninite varied in 27.69-41.91, was 
less than 100, which might suggested that the 
uraninite in the studed deposit was magmatic genetic, 
similar to the studied of Frimmel et al[1]. Some 
uraninite was surrounded by secondary minerals 
which included secondary uranium minerals, sulfide, 
oxides and other silicate minerals. The detected 
secondary uranium minerals included coffinite & 
uranophane. Sulfide was mainly pyrite�a few of 
chalcopyrite, molybdenite and galena been detected 
also. Oxides were hematite and magnetite. Secondary 
silicate minerals included chlorite, hydromica and 
other clay minerals.    

The uranium mineralization of Danfeng uranium 
ore-field was mainly controlled by crystallization 
differentiation of primary magma. Later 
hydrothermal alteration and supergenetic oxidation 
had influence on uraninite and silicate minerals which 
resulted in the altered chlorite and pyrite aureoles of 
uraninite and the formation of secondary coffinite and 
uranophane.  

This study was financial supported by the 
National Natural Science Foundation of China (Grant 
No: 41272101 and No: 40972068), Nuclear 
Resoureces and Enverionment Project (NO.Z201404) 
of ECUT. 
 
 [1] Frimmel H.E, et al(2014). Applied Geochemistry, 
48:104-121. 
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The lipopeptide and its homologues synthesized 

by microorganisms is one of the five major 
biosurfactants, and it has received much attention 
from scientific and industrial communities due to its 
powerful interfacial and biological activity. In view 
of the low concentration and structral diversity of 
lipopeptide homologues in natural samples, we 
proposed a novel quantitative detection method and a 
systematic structural analysis approach to confirm the 
specie, content and the abundance of different 
homologues of the lipopeptide. For trace detection, 
the lipopeptide was marked by a fluorescent labeling 
reagent before separated by HPLC and determined by 
fluorescence detector. The fluorophore has improved 
the detection sensitivity significantly. For structural 
analysis, the fatty acid part of the lipopeptide was 
elucidated by ESI-MS and GC-MS after methyl 
esterification, which could show the species and 
abundance of different kind of fatty acids. The 
peptide sequence, of which the composition of amino 
acids was determined by GC-MS with 
trimethylsilylation was ascertained by MS-MS. These 
results provides a new way to detect the trace 
amounts of lipopeptide in natural samples and a 
systematic structural analysis method to analyze the 
structure and homologue composition. 
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Understanding of geochemical reaction between 

brine and rock at the fluid/solid boundary is 
imperative for accurate predictive modelling of 
storage capacity and fluid movement in the carbon 
storage and petroleum industries. We study the 
impact of brine acidity and initial pore structure on 
the dynamics of fluid/solid reaction at high Péclet 
numbers and low Damköhler numbers. A laboratory 
μ-CT scanner was used to image the dissolution of 
Ketton, Estaillades, and Portland limestone in the 
presence of CO2-acidified brine at reservoir 
conditions (10 MPa and 50oC) at two injected acid 
strengths for a period of 4 hours. Each sample was 
scanned between 6 and 10 times at ~4 μm resolution 
and multiple effluent samples were extracted. The 
images were used as inputs into flow simulations, and 
analysed for dynamic changes in porosity, 
permeability, and reaction rate. Additionally, the 
effluent samples were used to verify the image-
measured porosity changes.   

 We find that initial brine acidity and pore 
structure determine the type of dissolution.  
Dissolution is either uniform or occurs as channelling 
where the porosity increase is concentrated in 
preferential flow paths. Ketton, which has a relatively 
homogeneous pore structure, dissolved uniformly at 
the higher pH and showed more channelized flow at 
lower pH. In Estaillades and Portland, increasingly 
complex carbonates, channelized flow was observed 
at both acidities with the channel forming faster at 
lower pH.  It was found that the effluent pH, which is 
higher than that injected, is a reasonably good 
predictor of effective reaction rate during uniform 
dissolution, but a poor predictor during channelling. 
The overall effective reaction rate was up to 18 times 
lower than the batch reaction rate measured on a flat 
surface at the effluent pH, with the lowest reaction 
rates in the samples with the most channelized flow, 
confirming that transport limitations are the dominant 
mechanism in determining reaction dynamics at the 
fluid/solid boundary. 
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When reconstructing the formation and evolution 
of Earths earliest crust, one is still heavily reliant on 
information that can be gathered from detrital zircon 
grains, which have been proven a useful tool, 
concerning the various isotopic, chemical, and 
mineralogical features that can be utilized within. 
However, detailed investigations have shown that 
some of these tracers might be prone to alteration and 
will not necessarily reflect conditions of formation [1, 
2]. In this study zircons and their host rocks from the 
Granite Harbour Intrusives (GHI) of northern 
Victoria Land, Antarctica have been investigated with 
respect to regional evolution of crust as well as the 
reliability of zircon as a recorder of crust formation. 
Initial results indicate that even granitoids that can be 
classified as rather simple I-type do incorporate a 
large portion of recycled material. This is clearly 
reflected by a strong component of inherited U-Pb-
zircon ages, but can also be inferred by comparing 
main- and trace-element compositions of apatite 
inclusions in zircon and accessory apatites. Inclusion 
apatite in all investigated samples for example is 
clearly higher in F concentration, than its accessory 
counterpart. These results indicate that not only 
alteration might be a key factor to consider, when 
evaluating zircon characteristics with respect to their 
host rock, but also, the timing and preservation of 
predating features.   
 
 
[1] Rasmussen et al. (2011) Metamorphic 
replacement of mineral inclusions in detrital zircon 
from Jack Hills, Australia: Implications for the 
Hadean Earth. Geology 39, 1143-1146. 
 
[2] Nemchin et al. (2006) Re-‐evaluation of the origin 
and evolution of > 4.2 Ga zircons from the Jack Hills 
metasedimentary rocks: Earth and Planetary Science 
Letters, v. 244, p. 218-‐233. 
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δ13CO2 measured in Antarctic ice cores provides 

constraints on oceanic and terrestrial carbon cycle 
processes linked with millennial-scale changes in 
atmospheric CO2. However, the interpretation of 
δ13CO2 is not straightforward. 

Using carbon isotope-enabled versions of the 
LOVECLIM and Bern3D models, we perform a set 
of sensitivity experiments in which the formation 
rates of North Atlantic Deep Water (NADW), North 
Pacific Deep Water (NPDW), Antarctic Bottom 
Water (AABW) and Antarctic Intermediate Water 
(AAIW) are varied. 

We study the impact of these circulation changes 
on atmospheric δ13CO2 as well as on the oceanic δ13C 
distribution. 

In general, we find that the formation rates of 
AABW, NADW, NPDW and AAIW are negatively 
correlated with changes in δ13CO2: namely strong 
oceanic ventilation decreases atmospheric δ13CO2. 
However, since large scale ocean circulation 
reorganizations also impact nutrient utilization and 
the Earth's climate, the relationship between 
atmospheric δ13CO2 levels and ocean ventilation rate 
is not unequivocal. In both models atmospheric 
δ13CO2 is very sensitive to changes in AABW 
formation rates: increased AABW formation 
enhances the transport of low δ13C waters to the 
surface and decreases atmospheric δ13CO2. By 
contrast, the impact of NADW changes on 
atmospheric δ13CO2 is less robust and might be model 
dependent. This results from complex interplay 
between global climate, carbon cycle, and the 
formation rate of NADW, a water body characterized 
by relatively high δ13C. 
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Estimating groundwater age is important for any 
groundwater resource assessment and radiocarbon 
(14C) dating can provide this information. However a 
thorough investigation of the water in the soil-plant-
atmosphere continuum leading to the evolution of 
dissolved inorganic carbon (DIC) in groundwater is 
required for interpretation in a water-limited 
environment. In this study we trace the evolution of 
DIC through the unsaturated and saturated zones after 
prolonged drought and post-flooding of a major river 
system, the Darling River. In doing so, we quantified 
the contribution of carbon from various processes 
influencing the 14C content of DIC in groundwater. 
None of the simple 14C adjustment models could be 
applied for age estimation. Therefore, we used a 
combination of a graphical method and mass-balance 
calculations. It was found that the saline 
groundwaters evolved via carbon exchange between 
DIC- carbon dioxide gas (CO2(g)) in the unsaturated 
zone and DIC-carbonate minerals in the saturated 
zone with water-sediment reactions driving ion 
exchange on clay minerals facilitating carbonate 
dissolution. This study shows the problems associated 
with using radiocarbon dating in a semi-arid zone or 
water-limited environment and the required carbon 
measurements needed to reduce this uncertainty. 
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Microprofiles established due to the activity of 
endolithic and hypolithic communities inside the 
solid rocks and under gravel pavements have been 
studied in Larsemann and Thala Hills oases of East 
Antarctica. The following aspects of these soil-like 
systems will be reported: 

- structural organization at meso, micro and 
submicro levels based on optical microscopy, 
SEM/TEM and  high resolution X-ray 
microtomography data; 

- biomineralization processes, formation of  Al, 
Si, Fe, K, Ca, Na, Mg, C, S-containing microfossils, 
deposition of carbonates and oxalates due to 
biofilm/primary minerals interaction;  

- 14C “age”/average residence time of organic 
matter in endolithic and hypolithic organo-mineral 
horizons;  

- biomarkers of endolithic and hypolithic 
systems; 

- spatial patterns of these soil-like bodies in East 
Antarctica oases. 

Morphology of  endolithic systems observed on 
different hierarchical levels and microtomography 
data indicate that different layers of these bodies are 
connected with the fracture network serving for the 
elements transfer in the subsurface part of solid rocks. 
Examined profiles in granites with high quartz 
content had clear eluvial-illuvial differentiation 
patterns similar to macroprofile of a common Podzol 
(Spodsol) on loose substrates. It is shown, that 
subaerial segment of hard rocks is not sealed and is 
potentially permeable for dissolved products of 
endolithic weathering and pedogenesis. As a unique 
result - the soil-like pattern is established inside the 
massive-crystalline rock.  

Understanding modern processes in endolithic 
and hypolithic soil-like systems is of fundamental 
importance to decrypt paleosol record, as such 
systems may be the closest modern analogues of 
protosoils that existed on our planet before the higher 
vascular plants with root systems established. 

This work has been supported by Russian 
Foundation for Basic Reseach, Project No. 16-04-
01776 and Russian Science Foundation, Project No. 
14-27-00133. 
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River sediments, but also water samples, have 
widely been used for provenance studies using 
radiogenic isotopes, as these samples naturally 
integrate the geology of the entire catchment. While 
Hf and Nd isotope systems are coupled during 
magmatic processes, they are decoupled at the 
Earth’s surface, which is reflected in the related 
isotopic composition of riverine sediments or water. 
We analyzed Nd isotopes in suspended sediments, 0.2 
µm- and 1kDa-filtered (dissolved and truly dissolved, 
resp.) water samples from the Amazon River and five 
of its tributaries. In addition, we analyzed Hf isotopes 
in the suspended particles, the dissolved load (<0.2 
µm) and the truly dissolved load (<1 kDa) of the Rio 
Solimoes, the Amazon’s largest tributary draining the 
Andes, and the Rio Negro, an organic (nano)particle-
rich river draining the rainforest of northern 
Amazonia. 
 In the latter two rivers, a strong particle 
size-dependent difference in Hf isotope compositions 
occurs.  �Hf values get more radiogenic as the filter 
size decreases, which can be related to the size-
dependent sorting of Hf-rich minerals, e.g. zircons, 
resistant to weathering. In contrast, the Nd isotopic 
composition of Amazonian rivers reflects that of their 
catchment geology. Tributaries draining the 
Precambrian Brazil and Guyana Shields show very 
unradiogenic �Nd values of -19 to -25, whereas the 
Rio Solimoes draining the Andes shows a more 
radiogenic �Nd signal of only -7. The Nd isotopic 
composition of the Amazon is dominated by its 
Andean tributaries and averages at -8. Although Nd 
isotopes are believed to not being fractionated by 
Earth surface processes, significant differences of 1.3 
– 1.9 �-units can be observed between the dissolved 
and suspended load in the Amazon River and its main 
tributary, the Rio Solimoes. In these rivers, the 
dissolved load is more radiogenic than the suspended 
sediment, which is likely due to incongruent 
weathering and related mineral sorting in the Andean 
headwaters. In contrast, the organic rich shield rivers 
do not show a difference between the truly dissolved, 
dissolved and suspended load, as the Nd in all these 
pools is controlled by organic (nano)particles, which 
allows continuous exchange and re-equilibration 
between these pools.  
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Salt rocks of the Zechstein, Upper Permian, are 

regarded as possible host rocks for radioactive waste 
disposal in Germany. Most of these rocks consist of 
halite with anhydrite impurities, or are anhydrite 
rocks, respectively. To characterize the genesis of 
these rocks and to verify the ability of stable isotope 
gechemistry for stratigraphic classifications of salt 
rocks, δ34S and δ18O analyses of sulphates from 
different stratigraphic units were performed. 

Altogether, 112 sulphate samples were collected 
from three different salt structures in Northern 
Germany. The samples cover a wide range of the 
Zechstein units z2 (Staßfurt Formation) – z4 (Aller 
Formation). 

The δ34S results (analyzed via EA-IRMS) display 
a relatively homogeneous isotopic composition 
between 9.2 ‰ and 11.3 ‰ ± < 0.3 ‰ (VCDT), 
which is in good agreement with literature data (e.g. 
[1, 2]). Within a stratigraphic unit (salt cycle), the 
values decrease by ca. 2 ‰ from basis to top, and 
increase again at the basis of the subsequent unit by 
ca. 1.5 – 2 ‰. This repeating trend reflects 
progressive evaporation/precipitation, followed by 
inflow of unevaporated seawater and subsequent 
evaporation within the basin. 

The δ18O isotopic composition (analyzed via 
TC/EA-IRMS) shows distinct variations between 
8.2 ‰ and 13.8 ‰ ± < 0.5 ‰ (VSMOW), which is 
comparable to published data (e.g. [2]). These 
variations are more pronounced and exhibit short-
term changes in evaporative conditions. 

Finally, no indications for postsedimentary 
changes by groundwater or extrasalinare brines are 
discernible, which is important for long-term safety 
considerations. 

 
[1] Kampschulte and Strauss (2004) Chem. Geol. 
204, 255-286. [2] Claypool et al. (1980) Chem. Geol. 
28, 190-260. 
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Until recently the effect of chemical fractionation 
of radioactive Xe precursors in fission chains has 
been reliably observed only in samples irradiated in 
nuclear reactors, including natural reactor in Oklo 
operated in the pulsed mode.  Here, for the first time, 
we experimentally demonstrate that apparent Xe 
fission yields can be significantly modified in 
common ~ 135 Ma U-bearing rocks which 
experienced relatively small and nearly constant 
natural neutron flux.   

Sample was split into two aliquots, the first one 
analyzed as is, and the second one subjected to acid 
treatment which preferentially leached out U-bearing 
mineral phases but did not affect silicates. Xe from 
both aliquots has been extracted by step-wise 
pyrolysis and analyzed in the same way. Isotopic 
composition of Xe from the untreated sample was 
found to be consistent with 238U fission spectrum with 
minor addition of Xe from neutron induced 235U 
fission for all extraction steps. While isotopic 
composition of Xe from the chemically treated 
aliquot was indistinguishable from the composition of 
untreated sample at temperatures steps above 800°C, 
Xe released at lower temperatures was significantly 
depleted in heavy isotopes. The isotopic shifts, 
revealed here by acid treatment, correlate with half-
lives of radioiodine, a volatile, water-soluble Xe 
precursor in fission chains (Fig. 1).  

 

Fig.1. Isotopic 
shifts (normalized 
to 136Xe) in fission 
Xe released below 
800°C from the 
sample treated 
with HNO3 vs. 
half-lives of 
radioiodine.  
Errors are 1σ. 

This correlation (over 13 orders of magnitude in half-
lives!) is caused by displacement of fission products 
from the radiation damage zones by distances 
depending on time available for the diffusion of their 
immediate precursors.  

This isotopic effect will not be observable in bulk 
unaltered samples, but we expect to see it in rocks 
affected by aqueous alteration and/or weathering, 
processes that are common on Earth. Complimentary 
isotopic compositions then should contribute to Xe 
isotopic signature in natural gases and possibly in 
Earth’s atmosphere.   
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Comets have been proposed to consist of 

unprocessed interstellar materials together with a 
variable amount of thermally annealed interstellar 
grains. Recent studies of cometary solids in the 
laboratory have shown that comets instead consist of 
a wide range of materials from across the 
protoplanetary disk, in addition to a minor 
complement of interstellar materials. These advances 
were made possible by the return of direct samples of 
comet 81P/Wild 2 coma dust  by the NASA Stardust 
mission and recent advances in microscale analytical 
techniques. 

Isotopic studies of ‘cometary’ chondritic porous 
interplanetary dust particles (CP-IDPs) and comet 
81P/Wild 2 Stardust samples show that preserved 
interstellar materials are more abundant in comets 
than in any class of meteorite. Identified interstellar 
materials include sub-µm-sized presolar silicates, 
oxides, and SiC dust grains and some fraction of the 
organic material that binds the samples together [1]. 
Presolar grain abundances reach 1 weight % in the 
most stardust-rich CP-IDPs, 50 x greater than in 
meteorites. Yet, order of magnitude variations in 
presolar grain abundances among CP-IDPs suggest 
cometary solids experienced significant variations in 
the degree of processing in the solar nebula. 

Comets contain a suprisingly high abundance of 
nebular solids formed or altered at high temperatures. 
Comet 81P/Wild 2 samples include 10-40 µm-sized, 
refractory Ca-Al-rich inclusion (CAI)-, chondrule-, 
and ameboid olivine aggregate (AOA)-like materials 
[2]. The O isotopic compositions of these refractory 
materials are remarkably similar to their meteoritic 
counterparts, ranging from 5% enrichments in 16O to 
near-terrestrial values. Comet 81P/Wild 2 and CP-
IDPs also contain abundant Mg-Fe crystalline and 
amorphous silicates whose O isotopic compositions 
are also consistent with Solar System origins. Unlike 
meteorites, that are dominated by locally-produced 
materials, comets appear to be composed of materials 
that were formed across a wide swath of the early 
protoplanetary disk [2]. 
 
[1] Messenger S. et al. (2014) in: Dust in the Solar 
System: Properties and Origins. [2] Brownlee D. E. 
(2014) Ann. Rev. Earth Planet. Sci. 4 2:179–205  
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Methylmercury (MeHg) is an organometallic 

compound that is more mobile and more toxic than 
inorganic mercury (Hg). The mechanism responsible 
for the formation of MeHg is called biomethylation 
and it occurs mostly under anoxic conditions. This 
mechanisms is fairly well studied in aquatic 
environments and we know that it is influenced by 
organic matter supply and temperature. In terrestrial 
soils, however, there has been considerably less 
research on biomethylation. 

In this study, we investigated the presence and 
formation of MeHg in soils of a Hg-polluted 
agricultural floodplain near the Rhone River in the 
Canton of Valais in Switzerland. Our aim was to i) 
validate a new extraction and quantification method 
for MeHg using selective extraction and HPLC-ICP-
MS analysis, ii) determine MeHg concentrations in 
the contaminated fields and iii) estimate the influence 
of manure addition (as an example of a typical local 
agricultural practice), and flooding (expected to occur 
increasingly frequently with climate change) on the 
biomethylation of Hg. 

The MeHg extraction method we developed 
further is based on the work of Brombach et al [1]. It 
is followed by a HPLC-ICP-MS analysis for 
quantification. We could show that this novel method 
is not as sensitive as usual methods such as 
derivatization and GC-ICP-MS. However, it is less 
time intensive, more user friendly and can be made 
more cost effective by using HPLC-AFS. We found 
that MeHg was present in most of the soils we 
investigated. 

Furthermore, soil from three highly Hg-
contaminated fields was incubated under flooded 
conditions in triplicate with or without addition of 
organic matter (2% cow dung) in microcosms.  
Inorganic Hg was released into the pore water within 
24-48 hours after flooding paralleling the release of 
dissolved organic carbon. No MeHg could be found 
in the pore water. However, after 11 days of 
incubations, the microcosms containing manure saw 
their soil MeHg concentration multiplied by up to 
5.5. 

 
[1] Brombach et al.(2015). Anal.Bioanal.Chem 407, 
973-998. A.M. acknowledges funding from the IEF 
MCA of the EU's FP7/2007-2013/ n° [326736]: 
BIOMETA. 
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The fossil shells of planktonic foraminifera from 

oceanic sediments are widely used as a proxy for 
ocean parameters (including: temperature, salinity). 
The impact of their ecology on the geochemical 
fingerprint of their shells however is understudied. 
The oxygen (δ18O) and carbon (δ13C) isotope 
composition, whilst allowing palaeo-reconstructions, 
also may include ecological information. The reliance 
of palaeoceanographers upon foraminiferal based 
proxies thus merits the better understanding of the 
life history of the organisms that provide our proxies. 
We present recent single specimen and individual 
chamber isotope measurements from sediment trap 
samples that highlight a number of important 
features, including the depth migration that individual 
foraminifera undergo during ontogeny.   

 
 
Figure 1: Single chamber measurements from a 
Globorotalia menardii shell (inset) from final to 
preceding chambers (f), plotted on the predicted 
equilibrium δ18O calcite (blue line).  
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High-resolution geochemical and ichnofacies 
records from two localities in East Greenland reveal 
diverse conditions on the margins of the Boreal 
Ocean during the latest-Permian transgression and 
extinction. At Fiskegrav, where sediments were 
deposited in a terrestrially-influenced shallow-shelf 
embayment, macrofossils disappear before the onset 
of anoxic and ferruginous conditions, as revealed by 
Fe-speciation and δ34Spyrite data. Intermittent 
recolonization of the sea bed by bioturbators - in 
slightly coarser-grained horizons - is ascribed to the 
delivery of relatively O2-rich water from near-shore 
settings by gravity-driven processes, a hypothesis 
supported by TOC:TN and TOC:Al data indicating 
fluctuating sediment provenance. Bulk δ13Corg values 
decrease as macrofossils disappear followed by 
episodic fluctuations reflecting variations in 
terrestrial input. Recorded δ15Nbulk values increase 
from the base of the section up to the extinction level, 
likely due to increasing input of inorganic NH4

+ in 
terrigenous clays – as indicated by TOC:TN ratios 
that fall below Redfield minima for marine organic 
matter. Above the extinction horizon, δ15Nbulk 
fluctuations are coupled to changes in TOC:TN 
ratios. Where TOC:TN ratios are > 4 we detect 15N-
depleted δ15Nbulk values, implying increased N2 
fixation under nitrate-limited conditions. At Kap 
Stosch, some 100km further north and closer to open 
ocean depositional settings, Fe-speciation and 
δ34Spyrite data indicate consistently anoxic, ferruginous 
conditions. These geochemical data coupled with 
facies observations provide a fascinating insight into 
the Late Permian shelf environment of northern mid-
latitudes, suggesting that ferruginous conditions were 
widespread except in the very shallowest settings, 
and that nitrate limitation may have been an 
additional environmental stressor impacting marine 
life. 
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Nucleosynthesis in the early Universe created 

only hydrogen, helium, and trace amounts of lithium.  
After galaxies formed, stars coalesced from 
interstellar matter, lived quiescently for millions or 
billions of years, and died, typically in dramatic 
fashion.  In their death throes, the stars ejected atoms 
of chemical elements heavier than helium back into 
the interstellar medium, thereby enriching it in those 
elements in time for the next cycle of star formation, 
life, and death.  This cycling of matter that builds up 
the abundance of heavy elements in the life of a 
Galaxy is known as Galactic Chemical Evolution 
(GCE). 

Much effort in the decades since the late 1940s 
and1950s, when nucleosynthesis theory was founded, 
has gone into the quantitative study of how stars 
create the chemical elements and how, over 8 billion 
years, GCE in our Galaxy led to the Solar System 
abundance pattern.  These efforts have mostly been 
directed towards understanding the bulk solar 
abundances.  More recently, studies of isotopic 
anomalies in meteorites have started to give clues as 
to how the carriers of isotopes into the early Solar 
System retained memory of their site of production.  
These effects may be direct, such as the presolar 
grains that are direct condensates from stars [1] or 
more subtle effects in which the carriers were not 
completely homogenized in the formation of early 
Solar System solids.  The isotopes of Ca and Ti show 
large anomalies in calcium-aluminum-rich inclusions 
and primitive minerals [2].  This suggests those 
samples formed from variable amounts of the carriers 
of debris from low-entropy explosive stellar 
environments such as dense thermonuclear 
supernovae or, alternatively, electron-capture 
supernovae.  Anomalies in other heavy elements such 
as Sr, Zr, Mo, Ru, W, and Os in bulk meteoritic 
samples indicate variable enrichments in the carriers 
of s-, r-, and p-process isotopes (e.g., [3,4,5]). 

Quantitative GCE models are presented to help 
elucidate the chemical evolution of the carriers of the 
isotopes of key heavy elements.  These models are 
computed with open-source, freely-available codes 
[6].  Interested readers may also find useful 
information in the author’s blog [7]. 

 
[1] Clayton & Nittler (2004) Ann. Rev. Astron. 
Astrophys. 42, 39-78.  [2] Zinner et al. (1986) ApJL 
311, L103-L107.   
[3] Riesberg et al. (2010) EPSL 227, 334-344.  [4] 
Fischer-Gödde et al. (2015) GCA 168, 151-171.  [5] 
Yokoyama et al. (2015) EPSL 416, 46-55.   [6] 
http://sourceforge.net/p/nucnet-projects/wiki/Home/  
[7] http://sourceforge.net/u/mbradle/blog/ 
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Multiple sulphur isotope studies are powerful 
proxies to understand the complexity of S 
biogeochemical cycling in the geological past. 
Iconically, the disappearance of a Sulphur Mass 
Independent Fractionation (S-MIF) signal in rocks 
younger than ~2.4-2.3 Ga has been used to date a 
dramatic rise in atmospheric oxygen in the 
Palaeoproterozoic. However, intricacies of the 
sulphur cycle before the Great Oxidation Event 
remain poorly understood. For example, the isotope 
composition of coeval elemental sulphur and sulphate 
is still debated. Furthermore, the  variation in δ34S in 
Archaean pyrite has been widely attributed to 
microbial sulphate reduction (MSR), although 
textural evidence for the presence and distribution of 
sulphate reducers remains enigmatic. 

We combined detailed petrographic and high-
resolution multiple S-isotope studies (δ34S and Δ33S) 
using Secondary Ion Mass Spectrometry (SIMS) to 
document the S-isotope signatures of exceptionally 
well-preserved, pyritised microbialites in shales from 
the ~2.65 Ga Lokammona Formation, Ghaap Group, 
South Africa. The presence of MSR in this 
Neoarchaean microbial mat is supported by: a) 
textural evidence, including biogenic wavy crinkled 
laminae, and b) early-diagenetic pyrite containing 
µm-scale variations in δ34S of 0 to +27‰ and Δ33S 
variations of -2 to +2‰. These large variations in S 
isotope values suggest Rayleigh distillation of a 
limited sulfate pool during high rates of MSR in the 
microbial mat. Furthermore, we identified a second, 
morphologically distinct pyrite phase that precipitated 
post-lithification, with a Δ33S signature of +6‰. We 
propose that the S-MIF signature of this late-
diagenetic pyrite does not reflect contemporaneous 
atmospheric processes at the time of deposition; 
instead, it formed later by magnetic isotope effects 
during thermochemical sulphate reduction, and/or the 
dissolution and reprecipitation of older pyrite 
containing an atmospheric S-MIF signal. These 
insights provide new understanding of pyrite 
formation over several generations, and highlight the 
complimentary nature of petrography and SIMS 
studies to distinguish between pyrite phases in the 
geological record. 
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All materials formed in the inner solar system 
share similar, but not identical, element abundance 
patterns, i.e. constant and solar refractory element 
abundances, decreasing moderately volatile element 
concentrations that correlate with their respective 
condensation temperatures and variable absolute but 
close to chondritic relative abundances of highly 
volatile elements. The depletion of moderately 
volatile elements has been generally attributed to 
incomplete condensation and/or evaporative loss by 
heating during the early stages of planetesimal 
formation. 

The stable isotope compositions of almost all 
moderately volatile elements show no evidence for a 
Rayleigh-type fractionation that could be attributed to 
partial condensation or evaporation. To explain this, 
models assume that the loss of volatile compounds 
during condensation and/or evaporation occurred 
under equilibrium conditions at high temperatures. 
However, such conditions do not necessarily apply 
during the formation of solids from the solar nebula. 
Any model for the formation of the precursor solids 
for the different meteorite parent bodies has to 
account for the lack of isotope fractionation and at the 
same time for the depletion of moderately to highly 
volatile elements.  One scenario where this could 
occur is a solar nebula from which elements 
condensed following their respective condensation 
temperatures and at the same time the gas 
concentration with the remaining more volatile 
elements decreased due to the migration of the gas 
phase away from the site of already condensed 
material. In this scenario solids with different 
abundances of volatile elements are generated and 
this diversity is preserved particularly well in the 
suite of carbonaceous chondrites. Accretion of this 
condensed material prior to complete condensation of 
the nebular gas can account for the observation that 
planetesimals are depleted to different extents in the 
more volatile elements. The bulk Earth composition 
can be modelled by accretion of planetesimals with 
different degrees of volatile element depletion.  
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Subseafloor sediment harbors a large proportion 

of microorganisms- about 3 × 1029 according to the 
recent census by Parkes et al. 2014. Microbial cells in 
these very stable and oligotrophic settings catabolize 
at a much slower rate than model organisms in 
nutrient rich cultures. Microbial metabolic activity 
depends upon various factors like pH, temperature, 
pressure, sedimentation rates and distance from the 
land. In order to increase our understanding of the life 
in deep biosphere, we carried out a study on turnover 
times of bacterial necromass and biomass using 
newly developed D:L-amino acid racemization model 
in marine sediments from the Iceland basin. Sediment 
cores were up to 5 meters long and covered a time 
scale from present to ∼ 57,000 years. Sediment cores 
were analyzed for total hydrolysable amino acids 
(THAA), the bacterial endospore marker dipicolinic 
acid (DPA), and amino acid enantiomers (L- and D-
form) of aspartic acid. The amino acid carbon 
content, and the ratio between the protein amino acids 
and their respective non-protein degradation products 
were used for determining the degradation state of the 
organic matter with the sediment depth and age. 
Endospores quantified using DPA quantification 
method were found to be as abundant as vegetative 
cells. The D:L amino acid modeled microbial 
necromass was estimated to be recycled over the 
range of 0.2-1.1 × 104 years, while the turnover times 
for the microbial biomass were in the range of tens of 
years. Studies with deeper sediment cores will further 
improve our understanding of the energetic limits of 
life in the deep biosphere. 
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Incineration of municipal waste reduces their 

volume and mass significantly and results in increase 
of metals content in the incineration residues (bottom 
ash and fly ash). Recovery of metals from 
incineration residues enhance recycling level and can 
be considered as a component of transformation 
towards a more circular economy and sustainable 
development. Metal content in wastes varies from 3 
wt% for low income to 6 wt% for high income 
countries and is related to numerous local factors. 

More than 500,000 tons of non-ferrous metals is 
produced currently in Poland from recycled material. 
Since 2009 aluminium is not produced from primary 
material. Newly constructed incineration plants in 
Poland with total capacity of 975,000 tons of waste 
per year give possibilities to increase the stream of 
supply of recycled metals by their recovery from 
waste incineration residues. The content of Fe and Al 
in the studied bottom ash is 5.41 and 3.73 wt% 
respectively. Efficiency of metals recovery depends 
on the form of their occurrence (pure metals, alloys, 
metals in crystalline or amorphous aluminosilicates) 
and size of metallic inclusions. Magnetic separation 
gives good results in ferrous metals recovery. 
Recovery of non-ferrous metals is also possible. 
Taking into account high degree of supply of 
recycled aluminium, other possibilities of usage of 
bottom ash with relatively high Al content are 
justified.  

Production of hydrogen gas in reaction of Al in 
bottom ash in alkaline solution could be considered. 
Bottom ash may also be used as aggregate in concrete 
but Al reduces its strength. On the other hand, 
aggregate with metallic Al could be also used in 
preparation of aerated concrete. Discussion of 
economic effects and life cycle assessment (LCA) 
analysis of different methods of recovery or reuse of 
metals in municipal waste incineration residues is 
necessary to evaluate their usefulness. 
The study was supported by NCN grant No UMO-
2014/15/B/ST10/04171. 
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In desert soil ecosystems the nitrogen cycle in 

general, and nitrification in particular, is particularly 
sensitive to changes in precipitation because it is 
under water stress. This suggests that isotopes of 
nitrate desert environemnets may have preserved past 
evidence of small variations in continental 
precipitation. Stable oxygen isotope measurements 
(16O, 17O, and 18O) on soil nitrate salts (NO3

-) were 
performed on nitrate contang soils from the Atacama 
(Chile), Kumtag (China), Mojave (US), and Thar 
(India) deserts. The 17O anomalies (Δ17O) detected in 
soil NO3

- in these four deserts exhibited a strong 
negative correlation with MAP (Figure).   

This is hypothesized to be caused by the interplay 
between  atmospheric deposition and soil 
nitrification. This correlation was used to assess 
precipitation changes in southwestern US at the 
Pliocene-Pleistocene boundary, in South America 
during the Miocene, and the Sahara Desert 10 kyr in 
the past. The MAP calibration was also used to 
predict NO3

- Δ17O in arid regions around the globe 
based o  n historical MAP data. The data suggests 
that NO3

- Δ17O in paleosols and ancient aquifers can 
be used as a new proxy for assessing changes in 
precipitation across arid landscapes over time and as 
a means of validating global climate model 
predictions of precipitation changes caused by 
climate change. 
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Some Martian meteorites (especially the 

Nakhlites), contain up to several percent clay 
minerals, which formed in the Martian subsurface. 
The clays are compositionally similar to the bulk rock 
compositions in which they occur, suggesting that 
little chemical fractionation occurred during their 
formation and that aqueous activity responsible for 
their formation was limited in volume/duration [1-2]. 
Given that Mars has been cold and hyperarid for 3 
Gy, it is not surprising the Nakhlites, which formed at 
~1.3 Ga [1], contain only limited alteration. 
NWA7034, a potential regolith breccia, also contains 
clay minerals [3] that might be vastly different but 
have yet to be discussed in detail.  

While meteorite analyses provide the most robust 
evaluation of Martian mineralogy, including clay 
composition, they lack geologic context, are mostly 
younger than most altered surfaces on Mars, and are a 
biased sample group because they consist of 
competent rocks that have survived ejection events 
(i.e. biased toward rocks that are not very altered). 
Remote sensing observations provide less detail, but 
still can be used to strongly constrain the crystal-
chemistry of Martian clays, and have the advantage 
of providing a more balanced global view. 

Importantly, many of the remotely observed clay 
mineral deposits on Mars occur within materials that 
have been exhumed from the subsurface by impact 
and erosion (at ~3.5-3.8 Ga) [4]. They provide a 
geological, if not temporal, link to the alteration 
observed in Martian meteorites. The exhumed clays 
include serpentine, FeMg-smectite, and chlorite-
group minerals [4], analogous to 7-Å, 10- Å and 14-Å 
clays observed in Martian meteorites [2]. Detailed 
treatment of orbital spectral data reveals trends in the 
crystal-chemistry of the clays, especially of the 
>1000 detections of smectitic clays observed so far 
[5]. Most of the smectitic clays are quite Fe-rich 
(FeO/MgO = 10-30) compared to clays detected in 
Nakhlites (FeO/MgO ratios of ~1-2) or compared to 
shergottites, which might be representative of typical 
Martian crust (FeO/MgO ≅ 0.5-4). This suggests that 
ancient aqueous processes potentially resulted in 
significant segregation of Fe from Mg [6]. 
 
References: [1] Gooding, J.L. et al., MAPS, 26 (2), 
135-143, 1991. [2] Changela, H.G. and J. C. Bridges, 
MAPS, 45, 1847–1867, 2010. [3] Agee , C.B., 8th 
Mars, #1173, 2014. [4] Ehlmann, B. L. et al., Nature, 
479, 53-60. [5] Carter, J. et al., JGR,  118, 831–858, 
2013. [6] Michalski, J. R. et al., EPSL, 427, 215-225, 
2015. 
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The metal Cadmium (Cd) has been known since 

the 1970s to correlate with major nutrient phosphate 
(PO4). This metal-nutrient relationship exhibits a so-
called kink - a change in the steepness of the slope - 
at a PO4 concentration of ~1.3 μmol kg-1. The origin 
of this kink has been the subject of much debate. 
Usually data to the left of the kink is from the surface 
ocean and data to the right is from the deep ocean, 
but this division is not valid for all ocean regions. We 
use data from the GEOTRACES–NL section along 
the entire West-Atlantic Ocean (track length: 17500 
km) to shed new light on the Cd distribution in 
general, the Cd-PO4 relationship, and its kink. This 
large data set encompasses >1400 samples in major 
water masses of Antarctic and Nordic origin. We 
employ extended optimum multiparameter analysis to 
distinguish the presence of the different water 
masses. It becomes evident that straightforward 
mixing of different endmembers with varying Cd-PO4 
compositions fully explains the basin-scale 
observations, including the much discussed kink. 
Remineralisation of biogenic particles in combination 
with water mass mixing explains the remaining, finer 
scale details. More research is needed to determine if 
the relative depletion of Cd in the Atlantic Oxygen 
Minimum Zone is the result of scavenging, or 
alternatively, the result of the Cd/P ratio of the 
exported particles from the productive surface ocean. 
A combination of both processes is not unlikely. 
More research is also needed to unravel the origin of 
the different Cd/PO4 uptake ratios and the resulting 
remineralisation ratios in different ocean regions, but 
it could be the mere availability of Cd that plays a 
dominant role. Even though the actual cause for the 
varying Cd/P ratios remains to be conclusively 
determined, it is apparent that there is variation and 
the use of a constant, Redfield-like Cd-PO4 ratio is 
unwarranted. This in turn affects the use of Cd/Ca in 
foraminifera as a paleotracer to infer past nutrient 
concentrations.  
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Low-oxygen conditions in the ocean were 
common in the past, are a natural phenomena of the 
modern ocean and will be increasing in volume, 
extent, intensity and duration in the future. Climate 
change is a major driver of ocean hypoxia via 
warming and changes in stratification and circulation. 
In the Anthropocene humans also directly impact 
coastal hypoxia via eutrophication and other 
perturbing activities. 

Hypoxia have major consequences for marine 
organisms and biogeochemical cycles, in particular 
those in sediments. Organic matter delivery to 
sediments may be impacted by hypoxia because of 
differences in primary producers in the sunlit ocean, 
in the attenuation of carbon fluxes with water depth 
and in the contributions of biodepositing and filtering 
metazoans at the seafloor. In the absence of bottom-
water oxygen, anaerobic organic-matter degradation 
and anaerobic re-oxidation pathways dominate.  
Microbes increase at the expense of metazoans in 
carbon processing. These shifts in organic matter 
processing have the consequence that more carbon 
and of better quality is eventually buried in marine 
sediments.  The enhanced burial of organic matter in 
low-oxygen oceans has implications for global 
oxygen and carbon cycles.  
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Sedimentary records of trace element deposition 
constrain dust input to the open ocean and the 
interplay between wind patterns, ocean circulation, 
and paleoproductivity across changing climates. 
However, such records extending beyond the Last 
Glacial Maximum (LGM) in the Atlantic are few and 
far between. We present new records of 
extraterrestrial 3He-normalized dust and elemental 
fluxes (e.g., Al, Fe, Th, REEs, and 4He) for the past 
70 ka from two gravity cores recovered from the 
Mid-Atlantic Ridge at 26oN and 29oN.  

The Th and 4He dust proxies [e.g., 1-2] and REE 
fluxes at 29oN show a general increase in dust 
deposition from 70 to 10 ka, followed by a sharp 
decrease during the African Humid Period (AHP) 
between 10 to 5 ka, and a rapid rise from 5 ka to the 
core top (1 ka). Th and 4He fluxes at 70 ka fall within 
10% of modern flux values. LGM dust fluxes are 
comparible to pre- and post-LGM values, although 
there are dust flux peaks at 14 and 10 ka that are 
~150% of modern flux values. Minimum Th and 4He 
fluxes during the AHP equal 55% and 40% of 
modern deposition, respectively. Fe fluxes at 29oN 
follow the dust proxy pattern for the past 70 ka and 
vary from 2.7 to 5.5 mg cm-2 ka-1. Core-top sediments 
reveal modern Fe fluxes of 4 mg cm-2 ka-1. In 
comparision, models of aeolian Fe deposition to this 
region today predict slightly higher values of 10 to 20 
mg cm-2 ka-1 [3]. 

The 50 ka dust flux record observed at 26oN 
closely matches that of 29oN for the past 16 ka. 
However, the proxy record suggest that dust fluxes at 
26oN are generally lower than at 29oN prior to 16 ka. 
Further, while the AHP dust flux minumum is not 
observed elsewhere within the 70 ka sedimentary 
record from 29oN, the dust proxy fluxes reveal a 
second minimum in dust deposition to 26oN, 
comparable to the AHP, at 40 ka. Future work will 
examine variations in the elemental composition of 
these sediments to explore the relationship between 
total dust flux and dust provenance.  
 
[1] Patterson et al. (1999) GCA 63, 615-625. [2] 
Adkins et al. (2006) Paleoceanography 21, PA4203. 
[3] Mahowald et al. (2009), Annu. Rev. Marine Sci. 1, 
245-278.  
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Goldschmidt recognized four broad categories of 

the elements: atmophile, lithophile, chalcophile, and 
siderophile. This classification is based on empirical 
observations for meteorites and Earth's major 
geochemical reservoirs: the mantle/crust, and the 
hydrosphere/atmosphere (the rest inferred to be in the 
core). Because molecular N is unreactive the 
behaviour of N has traditionally been grouped with 
the noble gases [1]. Here I utlizise recent datasets to 
ask the question: Should we group N as a lithohpile 
element in terms of the bulk silicate Earth (BSE)? 

Firstly, stable isotope data suggest N recycling 
extends into the lower mantle [2-3], implying a 
storage mechanism for N in the deep Earth to explain 
the crust-mantle flux-imbalance [4]. Secondly, N can 
behave like an atmophile, lithophile, or siderophile 
element depending upon its redox state, and recent 
theoretical [5] and experimental [6] data show that 
ammonic N should dominate over molecular N in the 
mantle. Thirdly, when balancing the mantle N budget 
using N/Ar constraints relative to chondrites, N 
appears to be the most depleted volatile element [1]. 
However C is more siderophile that N [7], so one 
would presume more C partitioned into the core 
relative to N, meaning N should be more enriched 
than C in the BSE (relative to chondrites). If one 
recalculates the BSE N-abundance based solely on 
the storage capacity of the upper mantle [8] it is 
apparent that the upper mantle alone can host enough 
N to give the BSE a chondritic C/N ratio, and would 
make the BSE the largest N reservoir. Therefore it 
appears that the bulk of Earth’s N is most-likely 
stored in the mantle (where NH4+ substitutes for K+ 
[9]). Ergo, the bulk of N appears to be stored as a 
lithophile element, and only in the upper-most 
sections of the Earth is N actually a volatile 
(atmophile) element. 
 
1- Marty, 2012, EPSL; 2- Palot et al., 2013, EPSL; 3- 
Dauphas & Marty, Science; 4- Busigny et al., 2003, 
EPSL; 5- Mikhail & Sverjensky, 2014, Nature 
Geoscience; 6- Li and Keppler, 2014, GCA; 7- Zhang 
& Yin, 2013, PNAS; 8- Li et al., 2013, EPSL; 9- 
Watenpaul et al., 2010, Chem.Geol 
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The crystallization conditions for various carbon 

polymorphs can be inferred from diamond- and 
graphite-bearing mantle rock. Findings of coexisting 
diamond and graphite within single xenoliths are very 
rare [1].  

The formation of graphite- and diamond-bearing 
eclogite xenoliths is commonly considered in terms 
of crystallization of carbon polymorphs close to the 
diamond-graphite phase change[2]. To confirm or 
deny this statement, eclogitic (3 samples) xenoliths 
from Udachnaya-East kimberlite with a 
garnet+kyanite+clinopyroxene+coesite+ diamond+ 
graphite+ sulfides assemblage were selected for 
recovery their P-T conditions. Both microdiamond 
and graphite predominantly occur in the matrix of 
eclogites. However, sometimes they also can be 
found as inclusions in rock-forming minerals. The P-
T estimates for the samples are as high as 1020-1100 
(±40) ̊C and 4.7-6.2 (±1) GPa [3], and correspond to 
diamond stability field. 

Thus, the data indicate that findings of graphite in 
mantle xenoliths may testify for their metastable 
crystallization in the diamond stability field. 

The study was supported by grant of Russian 
Science Foundation (RSF №15-17-30012) 

References: 
[1]Robinson, D.N., 1979. Diamond and graphite in 
eclogite xenoliths from kimberlite. The Mantle 
Sample: Inclusion in Kimberlites and Other 
Volcanics ,50–58. 
[2] Hatton, C.J., Gurney, J.J., 1979. A Diamond-
Graphite Eclogite from the Roberts Victor Mine. The 
Mantle Sample: Inclusion in Kimberlites andOther 
Volcanics , 29–36. 
[3] Ravna, E.J.K., Paquin, J., 2003. 
Thermobarometric methodologies applicable 626to 
eclogites and garnet ultrabasites. EMU notes in 
mineralogy 5, 229–259. 
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Sulfur isotopic ratio (δ34S) of past sulfate 
minerals is a good proxy for redox state and 
microbial sulfate reducing systems in the 
Precambrian. However, reports of δ34S of Archean 
sulfate are scarce because of the limited occurrences 
of sulfate deposits. Therefore, we focused on newly 
discovered sedimentary barite (BaSO4) layers from 
the 3.2Ga Dixon Island Formation, which is 
considered to have been deposited in a relatively deep 
open sea environment [1]. 

The Dixon Island Formation is located in the 
coastal Pilbara terrane, Western Australia and shows 
low metamorphic grade [2]. Barite layers alternate 
with black chert layers in the Black Chert Member of 
the Dixon Island Formation that overlies 
hydrothermal vein networks. Though most of them 
are silicified [1], there exist small crystals of barite 
(less than 200 μm in diameter) which are regarded to 
be remnants of original barite. We crushed three rock 
samples from different horizons, separated twelve 
fine barite grains in total, and performed micro-meter 
scale δ34S analyses using a NanoSIMS. 

As a result, we obtained scattered δ34S values of -
2.1 ± 1.1 to +18.7 ± 0.9‰ (Avg. = +6.5 ± 6.3‰) 
from twelve crystals. On the other hand, averages in 
each rock sample were +3.4 ± 5.8, +7.8 ± 8.0 and 
+8.4 ± 3.6‰. 

There are two possible causes of the dispersion of 
δ34S of barite crystals: 1) change in hydrothermal 
activities or 2) a gradual microbial sulfate reduction 
in a sulfate-limited condition (Rayleigh 
fractionation). However, no change in mineral 
occurrences and rock facies eliminate the former. 
Moreover, fluctuations of bulk δ34S [3] and micro-
meter scale heterogeneity of δ34S of pyrite [4] 
possibly supports the latter. 

 
[1] Kiyokawa et al. (2006) Geol Soc Am Bull 118, 3-
22. [2] Kiyokawa & Taira (1998) Precambrian Res 
88, 109-142. [3] Sakamoto (2010) Master’s thesis, 
unpublished. [4] Miki (2015) Master’s thesis, 
unpublished. 



Goldschmidt Conference Abstracts 2079 

Cooling history and redox state 
of NWA 8694 chassignite: 

Comparison with Chassigny 
and NWA 2737 

T. MIKOUCHI1, A. TAKENOUCHI1, M. E. 
ZOLENSKY2 

1University of Tokyo, Hongo, Tokyo 113-0033, 
Japan (*correspondence: mikouchi@eps.s.u-
tokyo.ac.jp) 

2NASA Johnson Space Center, Houston, TX 77058, 
USA 

 
NWA 8694 is a new chassignite whose 

constituent minerals are more Fe-rich than those in 
the other known chassignites (Chassigny and NWA 
2737), and may suggest a petrogenetic relationship to 
nakhlites [1]. In this abstract we report mineralogy of 
NWA 8694 to infer its cooling rate and redox state, 
and discuss its thermal and shock history in 
comparison with other chassignites. 

NWA 8694 is a cumulate dunite of ~2 mm 
olivine with interstitial pyroxene and feldspar. 
Olivine is homogeneous (Fo55-56), but Ca decreases at 
the ~50-100 µm rim (0.25-0.1 wt% CaO). Because 
the Ca-depleted rim is narrower than those in other 
chassignites (~150 µm), NWA 8694 may have cooled 
slightly faster than the others ([2,3]: ~30 oC/yr), but 
would be in the same order. Pyroxenes are low- and 
high-Ca pyroxenes, both exhibiting sub-micron 
exsolution textures (0.2-0.3 µm wide lamellae with 
the spacing of 0.8-1.8 µm). Although the low-Ca 
pyroxene host has an orthopyroxene composition 
(Wo~2), the EBSD analysis suggests a pigeonite 
structure (P21/c), which is also reported from the 
Chassigny pyroxene [3]. The size of exsolution 
texture is a bit smaller, but broadly similar to those in 
other chassignites, implying a similar fast cooling 
rate ([3]: 35-43 oC/yr). Feldspars are isotropic 
(plagioclase: clustered around An25Or10, K-feldspar: 
~An19Or78), suggestive of extensive shock 
metamorphism, consistent with undulatory extinction 
of olivine. Feldspar compositions are around the 
equilibrium isotherm of ~800 oC. The olivine and 
chromite compositions give an equilibration 
temperature of 760-810 oC and logfO2 of QFM±0.3. 

The inferred fast cooling rate and high fO2 of 
NWA 8694 are both similar to those of Chassigny 
and NWA 2737 [e.g., 4], and suggest a common 
formation condition (e.g., thick lava flow or shallow 
intrusion) under oxidizing condition. The Fe-rich 
mineral compositions of NWA 8694 may be due to 
crystallization from more fractionated melt than the 
other chassignites. The shock degree of NWA 8694 
would be similar to Chassigny, but is distinct from 
NWA 2737 with darkened olivine showing more 
extensive shock.  
 
[1] Hewins et al. (2015) LPSC 46, #2249. [2] 
Mikouchi et al. (2005) LPSC 36, #1944. [3] 
Monkawa et al. (2004) LPSC 35, #1535. [4] Beck et 
al. (2006) GCA 70, 2127-2139. 
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Rates of magma emplacement commonly vary as 

a function of tectonic setting. The late Caledonian 
granites of Britain and Ireland are associated with 
closure of the Iapetus Ocean and were emplaced into 
a varying regime of transpression and transtension 
throughout the Silurian and into the early Devonian. 
Here we evaluate a new approach for examining how 
magma volumes vary as a function of tectonic setting. 
Available radiometric ages from the late Caledonian 
granites are used to calculate probability density 
functions (age spectra), with each pluton weighted by 
outcrop area as a proxy for its volume. These spectra 
confirm an absence of magmatic activity during 
Iapetus subduction between c. 455 Ma and 425 Ma 
and a dominance of post-subduction magmas 
between c. 425 Ma and 380 Ma. We review possible 
reasons why, despite the widespread outcrop of the 
late Caledonian granites, magmatism appears absent 
during Iapetus subduction. These include shallow 
angle subduction or extensive erosion and tectonic 
removal of the arc.  

We propose a common causal mechanism for all 
Caledonian granites in which the down-going Iapetus 
oceanic slab peeled back and detached beneath the 
suture following final Iapetus closure. The 
lithospheric mantle was delaminated beneath the 
suture and for about 100 km back beneath the 
Avalonian margin. While magma generation is 
largely a function of gravitationally driven 
lithosphere delamination, strike-slip dominated 
kinematics in the overlying continental crust is what 
modulated granitic magma emplacement.  
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Since the seminal work by Birch, it is known that 

light elements must be present in the inner and outer 
core of the Earth. However, the actual composition of 
the light, alloying component has remained illusive. 
While the density deficit in the core can be explained 
with various light elements, matching the observed 
low velocities of seismic shear waves (Vs) has 
remained a particular challenge. Here we discuss 
results from different sets of ab initio simulations in 
order to constrain the composition of light element 
component. We then discuss various proposals to 
match the seismic observations in the Preliminary 
Reference Earth Model (PREM) including the density 
(ρ) and the velocity of compressional waves (Vp) in 
the outer core, the density jump across the inner-core 
boundary, as well as the density, Vp, Vs, and 
anisotropy in the inner core. 
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Impact basins form via the growth of a deep, 
bowl-shaped transient crater followed by a complex 
collapse process to produce the final basin 
morphology. The collapse of the gravitationally 
unstable transient crater occurs by a combination of 
inward motion of the crater walls and uplift of the 
crater floor, both of which depend sensitively on the 
shear strength and temperature of the crust and upper 
mantle [1-3]. During crater formation lower crust and 
upper mantle materials can become exposed on the 
surface in one of two ways: (i) as part of the ballistic 
ejecta that is deposited outside the transient crater rim 
and (ii) as part of the outwardly collapsing central 
uplift that is thrust up over the inwardly collapsing 
transient crater rim.  

The formation of lunar impact basins was 
modeled using the iSALE-2D hydrocode [4-6], for a 
range of target properties typical for the Moon at the 
time of lunar basin formation. Impact simulations 
used nine different target temperature profiles [7] and 
three pre-impact crustal thicknesses (30, 45, and 60 
km). All impact simulations used projectiles that 
were 15, 30, 45, 60 or 90-km in size, impacting the 
Moon at 10 or 17 km/s, which yield the entire size 
range of lunar impact basins except the South Pole-
Aitken basin. The methodology employed was 
similar to that in our previous work [1,2].  

The analysis of lunar basin subsurface 
morphology produced by the numerical modeling 
suggests that the target temperature affects both the 
final basin size and the extent of the crustal thinning, 
mantle uplift, thickening of the crust surrounding the 
mantle uplift, and thickness of the crustal cap that 
covers up the mantle uplift. This work focuses on the 
extent and locations of the crustal overturn and 
possible mantle exposures at the surface of the Moon, 
for different size lunar basins that could have formed 
in different crust-mantle temperature gradients and a 
range of lunar crustal thickness. 
 
References: [1] Miljković K., et al. (2013) Science 
342, 724–726. [2] Miljković K. et al. (2015) Earth 
Planet. Sci. Lett. 409, 243–251. [3] Potter, R. W. K. 
et al (2012) GRL 39, L18203. [4] Amsden A.A. et al. 
(1980) LANL Report LA-8095, 105. [5] Collins G.S. 
et al. (2004) Meteorit. Planet. Sci. 39, 217–231. [6] 
Wu ̈nnemann K. et al. (2006) Icarus 180, 514–251. 
[7] Laneuville, M. et al. (2013) J. Gephys. Res. 118, 
1435–1452.  
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Iron(II) monosulfides are widely distributed in a 

range of environments. Upon exposure to oxic 
conditions they are readily oxidized and transform to 
a range of minerals as well as dissolved products. 
Over sufficient timescales this leads to the oxidation 
of both the iron and sulfur content. It has been shown 
that oxidation of such sulfidic material is likely to 
occur in natural environments such as sediments 
exposed to tidal cycling, and that hydrogen peroxide 
(H2O2) is evolved during this process[1]. The co-
occurrence of H2O2 and Fe(II) presents the possibility 
of Fenton-type reactions occuring, leading to the 
production of oxidizing species such as the hydroxyl 
radical (HO•); with the related mineral pyrite 
previoulsy demonstrated to undergo chemistry of this 
nature [2]. 

We have investigated the nature of this oxidation 
process at a pH controlled to be near 8.0. The nature 
of the changes in the Fe minerals present was 
determined using Fe K-edge X-ray Absorption 
Spectroscopy (XAS) and the terminal sulfur products 
using ion chromatography, demonstrating the 
eventual formation of Fe(III) oxides and SO4

2−
, with 

substantial intermediary S2O3
2−. The ability of the 

Fe(II)-H2O2 system, as well as other potential oxidant 
generating pathways, to oxidize organic material 
during this process has also been examined by 
montoring the oxidation of formic acid, confirming 
the formation of highly oxidizing species during the 
oxidation of Fe(II) monosulfides under circumneutral 
conditions. 

 
 

[1] Murphy et al. (2014) Environ. Sci. Technol. 48, 
3815-3821. [2] Choi et al. (2014) J Hazard. Mater. 
280, 31-37. 
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Dynamic compression experiments now allow 
recreating planetary interior conditions in the 
laboratory, providing valuable data on material 
properties at unprecedented pressures and 
temperatures.  

We will report on decaying shock experiments on 
stishovite, quartz, fused silica using interferometric 
Doppler interferometry (VISAR) and streaked optical 
pyrometry (SOP) to document the melting line to 5 
Mbar, equation of state and optical properties of SiO2 
up to 20 Mbars. Comparing the data along these three 
Hugoniot curves (P-T paths) provides a unique way 
to unravel how density affects the specific heat and 
electrical conductivity[1].  

In addition, new shock temperature and sound 
speed measurements on MgSiO3 along the enstatite 
Hugoniot reveal the melting temperature at 2.5 Mbar 
and allow us to accurately constrain the 
thermodynamics of the melt up to 7 Mbar. 
Finally, we will discuss how these new data 
contribute to a better understanding of the cooling of 
the magma oceans in young terrestrial planets and 
exo-planets. 
 
[1] Millot et al. (2015) Science 347, 418–420. 
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The contribution of human activities such as 

industries, agriculture and various domestic inputs, 
becomes more and more significant in the chemical 
composition of the dissolved load of rivers. Human 
factors act as a supplementary key process. Therefore 
the mass-balance for the budget of catchments and 
river basins include anthropogenic disturbances. It is 
well known that Li has strategic importance for 
numerous industrial applications including its use in 
the production of batteries for both mobile devices 
(computers, tablets, smartphones, etc.) and electric 
vehicles, but also in pharmaceutical formulations. 

In the present study, we investigate waste water 
releases by tracing its impact by the use of Li 
isotopes in a small river basin near Orléans in France 
(l’Egoutier, 15 km² and 5 km long). As case study, 
we decided to monitor this small watershed which is 
poorly urbanized in the Loire river basin. Its spring is 
located in a pristine area (forested area), while it is 
only impacted some kilometers further by the releases 
rich in metals coming from a hospital water treatment 
plant. A sampling of these liquid effluents as well as 
dissolved load and sediment from upstream to 
downstream was realized and their concentrations 
and isotopic data were determined.  

Lithium isotopic compositions are rather 
homogeneous in river waters with δ7Li values around 
-0.5‰ ± 1 along the main course of the stream (n=7). 
The waste water sample is very different from the 
natural background of the river basin with Li 
concentration being twice of the values without 
pollution and significant heavy lithium contribution 
(δ7Li = +4‰). These preliminary results, combined 
with data for sediments, will be discussed in relation 
with factors controlling the distribution of Li and its 
isotopes in this specific system and compared with 
the release of other metals such as Pb or Zn. 
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The Cryogenian Period (~720-635Ma) may have 
seen the coldest climates in Earth history, whilst the 
following Ediacaran and Cambrian periods (together 
635-485Ma) saw the evolution and explosive 
radiation of the first animal life.  

Proposed causal mechanisms for Cryogenian 
glaciations are often linked to the removal of CO2 
from the atmosphere by the global biota, or via 
terrestrial weathering events, e.g. [1]. However, such 
events have orccured during the Phanerozoic, and 
have not resulted in the return to global glaciation, 
hinting at an underlying step-change in surface 
conditions. 

Here we analyze plate tectonic reconstructions in 
order to estimate changes in the global total length of 
subduction zones, from the Cryogenian through to the 
present day. Subduction zone length is a first-order 
control on the rate of CO2 degassing at volcanic arcs, 
and recent work has shown that accounting for 
subduction zone length resolves mismatches between 
Phanerozoic model outputs and CO2 proxy data [2]. 

Our reconstruction shows a dramatic increase in 
the total length of subduction zones during the 
Ediacaran and Cambrian periods, coinciding with the 
collisions that formed the Pannotia and Gondwana 
supercontinents. When combined with a simple 
carbon cycle model [3], this implies a background 
potential climate warming of ~5°C over these 
periods. 

We conclude that whilst changes in carbon sinks 
may explain the onset of Cryogenian glaciations, it 
was the backdrop of low rates of subduction-related 
CO2 degassing that allowed for the remarkably low 
temperatures during this period of Earth history. 
Long-term recovery from the Cryogenian icehouse 
appears to have been driven by a system shift towards 
greater subduction zone length. Moreover, this shift 
appears necessary for the evolution and development 
of the complex animal and plant biospheres that 
define the modern Earth system. 

 
[1] Donnadieu et al. (2004) Nature 428, 303-306. [2] 
Van Der Meer et al. (2014) PNAS 111, 4380-4385. 
[3] Mills et al. (2014) PNAS 111, 9073-9078.   
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A deep-sea sediment containing high 
concentrations of rare-earth elements and yttrium 
(REY), has been discovered from pelagic region of 
the Pacific Ocean (Kato et al., 2011). The REY-rich 
mud is expected to be a new resource for the critical 
elements. More recently, the “extremely REY-rich 
mud” (total REY > 5000 ppm) was discovered within 
the Japanese EEZ around Minamitorishima Island in 
the western North Pacific Ocean (Iijima et al., in 
revision) . Since the discovery of the extremely REY-
rich mud, seven research cruises have been conducted 
in the Minamitorishima EEZ over three years. Due to 
detailed investigation by subbottom profiling and 
piston core sampling, the surficial distribution of 
REY-rich mud within the Minamitorishima EEZ has 
beenwell understood. However, piston coring cannot 
obtain sediment samples from the deeper part of the 
sediment layer. This hampers detailed discussion of 
sediment stratigraphy in the Minamitorishima EEZ 
that is an important key to elucidate the genesis and 
distribution of the extremely REY-rich mud . 

In order to overcome this problem, we focused on 
the Ocean Drilling Program (ODP) Hole 1149 located 
near the Izu-Bonin trench. The sediment layer of 
Hole 1149 was almost continuously cored from the 
seafloor surface to ~180 mbsf (Plank et al., 2000), so 
it is considered to be an ideal sediment core for 
stratigraphic correlation within the western North 
Pacific. By comparing the chemical compositions of 
sediments between ODP Hole 1149 and the 
Minamitorishima EEZ, the sediment stratigraphy 
including REY-rich mud in the western North Pacific 
Ocean has been well reconstructed. In addition, we 
found extremely REY-rich mud containing 7500 ppm 
of total REY from the hole. This is the first report of 
extremely REY-rich mud from outside the 
Minamitorishima EEZ.  
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Body impacts are ubiquitous phenomena on the 

earth and in the space. Shock waves generated by the 
impacts propergate the bodies and raise tempereature 
and pressure of materials in the bodies. When 
carbonaceous chondrites and comets experience 
impact events, the organic materials in them should 
react under the high temperature and high pressure 
conditions (shock reaction).  The shock reaction play 
an important role in chemical reactions of organic 
materials under space environments. Benzene is the 
most simple aromatic hydrocarbon, which is found in 
carbonaceous chondrites [1] and is believed to be 
omnipresent in the interstellar medium [2]. The shock 
experiments of benzene provide us fundermental 
information on mechanisms of shock reaction. Here, 
we report chemical composition of products in 
shocked benzene up to 28.5 GPa. 

 Benzene was enclosed in a reactor and impacted 
by a projectile accelerated with a vertical powder 
gun. After the impact, the shocked benzene sample 
was extracted by organic solvent (dichloromethane) 
and analyzed with GC-MS and elemental analyzer.  

Shock pressures and shock temperatures were 
calculated 5.9-28.5 GPa and 380-1020K. Starting 
benzene decreases with increasing shock pressrue and 
was not detected in 28.5 GPa sample. The products 
were insoluble materials (soot like materials) and 
soluble mateirals (polycyclic aromatic hydrocarbons: 
PAHs). The yield of insoluble products simply 
increases with increasing shock pressure. H/C of the 
products was constant (nearly 0.2, although H/C of 
benzene is 1) independently of shock pressure. The 
H/C decrease of products suggests that the shock 
reaction causes dehydrogenation. The yield of soluble 
products increases up to 24 GPa and then decreases. 
The soluble products were not detected in 28.5 GPa 
sample. Thirty of PAHs from naphthalene (molecular 
weight 128) to coronene (molecular weight 300) were 
determined in the products. Methyl-derivatized PAHs 
were also detected in the products. These results 
show that cleavage of benzene rings is one of 
chemical mechanisms in the shock reaction.  

  
[1] T. Belsky and I. R. Kaplan (1970), Geochim. 
Cosmochim. Acta, 34, 257-278.  
[2] B. M. Jones et al.,  (2011), PNAS 108, 452-457.  
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 Mt. Akagi, locating at nearly 100-km north 
from Tokyo, is a huge caldera having some central 
cones growing until around 30 thousand years ago. 
The mountains composing the Akagi caldera has 
forests at their slopes. The caldera also has some 
lakes different in aquous ecology. The mountains and 
lakes at Mt. Akagi caldera could be an ideal 
geological complex for fieldwork in earth and 
environmental sciences.  

The fieldwork course is held for a week in the 
late summer prior to the fall-to-winter semester. 
Three-to-four faculty members, responsible to 
scientific education for non-science majors at 
Musashi University, instruct around ten students. 
Most of the appliant students are freshmen with no 
experiences on fieldwork in high school curricula.  

Each instructor presents the outline of the 
fieldwork plan before the vacation season in summer. 
Usually, the plans cover several fundamental topics 
in environmental and earth sciences: geophysical 
observation on geodesy and meteorology, 
astronomical observation, semi-quantitative analysis 
of inorganic constituents in aquifer like the Onuma 
cardela lake, vegetation survay in forest ecosystem, 
geographical and geological field trip at some cardela 
cones and somma. Each student can chose the project 
theme from the proposed projects by the instructors 
whereas group project is recommended. Group study 
is usually effective in the works at the field and the 
pre-field preparation works on the colledge campus in 
Tokyo. Usually, the work group for 
hydrogeochemstry merges with that for geological 
observation based on the field trip.   

On each day the fieldworks carry out from 9 to 6. 
The data are reviewed at night in each group 
supervised by the faculty members; the works on the 
next day are revised at the review session, too. On the 
final day, each group must present preliminary report. 
Final report is due in early winter. 

After the Fukushima severe accident, we could 
detect radiocesium in the Akagi area. We are now 
planning to add  a radioecology project in the course. 
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Speleothem 14C has recently emerged as a 
potentially powerful proxy for hydrology changes in 
comparison with atmospheric 14C calibration curve. 
Some possible causes for the relationship between 
speleothem 14C content (or dead carbon fraction: 
DCF) and karst hydrology have been proposed, such 
as changes in temperature, precipitation, and drip 
water flow dynamics. Minami et al. [1] investigated 
seasonal variation in 14C of drip water in Ryugashi 
Cave, Shizuoka Prefecture, central Japan. The drip 
waters were collected at dripping sites having conduit 
dominated flow paths. The 14C in the drip waters 
roughly correlated with rainfall amount around the 
Ryugashi Cave. This indicates that the increase in 
rainfall amount could bring the increase in drip rate 
of drip water, and then the decrease in interaction 
between solution and karst, and finally the DCF 
decrease in drip water. Accordingly, the 
reconstruction of precipitation could be performed 
using 14C variation in a speleothem formed by drip 
water with simple flow dynamics.  

We measured 14C of a growing speleothem of ~7 
cm in length from the Ryugashi Cave. The DCF of 
11.5±0.3% on the surface part of the speleothem was 
matched with the annual mean of DCF of 12.2±2.1% 
in drip waters at the same site. The calibrated age of 
the speleothem was calculated by comparing the 14C 
with the IntCal13 calibration curve. The DCF-
corrected 14C generally matched well with the IntCal 
14C calibration curve, and it suggests that DCF in the 
speleothem was roughly constant through its growth 
time. However, some discrepancies were observed 
around ∼1450 cal AD and ∼1700 cal AD. The DCF-
corrected 14C in the speleothem was lower than the 
IntCal 14C in the two periods, indicating the 
precipitation decrease around the Ryugashi Cave in 
the periods. We will examine reconstruction of 
precipitation in central Japan using the other 
speleothems from the Ryugashi Cave. 
 
[1] Minami et al. (2015) NIMB 362, 202-209. 
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Injection of seawater is one of the methods used 

with great success to increase hydrocarbon (HC) 
recovery rate and maintaining formation-pressure in 
HC reservoirs on the Norwegian Continental Shelf 
(NCS). To maximize the effect of injection, studies of 
rock-fluid interaction on a micro- and nano-scale are 
paramount in identifying the most appropriate 
fluid(s), when monitoring at the same time changes of 
mechanical properties of the rock. Our experiments 
are carried out at reservoir conditions for the NCS 
and are unique in this regard. Methods used are 
whole-rock and stable isotope geochemistry, XRD, 
field emission gun scanning electron microscopy 
(FEG-SEM), Mineral Liberation Analyzer (MLA), 
transmission electron microscopy (TEM), 
nanoRaman and Nano Secondary Ion Mass 
Spectrometry (NanoSIMS). All methods point to a 
significant change in the form of loss in calcium and 
an increase of magnesium content when flooding 
chalk with MgCl2-brine explained by mineralogical 
changes on a nano-scale with the new growth of high 
magnesium carbonates or even magnesite together 
with dissolution of calcite. We will identify the 
amount of magnesium in the new grown minerals and 
quantify the amount of mineralogical changes after 
flooding for further modelling on core and even 
larger scales.  

The change of densities and volumes affects 
subsequently and significantly the mechanical 
parameters and the surface properties of the rock. 
Last but not least, these processes control specific 
surface area, pore-geometry and wettability, which 
enhances or decreases the recovery of hydrocarbons. 
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One method of biologically induced 

mineralization utilises soil bacteria Sporosarcina 
pasteurii to precipitate calcium carbonate. Injection 
strategies can be manipulated to allow controlled 
precipitation of the CaCO3 making it a promising low 
viscosity grouting technique. We present two 
engineering applications for grouting with 
biologically induced mineralization: sealing fractures 
in the host rock of a radioactive waste geological 
disposal facility, and reducing leakage from a carbon 
capture and storage reservoir. 

Using a large scale artificial fracture consisting of 
a granite lower fracture surface and transparent 
polycarbonate upper surface, the extent of calcium 
carbonate precipitation and fracture hydraulic 
aperture reduction was monitored. It was found that a 
three order of magnitude reduction in hydraulic 
aperture could be achieved with only five injection 
cycles. Precipitated CaCO3 was both uniform across 
the 3 m2 surface area and strongly attached to the 
fracture surface. 

 
 
 
 
 
 
 
 
 
 
 

 

 
To assess the longevity of a biologically 

precipitated seal under the acidic conditions arising in 
a carbon capture and storage reservoir, multiphase 
flow through a Berea sandstone core was 
characterised before CaCO3 precipitation, after 
precipitation, and after accelerated dissolution. X-ray 
CT scans allowed spatial measurment of porosity, 
saturation, capillary pressure and permeability 
throughout the core (Fig. 1.). CaCO3 precipitation 
reduced permeability from 890 mD to 40 mD. 
Dissolution did not form preferential flow paths and 
resulted in only a small increase in permeability. 
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Sulfur mass-independent fractionation (S-MIF) 
seems to increase in the late Archean when the 
atmospheric chemistry may have been unique. The S-
MIF signiture possibly reflect many factors, including 
paleogeography, atmospheric composition, tectonics, 
and microbial activity. Thus, global trend of S-MIF 
signature has not yet established. Here, we reported 
the sulfur isotopic study of Archean volcano-
sedimentary sequences of Dharwar Supergroup, 
occured in the Chitradurga Schist Belt (CSB), 
Southern India. New systematic field mapping and 
zircon U-Pb dating allows us to reconstruct detailed 
lithostratigraphy of the Dharwar Supergroup. The 
lower unit consists of post-3.0 Ga basal 
conglomerate, stromatolitic carbonate, siliciclastics 
with diamictite, chert/BIF, pillowed basalt and 
pyroclastic sediment in ascending order. Especially, 
the diamictite layer in the lower unit show dropstone 
structure, suggesting glaciation in the late Archean. 
The upper unit consists of 2.6-2.5 Ga conglomerate, 
heavily carbonated basalt, BIF and silici-clastic 
sequence in ascending order. This Dharwar sequence 
preserve the Archean rifting and collisional tectonics. 
Sulfides in the stromatolitic carbonates show 
enriched δ34S values (+19‰) with negative Δ33S, 
suggesting microbial reduction in the carbonate 
platform. Considering the microbial processes, the 
original Δ36S/Δ33S is estimated as −1.5 in the lower 
unit. On the other hand, the upper unit show the 
Δ36S/Δ33S slope of −0.9. This change in Δ36S/Δ33S 
ratio is roughly consistent with those recorded in the 
other late Archean sequences from Kaapvaal and 
Pilbara, suggesting the Δ36S/Δ33S ratio records global 
signal, probably reflecting the change in atmospheric 
chemistry and climate during the late Archean period. 
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The phytoplankton pigment indices were used to 
characterize the spatial and seasonal succession of the 
community composition and associated biomass in 
the frontal regions of the subtropical front (STF), sub-
Antarctic front (SAF) and polar front (PF) in the 
Indian Ocean sector of the Southern Ocean (SO). 
Diagnostic indices during 2013 revealed that the 
flagellates were dominant in the STF (51%) and 
progressively declined towards SAF (39%) and PF 
(11%). Similarly the prokaryotes were highest in the 
STF (43%) and decreased to the SAF (32%) and PF 
(28%).  In contrast, the diatoms were gradually 
increased from the STF (6%) to the SAF (29%) and 
PF (61%). The variability of flagellates and diatoms 
from the STF to PF is attributed to the variation of 
environmental parameters such as photosynthetically 
available radiation (PAR), sea surface temperature 
(SST) and sea surface wind speed (SSWS). The 
variations in phytoplankton community composition, 
and their frontal adaptation could be explained 
according to the environmental changes. The in-situ 
pigment indices were then compared with the NASA 
Ocean Biogeochemical Model (NOBM) which shows 
the similar patterns of frontal community distribution 
except their magnitude. The Aqua-MODIS measured 
phytoplankton biomass was checked for its 
consistency after comparing with the in-situ 
observations and the result shows the underestimation 
of satellite observations. The present study has 
implications for the development of biogeochemical 
model and satellite measurements of biomass and 
primary production in the Indian Ocean sector of the 
SO. 
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Cement-based materials are widely used in 
radioactive waste repositories and the analysis of 
their retention properties is important for the 
understanding of radionuclide migration mechanisms 
in these systems.  
Barium is an alkaline earth element, which is often 
employed as chemical analogue of radioactive Ra, 
because their similar ion radius and chemical 
behaviour. Additionally, in the Group 2A, Ba is 
located between Ra and Sr, the last being another 
element of interest in the field of nuclear waste 
management.  

The adsorption of 133Ba was studied in different 
solid materials: fresh and degraded hardened cement 
paste; calcium silicate hydrate (C-S-H) phases with 
different Ca/Si ratios (0.8, 1.2 and 1.6) and the 
mineral ettringite. The solids were previously 
characterised in detail. 

The aim of this study is to understand the 
retention behaviour of alkaline earths elements under 
cementitious conditions. Sorption kinetics was 
analysed during a time span of months and retention 
was analysed in a wide range of radionuclide 
concentrations.  

The whole of results were interpreted and 
modelled considering the properties of the solids and 
the chemistry of the pore-water used in each case. 
The potential competitive effects of monovalent or 
divalent cations for sorption sites were analysed as 
well as the importance of pH, ionic strength and 
sulphate content, this last being especially relevant in 
Ba and Ra (co)precipitation processes.  

 
 
 
 
 
 
 
 



Goldschmidt Conference Abstracts 2096 

A reactive transport modelling 
at the Nagaoka pilot-scale CO2 

injection site 
SAEKO MITO*,1, ZIQIU XUE1 

1 Research Institute of Innovative Technology for the 
Earth (RITE); 9-2, Kizugawadai, Kizugawa, 
Kyoto, 619-0292, Japan; *Corresponding author: 
mito@rite.or.jp 

 
CO2 geological storage is one of the options for 

reducing CO2 emission from the large-scale point 
source such as the thermal power plant. Once CO2 is 
injected into a deep underground, it is trapped in the 
pore space of the reservoir (gas trapping) and partly 
dissolved in the brine (solubility trapping). Then, CO2 
will precipitate as a carbonate (mineral trapping) and 
be fixed in the reservoir. To predict these trapping 
processes, a reactive transport modelling is necessary. 
In this study we present a case study using field data 
from the Nagaoka pilot-scale CO2 injection site. 

Target reservoir of the Nagaoka site is a saline 
aquifer of the Pleistocene Haizume Formation with 
60m-thick while CO2 injection layer is about 12m-
thick in the reservoir. The Haizume Formation is 
composed of siltstone beds including sandstone, 
conglomerate and tuff. Thin layers of mudstone are 
interbedded within sandstone layers because of 
deposition on the margin of a wave-dominated delta 
system. One injection well (IW-1) and three 
observation wells (OB-2, -3 and -4) were drilled on 
the east side of an anticline, dipping at 15° to east-
southeast with strike N100°. The CO2 injection was 
conducted at a depth of about 1,100 m from July 
2003 to January 2005 with total amount of 10,400 
tonnes.  

We developed small area (about 1 km by 1 km) 
and coarse grid 3D model for a reactive transport 
modelling [1]. To increase accuracy of the simulation 
result, we used (1) changes of the water composition 
obtained from the batch experiments using actual 
core and water sample from the injection layer, and 
(2) two fluid composition data sets obtained from 
OB-2 during the post-injection period.  

Batch experimental results were helpful to select 
the effective minerals in the CO2 mineral trapping 
process and to determine the reactive surface area of 
the minerals by a one-box model. When the adjusted 
geochemical input was applied to the 3D model, the 
simulated concentrations of HCO3

- and Ca were 
matched with the field sampling results at the same 
order of the magnitude. Mineral trapping as CaCO3 
will increase from 20 years after the cessation of CO2 
injection and account for 6% of the injected CO2 in 
100 years.  

 
[1] Mito et al. (2013) Applied Geochemistry 30, 33-
40 
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Implicit modelling has been firstly invented in the 
early 2000s and over the last years it has become the 
well developed and highly promising technology for 
geological wireframe modelling. Improved time 
efficiency, visually more pleasing shapes of 
geological features and ease of dynamic updating are 
among the reasons for the success of this technology. 

This type of modelling is fully based on Radial 
Basic Functions (RBF), a mathematical function 
whose value essentially depends on the distance from 
a sample point (Stewart M. et al., 2014). The 
techniques allow rapid creation of boundaries with 
arbitrary geometry to describe for example faults, 
weathering and lithological contacts from a variety of 
data sources including drill holes, geological, 
geophysical and geotechnical survey and mining 
plans. The modeller is able to manipulate these 
surfaces to create volumes and domains, which in a 
geological context may represent features such as 
mineralised zones, lithological and structural 
domains, mining blocks or zones of geochemical 
contamination. 

The way of modelling based on spatial data has 
been in many ways revolutionised by implicit 
approach. Much less time is required to model 
complex systems (weeks instead of months) and to 
dynamically update of these models in light of new 
data. This modelling can be applied at any stage of 
project development, from early scoping studies (for 
quick pre-resource estimation and operative 
corrections of exploration programmes) up to 
operational mining (for creating a model which can 
be dynamically and automatically updated with a new 
data). As an addition, implicit techniques can be 
successfully implemented for lithological modeling 
and particularly for developing models for large 
strategic PGE-bearing intrusives on 
Fennoscandinavian shield. 

At the same time, this approach often demands a 
higher level of competency from the modelling team 
and failure cost in that case increase dramatically. But 
once the modeller has successfully navigated this 
mathematical jungle, it should allow creation of 
models that properly reflect an interpretation of the 
underlying data, without the necessary limitations of 
classical (explicit) approach. 

The work was supported by RFBR (The Russian 
Foundation for Basic Research) number 16-05-00305 
and SRK Consulting. 
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Radioactive cesium (RCs) adsorbs strongly to 

phyllosilicates such as clay minerals by the formation 
of inner-sphere complex. RCs flows into river 
because of erosion of surface soil. It is possible that a 
large amount of Cs can be desorbed from the 
suspended particles in seawater due to high 
concentration of cations including stable Cs in 
seawater.  In this study, we have measured solid-
water distribution coefficient (Kd) of Cs to suspended 
and sinking particles recovered from seawater by 
adsorption and desorption experiments.  The Kd 
values to suspended particles in river and seawater 
were simulated by General Adsorption Model (GAM) 
so that we can compare Kd obtained by this 
experiment with that calculated by GAM. Final 
purpose of this study is to estimate the amount of 
RCs desorbed into seawater from suspended particles 
with RCs transported from river water to seawater. 

Scanning Transmission X-ray Microscopy 
(STXM) analysis showed that Al (= phyllosilicate) 
was covered with organic matter, which was found to 
be fulvic acid based on carbon K-edge XANES. After 
removing organic matter, inner-sphere complex 
component for Cs became larger except for the 
marine suspended particles. This meant that organic 
matter blocks strong adsorption of Cs to clay mineral 
as inner-sphere complex. Except for the marine 
suspended solids, the particles with higher 
concentration of organic matter had the lower Kd. 
This result is consistent with the result of Cs L3-edge 
EXAFS, which suggested that organic matter blocks 
adsorption of Cs to clay minerals. In desorption 
experiment, the particle with higher concentration of 
organic matter showed higher desorption rate of RCs. 
This suggests that Cs can adsorb more strongly on 
clay minerals with lower concentration of organic 
matter. Kd determined in this experiment was similar 
to Kd estimated from GAM. From the Kd of GAM, 
the rate of desorption of Cs from particulate matters 
transported from river water to seawater was 
calculated to be 98.9%.  Thus, 1.1% of Cs in the 
sinking particles can be transported to marine 
sediments. 
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Mars has a variety of surface features affected by 
geologic processes. Although crater-based dating has 
been used to estimate surface ages on Mars, no 
radiometric age with a clear geologic context has 
been determined there. Absolute ages have only been 
reported for a mudstone at Gale crater by the 
Curiosity rover [1] and Martian meteorites. The 
authors are developing an in-situ K-Ar dating system 
for future landing mission on Mars [2]. This paper 
discusses the aims of our chronologic investigation 
using the system and proposes landing sites. 

Studies of impact crater densities present three 
major eras for Mars; Noachian, Hesperian and 
Amazonian [3].  Abundant water should have existed 
early in Martian history, but most of them 
disappeared. In order to understand habitable 
environment and the timing of the climate change on 
Mars it is important to determine the absolute ages of 
geologically-well-defined samples. Considering 
crater chronology, mineralogy, geological setting and 
tentative engineering requirements (e.g., altitude, 
latitude), we propose three Hesperian-aged regions as 
candidates of chronologic investigation; Syrtis Major 
Planum, north-east side of Tharsis and peripheral area 
of Amazonis Planitia. We applied crater counting 
based on CTX and HRSC images to specific areas. 
So far seven areas in the former two regions provide 
the surface ages ranging in 3.0 - 3.6 Ga (the ages 
were derived after the model [4]). Among which, two 
areas in Syrtis Major reveal resurfacing evidences; 
the younger Hesperian lava with thickness of ~40 m 
covers the older bedrock. One area in the last region 
indicates multiple resurfacing evidences. 

 
[1] Farley et al. (2014) doi: 
10.1126/science.1247166. [2] Cho et al. (2014) LPC 
#1205; Cho et al. (2015)  Spectrochimica Acta Part B  
106, 28-35. [3] e.g., Tanaka (1986) JGR 91, suppl., 
E139-E158. [4] Hartmann and Neukam (2001) SSR 
96, 165-194. 
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Strombolian eruption is often considered as burst of 
gas slug (gas-rich magma) ascending from deeper 
source, which mingles with dense magma at shallow 
conduit during eruption [1, 2]. As an interaction of 
the gas slug and dense magma plays important roll on 
gas and pressure releases, their mechanism is key to 
understand dynamics of Strombolian activity [3].  
  Volcanic ash erupted by ongoing activity at 
Stromboli volcano contains two type of volcanic 
glass as brown and black glasses. Compositional and 
FTIR analyses shows that the two glasses have 
almost identical composition (SiO2 = 52wt.%; S = < 
100ppm) and water content (= < 0.1wt.%). In 
contrast, Fe-K edge μ-XANES (micro X-ray 
Absorption Near Edge Structure) spectroscopy 
demonstrates black glass (Fe3+/ΣFe = 0.28-0.80) is 
more oxidized than brown one (Fe3+/ΣFe = 0.24-
0.42). This heterogeneity in redox state of erupting 
magma is caused by different degree of interaction 
between atmospheric oxygen and magma. The brown 
glass often exhibits elongate and vesicular shape 
showing less viscous, gas slug origin. In contrast the 
black glass originates welded material of magma 
fragments fallen back to the vent which interacts with 
oxygen. We propose that the dense magma at shallow 
conduit consists of the black glass magma with other 
recycle products [4], and mingles with gas slug upon 
Strombolian explosion.  
 
[1] Burton et al. (2007), Science, 317, 227-230. [2] 
Lautze and Houghton (2005), Geology, 33, 425-428. 
[3] Del Bello et al. (2015), EPSL, 423, 210-218. [4] 
Guriori et al. (2014), JGR-Solid Earth, 119, 319–345. 
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Radiocarbon measurements have been widely 

utilized for archaeological dating as well as 
paleoenvironmental reconstruction. Accerelator mass 
spectrometry (AMS) enables us to use miligram to 
sub-miligram samples thus higher spatial desity 
reconstruction of radiocarbon marine reservoir ages 
can be obtained. This is particular inportant where 
several ocean masses converges/diverges depending 
on the position of oceanic front and Hokkaido is 
located in such regions.  However because of 
atmospheric nuclear bomb tests conducted until mid 
20 century raised natural background level higher 
thus masks natural pre-bomb period’s marine 
resorvoir ages. Yoneda et al. (2007) reported marine 
reservoir ages in Hokkaido region using five shell 
samples ranged from ΔR = 34 to 420 years shows 
this effect. In this study, we increase the density of 
sampling sites that 20 kelp samples collected predate 
20 centuries bomb tests era to obtain much higher 
spatial coverage of ΔR in Hokkaido region.   

The kelp materials used for our study were 
collected by the Faculty of Fisheries Sciences 
Hokkaido University and have been kept at the 
University Museum of Hokkaido University. Those 
samples were collected between 1880s and 1940s. 
Our data suggested that the ΔR values of this region 
are varied depending on the magnitude of influence 
from different currents in the region. The present 
results clearly demonstrated that marine specimens, 
such as kelp preserved at museums can be used for 
reconstructing paleo-ΔR. They also suggest the 
importance of high spatial resolution of 
reconstructing the ΔR to obtain much accurate ages 
using radiocarbon dating method. 
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Introduction 

NanoRem (Nanotechnology for contaminated 
land Remediation) is a research consortium (EU, 
FP7) dedicated to develop in-situ groundwater 
remediation technologies. Nanoparticles are 
developed and injected into a contamination to create 
a reactive zone for contaminant degradation. The 
performance of a microsized carbon/nano-ZVI 
composite particle (Carbo-Iron®: CI) in terms of 
particle transport and source-remediation (chemical 
reduction) has been investigated in a large-scale 
experiment (L x W x H = 6 x 1 x 3 m) with a narrow 
monitoring grid under field-relevant conditions at 
VEGAS, University of Stuttgart. 
 
Experiment 

The aquifer (v = 0.2 m/d) in the VEGAS 
container was contaminated with a perchloroethene 
(PCE) source of 2 kg (Vsource ~ 0.8 m³). After the 
corresponding plume showed steady state conditions, 
0.7m³ of CI suspension (cCI= 20 g/L) was injected 
with the injection rate of 0.25 m³/h in the center of 
PCE sorce zone (iron limitation conditions).  

 
Result and Conclusion 

The particle concentration change during the 
injection was monitored at sampling ports in the 
aquifer and the transport distance was confirmed 
between 0.5 and 1 m. 

After the injection, a significant decrease of PCE 
and increase of degradation products were observed 
in the aquifer. In the presentation the experiment, the 
outcome and its implication on field injection of 
Carbo-Iron® will be discussed. 

 

igure 1 Mass flux change of PCE and degradation 
roducts after particle injection 
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Submarine cold seeps are major sources of 

methane, a main component of natural gases and a 
potent greenhouse gas. Methane is generated by 
microbial or thermal degradation of organic matter in 
the shallow or deep subsurface, respectively, and the 
origins of methane can be determined through 
geochemical analyses including stable carbon 
isotopes. Identifying the origin of methane in ancient 
seep fluids should provide an insight into the origins 
and pathways of seep fluids in the geologic past, but a 
direct way to estimate this has not yet been 
established. In modern and ancient methane seeps, 
anaerobic oxidation of methane (AOM) by microbial 
consortia increases alkalinity and induces methane-
derived authigenic carbonate precipitation. In this 
study, we extracted “adsorbed gas” [1] by acid 
dissolution of ancient methane-seep carbonate 
samples collected from the upper Miocene Nodani 
Formation in Joetsu City, Niigata Prefecture, central 
Japan. We then analysed the stable carbon isotopic 
compositions (δ13C values) of the extracted gas to 
estimate its origin. As a result, we successfully 
extracted methane from all samples and found δ13C 
values ranging from −60.7 to −40.0‰. This suggests 
that the extracted methane is composed of a mixture 
of biogenic and thermogenic methane in various 
ratios and/or contains biogenic methane enriched in 
13C due to fractionation through AOM. A weak but 
significant positive correlation was found in the δ13C 
values between the extracted methane and its host 
carbonate cements. This correlation implies that the 
methane contained in the ancient seep fluid was 
trapped in the host carbonate cements during their 
formation. Because it is also possible that the 
methane was adsorbed after precipitation and during 
burial of the carbonate, further investigation of the 
preservation state of the gases in the seep carbonate is 
required to determine the origin of methane in the 
ancient seep fluid.  
 
[1] Ijiri et al. (2009) Geo-Mar Lett 29, 301–308. 
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The Horonobe Underground Research Laboratory 

(URL) project has been conducted for the generic 
purposes of geoscientific research and R&D on 
technologies which will be used during the geological 
disposal. As part of this project, deep boreholes were 
drilled to obtain information on the hydrogeological 
characteristics of the Koetoi and Wakkanai 
formations. Around the boundary between these 
formations, saline groundwater was diluted with 
meteoric water [1].  

The Horonobe area is on the eastern margin of a 
Neogene to Quaternary sedimentary basin which is a 
region of oil and gas accumulation. δ13C of paired 
CH4 and CO2 obtained from the project shows 
relatively heavy values. Previous study [2] reported 
that CH4 found in the URL area was affected by 
microbial secondary oxidation since sedimentation of 
the Wakkanai Formation. However, another work [3] 
suggested that CH4 was produced by microbial CO2 
reduction in a closed system. In this study, we make 
clear the origin of CH4. 

Our results of δ13C – δD systematics are evidence 
that CO2 reduction is the primary source of CH4 in 
this area. Possible secondary oxidation [2] may be 
caused in a sample bottle after sampling due to the 
artifact. Correlation of δDCH4-H2O also suggests CO2 
reduction, however, δDCH4-H2O around the formation 
boundary does not match the CO2 reduction line, 
which implies that intrusion of meteoric water 
through fractures would happen relatively recently. 

Our results also show that the Koetoi Formation 
can be assumed an open system regarding to CO2

 

supply although the Wakkanai Formation can be a 
closed system. This is consistent with occurrence of 
carbonate veins having heavy δ13C  value mostly in 
the Wakkanai Formation. In this closed environment, 
CO2 reduction continuing for millions years would 
result in extreme 13C-enrichment of CH4, CO2, and 
carbonate.  

 
[1] Ishii et al. (2007) J. Geol. Soc. Jpn 113 41-52. [2] 
Funaki et al. (2012) J. Geograph 121 929-945. [3] 
Tamamura et al. (2014) Chikyukagaku 48 39-50.  
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Intracrystalline distribution coefficient of Mg-Fe 

ions between the two types of the octahedral sites 
(M1, M2-site) of olivine, (Mg,Fe)2SiO4, have been 
estimated using X-ray or neutron diffraction studies. 
Recently, the high angle annular dark field (HAADF) 
method using scanning transmission electron 
microscopy with the correction of spherical 
aberration (Cs-corrected STEM) has become widely 
used in the field of materials because of high-
resolution capability and easily interpretable image 
contrast, which is roughly proportional to square of 
atomic number Z (Z^2). In the present study, the 
intracrystalline distribution coefficient of Mg-Fe ions 
in olivine were tried to estimate using HAADF-
STEM and Atom location by channeling-enhanced 
microanalysis (ALCHEMI), which is basis of 
channeling-enhanced emission and has been used to 
determine the crystal structure by TEM-EDS. And 
furthermore, crystal structure analysis of same sample 
was carried out using the four-circle X-ray 
diffractometer. We used the synthetic forsterite and 
the natural olivine from San Carlos, Sri Lanka and 
Miyake-jima. HAADF-STEM images parallel to a-
axis show the Mg / Fe atom columns and the columns 
which alternately formed of Si and O atoms. 
Intracrystalline distribution coefficients estimated 
from the brightness in M1/M2-sites for synthetic 
forsterite, the olivines from San Carlos and SriLanka 
are good agreement with those estimated from X-ray 
method. On the other hand, that obtained from 
Miyake-jima is different with that obtained from X-
ray method. 
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Incoming cosmic rays react with the atmosphere, 
and produce cosmogenic nuclides such as 14C and 
10Be. Carbon-14 becomes CO2 and is taken by trees 
by photosynthesis. Therefore, 14C contents in tree-
rings record past cosmic ray intensities. 

We measured 14C contents in a bristlecone pine 
sample with annual resolution, and found a quite 
large 14C excursion in the BC55th century. We will 
report this event in detail, and discuss the possible 
cause of this event. 
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Negative ion cooler at MALT 

Development of new isobaric separation 
techniques on accelerator mass spsectrometry (AMS) 
is proceeding recently. One of the techniques is laser 
photodetachment. In this medhod, isobaric ions 
should be removed by selective neutralization using 
laser light [1]. For sufficient isobaric suppression, it 
is quite important to increase ion-laser interaction 
time.  In order to gain enough reaction time, an ion 
cooler has been developed [2, 3].  

We also developed an negative ion cooler at Mico 
Analysis Laboratory Tande Accelerator, The 
University of Tolyo (MALT). Our apparutus consists 
of deceleration electrodes,  six guide electrodes, 
radio-frequency quadrupole electrodes with gas,  and 
re-acceleration electrodes (Fig.1). 

Figure 1: Picture of ion coller at MALT 
 

We will introduce this ion cooler into a new test 
bench beam line, which is constructed by an ion 
source, two bending magnets, and several instruments 
such as faraday cups.  Some experimental results will 
be reported in this paper. 
 
[1] Berkovits et al. (1989) Nucl. Instr. Meth. A 281, 
663. [2] Liu et al. (2002) Nucl. Instr. Meth. B 187, 
117-131. [3] Forstner et al. (2015) Nucl. Instr. Meth. 
B 361, 217-221. 
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 The Lützow-Holm Complex (LHC) is a 

high grade metamorphic terrane within the East 
Antarctic Shield, on the  Dronning Maud Land.  The 
Complex was composed mainly of amphibolite to 
granulite facies metamorphic rocks, and partly 
emplaced by some igneous rocks intruded at different 
stages of tectonism during and after the peak 
metamorpshism.   

 Some intermediate to mafic rock dykes 
were found as one of such intrusions on 
Rundvågshetta, an exposure in southern part of the 
LHC.  One of them ran 2 km from north to south as a 
thin sheet less than a few meters thickness dipping 
east steeply.  The dyke rocks are holocrystalline, and 
consist dominantly of alkali-feldspar, and subsequent 
biotite, augite, hornblende, titanite, apatite and minor 
amount of plagioclase and quartz: these mineral 
abundances vary according to their occurrences.  
Such minerals, especially biotite flakes are commonly 
aligned to parallel to boundary between the dykes and 
the host gneisses.  The dyke rocks are grouped into 
minette, based on their mineral assemblages with 
compositional characters, especially their K-rich 
feature.   

 In the dyke rocks, relatively mafic rocks 
contain apatite with much fluorine; on the other hand, 
less mafic rocks have apatite with Cl-rich core and F-
rich rim.  Compositional gap in apatite crystals is 
large and not transitional.  Such occurrence indicates 
that apatite was formed in Cl-rich circumstance first 
and then enlarged in F-rich conditions in the less 
mafic rocks.  This suggests compositional 
progression of magma from chlorine to fluorine in the 
less mafic condition during apatite crystallization.  
The less mafic rocks have relatively abundant Cl than 
the mafic rocks on the compositional characters of 
whole rock though they form a suite dyke rocks.  It is 
thought that the dyke rocks have generated after 
mingling of intermediate to felsic magma into 
potassic-mafic magma before emplacing into the host 
metamorphic terrane of LHC.   
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We have found many chloritite bodies more than 

15 from the upper gabbro unit to the extrusive unit 
from the northern Oman ophiolite. The size of these 
bodies are variable ranging from a huge body (e.g., 
200x400) to smaller ones, but many of them are 
usually larger than several tens m in diameter. The 
chloritites in the deeper level shows stock-like body 
consisting of Fe-rich chlorite with minor titanite and 
apatite, While those from the SDC (sheeted dike 
complex) show more elongated bodies containing 
variable amount of quartz which occurs as veins or 
fills interstices between the chlorites. Epidote appears 
only at the margin of the bodies and rapidly decreases 
inside the bodies within a few tens cm. Some 
chloritites contains epidosite enclaves, suggesting 
that the chloritization occurred after the formation of 
the epidosites. The appearance of chloritites from the 
upper gabbro unit (foliated gabbro and massive 
gabbro) indicates that the chloritization occurred at 
off-axis environments.  

Geochemical data indicate that a severe leaching 
in Si, Ca, Na, and LILE elements and a large uptake 
in Fe and H2O are accompanied with the chloritite 
formation.  SiO2 is  removed from the deeply situated 
chloritites, but presipitates quartz in the shallower 
chloritites probably due to a lowering of temperature.  

Cu contents of most of the chloritites and 
surrounding host rocks are highly depleted as less 
than 5 ppm, however, the Cu contents of some 
chloritites from a shallower level exhibit very high 
Cu-contents up to 1,000 ppm.  The Cu contents of 
gabbroic rocks are correlated to the degree of high-
temperature hydration. With increasing degrees of 
hydration, the Cu-contents are rapidly decreased. 
These lines of evidence suggest that the chloritites 
may be a root of massive sulfide deposits. We 
conclude that a hydrothermal circulation in the lower 
oceanic crust beneath ridge flanks is vigorous and 
may produce a highly focused discharge zone which 
have generated huge chloritite bodies in depths and 
massive sulfide deposits on the seafloor. 
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IODP Site U1437 is located in the Izu rear-arc, 
~330 km west of the Izu-Bonin Trench axis, ~90 km 
west of the arc-front volcanoes, at 2117 mbsl. 
Stratigraphic Units VI and VII, below 1320 mbsf, 
contain volcaniclastics and hyaloclastites with coarse 
lava clasts [1]. Zircons from an intrusive rhyolite 
sheet in Unit VI showed U-Pb ages of 13.6+1.6/-1.7 
Ma [1,2] and 13.71±0.25 Ma. Although further 
evaluation for contamination from drilling mud is 
necessary for other zircons from volcaniclastic units 
[2], the geochemical characteristics of Unit VII 
volcaniclastics are expected to reflect the mantle 
source of early N-Izu-rear arc magmatism soon after 
Shikoku Basin (back arc basin: BAB) opening 
occurred between 24-15 Ma. 

Major and trace elements of Unit VII lava clasts 
differ from those of either the Neogene rear-arc 
seamounts or Quaternary arc-front volcanoes. 
Although they overlap the fields of both volcanoes on 
K2O and Zr/Y vs. SiO2 plots, their REE patterns are 
flat, and differ. Most lava clasts from Unit VII have 
low Ba/La and La/Sm ratios, indicating weak 
influences from the slab (fluid or melt). Isotopes also 
differ from rear-arc and arc-front data, but are similar 
to data for the <2 Ma rift basalt. The Nd and Hf 
isotope ratios are similar to those of the Quaternary 
volcanic front and preclude addition of slab-derived 
melt. Most Sr and Pb isotope ratios of strongly 
leached lava clasts are lower than those of the 
Quaternary volcanic front, precluding addition of 
slab-derived fluids. 
     The early stage rear-arc volcanism after back-arc 
basin opening was likely derived from a depleted 
mantle with an incipient contribution from the 
subducted slab. This result gives spatial and temporal 
constraints for the hot finger hypothesis. 
 
[1] Tamura et al. (2015), Proceedings of the 
International Ocean Discovery Program, Expedition 
350. [2] Andrews et al. (2015), AGU Fall Meeting, 
2015. 
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Stable carbon isotopic compositions of water-
soluble organic carbon (WSOC) and organic 
molecular markers were measured to investigate the 
relative contributions of the sea-surface sources to the 
water-soluble fraction of submicron organic aerosols 
(OAs) collected over the eastern equatorial Pacific 
during the Tropical Ocean tRoposphere Exchange of 
Reactive halogens and Oxygenated VOCs 
(TORERO)/KA-12-01 cruise. The average stable 
carbon isotope ratio of WSOC (δ13CWSOC) was −19.8 
± 2.0‰, which was systematically higher than that of 
TC (δ13CTC) (−21.8 ± 1.4‰). We found that in both 
coastal and open oceans, the δ13CWSOC was close to 
the typical values of δ13C for dissolved organic 
carbon (DOC) in surface seawater of tropical Pacific 
oceans. This suggests an enrichment of marine 
biological products in WSOC aerosols in the study 
region regardless of the oceanic area. In particular, 
enhanced levels of WSOC and biogenic organic 
marker compounds together with high values of 
WSOC/TC (~60%) and δ13CWSOC were observed over 
upwelling areas and phytoplankton blooms, which 
was attributed to planktonic tissues being more 
enriched in δ13C. The δ13C analysis estimated that on 
average, marine sources contribute ~90 ± 25% of the 
aerosol carbon, indicating the predominance of 
marine-derived carbon in the submicron WSOC. This 
is supported by Lagrangian trajectory analysis, which 
suggests that the majority of the sampling points on 
the ship had been exposed to MBL air for more than 
80% of the time during the previous 7 days. The 
combined analysis of the δ13C and monosaccharides, 
such as glucose and fructose, indicated that DOC is 
likely the dominant control on submicron WSOC and 
implies that it may characterize background OA in 
the MBL regardless of the oceanic areas over the 
study region. 
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This study will address the content, bonding, fate, 

and role of halogens (Cl, F, Br, I) in the formation of 
marine ferromanganese (Fe-Mn) deposits. Previous 
investigations show that elements in seawater can be 
complexed with different chloride species that then 
bind to the approproately corresponding charged 
colloid surfaces of the Fe and Mn substrate [1]. 
However, further evidence is required and we 
hypothesize that Cl as well as the other halogens play 
essential roles in the acquisition of metals, especially 
the critical, green-tech and high-tech metals. The 
halogens are also of interest due to their long 
residence time in the oceans, each much longer than 
the mixing time of the oceans, and thus reflect global 
ocean processes, trends, and history when complexed 
with metals with long residence times. 

From a dataset of 41 crusts from the global ocean, 
element concentrations will be determined, including 
the halogens, which are difficult to quanitify and 
except for Cl are rarely reported. This dataset 
includes crusts from well-studied areas, such as the 
Pacific Prime Crust Zone, as well as areas less well 
studied, including the  Arctic Ocean and the Southern 
Ocean. Thus, a broad view of halogen distribution 
will be provided along with trends in their 
concentration within ocean basins, along bathymetric 
features, and with latitide, longitude, and water depth. 
Initial results show that mean Cl concentrations for 
Fe-Mn crusts from various areas of the global ocean 
fluctuate from ~0.88% to >1.1%. 

Beyond global ocean distributions, correlations of 
each of the halogens with other metals within the 
crusts are being calculated in order to determine 
phase associations, possible bonding environments, 
and metal incorporation mechanisms. For example, 
based solely on the zero point of charge for the 
mineral ferrihydrite (the main iron mineral in Fe-Mn 
crusts) and the fundamental physiochemical 
properties of Br and I,  it is expected that these 
halogens should be associated with the iron-
oxyhydroxide phase [2], which our data will address 
for the natural marine system. Our chemical dataset 
will be the first of its kind for Fe-Mn crusts and 
provide insights into the mass balance of halogens 
and their role in the surface chemistry and metal 
acquistion.  
 
[1] Koschinsky and Hein (2003), Marine Geology 98, 
331-351. [2] Axelsson, et al. (2001), Analyst 127, 76-
82. 
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In order to elucidate the effect of acidic 
hydrothermal solutions and rainwater on volcanic 
glass, artificial chemical weathering of polished 
plates of obsidian as a volcanic glass was conducted 
using HCl, HNO3 and H2SO4 solutions at pH 4, and 
CO2 saturated water, and distilled water as artificial 
acidic solution under the earth surface condition in an 
open system. The each solution was dripped on the 
obsidian plates in each improved Soxhlet extraction 
apparatus at 50 ℃ using a roller pump with 150 
mL/day for a different period of time up to 674 days. 
The weathered obsidian surface was studied by SEM, 
EPMA and microscopic techniques. The leached 
solutions were analyzed for 32 elements using ICP-
MS. 

   The photomicrographs and SEM images of the 
artificial weathered obsidian surface showed that 
dissolution by the pH 4 three kind of acidic solutions 
is remarkable. Numerous irregular fractures and 
corroded pores like etch-pit formed on the surface. 
(Mg + Fe) / (Si + Al) (apfu) and (Na + Ca + K) / (Si + 
Al) ratios of obsidian surface decreased with 
increasing duration. In chemistry of the leached 
solutions, molar ratios of Mg, Zn and so on were high 
by three kinds of acidic solutions and CO2 saturated 
water, respectively. The molar ratio is calculated 
from the cumulative total mole of released each 
element divided by the mole of the each element in 
the unaltered obsidian. The ratios are low for Si and 
Al, which are network former elements, having near 
the ionic radii of 40 – 50 pm and large bonding 
strength. The ratios are relatively high for elements 
having near the ionic radii of 75 pm and 120 pm. The 
other hand, Na and K having a small bonding 
strength are not soluble though these are network 
modifier elements and abundance elements in the 
glass. Most of each element in the obsidian is not 
proportional to each dissolved element in the leached 
solution except Na, K, Mn, Rb, Zr, Ga and Y. 
Therefore it is considered that dissolution process of 
amorphous obsidian is not stoichiometric for 
composition ratio of obsidian. It is expected that the 
results provide fundamental information such as mass 
transfer during the alteration of volcanic glass by 
acidic solutions under earth surface conditions. 
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Background 

Large amounts of terrestrial materials, including 
natural and anthropogenic compounds, were supplied 
to coastal zone through the tsunami caused by the 
East Japan earthquake in 2011. The object of the 
study is to investigate transport mechanisms of 
anthropogenic organic compounds by the tsunami 
using lignin as a marker of the terrestrial organic 
compounds. The sediment samples were collected 
from the coastal area off and in Otsuchi Bay in 2012-
2014. 

Figure 1: Sampling locations of sediment samples. 

Table 1: Concentrations of anthrpogenic organic 
compounds and Lignin phenols in surface sediments 
of each location. 

 
Results and Discussions 

The concentrations of lignin phenols (Σ8) in 
OT4-OT6 were lower than that in the bay and OT3. 
Anthoropogenic organic compounds showed similar 
spatial trend to lignin phenols. These indicate that 
tsunami-induced offshore transport of terrestrial 
organic compounds reached to at least OT3. It is 
supported by decrease in δ13C in sediment at OT3 
from -22.5 ‰ in 1989 [1] to -25.0 ‰ in 2012.  

 
[1] Ishiwatari et al.(2009) 24th International Meeting 
on Organic Geochemistry (P-238) 

St.8 St.6 St.4 St.2 O T3 O T4 O T5 O T6

anthopogenic	 organic	 com pounds	 (ng/g-dw )

ΣPCBs 5.5 2.0 0.71 2.3 1.9 0.35 1.6 1.7

ΣLA Bs 59 12 1.5 16 5.4 0.0 1.8 1.3

ΣPA H s 3100 2400 1000 3000 2300 140 360 340

Σhopanes 510 330 90 330 330 60 240 190

Lignin	 phenols

Σ8	 (µg/g-dw ) 1200 510 170 700 580 68 130 110

Λ8	 (m g/100m g) 3.6 2.3 2.8 3.2 2.8 1.5 0.45 0.42
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Japan Atomic Energy Agency (JAEA) has been 

conducted R&D program for geological disposal of 
high-level radioactive waste. The Horonobe URL 
which is operated by JAEA is one of the generic 
purpose-built URL in Japan. The Horonobe URL site 
lies on the eastern margin of a Neogene‐Quaternary 
sedimentary basin. The basin contains (from oldest to 
youngest) Wakkanai, Koetoi and Yuchi formations. 
Oomagari thrust fault (O.F.) distributes at the central 
part of the area with NNW-SSE trend. Reconstruction 
of hydrogeological and hydrochemical properties 
around the URL site in geological time-scale is a key 
components of the R&D program. Previous studies 
indicates that groundwater in the area is mainly Na-
Cl type of groundwater originated from fossil 
seawater which is trapped during the sedimentation. 
However, salinity of groundwater is less than 
seawater. This study aims to reveal the dilution 
process of groundwater based on existing 
hydrochemical data (Cl, δ18O and δD) obtained from 
surface-based boreholes drilled at the Horonobe area. 

We identified three characteristics of 
hydrochemistry as follows; 1) Cl concentration 
reached a plateau at arbitrary depth in each boreholes, 
2) Maximum concentration of Cl in east side of O.F. 
was approx. 5,000 mg/L and approx. 10,000 mg/L in 
west side of O.F. Especially, the area that Yuchi 
formation was distributed reaches at 15,000 mg/L, 3) 
δ18OSMOW and δDSMOW in groundwater were 0 ‰~5 ‰ 
and -30 ‰~-20 ‰ respectively regardless of Cl 
concentration. These findings suggest mixing of 
groundwater with heavier δ18O, δD and less salinity 
in east side of O.F. Source of the less salinity 
groundwater is now unknown. However, degradation 
of gas hydrate will be one of the possible source of 
less salinity groundwater. Because there are many 
gas-shows in the Horonobe area, and previous studies 
show that water come from degradation of gas 
hydrate has low salinity and heavier δ18O, δD.  
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The bioavailablility of iron in the oceans through 

time has changed with the evolving redox state of 
Earth’s oceans and atmosphere. Seawater prior to ca. 
2.5 Ga was anoxic and ferruginous, with Fe2+ 
reaching concentrations of up to several hundred 
micromolar during periods of hydrothermally-
sourced, deep water upwelling [1]. The appearance of 
oxygenic photosynthesis, perhaps as early ca. 3.0 Ga 
[2], created unique challenges for microorganisms, 
including the production of Fe-potentiated reactive 
oxygen species. Additionally, dissolved Fe2+ itself 
has been shown to be toxic to cyanobacteria [3]. 
However, microbial iron uptake is greatly dependent 
on its solibility and speciation in the water column, 
where the presence of dissolved organic material 
plays an important role. Geological evidence implies 
that organic ligands released into the water column 
from cell lysis may have been relatively abundant in 
the Precambrian prior to the evolution of eukaryotic 
zooplankton [4]. Here we test the effects of iron 
stress on the marine cyanobacterium Synechococcus 
sp. PCC 7002 under both microoxic (with iron as 
Fe2+), and oxygenic (with iron as Fe3+) conditions in 
the presence of EDTA, citrate and lysed 
cyanobacterial cells. Our results show that 
organically complexed Fe3+ is also toxic to 
cyanobacteria, and may have played a role in so-
called ‘oxygen oases’ [5] as a temporary pool of 
dissolved Fe3+-ligand complexes in Archean 
seawater. By using a variety of quantitative 
geochemical and microbiological techniques, we can 
better understand the iron stress mechanisms that may 
have affected the evolution of early cyanobacteria. 
[1] Holland (1984), Princeton Uni. Press. [2] Planavsky et 
al., (2014) Nat.Geosci. 7, 283-286. [3] Swanner et al., 
(2015) Nat.Geosci. 8, 126-130  [4] Logan et al., (1995), 
Nature 6, 53-56. [5] Kasting (1991), Global Planet. Change 
5, 125-131.  
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The Sorbas basin (SE Spain) has been studied 

extensively as it holds key stratigraphic information 
about the Messinian Salinity Crisis (MSC; 5.969 to 
5.333 Ma [1,2]). This catastrophic climate event 
sequestered 6% of global ocean salt in the 
Mediterranean and may have impacted global 
thermohaline circulation. The sedimentary record of 
the MSC indicates extreme salinity fluctuations 
resulting in deposition of km-thick evaporites; yet 
consensus on the causes of these fluctuations has not 
been reached after more than 40 years of research. In 
this study, foraminiferal 87Sr/86Sr compositions from 
marls deposited just prior to MSC onset (6.61 to 6.55 
Ma) in the Sorbas basin were investigated at sub-
precessional temporal resolution. The Sr results are 
used to reconstruct the hydrologic budget of the basin 
using numerical box modelling, constrained with 
results from sub-precessional simulations carried out 
with a general circulation model.  

The 87Sr/86Sr record shows precessional cyclicity 
with ratios more radiogenic than coeval ocean water 
occuring regularly near insolation minima, while 
intermediate times exhibit ratios within error of ocean 
water [3]. Our box modeling indicates Sorbas 
experienced a positive hydrologic budget during this 
time in contrast with the Mediterranean’s negative 
hydrologic budget. The model results also 
demonstrate that restriction of inter-basin exchange is 
not always the primary control on basin 87Sr/86Sr. Our 
results support the hypothesis that a marine 
transgression [4] may have been synchronous with 
Lower Evaporite gypsum deposition in Sorbas, and 
have implications for Atlantic-Mediterranean 
exchange during the MSC.  
[1] Manzi et al. (2013) Terra Nova, doi: 
10.1111/ter.12038. [2] Lourens et al. (1996) 
Paleoceanography 11, 391-413. [3] McArthur et al. 
(2012) in Gradstein et al. (Eds), A Geologic Time 
Scale 2012. Elsevier, pp. 127-144. [4] Flecker et al. 
(2002) EPSL 203, 221-233. 
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Hypoxia in acuatic systems has been linked to a 
decrease in ecosystem diversity, low fishing catches, 
and an increase in the microphyte population at the 
expense of higher trophic fauna. Due to these effects, 
locations exhibiting long-term hypoxia have been 
termed “Dead Zones”, and presently comprise large 
areas of the global coast. The global shelf has a large 
photic zone per areal extent and receives a sizeable 
input of nutrients from continental erosion, 
weathering, and other terrestrial processes. These 
nutrients directly stimulate primary production and 
the growth of algae, whose decay in the water column 
consumes oxygen. Anthropogenic activities such as 
agriculture and urbanization release nutrients into the 
continental freshwater network and intensify the 
nutrient export to the oceans. Here, we analyze 
oxygen and nutrient measurements on a global scale 
to establish the incidence of hypoxia in various 
environments. The analysis hints toward marked 
variations in nutrient ratios and concentrations in 
different shelf areas yet a strong phosphorus-oxygen 
correlation throughout the entire Earth. We 
furthermore explore the relation between 
antrhopogenic-induced variations in nutrient export to 
the coast and the temporal changes in nutrient and 
oxygen concentrations in the shelf since the 1950.  
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Leaf-wax lipids from sedimentary regime such as 
the long-chain n-alkanes assimilate carbon isotope 
ratios that reflect carbon fixation pathway. The n-
alkanes distributions, with a pronounced odd-over-
even carbon number predominance and δ13C values 
reveal a mixed origin. Consequently, n-alkane δ13C 
value in sediment provides a clue to reconstruct past 
vegetation. In order to reconstruct past C3/C4 
composition of vegetation cover in catchment area of 
the Nile River, we measured n-alkane δ13C in 
sediment core samples at Hole 967B from the Eastern 
Mediterranean Sea recovered during the Ocean 
Drilling Program (ODP) Leg 160. Sediment samples 
for n-alkane δ13C measurements were taken from 
uppermost 3 m of core samples at Hole 967B, which 
covers since the Last Glacial Maximum (LGM).  In 
general, δ13C of n-alkanes (C23 –C31) at Hole 967B 
were within a range of C4 plants dominance (-24.44 
to -31.97‰,) except for several specific time intervals 
where significantly negative δ13C values (-38 to -43 
‰, VPDB) were shown. Such negative δ13C values 
are only found in C3 plants in the tropical and 
subtropical Africa, where have a catchment area of 
the Nile River. Timings of the negative δ13C values 
were observed during LGM, Bølling-Allerød, early 
Holocene, and late Holocene. Among them, negative 
δ13C shift during early Holocene was the most 
pronounced. During this period, climate in the Africa 
was very humid known as African Humid Period 
(AHP) because of enhanced and northward 
penetration of the monsoonal rains. This event is also 
coincided with the beginning of sapropel S1 
formation in the Eastern Mediterranean Sea. Our δ13C 
records of n-alkanes at Hole 967B show vegetation 
changes in the eastern tropical and subtropical Africa 
since the LGM till now. Episodic flourish of C3 
plants were suggested during AHP and some other 
time intervals perhaps due to monsoonal rainfall 
changes. 
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Hydrothermal hematite and martite occur in earthy-
red greisen and sheeted veins of the Late Devonian 
(~370 Ma) Mount Douglas Granite, eastern part of 
the Saint George Batholith in southwestern New 
Brunswick, Canada.  These oxides are part of a 
complex hydrothermal paragenesis that includes 
pyrite, arsenopyrite, sphalerite, wolframite, 
bastnaesite, Th-silicates and rare uraninite.  Hematite 
also locally co-precipitated in clots with 
hydrothermal monazite, xenotime, and zircon.  Thus, 
these veins provide an ideal setting to test the 
potential applicability of hematite U-Th-Pb 
geochronometers in hydrothermal settings.  
Documenting the actinide content and microstructure 
of hematite-martite is a first step in this study. A 
Raman-spectroscopy survey revealed the presence of 
martite (pseudomorphed magnetite) as well as 
hematite, with both minerals showing systematic 
variations in FWHM of characteristic peaks, manifest 
predominantly by a feature at ~600 cm-1. This 
broadening was most obvious in Fe-oxide grains 
adjacent to monazite and zircon, but isolated grains 
also exhibited variations in peak width.  Preliminary 
LA ICP-MS on various habits of hematite reveals a 
range of 3 to 41 ppm U and 1 to 6 ppm Th 
(standardized using NIST610).  Anomalous 
concentrations of Sn (average of 1628 ppm) and W 
(average of 494 ppm) were also observed and low 
%RSD ablation signals attest to mostly lattice-bound 
incorporation of trace metals rather than micro-
inclusions.  Existing literature predicts uranium 
incorporation into the hematite lattice as U6+ into a 
distorted, octahedrally coordinated site replacing 
Fe3+.  Calculated radiation doses range from 2.8E13 
to 3.6E14 α-events/g.  Thus it appears that a 
systematic assessment of microstructure evolution in 
hematite-martite can be extracted.  In addition, 
because the age of these griesen veins can be 
independently measured using in-situ monazite, 
xenotime, and zircon U-Th-Pb geochronology, this 
setting will provide a well-constrained assessment of 
oxide geochronology and trace element signatures in 
hydrothermal ore systems.  
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In recent years, chromium isotopes have emerged 

as a promising new proxy for reconstructing past 
redox conditions in the oceans, and marine carbonate 
sediment is being investigated as a substrate that 
might record these redox-driven changes in seawater 
Cr isotope values. Laboratory studies show that 
chromate, the main species of Cr in oxidized 
seawater, co-precipiates with calcite without any 
change in oxidation state, and only on a small 
positive isotopic fractionation effect (Δ53Cr(p-is)) 
+0.06‰ to +0.18‰.[1] However, when we analysed 
shallow water carbonate sediment from the modern 
Caribbean Sea[2], we found an a apparent 
fractionation of -0.45‰ (Δ53Cr(CaCO3-SW)) between 
seawater (δ53Cr=1.14‰) and bulk carbonate sediment 
(δ53Cr=0.69 ‰), implying fractionation of Cr(VI) to 
Cr(III) during removal of seawater chromate into 
carbonate.The studied carbonate sediment is 
composed of green algae (δ53Cr=0.55‰), forams 
(δ53Cr=0.74‰), molluscs (δ53Cr=0.44‰), red forams 
(δ53Cr=0.58‰), and red algae (δ53Cr=0.85‰).  

In addition, we measured δ53Cr in living 
Halimeda opuntia (green algae) (δ53Cr=0.33‰), 
Amphiroa tribulus (red algae) (δ53Cr= -0.06‰) and 
several species of coral (δ53Cr= -0.21‰ to -0.48‰), 
which are very different from their counterparts in the 
sediment (values mentioned earlier). The difference 
in the values points to the role of the organism 
(precipitating the carbonate) in the preferential intake 
of lighter Cr isotopes. Because most marine 
carbonate production is biologically mediated, it is 
important to understand the biological sources of Cr 
isotope fractionation during sediment production. We 
are currently using mass balance and mixing 
approaches to inform development of conceptual 
models for explaining the observed fractionation of 
seawater Cr isotopes during removal into marine 
carbonate. 

 
[1] Rodler et al. (2015) Geochimica et Cosmochimica 
Acta 164, 221-235  
[2] Holmden et al. (In review) Geochimica et 
Cosmochimica Acta 



Goldschmidt Conference Abstracts 2122 

Galactic chemical evolution 
models and the geophysical 
nature of cosmochemically 

Earth-like planets 
S. MOJZSIS1*, B. MEYER2, T.M. HARRISON3, D. 
FROST4, D. RUBIE4, G. GOLABEK4, P. TACKLEY5, 

J. HERNLUND6 

1CRiO, Geological Sciences, CU, Boulder, CO 
80309, USA (*correspondance: 
mojzsis@colorado.edu) 

2 Physics & Astronomy, Clemson University, 
Clemson, SC 29634, USA 
3EPSS, UCLA, Los Angeles, California 90095, USA 
4BGI, Universität Bayreuth, 95440, Bayreuth, 

Germany 
5Institute of Geophysics, ETH-Zürich, Switzerland 
6ELSI, Tokyo Institute of Technology, 152-8550, 

Japan 
 

We assess the geophysical effects of different 
rock-forming element abundances (e.g. [Mg/Si]) on 
geodynamic regimes under the assumption that this is 
required for long-term habitability of a 
cosmochemically “Earth-like” planet. We use 
computational GCE codes to model galactic 
abundances of elements with time [ref.1] with several 
key improvements on stellar production of short- 
(26Al, 60Fe) and long-lived heat generating nuclides 
(40K, 235,238U, 232Th). We address how temporal 
variations in initial radionuclide abundances yield 
different heat productions and relate this to how 
different mantle compositions cause different mantle 
viscosities and chemical states; specifically [2; 
O’Neill, pers. comm.]: (i) Earth’s Primitive Mantle 
[Mg/Si] ratio is ~1.03; (ii) The dominant upper 
mantle (UM) phase is olivine that cannot 
accommodate Fe3+; (iii) If Earth inherited a lower 
[Mg/Si] (e.g. 0.8), pyroxene would dominate. 
Pyroxene takes up Fe3+ into its structure and with 
substitutions maintains low activity of Fe3+ and a very 
low oxygen fugacity; (iv) Owing to (ii), Fe3+ in the 
Earth’s UM goes into spinel that imposes a high 
oxygen fugacity (~FMQ) on gases in equilibrium 
with rock; hence, (v) Earth’s UM degases CO-CO2 
rather than CH4-CO. A plausible exoEarth with 
Mg/Si=1 would have a stiff lower mantle compared 
to one with Mg/Si=1.2 owing to the abundance of 
bridgmanite (strong) vs. ferropericlase (weak). It is 
evident that subtle changes in [Mg/Si] in different 
solar systems have the potential to either yield a 
convecting (pure olivine) interior with plate tectonics 
or a stiff, (pure pyroxene) mantle that is substantially 
hotter. 

 
References: [1] Frank et al. (2014) Icarus 243, 274-
286. [2] Palme & O’Neill (2014) Treatise on 
Geochemistry 2nd ed. 
http://dx.doi.org/10.1016/B978-0-08-095975-
7.00201-1. 
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Despite its potential significance as “hot 

moment” modulating elemental cycles and ecological 
processes in the coastal ecosystems, little has been 
known on the effect of continuous rainfall induced by 
the climatic changes on the  biogeochemistry of the 
coastal sediments. To understand the effects of the 
three consecutive typhoons-induced heavy rainfall on 
the biogeochemcial dynamics, we investigated the 
geochemical constituents of the sediments and the 
rates and pathways of anaerobic C oxidation in the 
intertidal mud flat in the Han River estuary, Yellow 
Sea. Cumulative rainfall (844 mm for 15 days) 
accompanied by the summer typhoons (EWINIAR, 
BILIS, KAEMI) with strong wind (31-51 m s-1) 
recorded approximately 20 times higher than that 
over winter season (28  - 50 mm). As the 
precipitation continues, the salinity decreased steeply 
from 25 psu to 6 – 9 psu. Concentrations of pore 
water constituents (Total CO2, NH4

+, SO4
2-, H2S, Fe2+) 

during and immediately after the heavy rainfall (ca. 
110 – 200 mm d-1) appeared to be significantly lower 
(P < 0.0001) compared to that measured during fair 
weather condition, and exhibited relatively uniform 
distribution patterns with depth. Our results indicated 
that combination of the physical disturbance by heavy 
rainfall and re-oxidation of the reduced metabolic end 
products or dilution by percolation of rainwater was 
responsible for the lower concentrations of the 
reduced constituents in the pore water, thereby 
generating less anoxic conditions. Rates of anaerobic 
C oxidation, sulfate reduction (SR) and iron reduction 
(FeR) decreased during-immediately after heavy 
rainfall, and the relative significance of SR and FeR 
has dropped to 1.4 % and 20 % of anaerobic C 
oxidation, respectively. This result implied that the 
dominant pathway of organic matter degradation was 
shifted rapidly from sulfate and iron reduction to 
other alternative pathway (e.g. denitrification).  
Overall results strongly indicated that the intensified 
rainfall and riverine runoff of fresh water resulting 
from the climatic change may alter the biogeochmical 
cycles of carbon and nutrients, and thus the 
ecosystem structures by regulating redox conditions 
of the sediment and limiting nutrients in the water 
column.  
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Use of renewable energy gradually increases in 

many countries because of global warming. 
Geothermal energy of renewable energy shows the 
highest energy efficiency. Therefore, geothermal 
energy is used for cooling and heating system of 
facility. This study was conducted to evaluate 
influence of open loop ground source heat pumps on 
hydrogeological porperties of groundwater used in 
open loop ground heat pumps. Increment of 
groundwater temperature was oberved in most 
facilities because of operating the open loop ground 
source heat pumps. In addition, heat energy 
deposition was showed at some sites. However, 
chemical compositions of the groundwater did not 
have significant difference. When influence of open 
loop ground source heat pumps on groundwater is 
evaluated, considering seasonal variation of dissolved 
components is very important, especially, in countries 
showing distinct four seasons. In some facilities, Cu, 
Zn, and Pb concentrations in outflow of open loop 
ground heat pumps increased compared to those in 
inflow. These metals can be released from metal parts 
of ground source heat pumps. So, heavy metal 
concentrations are going to be monitored 
continuously for eco-friendly use. This study was 
supported by the Korean Ministry of Environment 
under "GAIA project(2014000530001)". 
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Qaradagh batholith (QDB), with about 500 km2 
outcrop area, forming the largest granitoid intrusive 
complex in NW Iran. The QDB is part of Qaradagh–
Meghri–Ordubad granitoid complex extends through 
NW Iran, southern Armenia, and the eastern part of 
the Autonomous Republic of Nakhchivan. It is part of 
the Alborz–Azarbaidjan geo- structural zone in the 
Central Iranian domain and is also considered part of 
the Lesser Caucasus mountain ranges. The country 
rocks of the QDB consist mainly of pre-Upper 
Cretaceous metabasite rocks on its north side, and 
Upper Cretaceous volcanic and sedimentary rocks to 
the south, east and west. The QDB composed of 
several magmatic phases including gabbro, diorite, 
quartz-diorite, quartz- monzodiorite, quartz- 
monzonite, tonalite, granodiorite, monzogranite and 
porphyritic granite; granodiorite is the dominant 
phase. Vast alteration zones have developed within 
and around QDB, and the magmatic–hydrothermal 
fluids derived from the discrete intrusive phases 
formed Kadjaran and Agarak porphyry Cu-Mo 
deposits in Armenia, and Qarachilar, Qaradareh, 
Zaylidareh, Anigh, and Pirbolagh vein-type Cu-Mo-
Au and Kamtal, Pahnavar, Avan and Astamal Fe-Cu 
skarn deposits in Iran. Geochemical data indicate a 
medium to high-K calc-alkaline, metaluminous and I-
type signature for granitoids; classified them as 
amphibole rich calc-alkaline granitoids (ACG). 
Howevere, monzo-granite and porphyritic granite 
show K-feldspar rich calc-alkaline granitoids (KCG) 
characteristics. The QDB acidic phases have similar 
chondrite-normalized REE patterns with high 
LREE/HREE ratios and negative Eu anomaly, may 
suggest that they are co-genetic magmas. Gabbros 
show two different REE patterns; a flat one with low 
LREE/HREE ratios, and a steep ones with high 
LREE/HREE ratios. The former was probably 
produced by high melting ratio of a depleted mantle 
source. On the primitive mantle-normalized spider 
diagram, all QDB magmatic phases have negative 
Nb, Ta and Ti anomalies, indicate a subduction-like 
signature. Tectonic setting discrimination diagrams of 
granitoid rocks indicates VAG setting for the QDB, 
which is probably produced as a consequence of 
Khoy-Zanjan back-arc basin subduction beneath 
Alborz-Azerbaijan continental crust. 
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 In the Yilgarn Craton of Western Australia, 
three periods of komatiite volcanism and associated 
Ni-Cu-PGE mineralisation are recorded at: (1) ca. 2.9 
Ga; (2) ca. 2.8 Ga and (3) 2.7 Ga. Each event has a 
well-constrained spatial control: The 2.9 Ga event is 
localised in the central Yilgarn (Southern Cross 
Domain); the 2.8 Ga event is dominantly focused at 
the western edge of the Burtville Terrane of the 
Eastern Goldfields Superterrane; and the 2.7 Ga event 
(forming two world-class Ni-Cu-PGE camps) is 
localised at the eastern edge of the Youanmi Terrane, 
within the Kalgoorlie and Kurnalpi Terranes of the 
Eastern Goldfields Superterrane. 

U-Pb SHRIMP geochronology and LA-ICP-MS 
Hf isotopes on zircons from felsic magmatic rocks 
reveal the source character of the Archean crust of the 
Yilgarn Craton in space and time. These data, in 
conjunction with regional geology and geophysics, 
demonstrate that evolving lithospheric architecture 
controls the localisation of the large mineralised 
komatiite systems. 

The time-resolved Lu-Hf maps demonstrate that 
the major komatiite systems at 2.9 and 2.7 Ga are 
both localised in isotopically juvenile terranes 
adjacent to more evolved crust. This suggests that the 
older, thicker crust localised the plume-sourced melts 
into the adjacent thin crust, creating linear belts of 
high-temperature, high-flux komatiite. 

The 2.8 Ga system appears to be slightly 
different. Geology and geochronology suggest the 
Burtville Terrane that hosts the 2.8 Ga komatiites was 
once part of the Youanmi Terrane. We suggest that 
the major lithospheric margin that localised the 2.7 
Ga komatiites also controlled the location of the 2.8 
Ga flows. The Burtville Terrane became 
disassociated from its primary craton margin 
(Youanmi Terrane) and moved eastward due to 
massive juvenile input and rifting at ca. 2.73 Ga. This 
event separated the Youanmi and Burtville Terranes 
and ultimately created the Kalgoorlie-Kurnalpi 
Terranes. 
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Oxyanion adsorption on mineral surfaces is 

shown to affect the distribution of contaminants in 
the environments significantly. The co-sorption of 
oxyanions (phosphate / arsenate) and heavy metals on 
oxyhydroxides geosorbents is of particular interest as 
it may interfere with natural catalysis and sorption 
capacity of a number of minerals. Although, 
decreased sorption may arise from either the 
competition for surface binding sites or the formation 
of stable non-adsorbing cation-oxyanion complexes 
in solution, the enhanced sorption may be attributed 
to the reduced electrostatic screening and the 
formation of surface precipitates/complexes. A 
number of binding models for the two types of 
contaminants have been proposed, and the 
mechanism of phosphate adsorption is still debated 
with the existence of both monodentate and bidentate 
surface complexes of phosphate ions being suggested. 

In all processes involving contaminants at 
mineral interfaces, the molecular level interactions 
between adsorbants and adsorbates are key factors 
controlling their fate. We present therefore our recent 
work using a combination of quantum and potential 
based methods. We have evaluated the surface 
composition of selected Fe-rich and Ce-rich minerals 
to gain atom-level insights into the factors controlling 
the interaction of oxyanions and oxyhydroxides 
geosorbents. 
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Reactive processes in porous media such as 
mineral dissolution-precipitation take place at 
interfaces between fluid and solid phases. Because 
the different phases are distinguishable at the pore 
scale, experimental and modeling studies need to 
consider these interfaces to accurately determine 
reaction rates. Simulation of reactive processes at the 
pore scale, however, requires incorporating the 
complex pore architecture of natural subsurface 
materials at different spatial scales. 

Direct numerical simulation (DNS) of pore scale 
processes entails the use of conventional 
discretization methods to solve the governing flow, 
transport and geochemical equations. In previous 
work, a Cartesian grid embedded boundary method 
was developed whereby interfacial surfaces were 
described by a cut-cell approach [1-3]. This made it 
possible to simulate pore-scale reactive transport 
accounting for the surface area available for reaction. 
Thus, it was possible to treat reactive surface area as 
a continuum-scale parameter, but also within 
physically heterogeneous pore domains. 

The model is expanded to incorporate 
mineralogical heterogeneity as characterized by X-
ray microtomography or backscattered SEM imaging, 
and to account for accessibility to reactive mineral 
phases within the pore domain. Simulations provide 
insights in how effective rates are develop within 
natural porous media, especially in understanding the 
effect of the transport in porous media with a higher 
degree of textural and mineralogical heterogeneity. 
Because the various 
phases dissolving and 
precipitating are not 
strictly collocated, 
transport effects may 
become more important 
than in mineralogically 
homogeneous media. 
 
[1] Molins et al. (2012), Water Resour. Res., 48(3) 
[2] Molins et al. (2014), Environ. Sci. Technol., 
48(13), 7453 
[3] Trebotich et al (2014), Comput. Sci. Engin., 16(6), 
22–31 
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MASE (Mars Analogues for Space Exploration) 

is a four year collaborative research project supported 
by an EC FP7 contract. Its aim is to understand how 
combined environmental stresses affect the 
habitability of a number of Mars analogue 
environments on Earth, specifically for anaerobic 
organisms. Crucial to assessing the habitability of any 
environmental system is a detailed understanding of 
the geological, physiochemical and biological context 
in which the environment is set. One of the key 
outcomes of MASE is a comparison and synthesis of 
just such a collection of context data from a varied set 
of Mars analogue sites.  

Field sites already sampled for MASE include 
deep subsurface salts, sulfidic springs, acidic cold 
lakes, acidic deep subsurface environments and 
permafrost.  

This work synthesises physiochemical and 
biological data and is complemented by a detailed 
analysis of field samples to detect and quantify amino 
acids, organics and other biologically relevant 
molecules in the system. The first release of results, 
including synthesis and comparison for field sites, are 
discussed here. This work will further our knowledge 
of Mars-like environments on Earth and allow us to 
field test and improve the next generation of life 
detection instrumentation that will be sent to Mars. 

The MASE project is supported by European 
Commission Seventh Framework Programme 
(FP7/2007-2013) under Grant Agreement n° 607297. 
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The layered Archean Nuasahi and Sukinda 

ultramafic-mafic complexes of the Singhbhum craton 
are located in the Orissa state India. These igneous 
complexes host India’s major chromium ore 
resources and are sill-like bodies within the early 
Archean Iron Ore Group (IOG) greenstone belts. A 
Ni-Cu-sulfide and PGE-rich breccia zone is present at 
the interface between the lower ultramafic and upper 
gabbro units in the Nuasahi Massif. The Sukinda 
Massif shows similar breccias in the Katpal area. The 
upper gabbro unit of the Nuasahi Massif hosts 
magnetitite ore bands showing a PGE-rich zone. Six 
chromitite bands in the Sukinda Massif and three 
chromitite bands in the Nuasahi Massif are 
interlayered with serpentinized dunite. Based on 
modal abundances of silicate minerals chromitites 
bands are massive, clot-textured, schlieren, spotted 
and anti-nodular in appearance. 

Detailed PGE and PGM analyses across the 
chromitite bands reveal high PGE rich zones within 
the lodes, for example, chromitite bands from the 
Sukinda Massif contain total PGEs in the range of 
129 ppb (Pd/Ir = 0.03) to 875 ppb (Pd/Ir = 0.45), 
whereas, the Nuasahi Massif chromitites have PGE 
concentrations in the range of 147 ppb (Pd/Ir = 0.44) 
to 552 ppb (Pd/Ir = 0.01). In both the igneous 
complexes the lower most chromitite band shows 
higher average PGE contents than the upper level 
chromitite bands e.g., Sukinda Massif: ≈ 467 ppb 
(n=7); Nuasahi Massif: ≈ 414 ppb (n=6). 

The PGM grains were identified in the 
chromitites and found to be dominated by Os-Ir-Ru 
alloys having varying element ratios from Os-rich to 
Ir-rich to Ru-rich. Overall the PGM assemblage is 
sulphur-poor. Laurite grains are located within 
chromites and also along the cracks. Irarsite and 
sperrylite grains occur, all associated with cracks in 
chromite grains. All the As-bearing PGM grains are 
associated with cracks in the chromite suggesting 
introduction of As during alteration that altered 
primary PGM to PGM-arsenides.  
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Multi-element/Ca ratios, δ44/40Ca, and δ18O in 

marine  carbonates covary with temperature of the 
ambient water and are used as proxies for 
reconstructing sea surface temperature (SST). 
However, these geochemcial and isotopic proxies can 
be affected by vital effects, variations in growth rates, 
pH, etc. We have applied a multi-proxy approach to 
test the efficacy of these proxies in estimating SST 
from the same sample. Live samples of Porites sp. 
were collected from Kavarati, Lakshadweep in the 
Arabian Sea in 2010. After initial  H2O2 treatment, we 
collected powdered samples (n=14) along the growth 
axis of the coral using a dental microdrill of 0.3 mm 
diameter. For each sample, we measured Sr/Ca, 
Mg/Ca, Li/Ca, Li/Mg using a cold-plasma technique 
on a Thermo X-Series II ICPMS , δ44/40Ca using a 
43Ca-48Ca double spike technique using a Thermo 
Triton Plus TIMS and δ18O using a Gas bench II 
connected to a Thermo MAT 253 IRMS. 

Variations in SST around Lakshadweep is 
controlled by the Indian Summer Monsoon [c.f., 1] as 
well as El Nino events. We acquired monthly average 
satellite-SST data from 2000-2010. Temperature 
calculated from δ18O of the corals using the 
relationship from [1] matched the satellite-SST data 
(T = 28-31 0C) for the period 2010-2008 which we 
consider as the growth period of our sample. SST 
estimated from Sr/Ca using the relationship from [2] 
also correlates well with satellite-SST data. Sr/Li 
shows a positive correlation with satellite-SST data 
while the Li/Mg data overlap with the global trend [3] 
which includes forams and bivalves thereby 
suggesting that these ratios can be effectively used to 
reconstruct longterm SST from corals. Temperature 
estimates from δ44/40 Ca using the relationship based 
on  lab-cultured corals [4] over-estimates the seasonal 
SST of this region.  

 
[1] S. Chakraborty and R. Ramesh, 1997, Quat. Int. 
37, 55-56 [2] DeLong et al., 2013, Paleo3, 373, 6-24 
[3] Montagna et al., 2014, Geochim. Cosmochim 
Acta, 132, 288-310[4] Böhm et al., 2006,  Geochim. 
Cosmochim Acta, 70, 4452-4462. 
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Serpentinization of peridotites produces high pH 

waters that discharge at springs on the seafloor or on 
ophiolite surfaces where they can mix with waters of 
the local environment (seawater, formation waters or 
continental runoff). This creates very sharp 
composition, temperature, pH and redox gradients 
that produce conditions favorable to the development 
of a prebiotic chemistry, but also to the formation of 
secondary minerals (Ca-carbonates, brucite) that may 
build up large submarine  hydrothermal chimneys 
(e.g. Lost City, Prony) or travertines (e.g. Oman). 
Fluid composition data reported for 11 different 
serpentinizing environments (Oman, Liguria, Lost 
City, Mariana forearc, Portugal, Cyprus, Turkey, 
New Caledonia, Newfoundland, California, Jordan) 
show that the highest pH value reported at each site 
varies from 10.7 (Cabeço de Vide, Portugal) to the 
all-site record value of 12.7 at Maqarin (Jordan). 
Hyperalkaline waters are Ca-enriched, and carbonate 
and Mg-deprived. Thermodynamic calculations show 
that brucite is stable at pH values above about 10.5, 
that delimitates the domain of hyperalkaline waters. 
Ca-Mg carbonate minerals (dolomite, huntite, etc.) 
are largely supersaturated at intermediate pH values 
(around 10). This is also the case for  a variety of Mg-
silicates that have never been found in hyperalkaline 
spring sediments although poorly cristallized talc-like 
minerals are commonly described in the low 
temperature alteration of peridotites. On another hand 
such serpentinizing environments are host of adapted 
microrganisms that may induce mineral formation 
through biomineralization or organomineralization 
processes. This raises the question of the energetics 
of mineral formation and the respective roles of 
inorganic and biogenic processes in the chemical 
element budget, especially carbon, in low 
temperature serpentinizing environments. 
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The tectono-magmatic evolution of the Neo-

Tethyan realm in Iran began with rifting of the Neo-
Tethys ocean between the Iranian Cimmerian blocks 
and the Gondwana during Late Permian-Early 
Triassic time. These rifted margins are evidenced by 
the presence of alkaline lavas, radiolarites and 
platform limestones in the Kermanshah and Neyriz 
regions. The subduction initiation of the Neo-Tethyan 
ocean in intra-oceanic tectonic environment started at 
Late Triassic and continued to late Cretaceous 
evidenced by creation of fore-arc spreading as the 
Hajiabad mélange zone and Jurassic-Cretaceous arc-
related magmatism within the Sanandaj-Sirjan 
Subduction System. These magmatic activities 
exposed in a 1300 km magmatic-sedimentary basin, 
and range in composition from transitional to calc-
alkaline affinities. The volcanic suites exhibit low 
87Sr/86Sr (0.7043-0.7044) and low 143Nd/144Nd 
(0.51281-0.51292) ratios and have more fertile 
mantle (E-MORB-Like) trace element patterns 
characterized by enrichment in high field strength 
elements (HFSEs) like Nb, Ta, Ti, Zr, Th, U and total 
REE relative to P-mantle and average N-MORB. 
REE modeling indicates these rocks formed by partial 
melting of a garnet-spinel lherzolite mantle source. 
However, our new trace element data suggest mantle 
wedge in the Sanandaj-Sirjan island arc is enriched 
by possible addition of melts or supercritical aqueous 
fluids subduction components wich caused a mantle 
hetrogenety. The proportions of slab-derived HFSE-
REE components transferred to basalt sources in the 
mantle wedge. Because the subduction of oceanic 
slab controls the arc geochemistry, so HFSE 
enrichment along the Sanandaj-Sirjan arc can imply 
residual minerals, most likely rutile or garnet, 
controlled extremely high HFSE partitioning into 
subduction-related fluids which equilibrated with 
mantle wedge above the subducted slab. During the 
closure of Arabian plate with Central Iranian block in 
Late Cretaceous, the Neo-Tethyan ocean and related 
fore-arc basin emplaced along Main Zagros Thrust as 
Zagros ophiolitic belt such as Kermanshah, Neyriz 
and Hajiabad ophiolites. 
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The Sanandaj–Sirjan Zone (SSZ) is a complex 

dynamic structural zone between Zagros fold-thrust 
belt bordered by the Zagros thrust in the southwest 
and the Urumieh-Dokhtar magmatic arc in the 
northeast. It has a length of 1500 km with a width of 
150–250 km from the southeast to the northwest of 
Iran and joins the Taurus belt in Turkey. As a whole 
the rock units exposed in the SSZ Shahrekord, 
southwest Iran, are predominantly composed of 
amphibolite, gneiss, and amphibole schist of 
Neoproterozoic age. This belt is characterized by the 
consistent Zagros trend of the belt, the nearly 
complete lack of Tertiary volcanic rocks, the poor 
development of Tertiary formations in general, the 
mostly Mesozoic age of the rocks except the 
Paleozoic rocks exposed in the southeast, and 
metamorphic deformed rocks associated with 
abundant deformed and undeformed plutons in 
addition to widespread Mesozoic volcanic rocks. The 
Jurassic metamorphic and igneous rocks of SSZ in 
Shahrekord contain Fe-Mn metamorphic ore with Mn 
rich slate shale (Mean 30.2 %) and quartz- calcite 
veins with Au mineralization (Mean 1.1 PPM). These 
rocks display banding structure and hydrothermal 
metamorphic input is indicated by the low LREE 
contents and high HREE contents of hydrothermal 
end-member composition, relative to MORB, a large 
range in V/As ratio, and low U and Th contents. 
These Mn-Fe rich complexes were originally 
interpreted as pull-apart basin during middle to upper 
Jurassic. 

 
Reference 
Berberian, M. and King, G. C. P. (1981). 

Towards a paleogeography and tectonic evolution of 
Iran. Can. J. Earth Sci., 18, 210–265. 
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Earth’s last icehouse (325 to 260 Myr) was the 

longest-lived and likely most acute of the past half 
billion years attributed in large part to the anomalous 
radiative-forcing created by a 3% lower incident solar 
luminosity and sustained low atmospheric CO2 (≤300 
ppm). We present an integrated pedogenic carbonate 
and fossil cuticle reconstruction of atmospheric CO2 
through 16 million years of the late Paleozoic ice age 
developed using a long-eccentricity cyclothem series 
in the Illinois Basin (central USA) as well as a subset 
of samples from the Appalachian (eastern USA) and 
Donets (Ukraine) basins. Overall, reconstructed CO2 
falls below the modeled threshold (560 ppm) for late 
Paleozoic glacial inception, well within the range of 
ice sheet stability during the LPIA (up to 840 ppm). 
The suborbital resolution reveals CO2 variations 
between ~200 and 700 ppm with an apparent long 
eccentricity pacing. Short-term CO2 fluctuations are 
superimposed on a 106-yr CO2 trend that varies in-step 
with inferred major sea level changes and glacial 
advances and retreats. Warmest average monthly air 
temperatures inferred from Δ47 of soil-formed 
carbonates vary with CO2 and indicate interglacial 
MAATs of between 11 and 30°C.  

Comparison of the CO2 reconstruction with 
published paleobotanical records for tropical 
Euramerica indicates a coincidence between CO2 
changes and repeated restructuring of Pangaean 
tropical forests. Integration of these empirical records 
with modeled vegetation shifts for the late Paleozoic 
indicate a more dynamic carbon sequestration history 
than previously considered and a major role for 
terrestrial vegetation-CO2 feedbacks in driving 
eccentricity scale climate cycles of the late Paleozoic 
icehouse. 
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The Carajás Province (CP), located in the 
Amazonian craton, Brazil, contains world-class 
IOCG deposits (resources > 2 billion tons at 0.77 – 
1.4 wt. % Cu; 0.28 – 0.86 g/t Au). The Mesoarchean 
units in the CP include ca. 3.07-2.96 Ga granulite to 
amphibolite facies TTG orthogneisses, ca. 2.97 Ga 
Al-depleted greenstone belts, and ca. 2.87-2.84 Ga 
granites. These units record the amalgamation of 
remnants of ancient oceanic plateaus and continental 
fragments.  

The older IOCG-forming event (ca. 2.70-2.68 
Ga) at Carajás postdates continental rifting, formation 
of a volcanic-sedimentary basin, and the 
emplacement of ultramafic-mafic intrusions, 
charnockites and anorogenic (A2-type) granites at ca. 
2.76-2.74 Ga. Neoarchean IOCG deposits (e.g. 
Sequeirinho, Cristalino) have been controlled by 
regional transcurrent shear zones, which might reflect 
reactivation of translithospheric discontinuities that 
limit tectonic blocks. The isotopic and chemical (Cu-
Au-Fe-LREE-Ni-Co-Pd) ore signatures reveal deep-
seated magmatic components and inheritance of the 
ultramafic and mafic rocks through fluid-rock 
interaction. A protracted tectono-thermal event (ca. 
2.58-2.45 Ga) is also recorded in the northern portion 
of the CP. This event resulted in reactivation of 
regional shear zone, minor F-rich alkaline granite 
magmatism (e.g. Old Salobo granite), high-
temperature hydrothermal alteration and IOCG 
formation and/or mobilization (e.g. Salobo, Alemão).  

Paleoproterozoic IOCG deposits (ca. 1.90-1.88 
Ga) were broadly coeval with the widespread ca. 1.88 
Ga A2-type granites recognized in the Amazonian 
craton. The ore signature (U-Nb-Sn-Y-Be-HREE-F) 
and high δ34Scpy values (up >7.5‰), consistent with 
IOCG formation after the GOE, are typical of the 
these deposits (e.g. Alvo 118, Sossego). Multiple 
stages of metasomatic transfer and regional fluid flow 
have been controlled by the tectonic-thermal and 
magmatic evolution of the CP. The Carajás IOCG 
deposits share many similarities (A-type granites, 
ultramafic rocks, alteration patterns, high F and Cl 
contents in fluids) with major SLIP-related IOCG 
systems (e.g. Olympic Dam; Cloncurry). A suggested 
link of the Carajás IOCG deposits with SLIP deserves 
further investigation. 
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Introduction 

As major constituent of containments for the 
disposal of radioactive waste, iron has a considerable 
impact on geochemical conditions in the near-field of 
underground repositories. The large variety of ferrous 
and especially ferric species poses a challenge for the 
development of a chemical model, which should be 
easy enough to allow for the assignment of 
thermodynamic data, and at the same time should be 
detailed enough to cover solubility relations of the 
most relevant solid phases. 

 
Description of the work 

For ferrous and ferric iron, only one species each 
was assumed to be predominant under specific 
conditions, Fe2+ and Fe(OH)4

-. For ferrous iron Pitzer 
coefficients were developed from isopiestic data. 
Standard thermodynamic data were adopted from [1] 
and [2].  

Solid phases and their thermodynamic standard 
data were selected from [1] and [3]. Wherever 
possible, data were selected to be consistent with the 
NEA-database [1] unless solubility data suggested 
otherwise. 

Activity coefficients for aqueous solutes were 
calculated applying the Pitzer formalism [4] 

 
Results 

Considering undersaturated aqueous solutions, 
ferrous activities can be reproduced well for a 
number of systems. Solubility modeling of solid 
ferric phases indicate the necessity to consider one 
more ferric species for pH<6. This is subject of 
ongoing work. 

 
[1] Lemire (Chairman) (2013) Vol 13a: Chemical 
Thermodynamics of iron. Part 1, OECD Nuclear 
Energy Agency Data Bank, Eds., OECD 
Publications, Paris, France, (2013). [2] Diakonov et 
al. (1999) Geochim. Cosmochim. Acta,  63, 2247–
2261. [3] Hagemann et al., Project report, 02 C 1244. 
GRS-260, ISBN 978-3-939355-35-9. [4] Pitzer 
(1973) J. Phys. Chem. 77, 268. 
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Chemical weathering of silicate rocks plays an 

important role in global geochemical cycles by 
providing nutrients to terrestrial and marine 
ecosystems and regulating the level of atmospheric 
CO2 over geologic timescales. To model the global 
carbon cycle in the Earth’ past, we need to first 
quantify the current global silicate weathering rate 
and their uncertainties. Historically, the chemical 
fluxes are calculated as the product of discharge and 
concentrations of major elements measured from 
limited samples. However, recent studies with times-
series datasets showed that the use of limited samples 
with asynchronous discharge could introduce a large 
uncertainty into the estimates of silicate weathering 
rates.  

In this study, we examined how sampling 
protocols in individual catchments and incomplete 
sampling of global rivers could impact the estimates 
of catchment- and global- scale silicate weathering 
rates. We analyzed sources of uncertainties in 
catchment and global silicate weathering rates using 
globally compiled data that consist of multiple river 
chemical data and synchronous discharge from 
GEMS/Water and HYBAM.  

Our results showed that uncertainties in 
catchment-scale silicate weathering rates were due 
mostly to the variations in discharge and cation 
fractions from silicate substrates. To calculate 
unbiased silicate weathering rates, we suggest that at 
least 10 and preferably ~ 40 temporal chemical data 
points with synchronous discharge from each river 
are necessary. For global silicate weathering rate, we 
found that the main uncertainty came from the 
extrapolation to the global flux and the model 
configurations of source differentiation methods. To 
reduce the uncertainties in the global silicate 
weathering rates, coverage of synchronous datasets of 
river chemistry and discharge to rivers from 
tectonically active regions and volcanic provinces 
must be extended, and catchment-specific silicate 
end-members for those rivers must be characterized.  
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It is well known that H2O plays a significant role 

in determining the chemical and physical properties 
of silicate melts.  It is also observed that H2O-rich 
fluids in equilibrium with magmas are not pure (e.g. 
CO2, S, Cl, F, Si, are common fluid solutes), and that 
fluid-undersaturated magmatic conditions are 
common in the Earth. Taken together, these facts 
highlight how the variation of the chemical activity of 
H2O in silicate melt at concentrations below its pure 
solubility limit represents an important characteristic 
of magmatic systems. Despite this importance, there 
are few studies that attempt to quantify H2O activity. 
Those that do rely heavily on assumed H2O-melt 
solution models for which there are no experimental 
measurements at H2O-undersaturated conditions to 
assess their validity. We present here new 
experimental determinations of the activity of H2O 
obtained for both andesite and basaltic melts at 
superliquidus temperatures and 500 MPa.  

Using a modified double capsule method, 
Matjuschkin et al. [1] showed that the oxygen 
fugacity of a piston cylinder experiment can be 
successfully controlled using solid state oxygen 
buffers (e.g. Ni-NiO). For H2O saturated conditions, 
the oxygen fugacity of an inner melt capsule will 
equal that of the oxygen buffer. We have used this 
technique for H2O-undersaturated conditions 
however, (i.e. an activity of H2O less than 1), where 
the oxygen fugacity inside the melt capsule will 
necessarily be lower than that of the solid oxygen 
buffer. Measuring the melt ferric-ferrous ratio allows 
us to calcualte the oxygen fugacity, and thereby 
constrain the melt H2O fugacity. The melt 
ferric/ferrous ratio in our runs are measured using 
several techniques, and constrain the melt H2O 
activity in both an andesite and a basalt as a function 
of H2O concentration at undersaturated conditions.  
[1] Matjuschkin et al. (2015) Contrib Mineral Petrol, 
169:9 
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Radiotracers provide a powerful tool for 

understanding a suite of environmental processes but, 
in many cases, a combination of sample size 
requirements and inherent limits on dating ranges 
(driven by isotope half-lives) restrict radiotracer 
applications. Recent advances in the production of 
low-background marterials, however, are resulting in 
improved sensitivity of radioisotope measurement 
and are thereby enabling re-evaluation of the 
applicability of specific isotopes for addressing 
environmental quesitons. We are utilizing cutting-
edge measurement approaches to both develop and 
expanded application of tritium (T) (in water and 
organic samples), 39argon (39Ar), and 32silicon (32Si) 
based measurements. 

 Environmental T concentrations have decreased 
from a peak of 1000-2000 TU (~1962) to current 
levels typically < 10 TU; resulting in large sample 
size and/or preparation requirements for T evaluation. 
We present sample preparation methods coupled to 
direct counting of T via ultra-low background 
proportional counters (ULBPCs) which, when 
combined, offer up to two orders of magnitude 
reduced sample size requirements over conventional 
methods and will help expand the application of T 
age dating to smaller samples associated with 
persistent environmental questions. For example, 
these approaches could be applied to T age dating of 
specific organic carbon compounds within soils to 
better understand carbon cycling.  

We are also leveraging enhanced sensitivty 
measurements to enable the evaluation of 32Si and 
39Ar for filling key geochronometer gaps in the recent 
sedimentary (~ 100-1000 year range) and 
groundwater records (~50-1000 year range). 
Enhanced resolution in the recent record is crucial for 
understanding watershed-scale changes occuring as a 
function of anthrogpogenic and climatic forcings. We 
use dating of a sediment core from Puget Sound to 
highlight potential applicability of the 32Si system. 
Smilarly, the age dating range unlocked by 39Ar (from 
waters collected near Fresno, CA) reduces the 
uncertainty of groundwater residence time estimates 
by filling the T and 14C gap in age distribution 
modeling used to determine groundwater recharge 
rates.  
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The potential for complex metal-organic 
interactions involving uranium in sedimentary 
environments has long been recognized.  Organic 
matter can influence U distribution, stability, 
mineralization and redox state, and hence control the 
form and mobility of U in the subsurface.  Less is 
known about the roles of microbes in such 
interactions.  The structure and composition of 
colloidal and nanoparticulate U phases associated 
with sedimentary organic matter in low-temperature 
U ore deposits have remained obscure.  Here we 
present direct evidence from synchrotron x-ray 
spectroscopy and transmission electron microscopy 
of U speciation, redox state and phase within an 
ancient sedimentary U ore deposit (Mulga Rock, 
Western Australia).    

Uranium was found as diffusely distributed 
nanocolloidal phases within organic matter, as 
nanoparticulate coffinite and uraninite within 
ellipsoids resembling mineralized microbial cells, and 
as nanoparticulate aggregated rims formed around 
framboidal pyrite (Fig. 1).  Collectively, our 
observations demonstrate that organic matter and 
microorganisms have localized reductive 
nanoparticulate U precipitation in ancient 
sedimentary U ore deposits, and that the molecular 
signatures of degraded organics and microbial 
biomass, along with co-mineralization of framboidal 
pyrite in organic matrices, may provide a new 
biogeochemical “halo” for U exploration.  
Furthermore, our results show that in situ chemical 
extraction operations will require a multi-faceted 
approach to recover U from oxide and silicate phases, 
as well as consider the potential for significant acid 
mine drainage generation via oxidation of pyrite 
framboids.   

 
 
 
 
 
 
 
 
 
 

 
Fig. 1.  SEM EDX elemental map of sedimentary 
uranium ore deposit, displaying nanoparticulate 
coffinite as microfossils (pseudomorphs?) associated 
with framboidal pyrite.  
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Globally, soils store more carbon (C) than the 

vegetation and the atmosphere combined. Up to 60-
80% of the C stored in soils is found deep soil (below 
30cm in depth)1. Deep soil organic matter (SOM) can 
be a mixture of new and old SOM2; that is rendered 
relatively stable due to burial, aggregation, its 
disconnection from decomposers, and chemical 
association that organic matter forms with soil 
minerals3,4. Limited data available on deep SOM 
dynamics suggests that stock, distribution, and 
composition of deep SOM are strongly correlated to 
climate5. The overall objective of this research is to 
investigate how climate and topography regulate OM 
storage, composition, stability, and stabilization 
mechanisms. Specifically, this research will present 
on our understanding of deep SOM dynamics by 
testing our hypothesis: there is a positive, linear 
association between climate (MAP/MAT) and deep 
SOM storage/stability until a zone of maximum soil 
production is reached. Beyond that range there is an 
inverse relationship. Expecting that the amount of 
OM stored in deep soil and the stability are a function 
of soil thickness and availability of weathering 
products (i.e. reactive minerals), the stock and 
stability of deep SOM is expected to follow a similar 
relationship with climate, as does intensity of 
weathering. This research is conducted in the NSF 
funded Southern Sierra and the Santa-Catalina Jimez 
Critical Zone Observatories that are located along a 
climosequence that allow us to conduct a space for 
time substitution approach to study climate change 
effects. To address this hypothesis, soils are 
characterized using elemental and stable isotope 
elemental analysis, Fourier Transformed Infrared to 
determine OM concentration, functional group level 
description of bulk SOM composition. 
 
[1]Jobbágy, E. et al. 2000. Ecological Applications 
10, 423[2] Chabbi, A. et al. 2011. Journal of 
Geophysical Reseach 116, G03011[3] Marin-Spiotta, 
E. et al. 2014. Nature Geoscience 7, 428-432 [4] 
Rumpel, C. et al. 2002. Org Geochem 33, 1131[5] 
Doetterl, S. et al. Global Change Biology 18(7), 
2218-223 
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Clay-rich sedimentary formations are considered 

as host rocks for the disposal of radioactive waste. 
Often, the clay-rich layers have been exposed to 
reducing conditions during (early) diagenesis and 
contain redox sensitive Fe minerals which might 
become oxidized during construction and operation 
of the disposal facility. Oxidation of Fe minerals, in 
turn, can alter the properties of the host rock 
concerning its capacity to retard radionuclide 
transport. Here, we investigated Fe mineral 
transformations in an Early Pleistocene fluvial clay, 
which were initiated by the progression of a redox 
front. Samples were collected from a vertical transect 
perpendicular to an oxidation front at the Maalbeek 
quarry (Tegelen, the Netherlands). The samples were 
subjected to a combination of techniques to 
characterize and quantify the iron minerals. 
Techniques included XRD, sequential extractions, X-
ray absorption spectroscopy but emphasis will be put 
on the collection of acquisition curves of isothermal 
remanent magnetization (IRM) and applying a 
magnetic property measurement system (MPMS). In 
general, acquisition of remanent magnetization in 
samples from below the oxidation front was higher 
than in samples above the oxidation front. 
Deconvolution of the acquisition curves indicates that 
a ferrimagnetic phase, with a coercivity that is 
unusually high for magnetite, accounts for the 
majority of the obtained magnetization in un-oxidized 
samples. Presence of authigenic, acicular magnetite 
might explain this observation. Changes in magnetic 
properties at low temperature with the MPMS turned 
out to be a valuable indicator for detecting and 
quantifying siderite, which has a Néel temperature of 
around 35 K. The applied magnetic methods were 
particularly useful for measuring magnetite and 
siderite. These minerals were difficult to be detected 
with the other applied techniques but are of particular 
interest in the context of radioactive waste disposal 
due to their reactivity towards radionuclides. 
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Volcanic unrest at calderas involves complex 

interaction between magma and geothermal fluids. 
Campi Flegrei caldera (CFc), located in the 
Neapolitan area and characterised by the highest 
volcanic risk on Earth for the extreme urbanisation, 
undergoes unrest phenomena involving several 
meters of uplift and intense shallow seismicity since 
several decades. Despite the presently on-going 
unrest displays moderate ground deformation and 
seismicity, geochemical variations point to a highly 
pressurized hydrothermal system. We show that at 
CFc, for which an exceptional 35 years long 
geochemical and geophysical dataset exists, the usual 
assumption about vapour-liquid coexistence in the 
fumarolic fluidplume leads to inevitably estimate 
high hydrothermal pressures, which conditions unrest 
interpretation. By relaxing the unconstrained ‘a 
priori’ assumptions generally made for geochemical 
interpretations, we get a likely agreement between 
geophysical and geochemical observations, and 
enlighten the discrepancies between what observed 1) 
for two decades since the 1982-84 bradyseism, when 
shallow magma was supplying heat and fluids to the 
hydrothermal system, and 2) in the last decade. The 
post-2005 unrest is marked by much lower aquifer 
overpressure and magmatic involvement, with respect 
to the one occurred in the ‘80s, just as indicated by 
geophysical data and despite large changes in 
geochemical indicators. Our interpretation points to a 
model in which shallow sill intrusions, occurred 
during 1970-1984, have quickly cooled, so that 
fumarole emissions are affected now by deeper gases 
released from a 8 km-deep magma. Our results have 
important implications on the short term risk in the 
area and the monitoring of hydrothermal pressure 
build-up. 
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Carbon mineralisation is a promising technology 

for mitigating global warming by trapping 
atmospheric CO2 within the structures of carbonate 
phases. Although highly-stable magnesite (MgCO3) is 
thermodynamically favoured to form at the Earth’s 
surface, its precipitation from solution is inhibited by 
kinetics. Instead, magnesite forms via stepwise 
decomposition of hydrated Mg-carbonate minerals, 
such as nesquehonite (MgCO3·3H2O). It is therefore 
of fundamental importance to understand the 
decomposition pathways of these metastable hydrated 
phases, particularly given that they have recently 
been suggested as alternative long-term sinks for CO2 
[1, 2]. 

Here, we investigate thermal decomposition of 
dry nesquehonite within (a) an open vs. a closed 
system, and (b) with or without an external CO2 
source. Nesquehonite permanently releases structural 
CO2 to form periclase (MgO) during decomposition 
in an open system at high temperatures (>300°C) 
when no external source of CO2 is provided. 
Significantly, when confined to a closed sysem, CO2 
released from nesquehonite (and other metastable 
decomposition products) is reincorporated into the 
crystalline mass by magnesite formation. 

This study improves the current understanding of 
nesquehonite decomposition and magnesite formation 
under varied environmental and engineered 
conditions, and explores a novel, stepwise route for 
CO2 capture in MgCO3. Winning back the CO2 
generated during nesquehonite decomposition has the 
advantage of initial CO2 capture in a low-temperature 
(and low-cost) mineral, followed by conversion of 
this metastable store into a permanent CO2 sink. 

 
[1] Ballirano et al. (2010) J. Hazard. Mater. 178, 
522−528. [2] Morgan et al. (2015) Int. J. Greenh. 
Gas Control 39, 366–376. 
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Small groups of iron oxidizing bacteria (FeOB) 

and iron reducing bacteria (FeRB) dominate pelagic 
iron-rich aggregates (‘iron snow’) formed at the 
redoxcline in an acidic lignite mine lake. It was 
suggested that FeRB profit both from the carbon 
fixed by the FeOB and from the presence of the 
newly formed Fe(III)-minerals in the iron snow. 
Since the iron snow sinks rapidly through the water 
clumn, the FeRB have limited time to find their 
carbon and energy source. Thus, we tried to elucidate 
the potential chemical interaction between FeOB and 
FeRB within iron snow. We isolated Acidithrix, the 
dominant FeOB, and Acidiphilium, the dominant 
heterotrophic FeRB, from iron snow aggregates and 
investigated interspecies chemical cross talk through 
cell-free supernatant exchange experiments and 
metabolomics profiling to elucidate potential 
allelochemicals mediating their interaction. 
Supernatant exchange experiments revealed 
supplementation with Acidiphilium cell-free 
supernatants resulted in faster rates of Fe(II) 
cunsumption (from 3.39 mM day-1 to 5.72 mM day-1) 
as well as precipitation of brownish, insoluble 
Fe(III)-minerals (schwertmannite) in Acidithrix 
incubations. In addition, macroscopic cell aggregates 
of Acidiphilium were observed after 5 days following 
supplementation with Acidithrix cell-free supernatant. 
GC/MS analysis of bacterial extracellular products 
and metabolomics profiling suggested that an 
arylamine compound produced by Acidithrix triggers 
aggregation of Acidiphilium cells. Acidiphilium 
cultures supplemented with the arylamine triggered 
faster growth and cell aggregation, suggesting the 
arylamine produced by Acidithrix functions as the 
allelochemical which signals Acidiphilium to 
associate with iron snow. These results indicate 
interspecies chemical interactions between key 
organisms in pelagic iron snow aggregates can help 
the organisms to colonize, shape and transform the 
distinct spatial network they inhabit within the 
redoxcline. 



Goldschmidt Conference Abstracts 2147 

Cooling experiments of Fe-FeS 
melt: A cooling speedometer of 

chondrules 
MEGUMI MORI1*, SHOGO TACHIBANA1, 

LAURETTE PIANI1, YVES MARROCCHI2, DEVIN L. 
SCHRADER3 AND HAROLD C. CONNOLLY, JR.4 

1Department of Natural History Sciences, Hokkaido 
Univ., N10W8, Sapporo 060-0810, Japan 
(*correspondence: mori@ep.sci.hokudai.ac.jp) 

2Centre de Recherches Pétrographiques et 
Géochimiques, Nancy, France. 

3Center for Meteorite Studies & SESE, Arizona State 
Univ. 

4Earth and Environmental Sciences, City Univ. of 
New York 

 
Although chondrules are the main constitutes of 

chondrites, their formation mechanism has not been 
fully understood. In order to understand the 
chondrule forming processes, the thermal history of 
chondrules should be constrained. In particular, the 
complete thermal history at subsolidus temperature 
has not been constrained and should be as it can 
provide important information on the formation 
environment [e.g., 1, 2]. Here we focus on the 
eutectic solidification texture of Fe-FeS melt to 
develop a cooling speedometer for chondrules at 
temperatures below 1000°C. 

Mixed powder of Fe metal and FeS with a nearly 
eutectic composition were heated in an evacuated 
sealed silica tube with graphite, and rapidly quenched 
in water. The quenched sample was crushed into 50-
300 µm-sized particles to be used as a starting 
material. The particles were dispersed in silica wool 
and sealed in silica glass tubes in vacuum with 
graphite and a mm-sized FeS grain to keep a reducing 
condition and to suppress evaporation of sulfur from 
the starting material. The sealed glass tube was 
heated at 1330°C for 3 hours and cooled down to 
~300°C at different cooling rates of 25, 100, 500, and 
~104 K/h (quenched in air).  

All Fe-FeS particles contained Fe metals grains 
embedded in a FeS matrix. The size distribution of 
metal grains changed with cooling rates. Metal grains 
were larger in the samples cooled at slower rates. The 
typical size of metal grains was 1-2 µm for the 
cooling rates of 25 and 100 K/h, while smaller than 
1µm for cooling rates higher than 500 K/h. 

The size distribution of metal grains in the 
experimental products was compared to Fe-FeS 
eutectic-like textures observed in chondrule opaque 
assemblages in CR chondrites. We found that there 
are chondrules cooled at a rate faster than 500 K/h. 
We discuss the cooling history of chondrules from 
high to low temperatures (below the silicate solidus) 
and compare to contraints derived from silicate 
textures. 

 
[1] Schrader D. L. et al. (2016) 47th LPSC, #1180. 
[2] Connolly and Desch (2004) Chemie der Erde 64, 
95. 
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Well-dated stalagmite KA03 

Stalagmite records from Japanese caves based on 
U-Th dating have demonstrate latest Pleistocen-
Holocene change in East Asian summer and winter 
monsoons [1-3]. Here, we present a new oxygen 
isotope record of well dated 10-cm-long stalagmite 
KA03 collected from Kiriana cave in central Mie 
Prefecture. This stalagmite has extremely high 
uranimu concentration and provides accurate U-Th 
ages. Results of dating show that the stalagmite has 
been growing during the last 80 kyr almost 
continuously.  

 
Oxygen isotopic profile and climatic events 

The oxygen isotopic profile of KA03 generally 
follows the records from the Chinese caves [4] and 
Greenland ice-sheets [5] in terms of 1) drastic 
decrease at the B/A warming, and 2) high isotopic 
intervals corresponding to the Heinrich events. 
However, KA03 lacks the millennium changes of 
Dansgaard-Oeschger cycles, which have been 
reported in a stalagmite from Gifu Prefecture. A 
distinct feature of KA03 oxygen isotope is a linear 
increase from 37 ka to the Last Glacial Maximum 
(LGM).  

Oxygen isotope of meteoric water collected near 
the cave shows a seasonal pattern (lower in summer) 
and an amount effect. Because the locality is 
generally dry in winter season, we can assume that 
the stalagmite oxygen isotope is a proxy of humidity 
in summer. the amount of rainfall had been 
decreasing gradually from 37 ka to LGM, and then 
sharply increased at the onset of B/A warming. 
During the Heinrich events, summer in central Mie 
Prefecture was relatively dry. The stalagmite KA03 is 
a novel and significant record of the East Asian 
summer monsoon.  

 
[1] Shen et al. (2010) Quatern. Sci. Rev. 29, 3327-
3335. [2] Hori et al. (2013) Chem. Geol. 347, 190-
198. [3] Sone et al. (2013) Quatern. Sci. Rev. 75, 
150-160. [4] Wang et al. (2001) Science. 294, 2345–
2348. [4] Bond et al. (1993) Nature. 365,143 
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Monitoring of volcanic gas flux from volcanoes 

gives crucial information to understand the conditions 
of the volcanoes related to degassing activities and 
the amount of degassing magma at a depth of the 
volcano. Kuchinoerabujima volcano is on a remote 
island about 80 km south of Kyushu Island, Japan 
and is about 15 km northwest of a world heritage 
Yakushima island. The volcano erupted on 3 August 
2014 after 34 years of dormancy. About 10 months 
later, on 29 May 2015, the volcano re-erupted in a 
larger scale. An alert level of the volcano was raised 
to “Level 5 (Evacuate)” soon after the eruption by 
JMA and all the residents had to evacuate the island 
for about 7 months until they could finally go back in 
late December 2015. 

After the 2014 eruption, sulfur dioxide flux 
gradually increased from a few hundred t/day to 
about 700 t/day. In response to the increase, we built 
a small easy-operation UV spectrometer system and 
started to carry out traverse measurements using a 
regular ferry line between Yakushima and 
Kuchinoerabujima islands in order to obtain sulfur 
dioxide flux more frequently.  

Soon after we started the sulfur dioxide 
monitoring at the end of November 2014, the flux 
suddenly increased to over 2,000 t/day. This sudduen 
increase probably corresponds to inflation of the 
volcanic edifice observed by GNSS for the same 
period. After November 2014, the flux mostly ranged 
between 1,000 and 2,500 t/day with sporadic fluxes 
over 3,000 t/day until the 2015 eruption. The 
observed high sulfur dioxide flux strongly suggests 
degassing of significant amount of magma beneath 
Kuchinoerabujima volcano and was a signal for the 
forthcoming eruption in May 2015. 
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Diatom is a common photosynthetic algae which 
lives in aquatic environments universally. Its 
biological body is surrounded by amorphous silicate 
shell called frustule. This biogenic silica is 
considered to transform from Opal A (amorphous) 
via Opal CT (cristobalite) to quartz during the burial-
diagenesis of sediments. 

In the present study, hydrothermal transformation 
of silica in diatoms was examined at temperatures of 
110-190oC at 3 MPa by in situ IR spectroscopy with 
an original hydrothermal cell (Fig.1). The same 
experiments were conducted also for an inorganic 
silica gel (Wakosil), since the structure of diatom 
silica is considered to be similar to amorphous silica 
gel. 

The obtained results showed decreases of 950 cm-

1 band area due to Si-OH compared with 800 cm-1 
band area due to Si-O-Si. Decrease trends of 950 cm-

1/800 cm-1 band area ratio (Si-OH/SiOSi) were 
analyzed by reaction kinetics. The reaction rates of  
transformation of silica for diatoms were generally 
smaller than those for silica gel.  

By combining with data on other band changes, 
differences of hydrotehrmal transformation of 
biogenic silica in diatoms, having complex structures 
including proteins, sugars and lipids, from that of 
inorganic silica will be discussed. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. In situ hydrothermal cell with 
temperature/pressure control systems and optical 
microscopic images of diatom and silica gel samples. 
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Helium in groundwater is an useful indicator for 

estimating groundwater age. Accumulation of He, 
however, still includes unsolved issues. In this study, 
spatial distributions of He concentrations and isotopic 
ratios were investigated for many groundwater 
samples in the Osaka Basin, SW Japan, to consider 
the accumulation mechanism into groundwaters for a 
multi-layered sedimentary basin.  

Most of deep groundwater (1000-1500 m depth), 
which was sampled from the lowermost part of the 
basin, accumulates large amount of He up to 1 × 10-5 
cm3STP/gH2O. By contrast, the He concentrations in 
shallow groundwaters are almost identical to those in 
air saturated water (4.5 × 10-8 cm3STP/gH2O) with 
nearly atmospheric 3He/4He ratio. The groundwaters 
from middle-depth aquifer systems (100-300 m 
depth) contain a little but significant amount of 
excess He with slightly low 3He/4He ratio. 

Comparing the 4He concentrations with other 
age-related isotopes such as 14C and 36Cl, an enhanced 
accumulation rate is expected for the groundwaters 
from the lowermost aquifer. An external He flux from 
deeper region is needed for this aquifer. This is 
supported by relatively high 3He/4He ratios in deep 
groundwater indicating the incorporation of mantle 
He component. On the other hand, the inferred 
groundwater accumulation rate for the middle-depth 
aquifer is much smaller than that for the lowermost 
aquifer. Absence of mantle He component implies 
that there is virtually no contribution of external He 
source. It can be explained by in situ produced He 
within aquifer and adjecent aquitards only. 

From these considerations, the groundwaters 
basically dissolve radiogenic He only produced 
within the aquifer rock for upper-layer of the 
aquifers, because the lowermost aquifers trapped the 
external source from the whole crust (and upper 
mantle) as well as in situ produced radiogenic He. 

Main part of this research project has been 
conducted as the regulatory supporting research 
funded by the Secretariat of the Nuclear Regulation 
Authority, Japan.  
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Coupled 146,147Sm-142,143Nd systematics provide 

constraints on the timing of the earliest events in 
Earth history. Positive ε143Ndi(1.5±0.2) and 
ε142Nd(8.6±2 ppm) determined in 3.78±0.09 Ga well-
preserved ultramafic rocks from the Nulliak 
assemblage of Labrador allow the calculation of a 
model differentiation age for the Earth's mantle at 
4.40±0.05 Ga (assuming a BSE with chondritic 
Sm/Nd and ε142Nd=0). Nulliak ultramafic rocks 
provide a differentiation age 100 Ma older than those 
estimated from Akilia tonalites1.The surprising 
similarity between the positive 142Nd signature of 
Eoarchean ultramafic rocks from Nulliak and that 
estimated from the 2.7 Ga Theo's flow (Abitibi)2 

invites discussion of the mechanism for creating 
positive ε142Nd. 

Traditionally, 142Nd anomalies were considered to 
be generated by mantle-crust differentiation 
processes, but modeling shows that the Nulliak 142Nd 
anomaly could be generated by slow crystallization of 
a basal magma ocean.  In this scenario the Lu-Hf 
system is expected to be negatively correlated with 
the Sm-Nd system. This study is aimed at 
establishing a coherent Lu-Hf dataset on Nulliak 
ultramafic rocks. First results will be presented 
during the meeting.  
1 Bennett et al.,2007, 2 Debaille et al 2013 
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It is essential to understand the detailed fluid 

behavior in subduction zones to better constrain the 
mechanisms of seismic and volcanic activities there. 
However, previous studies have mainly focused on its 
behavior only in the across-arc cross-section. One 
possible observation showing the along-arc variation 
in the fluid behavior is episodic tremor and slip 
(ETS), which is a recently discovered slip at the plate 
interface including deep, non-volcanic tremors and 
slow slip events (SSEs). Its generation may be related 
to the presence of fluid and its activities have a close 
connection with slab geometries in some regions. In 
Cascadia, for example, the amount of slip due to 
SSEs is largest where we observe the bend of the 
subducting Juan de Fuca Plate. In this presentation, 
we demonstrate how fluid migrates in 3D by the 
effects of slab geometry and how it is related to the 
observed spatial variation of ETS. 

We construct a 3D numerical model for Cascadia 
subduction zone based on finite element approach. 
We assume that fluid migrates as porous flow. We 
also assume that the fluid released from the slab 
migrates in the direction subparallel to the slab 
surface due to the permeability anisotropy of 
serpentinite. We find that fluid migrates in the 
maximum-dip direction of the slab, not parallel to the 
direction of plate motion. Furthermore, the fluid 
concentrates at the bend of the slab and it leads to an 
increase in porosity by more than 50% there. Thus, 
the 3D fluid migration obtained here could be a good 
explanation for the spatial variation of ETS in 
Cascadia.  
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Compared with comprehensive studies on arc-
related volcanic rocks [1], there have been still few 
studies of the lower crust/mantle evolution related to 
igneous activity in the earliest stages of subduction 
initiation. We examine peridotites recovered from an 
exhumed crust/mantle section exposed along the 
landward slopes of the northern Izu-Bonin Trench [2] 
and peridotite bodies from the so-called 
“suprasubduction ophiolite” such as,  the Mirdita 
ophioite, Albania [3]. The Cr# (=Cr/(Cr+Al)  atomic 
ratio) of spinel in the IBM and ophiolites coupled 
with chemical compositions of silicate inclusions 
within spinel, two distinctive melts are in equilibrium 
with these dunites: a boninitic melt for the high-Cr# 
dunite (> 0.7) and a mid- oceanic ridge basalt 
(MORB)–like melt for the medium-Cr# dunite (< 
0.65). In the case of the Eastern Mirdita ophiolite, 
cpx porphyroclast-bearing harzburgite  (Cpx-
harzburgite) occurs structurally in the lower parts of 
the peridotite massifs, whereas harzburgite and dunite 
are more abundant  towards the upper parts. The Cpx-
harzburgite is formed as the residue of less-flux 
partial melting that is similar to those in abyssal  
peridotites from MOR systems. On the other hand, 
harzburgite is produced as a result of enhanced partial 
melting of depleted peridotites triggered by 
infiltration of hydrous LREE-enriched fluids/melts. 
The wide range of variation in dunites from the IBM 
forearc and the uppermost  section of ophiolites 
probably reflects changing melt compositions from  
MORB-like melts to boninitic melts in the forearc 
setting due to an increase of slab-derived hydrous 
fluids/melts during subduction  initiation. This 
scenario is consistent with the temporal and spatial  
variation of volcanic rocks in the Izu-Bonin-Mariana 
arc [1]. Ultramafic rocks above the mantle section of 
ophiolites, such as ultramafic-mafic layered sequence 
and late ultramafic intrusions in gabbros can be also 
explained by crystallization from hydrous MORB-
type and boninitic compositions. Observations from 
ophiolites indicate that arc magmatisms during 
subduction initiation modify the pre-existing MOHO 
significantly.   
 
[1] Reagan et al. (2010) G-cubed 11, 
doi:10.1029/2009GC002871. [2] Morishita et al. 
(2011) Geology 39,  411-414. [3] Morishita et al., 
(2011) Lithos 124, 215-226. 
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The southern end of the Central Indian Ridge 
(CIR) is characterized by an intermediate-spreading 
mid- ocean ridge (5 cm/year, full spreading rate) that 
is different from the Atlantic (slow-spreading) and 
the Pacific (fast- spreading) ocean ridges. It is, 
therefore, the southern end of the CIR which will 
provide us with unique opportunities to study the 
magmatic and tectonic evolution along an inter- 
mediate mid-ocean ridge. Three submersible 
expeditions of the SHINKAI 6500 and one dredge 
expedition of the Hakuho-maru were conducted in the 
southern end of the CIR. Here we summarize 
petrological and mineralogical characteristics of 
peridotites from the studied area.  

Peridotites recovered from the studied area are 
generally characterized by moderately to highly 
depleted melt components. The partial melting of 
these peridotites is followed by chemical 
modification through interaction with a wide range of 
melts from relatively less evolved to highly evolved 
characteristics, resulting in the formation of gabbroic 
to felsic veins. Moderately to highly depleted melt 
components in the studied peridotites can be 
explained as being either residue after a relatively 
high-melt productivity period in intermediate-
spreading ridges or a geochemically distinctive 
domain which has suffered from partial melting in the 
past rather than partial melting beneath the present 
mid-ocean ridge systems.  

We also recovered orthopyroxene-rich lithologies 
from a small knoll along the CIR. The 
orthopyroxenite is characterized by a distinctively 
high in radiogenic Os (187Os/188Os) isotope 
signatures (0.1475- 0.1499) with relatively high in Re 
contents (382-402 ppt) whereas the Os isotope of the 
harzburgite is slightly lower than the present-day 
depleted MORB mantle (0.123-0.126). Mixing of 
depleted mantle with exotic component that have an 
isotopic component with high 187Os/188Os ratios, 
i.e., radiogenic Os components, are required for the 
sample. We conclude that ancient subduction-
modified mantle domains, probably formed at 
continental margin of the Gondwanaland, now exists 
beneath the Central Indian Ridge.  
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  The Takatori hypothermal tungsten-quartz 
deposit is located about 100 km NNE of Tokyo, 
Japan. The deposit is composed of wolframite-
bearing quartz veins with minor amounts of 
cassiterite, chalcopyrite, pyrite and muscovite.  The 
deposit is hosted by Mesozoic sedimentary rocks of 
chert, sandstone and mudstone. A K-Ar age of 69 Ma 
for vein muscovite was reported [1].  

SEM-EDS mapping images of the rim of 
wolframites showed replacement textures. The Mn/Fe 
ratio in wolframite was measured by EPMA because 
the replacement texture could be distinguished by the 
Mn/Fe ratio in wolfranlites. The ratio in the center of 
wolfranlites was around 40 mole%, but the ratio 
increased up to 70 mole% at the rim of some crystals 
coexisting with pyrite. Based on a consideration 
using phase diagrams, the textures were assumed to 
form by replacement of iron in the wolframite with 
manganese in a later stage lower-temperature fluid. 

  Oxygen isotope ratios were measured on 
minerals from the deposit to determine if the ore-
forming fluids were derived from related igneous 
bodies. The oxygen isotopic equilibrium temperatures 
of mineral pairs from the veins were around 400°C. 
The isotopic equilibrium temperatures for quartz-
muscovite, quartz-wolframite and quartz-cassiterite 
pairs were discussed. Oxygen isotopic compositions 
of the Takatori ore-forming fluids were then 
calculated to infer the fluid source. 

  The discrepancy between the homogenization 
temperatures of fluid inclusions in vein quartz and the 
oxygen isotopic equilibrium temperatures was 
considerably large, which might correspond to the 
“pressure correction” to the homogenization 
temperatures. If it is the case, the formation pressure 
for the Takatori deposit is calculated on the basis of 
the difference between the pressure-independent 
isotopic equilibrium temperatures and pressure-
dependent homogenization temperatures of fluid 
inclusions. The ore-formation depth is calculated to 
be around 5 km. These lines of evidence suggest that 
a granitic magma beneath the deposit played a crucial 
role in the formation of the Takatori deposit. 
[1] Shibata & Ishihara (1974) Econ. Geol. 69, 1207-
1214.  



Goldschmidt Conference Abstracts 2157 

Uranium-Thorium-Lead Isotope 
Systematics in Depleted 

Shergottites: Implications for 
the Heterogeneous Shergottite 

Source Mantle 
R. MORIWAKI1*, T. USUI1  AND T. YOKOYAMA1 

1Dept. of Earth and Planet. Sci., Tokyo Institute of 
Technology, 2-12-1 Ookayama, Meguro, Tokyo 
152-8551, Japan.  
(*correspondence: moriwaki.r.ab@m.titech.ac.jp) 

 
The parental magmas of shergottites (Martian 

basalts) reflect geochemical source reservoirs in the 
Martian mantle. Recent studies have attempted to 
identify these geochemical source reservoirs based on 
the Rb-Sr, Sm-Nd and Lu-Hf isotope systematics of 
shergottites [e.g., 1]. On the other hand, the U-Th-Pb 
isotope systematics, one of the most diagnostic 
geochemical tracers for examining the Earth’s crust-
mantle evolution, has been used to a limited extent 
for the shergottite petrogenesis. This study 
determines Pb isotopic compositions and 
concentrations of U, Th, and Pb in a depleted olivine-
phyric shergottite Tissint. The results are used for 
identification of the origin of depleted shergottite 
source mantle by combining with dataset from 
previous studies [e.g., 2] 

Tissint has an initial Pb isotopic composition of 
206Pb/204Pb = 10.819 and 208Pb/204Pb = 30.103 at the 
time of crystallization 574 Ma [3]. A calculated time-
integrated κ-value (232Th/238U = 1.2) of Tissint source 
mantle at 574 Ma is the lowest among the depleted 
shergottites (232Th/238U = ~4) except for Dar al Gani 
476 (232Th/238U = 0.2) [2]. These κ-values are not 
interpreted to result from either terrestrial weathering 
or alteration on the Martian surface, but reflect the 
heterogeneity in the Martian mantle. The 
geochemical heterogeneity of the depleted shergottite 
source mantle is also observed by the Nd and Hf 
isotope systematics [4], which is indicative of garnet 
fractionation in the deep mantle. An experimental 
study shows that U, Th and Pb can be fractionated by 
crystallization of garnet [e.g., 5]. Therefore, we 
propose that the various κ-values observed in the 
depleted shergottites would have also reflected 
different degrees of garnet fractionation during the 
Martian magma ocean. 

REFERENCES: [1] Debaille, V. et al. (2007) Nature 
450, 525-528 [2] Bouvier, A. et al. (2009) EPSL 280, 
285-295. [3] Brennecka, G. A. et al. (2014) MAPS 49. 
206-235 [4] Andreasen, R. et al. (2015) 46th LPSC, 
Abs#2976 [5] LaTourrette, T. Z. et al. (1993) Science 
261, 739-742. 
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During the Integrated Ocean Drilling Program 

(IODP) Expedition 329, we observed the presence of 
aerobic microbial communities and dissolved oxygen 
throughout the sedimentary sequence from the 
seafloor to the sediment-basement interface at all 
sites we explored in the South Pacific Gyre (SPG) 
[1]. This finding indicates that there is no depth limit 
to the sedimentary biosphere in the oligotrophic 
ocean region. However, substrate-specific metabolic 
activities of these aerobic microbial communities still 
remain poorly constrained. Using a NanoSIMS 
isotope imaging, we studied carbon and nitrogen 
assimilation activities of aerobic microbial cells after 
the incubation with various 13C- and/or 15N-labeled 
substrates for 1.5 years. We observed assimilation 
activities on various heterotrophic conditions (e.g., 
13C-labeled glucose, acetate, and pyruvate, and 13C- 
and 15N-labeled amino acids) at all depths and 
locations. The uptake of 13C-labeled bicarbonate was 
found to be rare, but occurred in some incubation 
conditions. Our results demonstrate that microbial 
communities widely distributed in the ultra-
oligotrophic SPG sedimentary biosphere consists 
mainly of the aerobic organotrophic microbial 
ecosystem with small autotrophic populations. The 
microbes retain their metabolic potentials under the 
most energetically challenging conditions at least 
over several tens of millions of years. 
 
[1] D'Hondt, S. et al., Nature Geoscience, 8(4), 299-
304, 2015. 
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The CheMin X-ray diffraction instrument 
onboard the Mars Science Laboratory rover Curiosity 
is equipped with 5 sealed calibration standards and 27 
reusable sample cells [1]. Sediment and drilled rock 
fines from the Martian surface are delivered to 
reusable sample cells for analysis by X-ray 
diffraction. The diffraction patterns are returned to 
Earth where unit-cell parameters of major phases are 
determined with the Rietveld refinement method. In 
some cases, the comparative systematics of the 
refined unit-cell parameters do not align with those 
observed from terrestrial diffractometers. The cause 
for this discrepancy is sample offset up to 50 microns 
from the ideal diffracting position, related to 
machining of the sample cells. Varying an offset 
parameter during pattern processing has the effect of 
varying refined cell parameters. Consequently, the 
offset parameter can be calculated based on unit-cell 
parameter deviation from terrestrial trends. 
Plagioclase is present in all of the CheMin samples 
and is thus used to calculate the sample cell offset, 
improving the accuracy of unit-cell parameter 
refinements for all major phases.   
 
[1] Blake et al. (2012) Space Sci Rev, 170, No. 1-4, 
341-399 
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The Devils Hole oxygen isotope record has been 
a source of controversy for 3 decades, as early 
records [1, 2] could not be explained with 
straightforward mechanisms tied to orbital forcing. 
Of note were two observations. The shift to inter-
glacial values around the time of Termination II (TII) 
pre-ceeded the rise in boreal summer insolation by 
~10 ky and the duration of the last interglacial peak, 
as recorded at Devils Hole was ~10 ky longer than 
other estimates of last intergla-cial duration. Early on, 
questions were raised about the possi-bility of water-
derived 230Th leading to artificially old ages [3, 4], 
but were seemingly put to rest with subsequent 
measure-ments. We tested the Devils Hole record [5] 
by analyzing new samples collected from nearby 
Devils Hole #2, as well as one analyzed in the 
original paper [1]. Considering all records, virtually 
all characteristics replicate, with the clear exception 
of the timing of shifts to interglacial values around 
the time of terminations. The 230Th age of the shift 
around TII correlates with depth of sample collection, 
suggesting water-sourced 230Th does lead to 
anomalously old ages for samples collected at depth. 
Because the chronology of the shallowest core agrees 
with those of nearby dripstone records, its 230Th 
anomaly appears to be negligible, consistent with 
accurate ages.  For this core, the age of the shift 
around TII is ~8 ka younger and the duration of the 
last interglacial peak about ~8 ka shorter than in 
earlier Devils Hole records [1, 2].  As recorded in this 
core, Great Basin climate history is consistent with 
processes ultimately tied to orbital forcing, notably 
during TII, thus resolving a longstanding enigma.  

 
[1]Winograd et al. (1988) Science 242 1275–1280. 
[2] Wino-grad et al. (1992) Science 258 255–260. [3] 
Edwards, Gallup (1993) Science 259 1626–1627. [4] 
Shackleton (1993) Nature 362 596. [5] Moseley et al. 
(2016) Science 351 165-168. 
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Zircon and related U-Pb dating minierals have 
proven to be invaluable proxies  for the geochemical 
evolution of the Earth and its hydrosphere, as have 
their microstructures for reconstructing planetary 
bombardment histories. The integration of electron 
diffraction (EBSD) and atom probe tomography 
(APT) techniques is now revealing novel nanoscale 
proxies of high temperature metamorphic and strain 
events that have affected such micrograins and their 
host crust. Here we extend these relatively non-
destructive techniques to a rare suite of 4.4 billion 
year old, microscopic martian zircon and baddeleyite 
grains from meteorite NWA 7475. The subhedral 
igneous grains were re-deposited on Mars at ~1.5 Ga 
to form a polymict breccia later launched to Earth 
during a low-pressure shock event. EBSD analysis of 
the population reveals the expected pervasive 
cracking of all minerals due to the low-pressure 
launch. Pre-launch shock metamorphic features are 
absent with the exception of one grain that shows 
planar features parallel to the c-axis. A subset of 
grains is metamict due to prolonged residence in the 
upper crust at temperatures less than ~150°C. APT 
analysis of representative zircon and baddeleyite 
grains did not detect any of the trace element 
nanoclusters observed in terrestrial zircon exposed to 
high-temperature metamorphism. Curvilinear chains 
of nanoclusters with varying proportions of Fe, Mg, 
Al, and Ca in one grain are interpreted as residual 
fluid-altered nanofractures that were annealed during 
breccia deposition. Post-deposition mobilization of Si 
created micron-scale reaction rims of zircon after 
baddeleyite without appreciable Pb-loss. U-rich 
zircon domains that attained their  metamict state 
since the 1.5 Ga  annealing event have seen 
additional martian fluid interaction as evidenced by 
Cl, Al, K and P in a metamict core. This nano-
geochronological data for fragments of the oldest 
known martian crust are consistent with a cool, 
crustal lid that was stable over 4.4 billion years, and 
subject to episodes of fluid activity. The survival of 
this ‘cool’  crystal record places a 4.4 Ga minimum 
age on the global melting and bombardment episodes 
that created Borealis basin and the martian 
hemispheric dichotomy. 
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U-Pb dating on the detrital zircons has been 

fulfilled on sandstone samples from two sections of 
Abzagh and Zakeen in North of Hormuz Strait.  
Zakeen and Faraghan formations belong to Devonian 
and Permian sequence have been studied. This study 
implies important results on the paleogeography and 
tectonic setting of Zagros fold and thrust belt (Zagros 
FTB) in Paleozoic time. Detrital zircon dating can be 
classified in main five statistical populations based on 
frequency of the data: 0.5-0.6 Ga (27%); 0.7-1 Ga 
(50%); 1.3-1.5 Ga (2%); 1.8-2 Ga (5%); 2.8-2.4 Ga 
(16%). Approximately, 70% of the detrital zircons 
belong to Neoproterozoic those can be originated 
from exhumed magmatic rocks of Arabian-Nubian 
shield. Pan African orogeny in Neoproterozoic. 
Alternatively, Cadomian basement of Centeral Iran 
may be considered to be the most likely source for 
the late Ediacaran–Cambrian  zircons because 
basement of such age is recognised within it, but 
according to the direction of the  fluvial sandstones 
into Arabian plate in Paleozoic, the main age Zircon 
populations of Ediacaran-Cambbrian (600-500Ma) 
may be correlative with rhyolites of Hormuz 
formation at ca. 558±7Ma . The rhyolites of the 
Hormuz can be appointed as the source rock for 
Ediacaran- Cambrian detrital zircon sandstones of 
Zagros, since this recorded a prominent tectono-
magmatic event associated with subduction of the 
Proto-Tethyan Ocean crust along the east margin of 
Gondwana and the megasuture margin of the 
Arabian–Nubian shield. 

The youngest ages of detrital zircons are 
concordant with the stratigraphic age. Based on the 
difference between crystallization age (CA) and 
depositional age (DA), two tectonic settings of 
collisional and extensional have been implied for 
Devonian, Zakeen fromation, and Permian, Faraghan 
formation, respectively.  
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Introduction 
The study of rhizosphere-related processes on 

mobility, availability and toxicity of trace metals in 
soils is a major challenge to understand their 
ecodynamic in the context of phyroremediation or 
natural attenuation of contaminated soils. 

Material and methods 
Surface soils were sampled from a metallophyte 

grassland contaminated with Cd, Pb and Zn located at 
Mortagne-du-Nord (North France) [1]. A plant 
growth experiment with poplar woody stem cuttings 
was conducted with forty-five pots for 35 days with 2 
N treatments (NH4

+, NO3-) and an untreated control 
soil. Rhizospheric  soil pore water (SPW) pH, 
dissolved organic carbon (DOC) concentration, metal 
concentrations in SPW and their uptake by Populus 
euramericana Dorskamp were determined. 

Results and discussion 
Rhizospheric SPW pH decreased gradually with 

NH4+ addition and increased with NO3– addition up 
to one unit. DOC increased with time up to 6 times, 
the highest increase occurring with NH4+ 
fertilization. An increase in the metal concentrations 
in the rhizospheric SPW was observed for NH4

+ 
addition whereas the opposite was observed for the 
control soil and NO3

– fertilization. Metals were 
mostly accumulated in the rhizosphere and N 
fertilization increased the accumulation for Zn and Pb 
while Cd accumulation was enhanced for NH4

+ 
addition. 

Conclusion 
Collectively our results suggest metal 

stabilization by Populus euramericana Dorskamp 
rhizosphere with NO3

– fertilization. 
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The study of volcanism can further our 

understanding of Earth’s mantle structure, dynamics 
and composition. Continental intraplate volcanism 
commonly occurs above subducted slabs that stagnate 
in the Mantle Transition Zone (MTZ), such as in 
Europe, eastern China, and western North America. 
Here, we use 2D numerical models to explore the 
evolution of stagnant slabs in the MTZ and their 
potential to sustain mantle upwellings that can 
support volcanism. We find [1] that weak slabs may 
go convectively unstable within tens of Myr. 
Upwellings rise out of the relatively warm 
harzburgitic underbelly of the slab, entrain small 
amounts of eclogitic crust and hydrated mantle rocks, 
and reach the base of the lithosphere, where 
decompression melting of entrained enriched 
lithologies may occur. These predictions can account 
for the geochmical characteristics of intraplate 
basaltic volcanism, e.g. in Europe and China. 

Convective instability rising out of the slab also 
acts to separate the slab’s components. Harzburgite 
tends to rise into the shallow mantle and eclogite to 
sink toward the base of the MTZ, and ultimately into 
the lower mantle. Such a process of “un-mixing” may 
sustain long-term mantle compositional stratification 
with mafic rocks enriched in the MTZ and lower 
mantle relative to pyrolite [2]. As an additional 
mechanism to sustain stratification, mantle plumes 
rising from the deep mantle may intermittently 
stagnate above the MTZ [3] (as evident by seismic 
tomography for the Hawaiian Plume [4]) and promote 
un-mixing. Combining 3D numerical models with 
seismic constraints from underside reflections, we 
show that eclogitic heterogeneity from the outskirts 
of the Hawaiian Plume tends to slowly sink to 
enhance the MTZ by eclogite, whereas the hot plume 
core tends to rise to sustain hotspot melting. As 
indicated by variable depths of slab stagnation, e.g. at 
~1000 km depth, un-mixing of mantle heterogeneity 
can indeed sustain moderate compositional 
stratification, even in the presence of whole-mantle 
convection [2]. 

 
[1] Motoki & Ballmer (2015), G-cubed 16, 
doi:10.1002/ 2014GC005608. [2] Ballmer et al. 
(2015), Science Advances 1, e1500815. [3] Ballmer et 
al. (2013), EPSL 376, 155-164. [4] Cheng et al. 
(2015), AGU Monograph 208, 19-34. 
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Recent advances in in-situ U-Th/Pb monazite 
petrochronology allow dates obtained from micron-
scale portions of texturally-constrained, individual 
crystals to be placed directly into a quantitative 
Pressure-Temperature framework. There remain 
major unresolved challenges in linking monazite ages 
to specific deformation events and discerning the 
effects of deformation on the isotopic and elemental 
tracers in these phases. Recent work has successfully 
dated dynamically recrystallised neoblasts in one 
deformed monazite grain (Erickson et al., 2015). 
However, it remains unclear how continual 
recrystallisation is reflected in the monazite crystal 
structure from a variety of geological settings.  

Here, combined laser ablation split-stream 
analysis and Electron Backscatter Diffraction (EBSD) 
imaging of deformed monazite, from several different 
geological settings, is used to characterise a catalogue 
of monazite deformation textures. The combined 
micro-textural, U-Th/Pb–trace element data is used to 
quantify the influence of deformation on monazite 
(re)crystallisation mechanisms and its subsequent 
effect on the crystallographic structure, ages and 
trace-element distribution in individual grains. These 
data provide links between ages and specific 
deformation events, thus helping further our 
understanding of the role of dynamic recrystallisation 
in producing age variation within crystals in a 
deformed rock. These data provide a new dimension 
to the field of petrochronology, demonstrating the 
benefits and pitfalls of fully integrating the Pressure-
Temperature-time-deformation history of accessory 
phases to better interpret the meaningfulness of ages 
yielded from deformed rocks. 
Erickson et al., 2015, Geology. 43.5: 383-386  

 



Goldschmidt Conference Abstracts 2166 

Cr isotope composition of the 
Earth-Moon-Enstatite chondrite 

system 
BERENGERE MOUGEL*, FREDERIC MOYNIER AND 

CHRISTA GÖPEL 
Insitut de Physique du Globe Paris, France  
(*correspondance mougel@ipgp.fr) 
 

Among the catastrophic events that happened at 
the onset of the Earth's formation, a giant impact 
between the proto-Earth and a Mars-sized object has 
been proposed for the origin of the Moon formation 

[1]. However, physical models are difficult to 
reconcile with geochemical observations mainly 
because the Earth and Moon have similar isotope 
compositions for some elements that display clear 
isotopic anomalies in meteorites (e.g., Ti, O)[2][3]. 
Recently, very high precision Δ17O measurements [4] 
suggest that it is possible to detect small isotopic 
variations that exist between the Earth, the Moon and 
enstatite chondrites, but this observation was later 
contested [3]. Chromium isotope system has also 
been used to argue for the isotopic homogeneity 
between the Earth and the Moon. However, while 
there is a large database for Cr isotope compositions 
in meteorites [5], only 2 lunar samples have been 
analyzed so far [6]. In addition, Cr isotopic data for 
terrestrial samples are scarce, with the common 
assumption that they are strictly identical to the 
reference standard. We will discuss the degree of 
homogeneity between the Moon, the Earth and 
enstatite chondrites, and present the Cr isotopic 
composition of lunar samples including basalts, 
anorthosites, a norite, and a dunite collected during 
the Apollo missions. We also re-evaluate the Cr 
isotope signature of the Earth by measuring terrestrial 
basalt, andesite and peridotite samples, and provide 
new data for enstatite chondrites. Our preliminary 
results show that some lunar samples have 
anomalously high 53,54Cr isotope values that can be 
attributed to cosmogenic irradiation effects, 
consistent with their high exposure ages. Excluding 
these samples, isotopic homogeneity between the 
Earth and the Moon is observed at the 10-ppm level. 
Enstatite chondrites exhibit slightly higher 53Cr and 
lower 54Cr values than the Earth and the Moon, but 
overlap within error. Finally, we observe a small but 
systematic positive offset in 54Cr between terrestrial 
samples and the NIST SRM 3112a Cr standard. 
 
[1]Canup RM. (2012) Science 338, 1052-1055; 
[2]Zhang et al. (2012) Nat. Geosci. 5, 251–255; 
[3]Young et al. (2016) Science 6272:493-496; [4] 
Herwartz et al. (2014) Science 344, 1146–1150; 
[5]Göpel et al. (2015) Geochim. Cosmochim. Acta 
156, 1-24; [6]Qin et al. (2010) Geochim. Cosmochim. 
Acta 74, 1122-1145. 



Goldschmidt Conference Abstracts 2167 

Progressive devolitization of 
greywacke from sub-critical to 

supercritical conditions 
B.W. MOUNTAIN1, I. CHAMBEFORT1 AND L. 

SAJKOWSKI1 
1GNS Science, Wairakei Research Centre, Taupo 

3384, New Zealand; b.mountain@gns.cri.nz 
 

The source of volatiles such as Cl, S and CO2 in 
geothermal systems is an object of frequent debate. 
Early experiments concluded that they could be 
derived solely from water-rock interaction. Others 
infer that some component of magmatic input is 
necessary. We have conducted experiments to 
measure the volatiles released by a greywacke rock, 
typical of basement rocks in the Taupo Volcanic 
Zone, during progressive heating. 

The rock used is a feldspathic litharenite 
composed of quartz, plagioclase, and lithic clasts in a 
matrix of quartz, feldspar, chlorite, and illite clays. 
Minor amounts of carbonate and pyrite are also 
present. The rock was crushed, sieved and cleaned 
ultrasonically to remove fine material. The 
experiment was conducted using a high temperature 
and pressure fluid-rock interaction simulator. 
Temperature ranged from ambient to 400oC and 
pressure from 21 to 415 bar. The flow rate was 
maintained at 1 ml hr-1 throughout the experiment. A 
control experiment, using similar conditions, was 
conducted using crushed brazilian quartz. The fluid 
samples were analysed for major cations, sulfide, 
sulfate and chloride. 

At ambient temperature, chloride values varied 
between 0.4 and 1.5 mg kg-1 while sulfate decreased 
from 40 mg kg-1 to below 2 mg kg-1. The high sulfate 
values are attributed to dissolution of trace sulfate 
minerals in the rock. For the remainder of the 
experiment the sulfate values remained below 3 mg 
kg-1, however, there is a correlation between 
temperature change and subsequent peaks in sulfate 
concentration. Between 100 and 200oC, chloride 
remains around 0.5 mg kg-1 and H2S around 0.1 mg 
kg-1. After the temperature increase to 250oC, 
chloride decreases below 0.5 mg kg-1, while H2S rises 
gradually to values of 2 mg kg-1. H2S concentration 
peaks at 300oC reaching 7 mg kg-1 and then decreases 
to below 1 mg kg-1 at this temperature. 

Two observations can be made from the 
experimental results. Firstly, most chloride appears to 
be removed from the rock before 300oC is reached 
while at the same time, H2S appears to be largely 
released after this temperature. Secondly, several 
peaks in volatile concentration coincide with 
temperature changes suggesting that thermally-
induced microfracturing provides enhanced access to 
the fluid. 
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The emission of the greenhouse gas N2O from 

agricultural soils will continue to increase unless we 
find ways to lower the N2O/N2 product ratio of 
denitrification. This ratio depends on the activity of 
the enzyme N2O reductase, which is most likely 
controlled by the soil pH. This implies that N2O 
emissions could be reduced by liming acid soils. 
However, the net effect of such liming is uncertain 
because it induces the emission of carbonate derived 
CO2. We propose the use of mafic rocks as an 
alternative to liming. If effective, there would be an 
immediate reduction on climate forcing by 
eliminating the emission of carbonate derived CO2 
and decreasing N2O emission.  In a laboratorty study 
we quantified respiration, carbonate derived CO2 and 
N2O emission after incorporating lime, olivine and 
anorthosite into moderatly acidic soils. Liming 
caused an immediate increase in soil pH, enhanced 
soil respiration, and induced a  70% reduction of the 
N2O emission. Finely ground olivine induced similar 
effects, though weaker than lime, but with no 
carbonate derived CO2. Anorthosite had no detectable 
effect on soil pH, but a slight effect on N2O emissions 
after 140 d.  

The degree of dissolution of the olivine and 
anorthosite after soil incubation were assesed by 
SEM on individual grains. This showed substantial 
but highly variable dissolution. Acid pitting was the 
major dissolution mechanism. We found significant 
signs of secondary phases forming, however, there 
was no evidence that these inhibited dissolution 
significantly. Anorthosite showed much less 
dissolution than olivine. 

Controlled dissolution rate measurements with 
different acids were also performed with a set of rock 
powders to evaluate their suitability for field 
application.  

The results confirm the postulated potential for 
reduced agricultural climate forcing by using mafic 
minerals, depending on the choice of mineral. 
However, relevant field experiments are needed to 
confirm these results and the choice of minerals is 
essential. 
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Globally, rice is the staple food, with more than 
50% of the global population consuming rice daily. 
Unfortunately rice productivity is postulated to 
decrease drastically due to climate change. Rice 
productivity models for the year 2100 are based on 
higher annual temperatures and doubled atmospheric 
CO2 concentrations. They do not, however, account 
for the presence of toxic elements, such as arsenic, in 
paddy soils of the World’s largest rice producing 
regions. However, arsenic is being enriched in Asian 
paddy soils via irrigation with arsenic-bearing ground 
water, while other toxic elements are being added 
through fertilizer, mine wastes, and coal burning. 
Within the soil, arsenic moves between the soil 
solution and the solid phase as a consequence of the 
prevailing biogeochemical conditions. The mobile 
fraction of arsenic is easily taken up by rice plants 
and is enriched in the grain, thereby not just reducing 
rice productivity but also grain quality. 

We investigated how the two main parameters of 
climate change, namely a postulated increase of 
temperature by 5°C and doubled concentrations of 
atmospheric CO2 in the year 2100, affect the mobility 
of arsenic in paddy soils. We show that under the 
environmental conditions of 2100, arsenic is 1) more 
volatilized to the atmosphere, and 2) mobilized in the 
pore water. To further understand the underlying 
biogeochemical  differences between today’s and 
2100’s dynamics of arsenic in paddy soils, we 
supportingly quantified differences in solid and 
porewater iron, manganese, sulfur, and organic 
carbon, as well as changes in greenhouse gas 
emissions and soil microbial community abundance 
and activity.  

The data presented here allows to more precisely 
predict the dynamics of arsenic in paddy soils in the 
future. It further lays the groundwork for 
investigating how much and what type of arsenic will 
be taken up by rice and accumulated in the grain – 
allowing more accurate predictions of future rice 
grain production and quality.  
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The objective of our study is the estimation of the 
groundwater residence times using the radioactive 
isotope tracer 36Cl.  Study subject is the Umm Er 
Radhuma (UER) aquifer underlying southwestern 
Oman on the Arabian Peninsula. The time the water 
has been in the system as well as current and past 
recharge rates are important information when the 
exploration of aquifers is considered. 
Ten wells along a principal flow path were sampled 
for the analysis of 36Cl in the beginning of the year 
2012. 36Cl was measured relative to the stable 
isotopes, 35Cl and 37Cl, by acceleration mass 
spectrometry (AMS). 36Cl/Cl decreases along the 
flow path and is interpreted as radioactive decay of 
36Cl along the groundwater flow direction (Fig 1). 
This confirms the conceptual idea of the Najd 
groundwater flow system with a groundwater flow 
direction from the Dhofar Mountains in direction 
north-east. 
 

 
Figure 1: 36Cl/Cl along the flowpath   
 
The calculated residence times are significant larger 
than estimated by previous studies based on the 
radiocarbon (14C) approach. The results of the 
different age patterns of the Najd groundwater will be 
discussed with respect to previous age dating results 
and the perspective of the UER aquifer as an 
important water resource for the region. 
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Molybdenum (Mo) and tungsten (W), which are 

primarily present in the form of molybdates (MoO4
2-) 

and tungstates (WO4
2-) have been chosen for 

experiments due to their importance as environmental 
contaminants. Bentonite from the Jelšovy Potok in 
Slovakia, rich in montmorillonite phase, was used in 
the experiments of Mo(VI) and W(VI) removal. The 
smectite modification by quaternary ammonium salts 
causes conversion in sorption properties; 
consequently organo-smectite has a greater affinity in 
removal of anions.  

Smectite was modified with dodecyl trimethyl 
ammonium bromide (DDTMA), didodecyl dimethyl 
ammonium bromide (DDDDMA), hexadecyl 
trimethyl ammonium bromide (HDTMA) and 
dihexadecyl dimethyl ammonium bromide 
(DHDDMA) in amounts of 0.5, 1.0 and 2.0 of 
smectite cation exchange capacity (CEC). The 
amount and the type of surfactant used in 
modification affects the sorption properties of the 
resulting organo-mineral complex. Smectites 
modified with DDTMA and DDDDMA in amounts 
of 1.0 and 2.0 of CEC are the most effective in 
removing of Mo(VI) and W(VI) from the solution. 
The unmodified smectite did not show any sorption 
capacity in terms of anionic forms of Mo and W.  

Experiments of Mo(VI) and W(VI) sorption on 
organo-smectites were conducted in the function of 
time (1-1440 min); function of varying 
concentrations of Mo(VI) and W(VI) (0 – 20 mM) 
and as a function of pH (1-13). Sorption of Mo on 
organo-smectites is characterized by a very rapid 
reaction in the first 30 minutes of the process, while 
in the removal of W, the reaction was slower (50 
min). The maximum sorption capacity of organo-
smectites was significantly higher in terms of W(VI) 
than Mo(VI). With increasing concentrations of  Mo 
and W, the sorption increases, and the maximum 
sorption capacity was 1700 and 5880 mM/kg, 
respectively. The pH effect on the Mo(VI) sorption is 
clearly visible – at pH 2-5 the Mo(VI) is most 
effictively removed, while above pH = 5 the sorption 
rapidly decreases. At pH 1-2, the W(VI) is removed 
in a small amount, the optimum pH range is 3-5, at 
pH > 5 sorption decreases and at pH 9-13 almost 
disappears.  

This research was financed by the National 
Science Centre, Poland Grant No. 
2014/13/N/ST10/04945. 
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Recent observations of rhyolite eruptions and 

textural and isotopic studies of rhyolitic lava revealed 
that some effusive lava was formed simultaneously 
with blasts and pyroclastic fountains [1]. In this 
study, we present another possible indicator of 
“fragmentation and rewelding” processes—
groundmass differentiation by nanolite 
crystallization. 

We analysed chemical compositions of 
groundmass interstices (excluding crystals larger than 
0.5 µm in width) for various pyroclasts from the 
Shinmoedake 2011 eruption: pumices of sub-Plinian 
eruptions (1), pumices (2)  and dense juvenile 
fragments (3) of Vulcanian explosions, and a 
fragment of volcanic breccia (~30 cm in diameter) 
possibly derived from a late stage crater-filling lava 
cake. Bulk groundmass compositions of these 
samples were the same [2]. By simply considering the 
order of explosivity, the interstitial groundmass was 
expected to be differentiated in the order of (1)-(2)-
(3) and (4). In fact, however, (3) was similar to (1), 
being more primitive than (2). The silicic pumice 
clasts of (2) overlapped with (4) (Figure 1). This 
seemingly paradoxical result may be explained if we 
consider the following process: magma that formed 
vulcanian pumice (2) differentiated in a shallow 
conduit, whereas (3) was formed by welding of 
pyroclasts that were once fragmented in a deeper 
conduit during sub-Plinian activity; the growth of 
groundmass minerals of (3) was suppressed after 
fragmentation by low diffusivity due to dehydration. 

Figure 1: Predicted vs. actual compositions (CaO) of 
interstitial groundmass. (2) is more differentiated than 
(3).  
 
[1] Castro et al. (2014) EPSL, 405, 52–61. [2] Mujin 
and Nakamura (2014) Geology, 42.7, 611–614. 
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Since the accident of Fukushima nuclear plant in 
2011, a number of studies have been carried out to 
clarify the adsorption state of radioactive cesium (Cs) 
in the contaminated soil. Recently, the Cs adsorption 
experiments for various clay minerals considering 
actual contaminated conditions in Fukushima were 
conducted by using 137Cs radioisotope and imaging 
plate (IP) autoradiography [1]. The experiments 
revealed that 137Cs was predominantly sorbed into 
weathered biotite (WB) compared to the other clay 
minerals. In the present study, further Cs 
adsorption/desorption experimetns of WB have been 
carried out, as well as those of zeolite for comparison.  

The WB used in this study was collected from 
Fukushima. The zeolites (mordenite and 
clinoptilolite) were donated by Dr. Y. Watanabe,  
Kanazawa Institute of Technology. The samples of 
the WB and the zeolites were sieved to 25-53 μm in 
size and immersed in 137Cs solutions of 50 μl (10-11 to 
10-9 M). Subsequently, the 137Cs sorbed particles were 
reacted with various electrolyte solutions such as 
CH3COONH4 (1 molL-1), CsCl (1 molL-1), Mg(NO3)2 

(1 molL-1) and HCl (0.1 molL-1). The changes of the 
radioactivities in the particles between the treatments 
were examined using IPs. 

The adsorption ability was almost similar 
between the WB and zeolites. On the other hand, 
137Cs sorbed in WB was hardly desorbed by ion-
exchange with the CH3COONH4 and CsCl solutions, 
whereas 137Cs sorbed in zeolites was easily desorbed. 
It was also found that the sorbed 137Cs in WB was 
slowly eluted with the Mg(NO3)2 and HCl solutions. 
These results suggest that the radioactive Cs adsorbed 
by WB is remarkably stable in the environment of 
Fukushima, and WB has a potential to be utilized as a 
Cs adsorbent for specific purposes.   
 
[1] Mukai et al. (2016) Sci. rep. 6, 21543.  
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Three marine black shale formations, 
Wollogorang Fm. (~1730 Ma), Barney Creek Fm. 
(~1640 Ma), and Velkerri Fm. (~1400 Ma), from 
three different groups Tawallah Gr., McArthur Gr., 
Roper Gr., of the McArthur Basin respectively, have 
been studied in terms of their sedimentary 
environment and marine pyrite trace element (TE) 
chemistry. This study aims to track changes in TE 
availability in the ocean during the 1800 to 1350 Ma 
time span and relate nutrient TE variations with 
biologic activity using available paleontological 
information. 

Results of the study provide for the first time, 
concentrations of a set of bio-essential nutrient trace 
elements in three different formations, which allow 
speculations on the factors that controlled their 
concentrations and variation. This study concludes 
that a combination of geochemical and tectonic 
processes operative during the Mesoproterozoic from 
1730 Ma to 1400 Ma in the McArthur Basin is 
responsible for the TE trends we observe. This 
nutrient TE trend is an additional factor to help 
explain the evolution of eukaryotic organisms in the 
McArthur Basin.  
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As a part of the deep carbon cycle, hydrocarbons 

(such as oil and gas or organic precipitates) 
accumulate in sediments of subduction zones and 
may eventually sink down with the slab to the 
subcrust [1]. This study models some aspects of the 
behavior of hydrocarbons during slab subduction. 

High-pressure experiments in diamond-anvil cells 
were conducted in order to investigate reactions in 
three systems using Mössbauer spectroscopy. Each 
system modelled the interaction between the 
hydrocarbon (HC) mixture and one of the potential 
rock-forming materials containing ferrous iron – iron 
oxide Fe0.94O, ferropericlase (Mg0.8Fe0.2)O, and 
pyroxene glass Mg0.91Fe0.09Si0.91Al0.09O3.  

Results of the study are shown in Fig.1. 
 
 
 
 
 
 
 
 
 
 
         

Figure 1: Experiments compared to the Earth’s 
geotherms. Circles – HCs-silicate system, Squares – 
HCs-ferropericlase, Diamonds – HCs-iron oxide (II); 
Open symbols – no reaction, Shaded Grey – iron 
hydride in the run product, Shaded Grey/Black – iron 
hydride and iron carbide in the run product. 

Obtained results suggest that iron hydride (FeH) 
and iron carbide (Fe7C3) may possibly be formed 
from interaction between hydrocarbons and different 
types of Fe2+-bearing rock during hot slab subduction.  

 
[1] C. E. Manning (2014) Nat. Geosci. 7, 333–334. 
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Carbonate hydroxyapatite (CHa) in bone, which 

is a bone inorganic component, is considered to 
provide accurate 14C dates on cremated bones, 
because bones suffering from heat at the temperature 
more than 600°C have high crystalline of apatite and 
are not easily contaminated by exogenous 
contaminants. Thus cremated bones are also expected 
to preserve the other chemical characteristics, such as 
Sr/Ca, Ba/Sr, and 87Sr/86Sr. The purpose of this study 
is to examine whether the CHa in cremated bones can 
provide accurate 14C dates and reliable informations 
of migration and diet. 

The sample used was cremated bone fragments in 
an urn at the Jishoin Temple located in Nara 
Prefecture, Japan. It is thought that the bones are 
remains of Jokei, a Buddhist monk (AD 1155–1213). 
The CHa in six fragments showed 14C date of 1155–
1280 cal AD (±2σ), which is similar with the 
supposed age. The 87Sr/86Sr (0.7092) of the cremated 
bones was different from the 87Sr/86Sr (0.7098) of soil 
in the urn, indicating that the bones could have been 
less susceptible to diagenesis. The Sr/Ca value 
obtained from the bone CHa was 0.0018, which is 
similar with that of herbivores (0.001–0.005 [1]). The 
result is agreement with Jokei’s dietary habit that he 
did not eat meat. Moreover, the bone CHa exhibited 
low log(Ba/Sr) value of –1.9 to –1.4, reflecting 
marine diet (marine product: log(Ba/Sr) = –2.437 to –
2.350; terrestrial product: log(Ba/Sr) = –0.281 to –
0.105 [2]). The results indicate the effectiveness of 
use of CHa in the cremated bones for their 14C dating 
and dietary studies. However, Sr/Ca and Ba/Sr 
generally depend on geological resource, and 
therefore the ratios could not be used for animals 
living in different regions. We will present the results 
of comparison between the 87Sr/86Sr of the region 
where Jokei lived in the last years of life and the 
87Sr/86Sr of the bone CHa, and also examine the 
dietary reconstruction using δ88/86Sr in addition to 
Sr/Ca and Ba/Sr values.  
[1] Sillen (1992) J. Human Evolution 23, 495-516. 
[2] Burton and Price (1990) J. Arch. Sci. 17, 547-557. 
 



Goldschmidt Conference Abstracts 2177 

Integrating the topic of 
radioactivity on Nagoya 

University Campus into  the 
First Year Seminar 

H. MUKUMOTO1,2, S. TOMIYAMA1,2, T. KATOH1,2,             
K. SAKATA1,2 AND T. TANAKA1,* 

1Chrono. Res., ISEE, Nagoya Univ., Nagoya 464-
8601 Japan  (*correspondence: tanakat@nagoya-
u.jp) 

2Graduate School of Environmental Studies, Nagoya 
Univ., Nagoya 464-8602 Japan 

 
Fukushima Dai-ichi Nuclear Power Plant 
     A severe accident occurred at the Fukushima 
Daiichi Nuclear Power Plant in March 2011. 
Accordingly, basic knowledge of radioactivity should 
be included in the basic curriculum of general 
education in universities.  
Radiation dose in the student’s home and on 
Campus 
     As part of a First Year Seminar at Nagoya 
University,  the students measure the dose of natural 
radiation from various sources in our everyday 
environment. Also measured is the dose equivalent at 
the home of each student using a Aloka PDM-111 
Pocket dose meter and in and around the 
Higashiyama Campus of the university using an 
Aloka Survey Meter TCS-161 [1, 2].  
 
 
 
 
 
 
 
 
 
  Fig. 1:  Dose equivalent on Nagoya University 
Campus. 
 
     The measured values show spatial variations. The 
does is low (~0.04µSv/h) in a playground upon 
Tertiary sandy gravel. The dose is higher inside 
buildings than outside, which is opposite to the case 
of Fukushima. We go on to study radioactive decay, 
isotopes, age dating, isotope tracers in geosciences 
among other topics 
     This course is attended by students of liberal arts 
and economics as well as science. We expect the 
students to remember the experience gained in this 
course and the approximate  dose equivalent received 
in our daily life. 
 
 [1] Tomiyama et. al. (2013) Bull Nagoya Univ. 
Museum 29, 13-22. [2] Mukumoto and Tanaka (2016) 
Summaries of Researches using AMS at Nagoya 
Univ. (XXVII) in press. 
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Meteoric fluids play a central role in 

understanding the mechanics and deformation 
processes of fault and shear zones in the continental 
crust. At the same time the hydrogen (and to some 
degree oxygen) isotopic compositions of meteoric 
fluids reflect changes in the continental hydrological 
cycle such as orographic rainout, atmospheric 
circulation or continental (paleo-)climate. Tracing the 
isotopic composition of such meteoric fluids through 
time is therefore an important tool in understanding 
the interactions of Earth surface and geodynamic 
processes. Once combined with adequate 
geochronological techniques stable isotope 
geochemistry of fault and shear zone-related mineral 
proxies thus allows us to investigate the role of fluids 
within various compartments of continental (and in 
some cases oceanic) crust. 

Here we present select examples of hydrogen 
isotope geochemistry from syntectonic hydrous 
minerals in fault and shear zone environments that 
collectively document that meteoric fluids can be 
traced to significant depths during deformation. In 
particular we highlight how combined 
geochronological and isotope geochemical data can 
track changes in fluid composition through time 
either as a result of changing meteoric water 
compositions or due to changes in fault and shear 
zone permeability.  

Understanding the role of fluid interactions 
within actively deforming crust is a key element in 
assessing natural hazards and hence a question of 
large societal relevance. We advocate that the study 
of such active deformation zones –past and present- 
will require a concerted effort from various 
disciplines including careful characterization of the 
timing and conditions of deformation events through 
time. 
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Phosphate minerals, such as apatites have the 

potential to be used in permeable reactive barriers 
(PRBs) for the remediation of groundwater and waste 
waters contaminated by radionuclides [1]. This is due 
to their ability to sorb a range of relevant 
contaminants and stability towards degradation by 
geochemical processes and ionising radiation [1]. 
Microorganisms are able to induce phosphate 
biomineralisation through the action of phosphatase 
enzymes. These enzymes hydrolyse organic 
phosphate (Po) compounds and release inorganic 
phosphate (Pi) into solution, which can then form 
precipitates with other ions present, such as 
radionuclides in the local environment [2,3]. This 
process possesses several advantages over chemically 
induced formation including superior contaminant 
uptake capacities [2], greater control over the 
localisation of mineralisation [4], and avoiding the 
need for a direct source of Pi minerals over which 
there are concerns regarding future supply and price 
stability [1]. The requirement for an inexpensive and 
readily available source of Po may be met by phytate, 
a common constituent of plant tissues [3]. This 
research focuses on phytate-hydrolysing organisms 
and investigates the factors influencing biomineral 
formation, composition, and characteristics (e.g. 
enzyme production and activity, secretion of 
microbial metabolites, other chemical species present, 
pH, redox potential). Knowledge of these factors can 
then be used to tailor conditions to promote the 
manufacture of a biomineral with optimal 
physicochemical properties for deployment in a PRB 
(large, reactive surface area with a high capacity for 
contaminant sorption while remaining hydraulically 
permeable). Select biominerals will be tested in flow-
through column experiments designed to simulate 
PRB conditions and, from this, challenges relating to 
scale-up and field-scale deployment of the process 
will be considered.  

 
[1] Rakovan & Pasteris (2015) Elements, 11, 195–
200. [2] Handley-Sidhu et al. (2014) Environ. Sci. 
Technol. 48, 6891–6898. [3] Macaskie et al. (2004) in 
Phosphorus in Environmental Technologies: 
Principles and Applications, 549–581. [4] Newsome 
et al. (2014) Chem. Geol. 363, 164–184. 
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Sequential extraction is a standard technique for 

element fractionation and mobility determination in 
soils. It comprises the successive treatment of a 
sediment with various solvents to differentiate 
between exchangeable, acid-soluble, reducible and 
oxidizable fractions [1]. A sequential extraction was 
performed on a sandstone and a siltstone which 
contain pyrite to investigate its applicability to 
siliciclastic rocks. The focus of this study was to 
enhance the oxidation step, which had originally been 
designed to attack only organic matter, towards the 
oxidative dissolution of microcrystalline pyrite (FeS2) 
and integrate it into a sequential extraction scheme 
optimized for siliciclastics. Pyrite quantification is 
important because in addition to iron and sulfur 
mobilisation, pyrite dissolution acidifies the 
groundwater and may release toxic trace metals. 

An experimental series of different oxidation 
procedures for pure pyrite at different temperatures 
was conducted with hydrogen peroxide (H2O2) as the 
oxidant. Two sequential extraction schemes with 
interchanged step order and individual extraction 
procedures were compared to determine the most 
suitable approach for pyrite-bearing siliciclastics. 

It was found that pyrite dissolution is most 
effective (> 85 % for pyrite-solvent-ratios between 
0.167 and 16.7 g/l) with a mixture of H2O2, the 
complexing agent ammonium acetate (NH4OAc) and 
nitric acid (HNO3) for pH control. Contrary to the 
recommendations of the commonly used improved 
BCR scheme [2], an extraction at room temperature is 
preferable compared to 85 °C in order to minimize 
the loss of mobilised iron due to reprecipitation. A 
sequence with the step order “exchange – acid 
solution – reduction – oxidation” was found to be 
suited best for pyrite-bearing siliciclastic rocks with 
low contents of organic matter and carbonates. 

 
[1] Tessier et al. (1979) Anal. Chem. 51(7), 844-851. 
[2] Rauret et al. (1999) J. Environ. Monit. 1, 57-61. 
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In an anoxic world, sulfate is rare or absent and 

therefore unlikely to be preserved in the geological 
record. It is intriguing, therefore, that several sulfate 
deposits were formed during the Archean, period 
dominated by reducing conditions. Known Archean 
sulfate deposits occur as barite (BaSO4) associated 
with felsic volcanic rocks in Western Australia, India 
and South Africa at about 3.5, 3.4 and 3.2 Ga. How 
sulfate appeared in the oceans during the early 
Archean when oxidative weathering was absent 
remains unresolved. Does it reflect a period of unique 
conditions for the preservation of sulfate, an 
exceptional period of intense sulfate aerosol 
production, or an unexpectedly active biological 
sulfur cycle? 

 
In the present work, we performed SIMS analyses 

of the four sulfur isotopes in the 3.2 and 3.5 Ga-old 
sulfates from Mapepe (South Africa) and Dresser 
(Western Australia) Formations. This in situ approach 
allows us to investigate the diversity of Archean 
sulfate texture and isotopic heterogeneity with 
unprecedented resolution, and from then on to 
deconvolute the ocean and atmosphere Archean 
sulfur cycle. Our data define a bimodal distribution of 
δ34S values at ~ +5 and +9‰, which is matched by 
modern sulfate aerosols. The peak at +5‰ is 
associated with barites of different ages and host-rock 
lithology displaying a wide range of ∆33S between -
1.77 and +0.24‰. These barites are interpreted as 
primary volcanic emissions formed by SO2 
photochemical processes with variable contribution 
of OCS shielding in an evolving volcanic plume. The 
δ34S peak at +9‰ represents close to zero ∆33S 
barites with strongly negative ∆36S values, which are 
best interpreted as volcanic sulfate aerosols formed 
from OCS photolysis. Our results tend to support the 
view of a photochemical pathway, specific to the 
early reduced atmosphere, taking place near the point 
of volcanic emission. Moreover, we also identify 
variability within the Archean sulfate isotope record 
that suggests persistence throughout Earth history of 
photochemical reactions characteristic of the present-
day stratosphere (i.e. SO2 and OCS photolysis). 
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Clumped isotopes in carbonates have emerged to 

be a powerful proxy to determine the formation 
temperature of the environment in which the minerals 
formed [1]. However, exposing carbonate minerals to 
elevated heat and pressures can cause solid-state bond 
reordering and re-equilibration of the clumped 
isotope temperature signal [2], [3]. This process of 
solid state bond reordering within the lattice of 
carbonate minerals is not well understood because the 
effect of burial diagenesis and metamorphism on the 
carbonate clumped isotope composition are 
impossible to reproduce in laboratory experiments 
and natural study sites are rare. To better understand 
the process of solid state reordering of clumped 
isotopes in carbonates, we studied a profile in the 
contact metamorphic aureole of the Monte Monzoni 
intrusion in the Dolomites, Italy. This intrusion was 
emplaced in flat-lying, previously unmetamorphosed 
Permo-Triassic sediments, that mainly consist of 
siliceous calcitic rocks [4]. The temperature 
distribution in the contact aureole is well constrained 
from petrological studies and offer a thermal gradient 
from rocks that were exposed to nearly 800 °C to 
completely unmetamorphosed limestones [4], [5]. 
Our study on the clumped isotope composition of 
carbonate rocks influenced by contact metamorphism 
provide further insights on the temperature required 
for solid state reordering and on the so-called 
apparent equilibrium temperature recorded in the 
clumped isotope signal of carbonate minerals during 
cooling. The understanding of solid state reordering 
is crucial for the interpretation clumped isotope 
temperatures in ancient sediment rocks that have 
experienced higher temperatures due to burial 
diagenesis or heating from contact metamorphism. 

 
[1] Ghosh et al. (2006), GCA 70, 1439-1456. 
[2] Passey and Henkes, (2012), EPSL 351-352, 223-
236. 
[3] Stolper and Eiler, (2015), American Journal of 
Science 315, 363-411. 
[4] Gallien et al. (2007), Min. Pet. 91, 25-53. 
[5] Ferry et al. (2002), Contrib Mineral Petrol 142, 
679-699. 
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Siderite (FeCO3) is one of the most common carbon 
bearing minerals on Earth and consequently one of 
the most likely carbon bearing minerals to be 
subducted into the deep Earth. Many previous studies 
already confirmed the stability of siderite up to 
depths of the lower mantle and observed between 40 
and 50 GPa an electronic high spin to low spin 
transition [1, 2, 3, 4]. But there is a conflict regarding 
the mechanism of the spin transition since some 
studies observe with Raman spectroscopy a gradual 
spin transition over a pressure range and some studies 
observe with XRD a sudden spin transition. 
Furthermore the spin transition is accompanied by a 
color change from transparent (HS) to green (LS). 
This color change was observed in form of a 
transition front from HS to LS at 44 to 45 GPa [3].  
In order to check how the three observations from 
XRD, Raman spectroscopy and the color change 
combine, we measured Raman spectra along a 
transition front similar to the one previously observed 
[3] and checked whether this transition front is 
caused by pressure gradient or whether the spin 
transition is actually sharp.  
Our spectra indicate that there is only a very small 
pressure gradient. Furthermore, the Raman active ν1-
mode was calibrated against pressure in order to 
quantify the pressure gradient. We were able to see 
that the pressure gradient is only about 0.2 GPa along 
the transition front and therefore the spin transition 
might even be instantaneous. 
 
[1] Lavina et al. (2010) Phys. Rev. B 82, 064110. [2] 
Cerantola et al. (2015) Am. Min. 100, 2670-2681. [3] 
Lobanov et al. (2015) Am. Min. 100, 1059-1064. [4] 
Spivak et al. (2014) Phys. Chem. Minerals 41, 633-
638.   
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Laser-ablation systems coupled to inductively-
coupled-plasma mass spectrometers (LA-(MC-
)ICPMS) have - after pioneering work in the late 
1980s and 1990s – matured through the 2000s and 
have now arguably become the key microanalytical 
technique with wide-ranging applications. The 
success of LA-(MC-)ICPMS is due to the 
combination of sub-ppb detection limits, (highest 
precision) isotope capability, limited matrix 
dependency, relatively simple mass spectra owing to 
the high-temperature ICP-excitation source, limited 
sample preparation with no vacuum requirements and 
overall low capital cost. On the other hand, 
Secondary Ion Mass Spectrometry (SIMS) remains 
the method of choice for spatially-resolved isotope 
ratio analysis of the light stable elements (chiefly O, 
C).  

High spatial resolution analysis of fast growing 
environmental archives such as molluscs, 
speleothems, corals, teeth, ice cores etc. translates 
into very high achievable time resolution of various 
chemical or isotopic proxies, such that even daily 
resolution in geological ‘deep-time’ (i.e. pre-
Pleistocene) is now attainable. This enables an 
evaluation of the role of (sub-)seasonal shifts in 
climate transitions or palaeoecology. To be 
applicable, (palaeoceanic) proxies however require 
calibration through culturing experiments under 
controlled environmental conditions. Here again 
spatially-resolved analysis simplifies culturing via 
much shortened periods because even small growth 
segments can be analyzed and identified easily, 
especially if labelled in isotopically-enriched (e.g. 
135Ba) seawater.  

Even though ice cores may not appear as the 
obvious target of LA-ICPMS analysis, if (sub-)annual 
resolution of dust compositions as proxy of 
atmospheric circulation is desired, cryo-cell-UV-LA 
as pioneered at RHUL facilitates ~monthly resolution 
even in deep ice cores. This reveals the rapid and 
sustained shift in dust provenance within less than 
one year at natural abrupt climate change events.  

This presentation will showcase some of these 
applications on foraminifera, molluscs, teeth and ice 
cores and will conclude with an outlook towards 
outstanding issues for LA-MC-ICPMS.  
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Due to financial constraints in the material 

selection for geotechnical applications, especially in 
geothermal industry, corrosion has to be accepted as a 
necessary evil. Although commonly regarded as a 
pure engineering issue, it also has a strong 
geochemical aspect due to the complex chemistry of 
geothermal fluids, their corrosivity, and their scale-
forming potential. Scaling is a vaguely defined term, 
as it includes not only precipitates from the fluid, but 
also products that formed by ion release via 
corrosion. Often disregarded in existing studies, the 
strong interrelation between corrosion and scaling 
distinguishes geothermal environments from 
“conventional” corrosive environments. Two types of 
scales are of major relevance in geothermal 
utilization: Fe-carbonate (siderite) can often be 
observed in CO2-containing environments where it 
presents a diffusion barrier for the species involved in 
corrosion. It has been found to significantly slow 
down the corrosion process [1]. Mixed sulfides are 
also commonly found on metal substrates and known 
to incorporate naturally occurring radionuclides, such 
as 210Pb [2]. Given the relevance of scales, their 
formation under varying conditions has to be 
adequately researched. 

 
This research bridges the gap between corrosion 

science and geochemistry to establish an improved 
understanding of the behavior of commonly used 
mild steels and CrNiMo alloys subjected to synthetic 
“close-to-nature” environments at elevated 
temperatures (<250°C). But instead of prioritizing the 
macroscopic corrosion resistance, a special emphasis 
is laid upon the interfacial reactivity as a system 
behavior. Hydrothermal experiments in mixed-flow 
reactors with metal coupons will be conducted for 
varying durations with a constant flow rate of 0.5 
ml/min. Besides mass loss measurements, vertical 
scanning interferometry will be used in order to 
obtain a corrosion rate (masking of samples) and the 
type of corrosion, a critical factor in the material 
selection process. The newly-formed scales will be 
analyzed for their identity using SEM/EDX. 
Thickness measurements and element mapping will 
help to quantify the kinetic and understand the 
dynamic of scale deposition. The results improve the 
predictability of scaling on various metal surfaces. 
Due to the choice of experimental conditions, the 
results prove relevant for a wide range of 
geotechnical applications. 
 
 
[1] Mundhenk et al. (2013) Corr. Sci. 70, 17–28. 
[2] Scheiber et al. (2012) Proc. Stanford Geothermal 
Workshop. 
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The Khushuut Uul area is a part of the Khustai 

Nuruu National Park located ~100 km SW of 
Ulaanbaatar and famous for its Takhi (Przewalski's 
horse). The geological setting of the park area is not 
well established and lacks absolute age data for the 
main igneous rock types. The main aim of this study 
is to obtain U-Pb zircon age data for the Khushuut 
Uul pluton and its host Sugnugur Formation. The 
pluton is composed of 2 phases of granite, dikes and 
veinlets that intrude into the Sugnugur Formation. 
Rb-Sr isochron age of the Khushuut Uul pluton 
indicates 223.9±10.8 Ma with SrI ratio of 0.704904 
[1]. The Sugnugur Formation is composed of 2 
members of siliceous volcanogenic schist and 
sandstone-schist composition. The age of the 
formation is interpreted differently (Devonian, 
Precambrian and Silurian) during the various scale 
geological mapping works and latest work indicates 
Silurian age [2]. There are no absolute age data for 
the Sugnugur Formation.  

SHRIMP U-Pb zircon method is applied for this 
study and analysis have been done at the Beijing 
SHRIMP Center. Samples from the Khushuut Uul 
pluton show 213.7±1.9 Ma and 213.7±1.7 Ma ages, 
indicating Late Triassic.  Detrital zircons from the 
Sugnugur Formation give 350.1±4.7 Ma and 
346.5±3.8 Ma, which indicates Lower Carboniferous 
age. New U-Pb data for the pluton is consistent with 
previous Rb-Sr isochron age while the Lower 
Carboniferous age for the host rocks is a new finding.  
 
[1] Odgerel (2009). PhD thesis, (in Russian). [2] 
Dorjsuren et al., (2004).  GIC mapping report #7275 
(in Mongolian). 
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We investigate the mineralogy and crystal 
chemistry of a boulder (~20 cm diameter) sampled in 
the saprolite rocks of the Koniambo massif (New 
Caledonia), which reflects early stages of bed-rock 
weathering. A polished cross-section of the boulder 
reveals radial weathering profile. “Fresh” 
serpentinized-harzburgite is localized in the center 
(zone 1), while a gradually increasing alteration 
degree is observed from the center to the edge (zone 
2 to 3). Large-scale µXRF maps performed on the 
polished surface reveal a dense network of Ni-rich 
mineral veins in the external part of the boulder. Thin 
sections corresponding to the different alteration 
zones were characterized by optical microscope, 
electron microprobe (BSE, micro-analyses, X-ray 
maps), and Raman spectroscopy. In addition, Fe and 
Ni-K edge XANES spectra were collected in order to 
determine, respectively, the oxidation state and the 
speciation of these two cations. 

In zone 1, lizardite – most likely formed during 
oceanic hydrothermal alteration – is observed, 
including ~0.2 to 0.4 wt% of NiO and a ferric-to-total 
iron ratio (i.e., XFeIII) of ~0.5. In zone 2, oceanic 
lizardite is still observed, together with partially 
recrystallized/neoformed lizardite enriched up to ~1.5 
wt% of NiO ; XFeIII increases up to 0.6-0.7. Zone 3 
shows a dense network of phyllosilicate veins, mainly 
composed of three different types of lizardite with 
various chemical composition, i.e., 0.8 to 5 wt% NiO, 
and 0.4 to 2 wt% Al2O3. Petrological observations 
show a reactivation of the lizardite network through 
the precipitation of highly concentrated Ni-talk-like 
(kerolite) in the central part of the veins. A first 
generation concentrates nickel up to ~20 wt% NiO, 
which appears to be subsequently replaced by a 
kerolite vein with ~36 wt% NiO; both minerals are 
highly depleted in iron (0.4 and 0.1 wt%, 
respectively). XFeIII ranges from 0.8 to 1 in those 
veins, showing a clear correlation between the 
occurence of Ni-bearing phases and the XFeIII ratio in 
neoformed phyllosilicates. 
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Seismological studies suggest outstanding along-
strike variations in the slab geometry in the Andean 
subduction zone, with active volcanoes occurring 
where the angle of subduction is relatively steep 
(~25°), and with striking flat segments where there 
are no active volcanoes. Shallowing of the oceanic 
subducting plate has been associated to volcanic gaps 
as it should preclude an appropriate interaction of the 
subducting plate with an asthenospheric mantle 
wedge. Several field observations and models 
undermine current hypotheses and show that the 
related frame of plate tectonics is not complete: (1) 
Seismic activity at 100-120 km depth, apparently 
delineating flat segments of the subducting slab, 
should instead correspond to seismic activity in the 
continental mantle under terranes of abnormally low 
heat flux and radiogenic heat generation, as follows 
from thermal modelling and gravity data, together 
with rheological properties of fluid-saturated rocks; 
(2) In some areas where the slab dips “normally” 
there is a volcanic gap; (3) Magnetotelluric (MT) 
studies carried out by different researchers in the 
southern volcanic zone and in the volcanic arc of the 
central Andes show that resistivity distribution 
generally does not agree with the current hypothesis 
concerning the interaction of the subducting plate 
with the mantle wedge –instead, somewhat isolated 
zones, dyke-like structures or plumes of deep origin 
having low resistivity are encountered with little or 
no correspondence to the volcanic centres; (4) QP 
tomography in the northern-central Andes shows no 
indication of a fluid “curtain” from the descending 
slab in the fore-arc region as happens also in MT 
observations, though such fluid “curtain” is neither 
required nor contradicted by the MT responses; (5) 
MT imaging of the subducted plate in the Andean 
region generally gives complex and fuzzy patterns 
that differ from what is obtained in other regions 
(e.g., the Cascadia subduction zone); (6) The ordinary 
idea of relating the subduction of oceanic ridges to 
the formation of flat subduction zones is generally 
not in accordance with plate tectonic reconstructions 
of bathymetric impactors; (7) In Peru the area of 
present volcanic gap was subjected to relatively little 
volcanic activity also prior to ridge subduction –
instead, several volcanic centres were active at 6-4 
Ma at the region above the subduction of the Nazca 
Ridge; and (8) A thermochronological approach 
contradicts the proposal that the exhumation of the 
Pampean ranges is almost completely related to “flat-
subduction”. 
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 as observed in modern seafloor. On the other 
hand,  as observed in modern seafloor. On the other 
hand, samples from the in 3.2 Ga Pilbara Cleaverville 
Formation, Western Australia showed clear 
correlation between metamorphic assemblages in  
ocean-floor minerals and H/O isotopic compositions. 
The measured δD values are positively correlated 
with δ18O values and H2O content in response to 
metamorphic grade. These results indicate that the 
basalts from the Cleaverville Fm. preserve original 
isotopic ratio acquired from the 3.2 Ga seawater. 
Based on the results, we estimate that 3.2 Ga 
seawater was depleted in deuterium by more than 
20‰ compared to modern seawater. To obtain 
secular variation, further analysis with more rigorous 
criteria for sample selection is nessesary. 
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Elucidating the origin of the deposits can provide 
a crucial key constraint in exploration for new 
mineral deposits. For epithermal deposits, it is 
commonly considered that ore-forming fluids 
originated from hydrous magmas and/or created by 
circulation of the meteoric water within the shallow 
crust play an essential role. The previous 
mineralization models have been proposed on the 
basis of isotopic study of relatively light elements 
(e.g., H and O) in ore-forming fluid [1]. However, 
recent isotopic studies on heavy metals (e.g., Pb and 
Nd) suggest the involvement of another important 
component, i.e., slab-derived fluid, to the formation 
of epithermal ore deposits [2]. 

In order to detect direct information of source of 
metals contributing to the formation of epithermal 
gold deposits, we study Pb isotopic compositions of 
sulfide ores from the Hishikari and Akeshi gold 
deposits both in Kagoshima, Japan. Analytical results 
suggest that some ore samples are consistent with the 
previous ore-forming model indicating shallow fluid 
circulation. However, several ore samples imply that 
slab-derived fluid contributes to mineralization of 
hydrothermal ore deposits as was recently suggested 
[2]. The relationship between Pb isotopic ratio and 
the Au concentration also suggests that both the bed 
rock and the slab-derived fluid contribute to the Au 
mineralization. 
 
[1] Hedenquist and Lowenstern (1994) Nature 370, 
519-527.  
[2] Fujinaga et al. (2013) GEOFLUID 3. 



Goldschmidt Conference Abstracts 2191 

Investigation of analysis 
methods for sulfur compounds 
and their isotopic compostions 

in soils and sediments 
H. MURANO1*, Y. YAMANO1, N. SUZUKI1, M. 

YASUDA1, R, ASANO2, A. HAYAKAWA2 AND T. 
ISOI1 

1Meijo University, Nagoya 468-8502, Japan 
(*correspondence: murano@meijo-u.ac.jp) 

2Akita Prefectural University, Akita 010-0195 Japan 
 
Sulfur-quantitative and isotopic analyses 

We investigated the analysis methods for sulfur-
compounds quantification and their isotopic 
compostions. The investigated methods showed high 
recovery rates.  

We have studied geochemical cycles of nitrogen, 
phosphorus and sulfur in sediments, and our results 
show that sulfur compounds are involved in the 
cycles of nitrogen and pohosphorus in sediments. 
Various quantitative and isotopic analyses methods 
have been proposed. We sought to apply those 
methods to those sulfur quantification and isotopic 
compositions. However, more mature technique is to 
be needed to get high yeild. Therefore, we tried to 
reconstruct improved method based on the previous 
methods proposed by Nriagu and Soon [1], Rice et al. 
[2] and Canfield et al. [3]. 

 
Results and Discussion 

Acid volatile sulfide, elemntal sulfur, pyrite-S 
and ester sulfate were sequentially extracted by the 
various methods described above, and the methods 
that yielded highest recovery rates are summrized in 
Table 1. Each previously proposed method could not 
be applied to all sulfur compounds. Thus, we 
reconstructed the methods that could be handled 
without high experience, by taking advantage of the 
strong points in previous works[1-3]. We would like 
to discuss in this conference if there is any other 
simpler method which will yield higher recovery 
rates. 

 
Table 1: Sulfur recovery rates from chemical 
reagents by our improved methods 
Upper letters indicate the referred methods. 
 
[1] Nriagu and Soon (1985) Geochim. Cosomochim. 
Acta 49, 823-834. [2] Rice et al. (1993) Chem. Geol. 
107, 83-95. [3] Canfield et al. (1986) Chem. Geol. 54, 
149-155. 

Compounds Methods Recovery rates 
(%) 

AVS Heat with SnCl2 and HCl[2] 116 
Elemental S Acetone extraction[1][2] 91 
Pyrite-S CrCl2 reduction[3] 115 
Ester sulfate-S HI reduction[1] 64 
Total S Eschka fusion[1][2] 128 
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The northeastern Arabian Sea is characterized by 

a widespread midwater oxygen minimum zone 
(OMZ), between 80 to 1300 m, with oxygen 
concentrations reaching values of <0.05 mL/L-1 at 
present [e.g. 1, 2, 3]. In particular, biogenic particle 
fluxes in this region have experienced large seasonal 
changes due to strong Indian monsoonal winds in 
summer and winter. Here we report carbon and 
nitrogen isotope data for a sediment core (ER-4; 
W.D. 3,550 m) collected from topographic high in 
this region. Synchronous downcore variations in the 
δ15Norg. record, which are explained by regional 
changes in the isotopic composition of subsurface 
nitrate, and hence denitrification were found. 
Moreover, these variations are synchronous with 
Indian monsoon changes during the glacial-
interglacial cycles, thereby establishing a link with 
global climate. We discuss that these climate linked 
variations in this region that are likely to have 
experienced marine biogeochemical cycles during the 
Late Quaternary.  

 
[1] Altabet et al., (1999) Paleoceanography, 14, 732-
743. 
[2] Govil and Naidu (2010) Paleoceanography, 25, 
PA1210 
[3] Kao et al., (2015) Biogeosciences, 12, 1–14. 
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Uranium (U) isotopes are a relatively new and 

promising tracer for reconstructing past oxygenation 
in the ocean. The fractionation of U is strongly 
controlled by changes in redox, whereby the heavier 
isotope is preferentially enriched in organic-rich 
sediments under anoxic conditons. 

The Cenomanian–Turonian Ocean Anoxic Event 
2 (OAE 2) at about 93.5 Ma is characterised by high 
atmospheric CO2 and global warming, enhanced 
silicate weathering and widespread deposition of 
organic-rich black shales under anoxic conditions 
associated with global perturbations in the carbon 
cycle. 

Although organic matter burial is linked to 
changing redox conditons in the oceans, recent 
studies have highlighted the potential for basin-scale 
factors to override the global signal [1]. Furthermore, 
the distribution of redox conditions in the global 
oceans at this time remain poorly constrained. 
 Here we present high-resolution uranium isotope 
(δ238U) records of organic-rich mudrocks from the 
Western Interior Seaway (USA) from two intervals 
spanning OAE 2 to assess potential local versus 
regional and global redox changes and elucidate the 
chemical evolution of the oceans at this time 

We compare these new δ238U records with other 
published records from the same interval from the 
proto-North Atlantic Ocean, and other periods of 
organic-rich mudrock deposition to assess the nature 
and extent of global ocean oxygenation during 
periods of extreme climatic perturbation.  

 
[1] Eldrett, Minisini and Bergman (2014), Geology 
42-7, 567-570. 
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Although much is known about the biotic 

degradation pathways of chlorinated solvents, 
application of the degradation mechanism at the field 
scale is still challenging [1]. There are many 
microbial kinetic models to describe the reductive 
dechlorination in soil and groundwater, however none 
of them have a degree of accuracy suitable for 
engineering purposes [2]. The objective of this 
project is thus to advance models of plume scale 
transport of chlorinated solvents in order to simulate 
state of the art field data. 

The studied case is located at Fladehøjvej 1, 
Rødekro in Southern Denmark. PCE has leaked from 
a dry cleaning facility, and a 2 km plume extends 
from the source in an unconfined aquifer of 
homogenous fluvio-glacial sand. The area has 
significant iron deposits, most notably pyrite, which 
can abiotically degrade chlorinated ethenes. The 
source zone underwent thermal (steam) remediation 
in 2006; the plume has received no treatment. The 
evolution of the site has been intensely documented 
since before the source treatment. This includes 
microbial analysis – Dehalococcoides sp. and vcrA 
genes have been identified and quantified by qPCR – 
and dual carbon-chlorine isotope analysis [1]. 

This work combines batch and transport models 
using the software FeFlow and PHREEQC to model 
chlorinated ethene degradation at the Fladehøjvej site. 
The dechlorination element of the model is 
incorporated as monod-kinetic reactions [3]. The 
simulation will also account for the effect of 
competition for hydrogen as an electron donor with 
bacteria that utilize other electron acceptors [4]. 

At the time of the conference, the model 
developments will be presented. The results will 
increase the understanding of complex degradation 
processes within chlorinated solvent plumes. 
 
[1] Hunkeler, et al. (2011) J. Contam. Hydrol. 119. 
[2] Chambon, et al. (2013) Biotechnol. Bioeng. 110. 
[3] Malaguerra, et al. (2011) Env. Sci. Tech. 45. [4] 
Shani, et al. (2011) Env. Sci. Tech. 47. 
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We imaged chalk samples from the North Sea 
Basin using ptychographic X-ray tomomography 
(PXCT)[1, 2] at 21 nm voxel size (optical resolution 
~60 nm). After preprocessing the 3D data, i.e. 
filtering, segmentation and meshing [3, 4], small 
subvolumes (1003 voxels) of the full data set were 
imported into finite element (FE) software [5] and a 
tensile simulation was made to determine Young’s 
modulus.  

Figure 1: Finite element simulations for effective 
Young’s modulus showing good agreement with 
literature data. 

Figure 1 shows the dependence of the effective 
Young’s modulus on porosity, derived from our FE 
simulations. For comparison, a fit to published 
experimental data, [6] determined by classical 
macroscopic methods, is also shown for a comparable 
sample. Except for the very low porosity region 
(porosity < 10%), the simulation data scatter near the 
literature curve. This is quite remarkable because the 
volumes in the simulations are a factor of 109 smaller 
than in the experiments (core plug testing). The 
results demonstrate that this approach on the 
nanoscale can be used to derive meaningful elasticity-
porosity relationships [7] which can be scaled from 
the nanometre to the centimetre (laboratory) scale and 
probably beyond. 

[1] Dierolf et al. (2010) Nature 467, 436-482 [2] 
Holler et al. (2014) Sci. Rep. 4, 3857 [3] Müter et al. 
(2012) Comp. & Geo. 49, 131-139. [4] Müter et al. 
(2014) Appl. Phys. Lett. 105, 043108. [5] Maas et al. 
(2012) J. Biomech. Eng. 134, 011005. [6] Allison 
(1987) Geo. Soc. Spec. Pub. 9, 63-69. [7] Sørensen et 
al. (2016) in prep. 
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Kenya is the African leader in geothermal energy 

development and most of this resource is located 
within the Hells Gate National Park and therefore 
environmental mitigation is of utmost importance. 
This development can have numerous impacts which 
if not managed, can be environmentally unfriendly. 
Geothermal utilization can cause surface 
disturbances, physical effects due to drilling, noise, 
chemical discharge, solid waste, emission of non-
condensable gases and thermal effluents. This 
directly affects both the neighbouring communities 
and the wildlife. The environmental impacts can be 
mitigated by using measures such as plant overhauls, 
equipment replacements and periodical cleanings 
within the facility which usually result in many 
wastes like oils, cooling tower fills, metal wastes that 
need to be well managed. Reducing the drill pad 
sizes, monitoring of noise emissions at sensitive 
receptor sites, monitoring of NCGs such as hydrogen 
sulphide gas, carbon dioxide, rehabilitating the dug 
up areas by planting grass and trees and putting in 
place monitoring programs for re-vegetation patterns. 
The new Environmental Management and Co-
ordination Act 1999, requires KENGEN to put in 
place more effective Environmental Management 
System (EMS) to be compliant with all national and 
international environmental standards. The aim of 
this paper is to update the reader on the geothermal 
environmental impacts, management measures in 
place and mitigation options that we should put in 
place. 
 
 [1] Sinclair Knight and Partners. (1994). 
Environmental assessment report for Northeast 
Olkaria Power Station Development Project. [2] 
Ármannsson, H. (1997). The most important 
environmental effects of geothermal exploitation. 
Orkustofnun. Annual General Meeting Report. [3] 
Brown, K.L. (1995). In: Brown K.L. (Convenor). 
Environmental Aspects of Geothermal Development. 
World Geothermal Congress1995, IGA pre-congress 
course, Pisa, Italy pp. 39-55. 
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The Ursk tailing located in the northern Salair 
Ridge (Russia) and stores wastes of pyritic primary 
ore and ore from the weathering profile. Fe-Al-SO4 
acid mine drainage with contents Zn (11 ppm), Cu 
(2.5 ppm), Se, (0.44 ppm), Hg (11.4 ppb), Pb (0.11 
ppm), Ag (0.3 ppb), Au (1.2 ppb) and unfixed wastes 
influence to natural swampy peat ravine located 
below them [1]. Enriched zones in peat were formed 
due to Zn, Hg, Se, Au, Ag reprecipitation [2]. 
Mineral association was studied by SEM (MIRA 3 
LMU) and by TEM (JEM-2010) in enriched peat.  

Mercury selenide exists as hollow tubes of 
tiemannite with Zn (0.4 wt.%) and Ag (0.1 wt.%) 
partially. Sulfides of Zn and Hg form practically a 
continuous series of miscibility HgS-ZnS and belong 
to group of metacinnabar and sphalerite respectively. 
Sulfides of Zn occur as fine-grained, fluffy 
aggregates or as spherules where impurities of Fe, 
As, Pb and Cd were identified in their study. Sulfides 
of Hg form a complex mixture with various amounts 
of Zn, Cu, Se, Ag, I, being as very fine-grained 
segregations, spherules and covers the cells of 
microorganisms. The Se impurity is present in 
sulphides both of Zn and of Hg, but the most high is 
in the latter, showing a metacinnabar-tiemannite 
miscibility series. Probably Hg and Zn sulfides 
produce a thin coalescence, as revealed by TEM. The 
case with Ag and other impurities is similar. An 
iodargyrite (AgI) was found.  

Impurity of Cu (9 wt.%) was established in Au0 
particles as previously [2], but also Ag (2.9 wt.%), 
Hg (5 wt.%) and Pb (3 wt.%) exist in them. It is 
difficult to determine Au and listed elements 
relationship due to skimpy Au0 size. Nanoparticles of 
Au0 make a combined aggregates with colloform 
sulfides of Hg, Zn and AgI, being on their surface. It 
is suggested that biogenic H2S is formed; Au-
thiosulfate complexes are destroyed due to sulfate-
reducing micro-organisms under peat anaerobic 
conditions. As a result Au is reduced and 
reprecipitated as "new" Au0. Visible Au associates 
with Fe(III) hydroxides and invisible – with sulphides 
of Hg and Zn (metacinnabar, sphalerite) and AgI.  

Field study was supported by RFBR 15-35-
21024, 14-05-00668, mineralogical research – RSF 
15-17-10011. 

[1] Myagkaya, I.N., et al., J. of Geochem. Explor. 
(2016a) 160, 16-30. [2] Myagkaya, I.N., et al., J. of 
Geochem. Explor. (2016b) 165, 8-22. 
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The New Caledonia is one of the world’s largest 

sources of nickel from laterites, formed on olivine-
rich ultramafic rocks. Lower Ni concentrations are 
present at the top of the limonite zone, throughout 
which they are increasing and peaking in the 
saprolite. Knowledge of the elements mobility and its 
controlling factors appears to be a key point to 
understanding the Ni mineralization and zoning in 
laterites.  

The lateritic soil development due to meteoric 
water flow was modelled using reactive transport in 
PHREEQC. Dissolution of olivine in the column was 
assumed to be kinetically controlled, while 
dissolution/precipitation of secondary minerals 
(ferrihydrite, gibbsite, Mg talc-like, Ni talc-like, Mg 
sepiolite, Ni sepiolite, quartz, saponite) are 
considered to occur according to local equilibrium. 
Ni mineralization was considered as due to both 
sorption of Ni on ferrihydrite charged surfaces and 
precipitation of Ni-bearing minerals.  

The Ni deposits are moving by the action of 
ground water and governed by migration of pH front. 
Whilst the iron has been oxidized, the nickel remains 
divalent and is somewhat mobile, more so than iron, 
less so than magnesium. Transport of Ni is retarded 
compared to water migration by sorption and 
precipitation of Ni-bearing silicates, which are being 
functions of pH and Ni concentration. Subsequent 
decrease of pH due to dissolution of olivine leads to 
both decrease of a charge of oxide surfaces and 
dissolution of previously formed silicates. It causes 
release of previously sorbed on ferrihydrite as well as 
precipitated in form silicates Ni into porewater and 
following redeposition beneath, under the form of Ni-
silicates or re-adsorption. This redistribution of Ni in 
between iron oxi-hydroxides and silicates defines the 
Ni laterite mineralization and is closely tied to 
hydrology of the weathering profile. Thus, the 
calculations were performed for two different 
residence times of solution in a cell, leading to either 
advection- or reaction-dominated flow regime and, 
consequently, difference in thickness and Ni content 
of goethite. This kind of studies is thus to be 
considered as a useful tool to improve the 
understanding of Ni-zoning and different factors 
governing the process of lateritization of ultrabasic 
rocks. 
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Arsenic (As) is thought to be abundant and 

important to microbial life in the Archean, yet little 
evidence of its journey through ancient sedimentary 
environments is preserved in the rock record [1-4]. 
Arsenic was observed in shallow marine sediments 
from a 3.26 Ga outcrop in the Fig Tree Group of the 
Barberton Greenstone Belt. Outcrop and cm-scale 
patterns show As was introduced and mineralized 
early. Handheld XRF measurements show the highest 
[As] in ferruginous cherts and Fe-rich pebbles in an 
overlying fan-delta conglomerate. These cherts and 
conglomerates were connected by shallow vents now 
preserved as black chert dikes, providing an avenue 
for fluid recycling between the very reduced 
subsurface and the more oxidized sediment-water 
interface, enabling redox sensitive As, Fe, and S to 
accumulate. Patterns of Fe, As, and S in pebbles were 
examined using μ-XRF, Raman, and As K-edge 
XANES. Arsenic is preserved as arsenopyrite 
(FeAsS) and spatially associated with hematite 
(Fe2O3) in pebbles that underwent a post-depositional 
or early diagenetic reduction step. Arsenic lines pre-
erosional surfaces, laminations, and early veins 
within pebbles. These observations are best explained 
by the introduction of As during deposition or very 
early diagenesis, before silicification. We propose 
that As was introduced as As(III) or As(V) by 
adsorption to amorphous Fe-oxide phases during 
sedimentation. Following deposition partial microbial 
reduction of Fe(III), SO4

2-, and As(V) led to early 
mineralization as microcrystalline FeAsS, a process 
known to occur in modern reducing and arsenic-
contaminated aquifer sediments [5]. We conclude that 
early As mineralization is essential to its preservation 
in Archean environments. These results indicate that 
a complete biogeochemical As redox cycle was active 
in the Archean ocean, having major implications for 
Archean microbial activity and evolution. 
 
[1] Duval et al. (2008) BMC Evol. Biol 8, 1-13. 
[2] Kulp et al. (2008) Science 321, 967-970. 
[3] Lebrun et al. (2003) Mol. Biol. Evol 20, 686-693. 
[4] Oremland et al. (2009) Geomicrobiol. J 26, 522-
536. [5] Saalfield & Bostick (2009) ES&T 43, 8787-
8793. 
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The atmospheric cycle of phosphorus (P) is 

parameterized in a global 3-D chemistry-transport 
model by taking into account the primary emissions 
of total (TP) and dissolved P (PO4) associated with 
dust, sea-salt, bioaerosols and combustion particles of 
anthropogenic and natural sources, accounting also 
for the organic P fraction. Mineral sources contribute 
about 80% to the TP source. Proton-promoted 
dissolution fluxes of P-contained in dust are 
calculated at about 15% of the global PO4 
atmospheric source. The calculated annual deposition 
flux of PO4 presents strong spatial and temporal 
variability with about 30% occurring over the ocean. 
Sensitivity simulations based on anthropogenic and 
biomass burning emission scenarios indicate 
significant changes in the PO4 deposition in the last 
150 years and project smaller changes in the future. 
Present day simulations of atmospheric P aerosol 
concentrations and deposition fluxes are satisfactorily 
compared with available observations, thus, 
providing confidence to the model results. The results 
are presented and implications of the findings for the 
ecosystem functioning are discussed. 

 
Correspondence to: S. Myriokefalitakis 
(stelios@uoc.gr); M. Kanakidou (mariak@uoc.gr) 
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Carbon solubility mechanisms in melts and fluid 

and C isotope partitioning within and between melts 
and fluids in alkali aluminosilicate – C-O-H systems 
under oxidizing and reducing conditions have been 
determined experimentally to aid our understanding 
materials transport processes in the Earth. The 
experimental data were recorded while the fluids and 
melts were at equilibrium in a hydrothermal diamond 
anvil cell at temperatures and pressures to 850˚C and 
>1300 MPa and controlled redox conditions. 
Vibrational spectroscopy was used for structural 
determination and to determine  carbon isotope 
fractionation within and between coexisting melt and 
fluid. 

 The solution equilibria were (1) 
2CH4+Qn=2CH3

-+H2O+Qn+1 and (2) 2CO3
2-

+H2O+2Qn+1=HCO3
-+2Qn, under reducing and 

oxidizing conditions, respectively, and where the 
superscript, n, in the Qn-species denotes number of 
bridging oxygen in the silicate species (Q-species). 
The abundance ratios, CH3/CH4 and HCO3

-/CO3
2-, 

increase with temperature. The enthalpy change 
associated with the species transformation differs for 
fluids and melts and also for oxidized and reduced 
carbon (Reducing: ∆H(1)

fluid = 16±5 kJ/mol, ∆H(1)
melt = 

50±5 kJ/mol; oxidizing ∆H(2)
fluid=81±14 kJ/mol). For 

the exchange equilibrium of CH4 and CH3 species 
between fluid and melt, the temperature-dependent 
equilibrium constant, (XCH4/XCH3)fluid/(XCH4/XCH3)melt, 
yields ∆H=34±3 kJ/mol [1]. The carbon isotope 
fractionation factors, α, between melt and fluid differ 
from 1 even at magmatic temperatures and are 
governed by these equilibria and can be fitted to 
functions of the form ln α = a+b/T. For example, the 
∆H derived from such fits equals 3.2±0.7 kJ/mol and 
9.5±0.8 kJ/mol for the 13C/12C fractionation under 
oxidizing and reducing conditions, respectively. From 
such experimental data, it is suggested that δ13C-
differences between coexisting (CO2+H2O) fluid and 
silicate melts in the upper mantle increases from 
about 40 to > 100 % and with reduced CH4+H2O+H2 
by > 100% in magmatic temperature ranges. 
Temperature, therefore, during melting and 
crystallization is an alternative with which to explain 
C isotope variations in mantle- derived magma.  
 
[1] Mysen, (2015) Amer. Mineral 100, 872-882. 
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In the Earth's uppermost asthenosphere 

corresponding to the seismic low-velocity zone (70-
220 km) is generally characterized by high electrical 
conductivity, and small amount of carbonatite melt 
can explain the electrical conductivity. Prof. Dan 
McKenzie speculated that the asthenosphere melt is 
strongly enriched in incompatible elements and is 
ultrapotassic. Candidate of the asthenosphere melt 
has been found as brine inclusion in kimberlitic 
diamond, but highly chlorine nature suggest brines 
closely resemble to melts from subducted sediments.  

In this study, we document another candidate for 
the asthenosphere melt from orogenic garnet 
peridotite from the south Bohemia, Moldanubian 
Zone of the Bohemian Massif. As this peridotite was 
derived from the great depth (>100 km), it has a 
chance to record the melt at the top of asthenosphere. 
The South Bohemian peridotite (SB peridotite) was 
recrystallized to garnet lherzolite assemblage at ca. 
2.9 GPa and 950 °C, but it was originally stable in the 
stability of diamond (>4 GPa) evidenced by 
“ultrahigh-pressure (UHP) chromite” in garnet. Such 
UHP chromite grains ubiquitously contain multiphase 
solid (MS) inclusions, mainly consisting of aggregate 
of phlogopite, dolomite and apatite with minor 
priderite. The reconstructed melt composition of MS 
inclusions is ultrapotassic dolomitic carbonatite and 
is characterized by high LILE (Rb, Ba, Th, U), high 
K2O/Na2O ratio~100, (Ce/Yb)N >100, and negative 
anomalies in Zr and Ti.   Such   an   ultrapotassic  
carbonatite   can   be   formed   from   the   primitive  
mantle  by  low  degree  of  partial  melting  (~0.1  %)  
and  is  served  as  a  candidate  for  the  asthenosphere  
melt. 
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Interactive evolution of inorganic and organic 

materials in the presence of water is one of top theme 
of planetary science specifically with an interest to 
the origin and evolution of life in the outer solar and 
exoplanetary system. Interplanetary dusts (IDPs) are 
so far the most extensively studied material that keep 
records of chemical reaction at low temperatures. 
Antarctic micrometeorites (MMs) recently found in 
the vergin ice of the Antarctic keep more primitive 
records due to survival of high temperature at the 
time of the atmospheric entry. We have cariied out a 
systematic study on seven highly primitive MMs with 
SEM, TEM, XANES, and SIMS and found a 
systematic evolution and interaction at low 
temperatures. 

The seven MMs were collected from ~400kg 
snow, and they were prepared for further observation 
without using epoxy.  We have recognized three 
evolutionary stages; Stage I is the stage where 
inorganics, such as GEMS and olivine and pyroxene 
crystals, do not suffered any reactions. Only organic 
materials changes from carboxyl functionality-rich to 
aromatic functionality-rich chemistry, wich would be 
helped by the presence of a small amout of liquid 
water, and the former often have D- and 15N-
enrichments. Stage II is characterized by aqueous 
alteration of inorganic materials, where Fe metal 
disapper and altered GEMS and Fe-phyllosilicate are 
formed. At stage III, olivine and pyoroxene disappear 
and Mg-phylllosilicates and carbonates are formed, 
which was possible in the presence of C-bearing 
liquid water. The source of C can be ice and orgnics. 

On the basis of previous experiments on the 
aqueous reaction of amorphous silicate (Nakamura-
Messenger et al., 2011), the conditions of aqueous 
alteration are estimated to be short and at around zero 
degree C, suggesting that the early stage of aqueous 
alteration of organic and inorganic materials took 
place instantaneously and heterogeneously, which 
was possible by a shock in a comet or icy body.  The 
highly porous nature of comets by recent Rosetta 
mission strongly supports the environments estimated 
in the present work. 
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 About ten days after the Fukushima Daiichi 

Nuclear Power Plant (F1NPP) accident, the Marine 
Ecology Research Institute started a seawater 
sampling program for an environmental radioactivity 
monitoring study [1]. Recently, we had an 
opportunity to handle backup seawater samples 
collected during those sampling cruises. We 
measured 137Cs and 129I activities in the seawater 
samples to obtain information on the early stage of 
dispersion of radionuclides released from F1NPP 
accident.  

The seawater samples were collected at stations 
located 30-60 km off the coast from the F1NPP 
(37.4˚N 141.0˚E) during YK11-E02 cruise in 3-7 
May 2011. The seawater samples were acidified by 
adding nitric acid and stored. The 137Cs activities in 
the seawater samples were measured with well-type 
HP-Ge detectors [2]. The counting samples were 
prepared by evaporation to dryness and ammonium 
phosphomolybdate (AMP) method for 0.1 and 10 L 
of seawater samples, respectively. 129I in the seawater 
samples were purified by solvent extraction method 
and the concentrations were measured by AMS at 
MALT (Micro Analysis Laboratory, Tandem 
accelerator), the University of Tokyo [3]. 

The 137Cs activities in the surface water samples 
were 1.5-14, 0.1-1 and 0.8-6 Bq/L in the north (37.6-
37.8˚N 141.1-141.4˚E), the east (37.0-37.5˚N 
141.4˚E) and the south (36.9-37.0˚N 141.1-141.3˚E), 
respectively. The 129I activities in the surface water 
samples were 840-4800, 2.7-260, and 58-300 nBq/L 
in the north, the east and the south, respectively. In 
the north, the 129I/137Cs activity ratios were (0.3-0.6) × 
10-6.  Since these values are comparable to the core 
inventory ratio, 0.29 × 10-6 [4], the seawater in this 
area contain directly discharged water from F1NPP. 
In the south and the southern part of the east (37.0-
37.3˚N), the 129I/137Cs activity ratios were <0.1 × 10-6. 
which means contribution of 129I depleted material 
processed on land to these areas. 

 
[1] S. Oikawa et al. (2013) Biogeosciences 10, 5031-
5047. 
[2] Y. Kumamoto et al. (2014) Sci. Rep. 4, 4276. 
[3] H. Nagai et al. (2015) Nucl. Instr. Meth. B 361,  
680-684. 
[4] K. Nishihara et al. (2012) JAEA-Data/Code 2012-
018, Japan Atomic Energy Agency. 
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Accurate detection of spatio-temporal variability 

such as plant phenology (seasonal changes) and land 
cover changes is important task to evaluate the 
spatio-temporal variability of ecosystem functions 
and services and biodiversity under climate changes. 
Towards this aim, near-surface and satellite remote-
sensing observations are useful from plot to global 
scales with a high spatio-temporal resolution. 
However, from the ecological research viewpoint, 
remote-sensing observations have not yet been 
sufficiently validated by in situ observed data and 
collected sufficient ecological interpretations. Here, 
(1) we have conducted the "Phenological Eyes 
Network" (PEN; http://www.pheno-eye.org) [1], 
which mainly performs daily phenological 
observations by using time-lapse digital cameras and 
spectroradiometers, in various ecosystem sites from 
Pan-Arctic to tropical regions; (2) we validated the 
phenological observations by near-surface and 
satellite remote-sensing; and (3) based on the ground-
truth, we developed the algorithm for detecting the 
timing of start and end of growing season and land 
cover changes by analyzing daily satellite-observed 
vegetation index data. In this presentation, we review 
and discuss the usability, uncertainty, problems, and 
outlook of remote-sensing observations through 
studies of PEN. 
 
[1] Nasahara & Nagai (2015) Eco Res 30(2), 211–
223. 

 



Goldschmidt Conference Abstracts 2207 

Mo isotope evidence for distinct 
isotope reservoirs in the early 

Solar System 
YUICHIRO NAGAI1, TETSUYA YOKOYAMA1 

1Department of Earth and Planetary Sciences, Tokyo 
Institute of Technology 
(yuichiro.nagai@geo.titech.ac.jp) 

 
Isotope anomalies in bulk meteorites have been 

thought to reflect complicated physicochemical 
histories in the early Solar System. Recently, 
carbonaceous chondrites was found to be 
discriminated from the other meteorites using the 
ε50Ti–ε54Cr and Δ17O–ε54Cr diagrams [1], suggesting 
the existence of isotopically distinct source materials 
which have differently accreted on individual 
meteorite parent bodies. Mo is one of the promising 
elements for understanding the source materials and 
the processes that occurred in the formation regions 
of meteorite parent bodies. Although previous studies 
on Mo isotope anomalies primarily focused on 
carbonaceous chondrites and iron meteorites [2], the 
paucity of data for the other types of meteorites 
hinders the full evaluation of the existence of the 
distinct reservoirs for Mo in the early Solar System. 
Here we determine Mo isotope anomalies in ordinary 
chondrites, rumuruti chondrites, and iron meteorites 
with high precision N-TMIS technique [3]. 

In the µ95Mo–µ94Mo diagram, Mo isotope data 
for O- and R-chondrites, and iron meteorites 
(excluding IVB) are plotted on the mixing line 
between the terrestrial component and the s-process 
endmember defined by a nucleosynthetic model [4]. 
By contrast, the data for carbonaceous chondrites [2] 
and IVB irons examined in this study are plotted on 
the mixing line between the terrestrial component and 
the data for presolar SiC. The distinctive trends for 
non-carbonaceous meteorites imply that multiple 
nucleosynthetic components other than presolar SiC 
have contributed to non-carbonaceous meteorites, and 
that the assemblage of presolar materials in the 
source materials for carbonaceous chondrites and 
non-carbonaceous meteorites are different from each 
other. This is most likely caused by the spatial 
difference of individual reservoirs, rather than the 
difference of their formation ages. One possible 
scenario is that thermal processing acted differently 
on the early Solar System materials dependent on the 
distance from the young sun and the oxidized 
conditions in each reservoir. Alternatively, injection 
of a nearby supernova and subsequent size sorting of 
grains containing nuclides synthesized by the r-
process and p-process might have produced the 
distinctive trends. 
 
[1] Warren, P. H. (2011) EPSL, 311, 93. [2] 
Burkhardt C. et al. (2011) EPSL, 312, 390. [3] Nagai 
and Yokoyama (2016) JAAS, in press. [4] Bisterzo et 
al.(2014) ApJ, 787, 10. 
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It is important to elucidate the short-term and 

long-term impacts of the Fukushima Dai-ichi Nuclear 
Power Plant accident on coastal marine 
environments. This study investigated the spatial 
distribution of 134Cs and 137Cs in the coastal marine 
sediment off the Abukuma River, running through the 
Naka-dori in Fukushima Prefecture, Japan under the 
funded research from Nuclear Regulation Authority of 
Japan. Field experiments were conducted during 
October 2013-January 2014 and August 2014- 
January 2015. The surface sediment samples were 
collected once a month by a multiple-corer and 
sectioned as follows: 0-3, 3-10 and 10-20 cm depth. 
The radioactivity of 134Cs and 137Cs was measured 
using gamma-ray spectrometry with low background 
Ge detectors. The cascade summing effect was 
corrected for 134Cs using a contaminated soil sample 
from Fukushima. Decay correction of radioactivity 
for 134Cs and 137Cs was done at each sampling date. 

Radioactivity of 134Cs and 137Cs ranged from 42 
Bq/kg-dry sediment to 1800 Bq/kg and from 132 
Bq/kg to 5880 Bq/kg, respectively. Water content 
also varied spatiality and temporality. However there 
is a positive correlation between the radioactivity and 
water content. The results indicate that transport of 
fine particles associated radiocesium is one of 
important factors controlling the variations in 
radioactivity of 134Cs and 137Cs in surface sediments. 
The vertical profile also varied with site, depending 
on the sediment feature, that is profile of silt and 
sandy sediment layers. The radiocesium inventory 
shows decreasing trend with increasing time at 
offshore sites during the sampling period because of 
the decrease in the thickness and readiocesium 
inventory for the surface silty sediment. These results 
suggest that surface silty sediments with radiocesium 
are re-suspended and remobilized by heavy rain and 
strong wind events such as typhoon and winter rough 
weather during the sampling periods. 
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Recently, zircon U-Pb ages using single grains 
have been successfully applied to estimate the 
provenance of Loess sediments in China. However, 
its adaptation is limited to the areas adjacent to the 
deserts because the zircon is preferentially removed 
from the air due to its high density, whereas the 
methodology using a single-grain sample is highly 
valued for the most diagnistic way to trace the 
provenance. In this study we developed a new 
provenance tracing method by means of 
cathodoluminescence (CL) of single quartz grains, 
which is widely applicable to the dust-fall samples, 
marine sediments, and ice cores far from the Asian 
deserts.  

The CL spectroscopy easily detects crystal-
chemical features in quartz, such as impurities and 
native imperfections (e.g. vacancies, self-interstitials, 
and dislocations) with high-spatial resolution of a few 
micrometers. The type and amount of such 
impurities/imperfections change depending on the 
conditions of its formation (e.g. igneous, 
hydrothermal and diagenesis origins) and geological 
background after the formation (e.g. metamorphic 
pressure and temperature).  Therefore, the CL 
characteristics of quartz vary with the host rocks with 
different origins, suggesting a benefit to be used for a 
provenance study. Systematic CL analysis was 
intended for quartz grains from Mountain Loess 
samples near Tarim Basin (aeolian dust emitted from 
the Taklimakan Desert) and surface sediments at 
Gobi desert in southern Mongolia to evaluate the 
difference of CL spectral features between the quartz 
grains from Taklimakan and Gobi deserts. 

Most of the quartz grains from the two deserts 
show two CL emission bands in a red region and in a 
blue region. The CL spectral deconvolution using a 
Gaussian-curve fitting reveals various types of 
emission components, of which ratios are variable 
with respect to quartz grains with different host rocks. 
The statistical analysis using the ratios of emission 
components exhibits different ratios of clusters 
between the quartz grains from two deserts, probably 
reflecting mixing ratios of different host-rocks 
(volcanic, plutonic and metamorphic rocks) 
constituting two deserts. 
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 Recently we have reported abundant 16O-
rich relict olivine grains in chondrule igneous rims 
that experienced only minor degrees of melting [1,2]. 
These 16O-rich olivine grains are likely related to 
amoeboid olivine aggregates (AOAs) that are inferred 
to have formed near the proto-Sun at the birth of the 
Solar System, and were subsequently transported to 
chondrule-forming regions. Because chondrules in 
different chondrite groups formed in different disk 
regions, abundances of 16O-rich relict grains in 
chondrules potentially provide important constraints 
on the efficiency of radial transport of solids. To 
investigate the abundance of 16O-rich grains that were 
present in the chondrule-forming regions, we initiated 
studies of O-isotope distributions in chondrules and 
chondrule igneous rims that experienced low degrees 
of melting.  

 We studied 5 chondrules/chondrule igneous 
rims from CR chondrites (GRA 95229, NWA 801, 
Gao-Guenie (b), PCA 91082). These are texturally 
similar to agglomeratic olivine objects [e.g., 3,4] and 
are dominated by small FeO-rich olivine grains, less 
than ~20 µm but largely <1 µm in size. Some 
relatively large olivines have MgO-rich cores. Na-
bearing feldspathic interstitial glass is much less 
abundant and pyroxenes are rare. Minor opaque 
minerals include Fe,Ni-sulfides and chromite. Two to 
five δ18O isotope maps per object were obtained with 
the isotope microscope system [2]. The maps 
revealed the presence of 16O-rich compositions in all 
objects studied. They are typically from MgO-rich 
cores in olivine crystals. The O-isotope boundary 
between 16O-rich and 16O-poor parts appears sharp, 
suggesting that 16O-rich parts are relict and 
overgrown by 16O-poor olivine crystallized from melt 
during formation of the chondrules/rims. Additional 
spot analyses were also made on some olivine grains 
per object and some show 16O-rich compositions of 
~−50‰ in δ17,18O, similar to those of AOAs. We 
conclude that AOA-like olivines were common 
precursors of FeO-rich chondrules in CR chondrites.  
 
 [1] Nagashima et al., LPS 44, abstr#1780, 2013. [2] 
Nagashima et al., GCA 151, 49-67, 2015. [3] 
Weisberg and Prinz, Chondrules and the 
Protoplanetary Disk, 119-127, 1996. [4] Ruzicka et 
al., GCA 76, 103-124, 2012.  
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Between 10/2009 and 6/2010 we collected c. 50 

samples including stream water, through-fall, 
bedrocks, soils profiles and leaves in the Strengbach 
catchment (Observatoire Hydro- Géochimique de 
l’Environnement; http://ohge.unistra.fr/), France. The 
catchment extends over ca. 80 ha. Source rock 
lithology (Crd bearing granite, Sil gneiss, aplitic 
micro-granite) is rather homogeneous and thus less 
prone to obscure Mo cyling in surface processes than 
mixed lithologies. Average Strengbach stream water 
pH was 6.5 for the sampling period. The average 
acidity of the soils (pH = 4.53) results from both 
natural (podzolisation) and anthropogenic (acid rain) 
processes. Subsurface soil solutions (-5cm) are very 
acidic (pH = 3.9 4.0 during sampling period). In 
deeper samples the acidity is neutralized in exchange 
processes or mineral dissolution that result in a loss 
of the basic cations. These cations, particularly Ca, 
are exported from the basin implying nutrient 
depletion in soils and forest decline.  

Stream waters show very low [Mo], << 1 nmol/L. 
The bedrocks are also strongly Mo depleted 
compared to average crustal rocks (<0.4 ppm vs. 1-2 
ppm). However, catchment outcrop weathering 
cannot explain the aquatic δ98/95Mo because the 
median of stream and source waters is considerably 
heavier (δ98/95MoW= 1.13 ‰) than the meadian of 
bedrocks (δ98/95MoG = 0.23 ‰). Two soil profiles 
showed median values of = 0.27 ‰ and 0.37 ‰) with 
the two topsoil sample giving 0.5 ‰). The latter 
value can be explained with the large content of 
biogenic material, as leaves ([Mo] = 0.05 ppm) gave 
values of 0.2 and 0.65 %, and a throughfall sample 
(rainwater collected under tree) is at 0.28 ‰, with 
[Mo] of 2.9 nmol/L. This points to biological 
excretion by stomatal exchanges at the leaf surfaces 
(as is the case for K, Rb and B). Together with the 
fact that [Mo] in deeper soil solution (60 or 70 cm 
depth) are lower than in throughfalls, it seem that a 
larger fraction of the Mo is cycled between 
liter/topsoil and vegetation. However none of theses 
isotope values is below the bedrock values. In order 
to explain the high stream water values either an 
additional, "heavy" input (e.g. anthropogenic 
aerosols) or a hidden sink for Mo light isotope 
compisition (e.g. the massive saprock) musst be 
assumed.  
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The rare earth elements (REEs) are widely used 
as tracers in studies of various geochemical systems.  
Their behavior in natural systems such as 
groundwater and river water is strongly influenced by 
organic complexation.  The behavior of REE during 
the maturation of organic compounds (e.g., during 
decarboxylation reaction) is not well understood, and 
thus forms the topic of this study.  In this study, the 
behavior of REEs during the maturation of organic 
matters was examined by heating experiments and 
analysis of crude oil.  Heating increased the release of 
REEs from humic acid, and was associated with a 
decreased concentration of carboxyl groups in the 
humic acid.  Ternary heating experiments (humic 
acid + REE + slate) led to the re-adsorption of 
released REEs to the slate. 

Carbon-13 nuclear magnetic resonance 
spectroscopy (13C-NMR) did not show peaks 
corresponding to carboxyl groups in the natural crude 
oils examined here, meaning that the oils are more 
highly mature than other oils containing carboxyl 
groups.  The abundances of REEs in the oils without 
carboxyl groups (this study) were about three orders 
of magnitude lower than those previously found in 
oils with carboxyl groups, suggesting that the 
carboxyl group is important to REE retention in crude 
oil.  These findings suggest that a considerable 
amount of REEs is released during the early stage of 
diagenesis, or during decarboxylation, and is likely to 
be subsequently adsorbed to the petroleum source 
rock.  The variation in the Y/Ho ratio among oils 
suggests the occurrence of a secondary distribution to 
the oil-hosting rock.  Other metallic elements that 
behave similarly to REEs, such as Ca, Al, and Fe, can 
also be released from the organic phase, whereas 
those that behave differently from the REEs may be 
retained. 
 
Reference 
R. Nakada, A. Waseda, F. Okumura, and Y. 
Takahashi (2016) Chemical Geology, vol. 420, p. 
231–239. 
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 The ocean, which covers more than 70% of 

Earth's surface, has the potential to change global 
environment. It is known as “Earth’s final frontiers” 
because no more than 5% of the world ocean has 
been explored and lots of issues in marine science 
still remain uncertain. Giving a course of ocean 
excursion for undergraduate school students studying 
Earth and Planetary Sciences will increase their 
interests and promote their understanding on Earth 
Sciences. To conduct an ocean excursion course for 
undergraduate school students, however, is not so 
easy due to limitation in facilities, funds, and 
instruments as well as lack of experts in 
oceanographic field studies.            

    In Nagoya University, introductory ocean 
excursion course to study marine geochemistry have 
been opened for undergraduate students who belong 
to the department of earth and planetary sciences 
since 2002. The field observation using research 
vessel Seisui-maru (Mie University) is carried out at 
Ise Bay area every summer. The course have been 
successfully conducted by borrowing the vessel, 
which is usually used as the training ship for fisheries 
in Mie University, for four days without charge 
through the courtesy of Mie University.  

    In the course, students can acquire basic skills 
to study marine sciences, such as sampling seawater 
using CTD-RMS, sampling sediments using G. S. 
corer, analyzing CTD data set obtained during the 
cruise, measuring concentrations of the dissolved 
substances (major components, nutrients, and gases), 
presenting the results to others (master the oral 
presentation skills) and summarizing the results into 
reports. We will introduce our activities and present 
some results obtained during the course held in the 
summer of 2015. 
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The photolysis of tropospheric nitrous acid 

(HONO) has been recognized as a potentially 
important source of OH radicals, known as a 
representative oxidant in the atmosphere removing 
reductive trace gases such as methane and NMHCs. 
Atmospheric HONO could originate from both 
primary sources (direct emissions) and secondary 
sources (photochemical formation in the atmosphere). 
Their relative importances on the production of 
atmospheric HONO, however, have not been well 
understood. Here, we determined the triple oxygen 
isotopes of HONO because the Δ17O values of HONO 
produced via “secondary formation” can be expected 
to have positive values as high as those of O3 (Δ17O = 
+30 ±10‰), while little anomaly (Δ17O = 0‰) should 
be expected for HONO emitted directly from various 
sources on the earth surface, which enable us to 
quantify their relative importances on the 
atmospheric HONO.  

  Periodical sampling of atmospheric HONO was 
carried out once a month since December, 2014, at 
Hokkaido Institute of Environmental Sciences, 
Sapporo, Japan. The sample collection period was 
fixed to one week with a flow rate of 10 L/min. The 
Δ17O value of HONO was determined by combining 
sensitive determination method on isotope 
compositions of NO2

- [1, 2] with filter-pack method 
[3] in which HONO was collected as NO2

- on alkaline 
impregnated filters. The daily mean Δ17O values of 
HONO ranged from +6.9‰ to +10.7‰ through the 
observation periods, while the Δ17O values of HONO 
showed higher value on the day time than the night 
time. The estimated mixing ratios of HONO derived 
from secondary formation in Sapporo was almost 
constant throughout the year of around 34% leading 
us to conclude that the direct emissions are the 
dominant HONO sources in Sapporo. 

 
[1] Komatsu et al. (2008) Rapid Commun. Mass 
Spectrom. 22, 1587-1596.  
[2] Tsunogai et al. (2010) Atmos. Chem. Phys. 10, 
1809-1820.  
[3] Noguchi et al. (2007) J. Jpn. Soc. Atmos. Environ. 
42, 162-173 
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We investigate the cause for onset of early plate 
tectonics and its influence on the thermo-chemical 
evolution of simulated mantle convection coupled to 
a parameterized core cooling model that can include 
effects of high core thermal conductivity. Three 
tectonic modes are found, which can be controlled by 
varying the friction coefficient for brittle behavior 
(modes mobile lid, stagnant lid and episodic lid). The 
tectonic mode is established early on, with 
subduction initiating at around 60 Myr from the 
initial state in mobile and episodic cases, triggered by 
the arrival of plumes at the base of the lithosphere. 
Crustal production assists subduction initiation, 
increasing the critical friction coefficient. The 
tectonic mode has a strong effect on core evolution 
via its influence on deep mantle structure; episodic 
cases in which a thick layer of basalt builds up 
experience less core heat flow and cooling and a 
failed geodynamo. Thus, a continuous mobile lid 
mode existing from early times matches Earth’s 
mantle structure and core evolution better than an 
episodic mode characterized by large-scale flushing 
(overturn) events. The heat flow across the core-
mantle boundary (CMB) that is one strong constraint 
for core-mantle thermal evolution is obtained as ~ 20 
TW for the successful core-mantle evolution model 
with the continuous mobile lid mode, which is a 
factor of three higher CMB heat flow than the 
previous study[1].  This may be  also consistent with 
the recent core evolution theory [2]. As a result of 
getting such a high CMB heat flow, the possible 
magnetic evolution of Earth’s core could be obtained 
with high core thermal conductivity constrained by 
high P-T physics [3]. 

Referernces. [1] Nakagawa, T., and P. J. Tackley, 
G-cubed, 2015; [2] Labrosse, S., PEPI, 2015; [2] 
Gomi , H. et al., PEPI, 2013. 
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Water around solid and ion surfaces, called as 
interfacial water, has been thought to have some 
structures and  properties different from those of bulk 
and to influence various geochemical processes. 

In order to understand such structure of 
interfacial water, we measured infrared spectra of 
interfacial water surrounding nano-particles of SiO2 
(diameter: about 12 nm) by attenuated total 
reflectance infrared (ATR-IR)  spectroscopy. We 
corrected obtained raw spectra to absorption index k 
spectra and conducted curve fitting of OH stretching 
bands by four Gaussian components with varying 
hydrogen bond distance (Fig.1). 

With increasing silica concentrations in water, 
relative percentages of the 3440 and 3250 cm-1 
components decreased, while those of the 3600 and 
3120 cm-1 components increased. The former 
components are considered to be bulk properties and 
the latter components can correspond to interfacial 
species.  

 
 
\ 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1. The fitting curves of OH stretching band of a 
silica colloid solution by four Gaussian components: 
band1 (centered at 3600 cm-1), band2 (centered at 
3440 cm-1), band3 (centered at 3250 cm-1), band4 
(centered at 3120 cm-1). 
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We will show the results of 234U-230Th analyses 
with a MC-ICP-MS and also compare the results with 
ages obtained from other dating systems such as ESR 
dating. We will discuss the influence of U and Th 
mobility on the U-Th age of sulphide minerals. 

Four hydrothermal sites of the Southern Mariana 
Trough were dated yielding ages from <100 a to 10 
ka (Takamasa et al., 2013; Ishibashi et al., 2015). The 
results suggested that the oldest age from each site is 
correlated with the distance from the spreading axis 
of the Trough. The U-Th radioactive disequilibrium 
ages were roughly consistent with ESR ages.  

Most of the samples from the Okinawa Trough 
samples yielded younger age than the Southern 
Mariana Trough. Some of them show inconsistent 
ages with ESR ages (Kumagai et al., 2015).     

Sulphide minerals from some sites showed large 
variations in U and Th abundances, suggesting open-
system behaviour. The large variations were more 
often observed in the samples from the Okinawa 
Trough than those from the Southern Mariana 
Trough. We consider that thick terrigenous sediment 
in the Okinawa Trough caused large scale migration 
of U and Th with hydrothermal fluids. We will report 
the results of leaching experiments in the 
presentation. 
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Dehydration of lawsonite plays a role in 

triggering earthquakes in a subducting crust  [1], 
while the genesis of mantle earthquakes is enigma 
because unstable fault slip does not occur during 
dehydration reaction in antigorite [2]. Instead of 
dehydration embrittlement, thermal runaway is 
proposed as alternative model for the genesis of 
mantle earthquakes. However, source processes of 
earthquakes in the crust and mantle do not show 
substantial differences at least at intermediate depths.  
Here I show waveform analyses of two small seismic 
clusters in the subducting crust and mantle, providing 
lines of evidence for fluid-related embrittlement in 
both the subducting crust and mantle [3,4]. For the 
cluster in the crust, we reveal that tensional 
earthquakes are located ~1 km above compressional 
earthquakes, suggesting that the shear strength of 
faults is too weak to response to different stress 
regime over a short distance. Earthquakes with highly 
similar waveforms lie on well-defined planes with 
complementary rupture areas, suggestive of 
progressive ruptures along pre-existing fossil faults. 
For a seismic sequence in the mantle that started 8 
month after the 2011 Tohoku-oki earthquake, we 
observe an upward migration of seismicity by 6 km 
for 6 month. Successive upward migration of 
overpressurized fluids reduces effective normal stress 
and weakens the strength of the faults sufficiently to 
bring the system into the brittle regime under the 
deviatoric stress. The permeability of the mantle is 
estimated to be 10-15–10-19 m2.  
 
1] Okazaki & Hirth (2016) Nature 530, 81-84.          
[2] Chernak & Hirth (2010) EPSL 296, 23–33.           
[3] Nakajima et al. (2013) Geology 41, 659–662.       
[4]   Nakajima et al. (2013) JGR 118, 3492–3505. 
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Iron oxidation process in banded iron formations 

(BIFs) has been controversial, particulary in those 
formed before 2.45Ga. Previous studies suggest that 
microbial activity, either anoxygenic iron-oxidizing 
bacteria or free oxygen produced by cyanobacteria 
are the main mechanisms involved. Because of 
differences in primary productivity, geochemical 
characteristics of organic matter in relation to the Fe 
mineralogy may provide an insight to the oxidation 
mechanism. In this study, we focused on ~3.2Ga 
BIFs in the Moodies Group, Barberton Green stone 
Belt, South Africa since the BIFs, which were 
deposited in a shallow ocean, may contain higher 
amounts of organic carbon. 

Sedimentary rock samples collected in Sheba 
mine were classified into the magnetite group 
(magnetite-rich sandstone, 13―50 wt% -Fe2O3) and 
siderite groups (magnetite-poor silty clastics, 10―30 
wt% -Fe2O3), based on the dominant iron mineral. 
Microscopic features of the clastics in samples from 
the siderite group show that they were deposited in a 
relatively shallow environment compared to those of 
the magnetite group. However, for both groups, 
negative and positive correlations were observed 
between iron and Corganic matter contents, between iron 
and Ccarbonate contents, respectively. This suggests that 
primary organic matter may have been consumed by 
a reaction with iron (hydr)oxides and transformed to 
siderite, although some samples in the siderite group 
bear excess carbonates, which was probably affected 
by later mineralization events. The δ13C values of the 
organic matter in both groups are almost identical (~-
27‰). The correlations and depositional 
environments, based on the microscopic observations, 
may imply that two different biological activities, 
cyanobacteria and iron-oxidizing bacteria were 
responsible for iron oxidation in the BIFs that were 
deposited in a shallow ocean. 
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Silicon is the most favorable candidate for the 

light elements of the Earth’s core. Recent core 
formation models [1,2] and Si isotope measuremetns 
on terrestrial and meteoritic samples [3,4] suggested 
that large amount of Si could have been incorporated 
into the core forming metal in the early stage of the 
Earth. Among those studies, however, the estimates 
on the Si content of the core lie on a wide range from 
1 to 17%. Seismological sound velocity and density 
of the core are also important observational 
constraints on the chemical composition of the 
Earth’s core. In 4order to constrain the Si content of 
outer core, we have determined the sound wave 
velocity of a liquid Fe-Si alloy under high pressures 
and high temperatures. Starting material Fe84Si16 (9 
wt.% Si) alloy was melted in the laser-heated 
diamond-anvil cell. The longitudial acoustic phonon 
exitations of the liquid was measured up to 52 GPa 
and 3200 K by using a high resolution inelastic X-ray 
scattering spectroscopy at the beamline BL35XU of 
the SPring-8 synchrotoron facility. Our results show 
that silicon significantly increases the P-wave 
velocity of liquid Fe. Seismological observations 
exhibit that the P-wave velocity of outer core is faster 
by 3−4% than that of pure iron. Extrapolating the 
present results to core pressures and comaparing with 
the seismological observations, the silicon contetent 
of the outre core is estimated to be at below 2 wt.%. 
However, this small amount of silicon may not take 
into acount for the 10% core density deficit.  
 
[1] Rubie et al. (2011) Earth Planet. Sci. Lett. 301, 
31-42. [2] Siebert et al. (2013) Science 339, 1194-
1197. [3]  Georg et al. (2007) Nature 447,  1102-
1106. [4] Armytage et al. (2012), Geochim. 
Cosmochim. Acta. 77, 504-514. 
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Pollen records on the southern California 

sediment past 60 ka suggest that the vegetation in the 
southern California had changed in accordance with 
glacial-interglacial cycles (Heusser, 1998). 

In this study, we attempted to reconstruct the 
paleo-vegetation of the southern California during the 
late-Quaternary using biomarker of specific organic 
compounds especially lignin phenols (a biomarker of 
vascular plants origin) in the southern California 
sediment (ODP 167, Core 1017E). The ratio of 
syringyl (S) to vanillyl (V) phenols (S/V ratio) 
increased since 15 ka. This result suggested that 
gymnosperms such as conifer had been dominanted 
speces until 15 ka, whereas angiosperm such as 
broad-leaf tree have been dominanted speces since 15 
ka in the southern California region. The ratio of 
cinnamyl (C) to vanillyl (V) phenols (C/V ratio) of 
lignin were relatevely high around 15 ka  and since 
10 ka during interglacials which were relatively 
warming intervals. This tendecy suggested a 
contribution of herbaceous plant increased during 
warming intervals in the southern California region. 
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Isotope Anomalies in Meteorites 

Formation ages of various meteorite parent 
bodies were evaluated and found to be in a good 
correlation with the degree of 54Cr anomalies [1], 
except for CAIs [2]. We study a model explaining the 
origin of the observed anomalies.  

 
Model 

We assume that isotopically heterogeneous dust 
grains are inhomogeneously distributed in the initial 
molecular cloud core; especially, 54Cr-rich grains are 
more concentrated in the centeral part of the core. We 
calculate the concentration of 54Cr-rich grains as a 
function of the time and the place in the solar nebula. 
Principal model parameters include the initial angular 
velocity of the molecular cloud core ω and the 
turbulence strength of the solar nebula α. 

 
Results 

Figure 1 shows calculated 54Cr-rich grain 
concentrations as a function of time. Model 
parameters are ω = 10-14 s-1 and α = 10-3. In the early 
phase (< 0.4 Myr), the concentration decreases 
because of the addition of the other dust from the 
core. Later (> 0.4 Myr), the concentration increases 
due to the diffusive motion in the nebula. These 
features are consistent with observations [1, 2]. 

Figure 1: Calculated concentrations of 54Cr-rich 
grains at 1, 3, and 5 AU as a function of time. 
 
[1] Sugiura and Fujiya (2014) Meteorit. and Planet. 
Sci. 49, 772-787. [2] Trinquier et al. (2009) Science 
324, 374-376. 
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     Plant terpenoids serve as chemotaxonomic 
indicators for major groups of land plants. Hence, 
relative amount of specific plant terpenoids, such as 
the ratios of di- to triterpenoid, have been used to 
estimate past plant community and its variation 
through time (e.g. Nakamura et al., 2010). However, 
diagenetic processes significantly alter the terpenoid 
compositions (i.e. defunctionarization, isomerization 
and aromatization). This implies the use of simple 
and commonly used terpenoid ratios such as Higher 
Plant Parameter (retene/(retene + cadalene); van 
Aarssen et al., 2000) probably include maturity 
related bias, especially around the maturity where the 
adopted compounds are rapidly formed from rather 
intact moieties. In the present study, we analyzed the 
plant terpenoid compositions in the Cretaceous 
sediments from Hokkaido to examine the maturity 
related variations in the series of plant terpenoids.  

     Although some polar terpenoids were present 
in relatively immature Cenomanian–Turonian 
sequences in the Tomamae area, Hokkaido, most 
plant terpenoid derivatives were identified as 
defunctionalized hydrocarbons; aromatic sesqui-, di- 
and triterpenoids are predominant, associated with 
relatively minor amount of aliphatic moieties. We 
calculated enhanced indices (i.e. HPP’; including all 
moieties related to retene and cadalene adopted in 
HPP), and compared them against maturity indices. 
HPP tend to underestimate the diterpenoid 
contribution under lower maturity (C31 hopane 
S/(S+R) <0.3). We also note that maturity 
independent variations (i.e. degree of aromatization 
(DOA)) may carry different paleoenvironmental 
information via different early diagenesis.  
 
References: 
van Aarssen et al., 2000, Geochim. Cosmochim. Acta 
64, 1417–1424. 
Nakamura et al., 2010, Org. Geochem. 41, 975–980. 
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Rare earth elements (REEs) of the spring waters 

in the studied area, including Arima-type brine that 
represents a specific type of deep-seated brine of up 
to 6 wt.% NaCl in the non-volcanic fore-arc region, 
have been investigated to reveal their upwelling 
processes and origins [1,2]. By applying a principal 
component analysis of the REE data, we have 
identified three principal components (PCs) that 
cover 89% of the entire sample variance: (1) PC-01, 
corresponding to a dilution process by which fluids 
are introduced at low concentrations, previously 
represented by major solute binary trends, including 
δ18O–δD systematics; (2) PC-02, a precipitation 
process of REEs from the brine; and (3) PC-03, an 
incorporation of REEs from country rock by carbonic 
acidity, although the types of country rocks  may also 
have a significant impact on the spring water 
compositions. Based on these three PCs, together 
with the major solute elements and δ18O, δD, He 
isotopic compositions determined in previous studies, 
five distinct types of spring waters were identified: (i) 
“Kinsen”, (ii) “Ordinary Arima”, (iii) “Ginsen”, (iv) 
“Eastern Kii”, and (v) “Tansansen”. These five types 
represent (i) a deep brine, (ii) an evolved deep brine 
that precipitated REE-bearing minerals, (iii) a 
mixture of (iii) and meteoric water, (v) a meteoric 
water carbonated by deep gas derived from (ii), and 
(i) a spring water similar to (v) with a more 
significant influence of the country rock constituting 
the aquifer. A deep brine is thought to be slab-derived 
fluid dehydrated from the subducted Philippine Sea 
slab beneath the Arima area [1,3]. Comparing the 
spring waters in the Arima and Kii areas, a systematic 
geographic distribution has been revealed: the 
“Ordinary Arima”-type occurs along the Median 
Tectonic Line, while the “Eastern Kii”-type occurs in 
the eastern part of the Kii area where the deep low-
frequency tremors are observed. The geographical 
distribution seems to be linked to the tectonic setting 
and/or temporal evolution of fluid upwelling [4]. 

[1]Nakamura et al. (2014) J.Geol.Geophys.[2]Nakamura et al. 
(2015) J.Geol.Geophys.[3]Kusuda et al. (2014) Earth Planets Space 
[4]Nakamura et al. (in review) J.Geol.Geophys. 
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Interfacial tension-driven relaxation is one of the 

elementary processes for microstructural 
development of magmatic foam. Its effect on 
permeability is, however, controversial. Relaxation of 
interbubble melt film widens aperture sizes of 
outgassing pathways [1], while tortuous pore 
networks might split into small rounded bubbles in 
the course of entire foam relaxation. 

To address this problem, we conducted heating 
experiments of andesitic pumice cubes of the 
Sakurajima 1914 Plinian eruption at 800–1000°C and 
≤6MPa vapor pressure for up to 32 hours [2]. In a 
small sample (~3 mm side), open pores connected to 
sample surfaces were expelled to cause self-
contraction. The porosity reduction in this process 
was smaller at higher vapor pressure, indicating that 
some pores were left enclosed by rapid pinch-off of 
open channels due to lower melt viscosity, namely, 
the relaxation decreased permeability. In the larger 
pumice cubes (5–9 mm side), initial heterogeneity of 
pore distribution facilitated appearance of multiple-
contraction units, which lead to formation of multiple 
melt globs and interglob concave- outward pores 
(Figure 1). Such pores mostly disappeared following 
32 h of heating due to gravitational deformation and 
healing of the glob boundaries. This shows that 
permeability on a macroscopic scale was maintained 
through the pores between melt globs. Since 
timescale of these relaxation, contraction, and 
compaction was consistent with that of Vulcanian 
explosion cycles, microstructural evolution of 
magmatic foam may be responsible for interexplosion 
vent plugging. 

 
Figure 1: X-ray CT slice images of a run product 
heated at 2 MPa vapor pressure for 30 min. Note 
concave-outward pores (right) between melt globs 
(No.1–3). 
[1] Saar and Manga (1999) Geophys. Res. Lett., 26, 
111–114. [2] Otsuki et al. (2015) J. Geophys. Res., 
120, 7403–7424. 
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The black-smoker-type hydrothermal vent has 

been envisioned to act as a natural device for thermo-
electrochemical fuel cells, where geo-electrical 
current is sustained by the steep geochemical 
disequilibrium with its unique slender columnar 
structure[1,2]. With the aid of electrocatalytic 
functions of hydrothermal chimney mounds, the geo-
electricity has been also hypothesized to trigger the 
abiotic CO2 reduction to form CH4 and CO [3] and 
the formation of NH3, N2O, and NO via the reduction 
of nitrate and nitrite[4]. Therefore, understanding the 
energetics of electricity generation could provide 
valuable information for the comprehension of 
chemical evolution in the prebiotic ocean and, 
consequently the early evolution of energy 
metabolisms in the ancient Earth. In this presentation, 
I will present the physicochemical mechanisms how 
the steep disequilibrium of pH, redox, and 
temperature at hydrothermal vents is converted into 
electricity, which is followed by the conversion into 
chemical energy with the aid of electrocatalytic 
functions of Fe-sulfides and Mo-sulfides minerals. 
Recently discovered thermoelectric effects of 
chimney minerals[5] will be also introduced to gain 
physicochemical basis to understand the 
chemical/thermal\electricity conversion at the deep-
sea hydrothermal vents.	  

 
[1] Nakamura et al. (2010) Angew.Chem.Int.ed., 49, 
7692-7694. [2] Yamamoto et al. (2013) 
Angew.Chem.Int.ed., 52, 1075-10761. [3] Yamaguchi 
et al. (2014) Electrochim. Acta., 141, 311-318. [4] 
Yamei et al. submitted. [5] Ang et al. (2015) 
Angew.Chem.Int.ed. 54, 12909-12913. 
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It is important to understand the crystal shapes of 

olivine, which is one of the most common minerals 
both in the earth and cosmic environments. There are 
two kinds of crystal forms; growth and equilibrium 
form. The equilibrium form was obtained by ab initio 
calculation [1] but it has not been confirmed by 
natural crystals. In this study, the equilibrium form 
was estimated from the 3D shapes of negative 
crystals along healed cracks in olivine grains in 
equiibrated ordinary chondrites. Relative ages of the 
healed cracks were also discussed based on the 
negative crystal shapes.  

We used the Tuxtuac (LL5), Kilabo (LL6) and 
Y793214 (LL5) meteorites. Seven cube-shaped 
samples 20-30 μm in size were extracted from olivine 
crystals in thin sections by using FIB. Then, their 3D 
structure were imaged by microtomography at 
BL47XU, SPring-8 with the effective spatial 
resolution of ~150 nm. The crystallographic 
orientateons of the host olivine crystals were 
determined by EBSD. The lengths along the crystal 
axes and the crystal planes of negative crystals were 
determined from the CT images together with the 
EBSD information. 

Void inclusions with facets, or negative crystals, 
0.5–8.0 μm in size were clearly recognized along a 
plane, which corresponds to a healed crack. The axial 
length ratios of negative crystals along one healed 
crack in the Tuxtuac meteorite are almost similar 
irrespective of their size. This indicates the negative 
crystals in this healed crack were annealed and the 
shape, which has (100), (010) and (021) planes with 
rounded edges, comes close to the equilibrium form. 
The development of (100) is different from the 
equilibrium form obtained by ab initio calculation 
[1], where (100) has a high surface free energy. 
Possible causes for this discrepancy are Fe-rich 
surface composition or adsorption of molecules onto 
the surface of the negative crystals. 

Degrees of annnealing of healed cracks were also 
evaluated from the degrees of scatter of the axial 
length ratios. More than one healed cracks with 
different degrees of annealing is present in a single 
rock fragments, indicating different relative ages of 
these cracks.  
 
[1] Bruno et al. (2014) JCP, 118: 2498. 
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Some CM chondrites experienced impacts and 
show preferred orientation of flattened chondrules (e. 
g., [1]). Mineralogical study of the MET01072 CM 
chondrite shows heavy chondrule flattening [2]. The 
meteorite is suggested to have suffered multiple weak 
impacts [3]. In the present study, we have carried out 
water analysis of MET01072 by Karl Fischer titration 
method, reflectance spectra measurements of visible, 
near- and mid-infrared range, additional 
mineralogical observations, and experimental heating 
of matrix, in order to constrain shock temperature and 
pressure. 

Mineralogical observation indicates that 
chondrules retain most of olivine phenocryst, thus 
aqueous alteration degree is CM2.3. It is obvious that 
impact has taken place after hydration, because many 
cracks generated upon impact are going thorough 
hydrous phases such as TCIs and chondrule 
mesostasis phyllosilicates. Although heavily 
deformed, TCIs and serpentine in matrix are not 
decomposed based on synchrotron XRD and TEM 
observation. Experimental heating of matrix indicates 
decomposition temperature of the TCIs is 400°C and 
serpentine is 500°C, suggesting shock temperature 
was <400°C and pressure was <10GPa [4]. FT-IR 
analysis shows limited dehydration based on 3-
micron band strength in comparison to Murray that is 
unshocked CM, although water content of this 
meteorite (~9 wt%) is similar to Murray. All these 
observations indicate low shock heating temperature, 
being consistent with previous studies [3, 5]. 
However, impact induced-cracks are generated only 
in the direction perpendicular to compression axis, 
which appears to inconsistent with multiple impacts. 
Threfore we suggest another interpretation for this 
meteorite deformation: it underwent single slow 
impact with long duration.  [1] Rubin et al. (2012) 
GCA 90, 181-194. [2] Nakamura et al. (2012) Japan 
Geoscience Union Meeting. #PPS05-09. [3] Lindgren 
et al. (2015) GCA 148, 159-178. [4] Tomioka et al. 
(2007) MAPS 42, 19-30. [5] Quirico et al. (2015) 
78th Meteoritical Society Meeting, #5190. 
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14C contents were measured for needle leaves 

from pine trees grown from 1983 to 2014 at several 
locations on the Higashiyama campus of Nagoya 
University, in the east suburbs of Nagoya city, central 
Japan, to investigate the atmospheric 14CO2 
variations. In particular, we focused on Suess effect, 
i.e., the global  as well as local effect of diluting 14C 
content in the atmosphere with 14C-free CO2 
exhausted in combustion of fossil fuel in recent years. 

Pine needles formed in the previous year were 
collected in early spring before starting the formation 
of any new needles. The pine-needle samples were 
rinsed chemically and combusted in a quartz tube to 
produce CO2. The CO2 was purified in a glass 
vacuum line, and the graphite finally produced was 
measured with a Tandetron AMS system at Nagoya 
University. The measured 14C content was expressed 
in F14C according to Reimer et al. (2004). 

The following results were obtained: (1) 14C 
contents of the needles decreased gradually from 
1983 to 2014, in accordance with the decrease of 
atmospheric 14C (Levin et al. 2008). (2) 14C contents 
were lower for the needles grown at the place along 
the road with heavy traffic by about 1-2.5% than 
those grown at other places far from the road in the 
campus. This is caused by the local dilution of 
atmospheric 14CO2 with 14C-free CO2 exhausted from 
motor vehicles. (3) The F14C values in average for the 
needles grown in the Higashiyama Campus were 
lower by 3% and 5% in 1998 and 2005, respectively, 
compared to the F14C values of clean atmospheric 
CO2 observed at Jungfraujoh Observatory (levin et al. 
2008). (4) The decrease of F14C of the needle samples 
in 1998 to 2005 was about 5%, and this decrease 
could be the results of gradual enhancement of the 
Suess effect. 
 
Ref: Levin I, et al 2008 Science of the Total 
Environment, 391, 211-216;  Reimer PJ, et al 2004. 
Radiocarbon 46(3), 1299–304. 
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We measured major element compositions of 

spinel inclusions and their host olivine phenocrysts in 
the ultramafic lava blocks embeded in the late 
Paleogene accretionary prism, Setogawa belt, from 
Shizuoka, Japan. Bulk rock major and trace element 
compositions were also analyzed. These lavas are 
porphyritic with  ca. 25-52 vol.% of olivine 
phenocrysts. They are classified into meimechaite-
komatiite with MgO = 19.0-31.6 wt.%. Olivine 
control line well explains bulk rock compositional 
variation of the lavas. Trace element concentration 
patterns are OIB and/or LIPs-like and different from 
MORB- and arc picrites. Olivine phenocrysts reveal 
high-Mg#  [=100Mg/(Mg+Fe)] up to 92.8. Al2O3 
content in olivine incrases up to ca. 0.11 wt. % with 
increase of Mg#. CaO content in olivine is high with 
ca. 0.3 wt.%, indicating their igneous origin. Al2O3 
and TiO2 contents and Cr# [=100Cr/(Cr+Al)] in 
spinel are ca. 15 wt.%, 1.5 wt. % and 50-70, 
respectively, which is similar to the those in OIB. Al-
in-olivine geothermometer (Coogan et al., 2014) was 
applied to estimate the crytallization temperature of 
olivine phenocrysts. The estimated temperatures 
increased with increasing Mg# of olivine. The 
maximum temperature is ca. 1486 ºC for olivine with 
Mg# of 92.8, which is comparable to the highest 
temperature estimated for LIPs olivine. We estimated 
the melting P-T condition for the primitive melt of 
the lavas, by using the methods of Ichiyama et al. 
(2014) and Lee et al. (2009), to be ca. 7.5 GPa and ca. 
1742 ºC. This P-T condition almost coincides with 
dry solidus of garnet lherzolite and also consistent 
with the results of Al-in-olivine thermometry with 
considering cooling during  adiabatic ascent from the 
depth. Nb/Zr-Zr/Y systematics is well explained by 
ca. 5-10% batch melting of BSE-like lherzolite with 
small amount of residual garnet. The potential 
temperature (Tp) is estimated to be 1626-1649 ºC, 
which is ca. 200 ºC higher than average ambient 
mantle and near highest value for LIPs and Ocean 
Islands. The estimated Tp indicate that the extremely 
hot mantle plume ascended beneath Pacific plate 
from near CMB depth at the late Cretaceous-early 
Tertiary period.  
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Metal plays a key role in physicochemical 

processes that fractionate siderophile elements from 
lithophile elements in the early solar system, 
generating variable chemical reservoirs before the 
onset of planetesimal formation. Highly siderophile 
elements (HSEs: Re, Os, Ir, Ru, Pt and Pd) have 
refractory nature and a great affinity for Fe-metal 
relative to silicate. Therefore, HSEs in metals in a 
variety of meteorites can provide an important clue 
for understanding of high temperature processes in 
the nebula. Specifically, the 187Re–187Os isotope 
system yields chronological information regarding 
the fractionation of HSEs. 

We collected metal samples using a micro milling 
system equipped with a diamond drill bit (Geomill 
326, Izumo-web) from three CB chondrites, 
Bencubbin (CBa), Gujba (CBa), and Isheyevo (CBb). 
Osmium isotopic composition was measured by N-
TIMS. The concentrations of P, S, Cr, Fe, Co, and Ni 
in analytical spots adjacent to the sampling pits for 
Os isotope analysis were determined by EPMA 
(JEOL-JXA-8530F). The concentrations of HSEs in 
analytical spots adjacent to the sampling pits were 
analyzed with fs-LA-ICP-MS (IFRIT, Cyber Laser). 

Our Re–Os isotope data are mostly plotted on the 
4.567 Ga Re–Os reference line with a limited 
187Re/188Os (0.35-0.40) and 187Os/188Os (0.125-0.127) 
values. The limited Os isotopic variation suggests 
that the redistribution of Re and Os during metal 
formation associated with planetary collision was not 
significant as are the cases of solidification of liquid 
metal. A positive correlation of Re/Os ratios 
calculated from the 187Os/188Os ratios and Os/Ir for 
CBa metal grains suggests that the condensation of 
metal grains occurred continuously at an equilibrium 
condition in a cooling gas until the condensation 
temperature of Ir (~1600 K). Unlike ultra-refractory 
HSEs, Pd/Fe and Ni/Fe ratios in CBa and CBb metals 
exhibit a strong positive correlation. This positive 
correlation cannot be explained by nebular 
condensation but condensation in extremely high gas 
pressure (107 x solar nebula). 
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Desaturation process through denitrification 

Denitrification is one of microbial processes 
where ntrogen gas (N2) may be an end production 
through nitrate reduction by bacterial metabolisms. 
The reaction can be summarized like a following [1]: 

 
1.2 C2H3O2

- + 1.0 NO3
-+ 0.8 H+ 

→ 1.0 CH1.8O0.5N0.2 + 1.4 HCO3
- + 0.4 N2 + 0.6 

H2O. 
 
N2 gas production through denitrification can be a 

potential technique for desaturation of sand ground to 
reduce the risk of pore pressure increment in sand 
ground [2]. This study shows a biodesaturation effect 
for sand specimen by denitrifying bacteria through 
sand column experiments. 

The results showed that growth and movement of 
N2 bubbles are controlled by temperature in the pore 
space. It is estimated that larger amount of N2 gas 
escaped through the pores in the sand specimen under 
low temperature due to slow growth of bubbles. 

Figure 1: Nitrate decomposition and saturation 
change in the sand specimens with time. 
 
[1] Heijnen & Kleerebezem (2010) Encyclopedia of 
Industrial Biotechnology, 1-24. [2] Rebata-Landa & 
Santamarina (2012) Geotech. Geoenviron. Eng.138, 
128-137.  
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Evaluation of chemical degradation of well 

cement due to its exposure to supercritical CO2 is a 
great important issue for ensuring the long-term 
safety of CO2 sequestration because the chemical 
degradation of well cement is an affecting factor for 
creating of CO2 leakage pathways. An ordinary 
Portland cement is thermodynamically unstable in 
CO2-rich environments. When Portland cement is 
exposed to CO2, portlandite (Ca(OH)2) or C-S-H 
phase in the Portland cement is carbonated to form 
calcium carbonate (CaCO3) at the cement surface by 
the following chemical reactions: 

 
Ca(OH)2   +   H2CO3 � CaCO3 + 2H2O    
C-S-H (CarSiO2+rrH2O)    +   yH2CO3     

� Car-ySiO2+r-y r-yH2O   +   yCaCO3 + 
2yH2O 
 

In this study, we performed batch experiments using 
well composite samples consisting of casing, Portland 
cement, and sandstone in order to evaluate the 
chemical reaction of well cement in CO2 
sequestration.  

After the batch experiment, cement a clear 
carbonation zone was observed along the cement-
sandstone interface in the sample. However, the 
cement carbonation was limited at the cement 
surface. In addtition, the inner cement and the casing 
were in excellent condition. The predicted 30 years 
cement degradation estimated from our experimental 
results were consistent with the previous results of 
CO2-enhanced oil recovery field samples that were 
collected from the wells exposed to CO2 for over 30 
years [1]. Our experimental result indicates that the 
cement carbonation provides an effective barrier to 
further CO2 attack. 

The crystalline phases in the carbonation zone 
were predominantly CaCO3 (calcite, aragonite and 
vaterite) [2]. An interesting distribution of the three 
polymorphs of CaCO3 in the carbonation zone was 
observed by micro-XRD and micro-Raman analysis; 
calcite was dominant at the side of the cement-
sandstone interface, whereas aragonite and vaterite 
were dominant at the side of the inner cement.  
 
[1] S. Mito et al. (2015) International Journal of 
Greenhouse Gas Control, 39, 420-431. 
[2] K. Nakano et al. (2014) Energy Procedia, 63, 
5754-5761. 
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We determined the chemical compositions and 

stable isotope ratios of H, O,.Sr, and S for 
groundwater and river water in Saijo city of 
southwestern Japan. Geographical analysis for about 
1500 water samples shows that (1) the groundwater is 
divided into several areas dependent on the 
recharging area and the interaction with sediments 
and other waters such as seawater and fossil brine in 
the aquifer, and (2) the unconfined groundwater in 
the eastern plain is recharged from the head of 
alluvial fan of the Kamo river, whereas the artesian 
water in deeper aquifer is from more mountainous 
areas. Based on this finding, we started monthly 
monitoring for the Kamo river water, two types of 
grundwater, and rain water at several key sites after 
2007. Temporal analysis of chemical data and δ2H-
δ18O data for monitoring waters demonstrates the 
seasonal and yearly variations and the temporal 
differences among water types which are ascribed to 
the time from rainfall to river discharge and from 
rechraging river water to groundwater. Geochemical 
mapping and subsequent monitoring of multiple 
water components for various type of water, which 
have been conducted in cooperation with city 
government and citizens, are usuful for the 
sustainable management of water circulation in a 
watershed.  
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Groundwater colloids play a key role on 

migration of low soluble toxic elements. The process 
is dependent on the aggregation that can be affected 
by various factors including adsorbed organic 
compounds. Extracellular polymeric substances 
(EPS) derived from microorganisms are one of the 
important organic matters in sub-surface 
environment, which is typically composed of 
proteins, polysaccharides, nucleic acids and inorganic 
ions. Despite of the ubiquitous occurrence of EPS, 
the impact on colloid aggregation has not been 
explored. The objective of this study was to elucidate 
the effects of saccharides and phosphate on the 
aggregation of non-soluble nanoparticle based on the 
laboratory experiment. 

100 ppm of CeO2 nanoparticles (< 7 nm; CeNPs) 
were contacted with NaCl solution (1 or 10 mM; 
control) at pH of 6.0, adding 0.12 mM saccharide 
(type S),  adding 0.16 mM phosphate (type P), or 
adding 0.12 mM saccharides and 0.16 mM phosphate 
(type S+P). Four different saccharides; D-glucose, D-
maltose, stachyose, and α-cyclodextrin were used in 
the present experiment. The turbidity was analyzed 
by UV-vis. Solution analysis was conducted using 
ICP-AES and TOC. Zeta potential of CeNPs was also 
measured.  

In the types P and S+P, the aggregation of CeNPs 
was inhibited, while type S exhibited no inhibition. 
The aggregation inhibition was attributed to the 
electrostatic repulsion by the adsorbed phosphate. 
The amounts of stachyose and α-cyclodextrin 
adsorbed on the CeNPs were reduced by 50% in the 
presence of phosphate, most likely because the 
number of adsorption sites for saccharides decreased 
by the adsorbed phosphate.  

Zeta potential of the type S showed almost the 
same value as that of control. In the type S+P the 
amount of phosphate adsorbed on CeNPs was 1.1~1.5 
times greater than that in the type P, despite the zeta 
potential of the type S+P, -40 ~ -41 mV, was almost 
same as that of the type P. In the type S+P, 
adsorption of saccharides lead to the increased the 
area of the sliding surface of CeNPs, and the 
electrostatic repulsive forces between CeNPs and 
aqueous phosphate were reduced, resulting in the 
increased amount of adsorbed phosphate. 
Consequently, phosphate in EPS inhibits 
nanoparticles aggregation, while saccharides do not 
modify the aggregation behavior but moderate the 
increased surface charge. 
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Al-Mg chronology of chondrules in primitive 
chondrites indicates most formed 1-3Ma after the 
oldest Ca-Al-rich inclusions (CAIs), regardless of 
chondrite types, Mg#, and Δ17O (=δ17O–0.52×δ18O) 
values, suggesting that distinct isotope reservoirs with 
different redox states existed contemporaneously [1-
2]. However, formation ages of chondrules in CV3 
chondrites are not well  understood because of 
radiogenic 26Mg loss by later disturbance [e.g. 3]. 
Here we report Al-Mg systematics of chondrules with 
diverse Δ17O and Mg# from the Roberts Massif 
(RBT) 04143 CV3red chondrite, one of the most 
primitive CV chondrites [4]. 

Six chondrules (4 type-I, 1 type-II, and 1 
plagioclase-rich) were selected for Al-Mg isotope 
analyses and are separated into two groups; one with 
Mg# > 96 and Δ17O of ~ –5‰ and the rest with Mg# 
< 96 and Δ17O of ~ –2‰ [5]. Al-Mg isotope analyses 
of plagioclase, olivine, and low-Ca pyroxene were 
performed with the WiscSIMS CAMECA IMS-1280 
[2]. 

Three chondrules have resolvable 26Mg excesses, 
with inferred initial (26Al/27Al)0 ratios ranging from 
(3.6±1.5)×10–6, to (5.7±1.4)×10–6, while other three 
chondrules show little to no 26Mg excess with upper 
limits of (26Al/27Al)0 ratios < 5×10–6. RBT 04143 is a 
breccia containing domains with different degrees of 
thermal metamorphism [4]. Chondrules without 26Mg 
excess are located in the altered domains and show 
systematically lower olivine Mg# than enstatite and 
formation of nepheline, which are not observed in 
those with 26Mg excesses that are located in the 
unaltered domains.  

Assuming homogeneous distribution of 26Al in 
the early solar system, the formation ages of the three 
unaltered chondrules are estimated at from 2.3 (–
0.2/+0.3) to 2.7 (–0.4/+0.6) Ma relative to the time of 
canonical (26Al/27Al) ratios of 5.25×10–5 [6], similar to 
those of chondrules in Kaba (CV3oxB) [7] and most of 
other chondrites [1]. They include chondrules with 
dfferent Mg# and Δ17O values, suggesting distinct 
isotope reservoirs existed contemporaneously. 
 
[1] Kita & Ushikubo (2012) MAPS 47, 1108-1119. 
[2] Ushikubo et al. (2013) GCA 109, 280-295. [3] 
Maruyama & Yurimoto (2003) GCA 67, 3946-3957. 
[4] Ishida et al. (2012) Polar Science 6, 252-262. [5] 
Ishida et al. (2014) 45th LPSC #1673. [6] Larsen et 
al. (2011) ApJ 735, L37. [7] Nagashima et al. (2015) 
Metsoc #5167. 
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In Earth’s surface environments, interactions 
among water, minerals and organics control divers 
geochemical processes. In order to study adsorption 
of water on surfaces of minerals and organics,  we 
have developed infrared (IR) micro-spectroscopy 
under controlled relative humidity combined with 
quartz crystal microbalance (QCM)(Fig.1).  

Water molecules adsorbed on a Na-
montmorillonite clay film and a collagen film with 
increasing RH at different temperatures were first 
studied by QCM to determine total water weights 
adsorbed. Then, IR spectra were used to analyze 
different water species in OH streching and bending 
bands: bound water with shorter H bonds and free 
water with longer H bonds.  

This method can be extended to study adsorption 
of hydrophylic, hydrophobic and amphipathic 
compounds on minerals and organics under controled 
relative humidity at various temperatures. Adsorption 
sites for these compounds and their competition with 
water molecules can also be investigated.  
 

 
Fig.1. Infrared (IR) micro-spectroscopy combined 
with a quartz crystal microbalance (QCM) together 
with a relative humidity (RH ) and temperature 
control system. 



Goldschmidt Conference Abstracts 2238 

Geographical variations in 
pigment compositions of snow 

algae in Japan 
T. NAKASHIMA1* N. TAKEUCHI1 J. UETAKE2 Y. 

TANABE2 M. TSUJI2 K. MIYAUCHI1 AND  C. 
OKAMOTO1 

1 Chiba University, 1-33, Yayoi-cho, Inage-ku, 
Chiba-city, Chiba, 263-8522, Japan  
(*correspondence: tnakashima@chiba-u.jp) 

2 National Institute of Polar Research, 10-3, Midori-
cho, Tachikawa-city, Tokyo, 190-8518, Japan 

 
Snow algae are photosynthetic microbes 

inhabiting melting snow surface in alpine and polar 
regions. Their blooms cause visible red or green 
coloured snow due to various pigments in their cells. 
Such coloured snow commonly appeared on snow 
fields in Japanese mountain regions in early summer. 
However, geographical differences in algal species or 
pigment compositions are little known. In this study, 
we aim to describe snow algal community and their 
pigment compositions in geographically different 
areas and to understand the relationship among algal 
pigments, cell morphology and species of colored 
snow in Japanese mountain regions. 

Coloured snow samples were collected in three 
mountain regions in Japan, including Mt. Ibuki in 
Shiga prefecture, Mt. Gassan in Yamagata prefecture, 
and Mt. Tateyama in Toyama prefecture during the 
melting season (April to July) of 2015. We 
microscopically observed cell morphology, and 
analyzed absorption spectra and chromatograms of 
pigments extracted from the collected samples. 

The absorption spectra of extracts from the 
collected snow samples showed various absorption 
peaks corresponding to chlorophyll a, astaxanthin, 
and other pigments. The spectra varied among the 
samples and study areas and can be classified into 5 
types (Types A-E). The pigment compositions of 
each absorption type analyzed by chromatograms 
showed no significant difference. However the 
relative abundance of each pigment differed among 
the spectrum types. Microscopy revealed that the 
samples contained various morphologies of algal 
cells and that the relative abundance of the algal cell 
types differed among the spectral types. The results 
suggest that the geographical variations in pigment 
compositions are probably due to different 
community structure of snow algae among the study 
areas.  The snow algae in each area appeared to be 
localized species and not to disperse over the snow 
fields in Japan. 
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Natural 236U (T1/2=2.342×107y) is produced by 

capturing of thermal neutron, whereas anthropogenic 
236U is generated by nuclear activities: global fallout, 
spent fuel reprocessing, and nuclear power plant 
decommissioning. Isotopic ratio of contaminated soil 
and sea water, for instance, are estimated to be 
236U/238U~10-9, therefore 236U in natural samples are 
applied as a tracer recently. 

There are mainly two reasons for development of 
236U AMS in MALT. First, measuring natural 
samples: sea water, coral core, and soil. Natural 
background of 236U in these samples might be 
236U/238U~10-12. Second, detecting the 236U assumed to 
have leaked from Fukushima nuclear power plant.  

Aiming at the background level of 10-12, 
development of 236U AMS system had started at 
MALT (Micro Analysis Laboratory, Tandem 
accelerator). 236U is extracted as 236UO- from the ion 
source and exchanged to 236U5+ at the terminal. The 
magnetic rigidity at the injection magnet is 5.07 
[MeV1/2amu1/2]. The terminal voltage is 2.4 MV and 
the magnetic rigidity at the analyzing magnet is 16.4 
[MeV1/2amu1/2].  Now 236U can be measured at 
236U/238U~10-10 level, there are, however, strong 
interference from 235U5+, which may experiences the 
abnormal charge exchange. So MALT are planning to 
attach TOF as a final detector. 

In order to measure the soil samples in 
Fukushima, MALT is focusing on following three 
projects. (1) Establishing the chemical procedure for 
soil: eluting and purifying uranium from samples. (2) 
Measuring 238U by using ICP-MS. (3) Analysing the 
beam orbit and understanding the interfering 
mechanism of 235U5+. 
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Metal sulfides in the ocean have attracted 

attention for their role on the speciation of trace 
metals in seawater. Although hydrothermal system is 
one of the most important sources of sulfides and 
trace metals, the behaviour and fate of hydrothermal 
vent-derived metal sulfides in the ocean are not 
elucidated yet. 

Vertical profiles of acid volatile sulfides (AVS) 
concentrations in three different size fractions (<30 
nm, 30–200 nm, >200 nm) were observed as the 
concentrations of metal sulfides for the first time over 
the submarine hydrothermal field of Hatoma and 
Yonaguni Knoll over Okinawa Trough in the western 
Pacific. The nanometer size fractionation was carried 
out immediately after seawater sampling and AVS 
concentrations in each filtrates were then determined 
by a purge-trap gas chromatography with an FPD.  

The highest concentrations of AVStotal (unfiltered 
AVS) were found at the depth of ~50 m above sea 
floors in both areas (Hatoma Knoll: 4.0 nmol/kg, 
Yonaguni Knoll: 5.3 nmol/kg). The nanometer size 
fractionations of the metal sulfides showed a quite 
interesting profile. In the depth with lower AVStotal (< 
~100 pmol/kg), AVS<30 nm was dominant, while ~70% 
of metal sulfides existed as AVS>200nm in the depth of 
AVStotal maximum. The high fraction of large 
particulate metal sulfides (> 200 nm in size) sharply 
declined at the layers neighbour to the AVStotal 
maximum. The strong dependence of the size 
fractionation on AVStotal concentration suggests that 
nanoparticle/dissolved metal sulfides may rapidly 
grow to larger particles under the high AVStotal 
condition after emitted from hydrothermal vent to the 
ocean environment. 
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New Development of Eco-hydrologic and 
Biogeochemical Coupling Model 

Inland waters including rivers, lakes, and 
groundwater are increasing to draw attention in 
biogeochemical cycling [1]. The authors have so far 
developed process-based National Integrated 
Catchment-based Eco-hydrology (NICE) model [2, 
3], which includes feedback between hydrologic-
geomorphic-ecological processes in various scales. In 
this study, NICE was further developed to couple 
with some biogeochemical cycle models (LPJ, 
SWAT, QUAL2K, CO2SYS, RokGeM, etc.) in 
global scale. This NICE-biogeochemical coupling 
model incorporates connectivity of the 
biogeochemical cycle accompanied by hydrologic 
cycle between surface water and groundwater, 
hillslopes and river networks, and other intermediate 
regions. The model also includes reaction between 
inorganic and organic carbons, and its relation to 
nitrogen and phosphorus in terrestrial-aquatic 
continuum.  

 
Discussion of Results 

The model simulated CO2 evasion from inland 
water in global scale, and agreed reasonably with 
empirical relation [4]. The model also showed carbon 
storage, and DOC, POC, and DIC export to ocean in 
relation to hydrologic change, which are strictly 
conserved as carbon budget in the model. Further, the 
authors tried to clarify how carbon cycle might 
change as inland waters become polluted with 
nutrients from agriculture and urban areas. This 
advanced mechanistic model would help to re-
evaluate greenhouse gas budget and to bridge gap 
between top-down and bottom-up approaches [1]. 
 
[1] Battin et al (2009) Nat. Geosci. 2, 598-600. [2] 
Nakayama (2014) Handbook of Engineering 
Hydrology, Taylor and Francis, 329-344. [3] 
Nakayama (2015) Geophysical Monograph 206, 
AGU, 521-535. [4] Aufdenkampe et al (2011) Front. 
Ecol. Environ. 9, 53-60. 
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Introduction 

Black carbon (BC) is considered to be the most 
potent light-absorbing material in the visible region. 
Light-absorbing organic carbon (brown carbon or 
BrC) may also act as sources of significant 
absorption. Recently, several studies have reported 
the enhancement of light absorption due to coating of 
BC (lensing effect) and light absorption of primary 
organic aerosols (POA) emitted from diesel engine 
exhast [e.g., 1]. However, optical properties of 
secondary organic aerosol (SOA) generated from 
vehicle engine exhaust have not been well-studied. 
Experimental 

In this study, SOA was generated in a smog 
chamber by irradiating UV light after addition of OH 
precursor (H2O2) or adding O3 to diesel or gasoline 
engine exhaust. Absorption and scattering coefficents 
at 375, 405, 532, and 781 nm were measured using 
photoacoustic spectrometers (PAS) after passage 
through a thermo-dennudar (TD) maintained at 
300°C or bypass line maintained at room 
temperature. Size distribution and chemical property 
of particles were simultaneously measured using a 
scanning mobility particle sizer (SMPS) and an time-
of-flight aerosol mass spectrometer (AMS), 
respectively. 
Results and discussion 

By paasing through the TD, most of non-
refractory materials detected by the AMS were 
removed. The absorption enhancement factor (Eabs) 
was determined from the ratio of light absorption for 
particles that did not and did pass through the TD. 
The contributions of the lensing effect and light 
absorption of SOA (BrC) were estimated from the 
temporal variations of the Eabs values and their 
wavelength dependence. As results, the enhancement 
of light absorption due to the lensing effect was found 
to increase with the formation of SOA, while the 
contribution of light absorption by the SOA was 
small under our experimental conditions.  

[1] Guo et al. (2014) Atmos. Environ. 94, 428-437. 



Goldschmidt Conference Abstracts 2243 

In-situ visualization of 
molecular self-assembly and 
surface restructuring at the 

mineral-water interface 
M. NALBACH1*, M. SCHREIBER1, R. MOMPER1,  
S. KLASSEN1, R. BECHSTEIN1 AND A. KÜHNLE1 

1 Institute of Physical Chemistry, Johannes Gutenberg 
University Mainz, Duesbergweg 10-14, 55099 
Mainz, Germany (*email: martin.nalbach@uni-
mainz.de) 

 
Organic additives at the mineral-water interface 

can decisively effect dynamic processes like, for 
example, dissolution, growth and surface 
restructuring. Elucidating the interplay of organic 
molecules with mineral interfaces and the formation 
of self-assembled structures on the surface in liquid 
environments is furthermore of utmost interest within 
biomineralization research [1]. Insights into the 
interfacial structure at the nanoscale can be obtained 
by using atomic force microscopy (AFM). This 
powerful imaging technique has proven to provide 
atomic and molecular-resolution images of mineral 
surfaces, even during in-situ measurements in liquid 
environments [2].  

Here, we present high-resolution AFM studies on 
calcite(10.4) in aqueous solutions where we focus on 
the effect of the presence of organic calcium 
chelating agents. We discuss the entanglement of 
molecular self-assembly [3] and additive-induced 
surface restructuring [4]. Interestingly, the molecular 
arrangement of the additives on the calcite(10.4) 
surface as well as the dynamic restructuring of the 
surface itself  may be observed at the same time, 
indicating that self-assembly and surface 
restructuring are difficult to disentangle. In contrast 
to the surface restructuring, which was found to be 
independent of the pH value in our experiments, the 
formation of molecular structures at the mineral-
water interface was revealed to sensitively depend on 
the actual pH. 

Our findings illustrate the complexity of 
interdependent dynamic processes at the 
calcite(10.4)-water interface in the presence of 
organic molecules. Therefore, the results contribute 
to a fundamental molecular-level understanding and 
disentanglement of interfacial processes and may 
pave the way for a precise prediction of these 
processes at mineral-water interfaces.  

 
[1] Ricci et al. (2015) Langmuir 31, 7563-7571. [2] 
Rode et al. (2009) Langmuir 25, 2850-2853. [3] 
Schreiber et al. (2013) Soft Matter 9, 7145-7149. [4] 
Momper et al. (2015) Langmuir 31, 7283-7287.  
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Hexavelent chromium (Cr(VI)) is the 2nd most 
common inorganic contaminant after lead at 
hazardous waste sites driven by various applications 
of Cr for industrial purpose. In addition to the 
anthropogenic contamination, soil and groundwater 
contamination by Cr(VI) without any anthropogenic 
source has been reported around the world. Under 
natural environments, the geochemical processes for 
Cr(VI) generation would likely be associated with the 
oxidation of Cr(III) since Cr generally exists in the 
oxidation state of +III as a trace constituent in various 
aluminosilicate minerals. Previous studies have 
suggested that the principal oxidant of Cr(III) would 
be Mn oxides of natural origin. This study examines 
the effects of dissolved oxygen (DO) on Cr(VI) 
generation from the oxidative dissolution of 
Cr(OH)3(s) mediated by birnessite, which is one of 
the most common Mn oxides in the environment.  

For the purpose of this study, Cr(OH)3(s) and 
birnessite were synthesized and reacted to each other 
under oxic or anoxic conditions. 1.0 g/L of each solid 
was mixed in 50 mM NaNO3 adjusted to pH 7, 8 or 9 
with a buffer (Na-MOPS for pH 7 and 8, CHES for 
pH 9). Cr(OH)3(s) was readily oxidized by birnessite 
under both oxic and anoxic conditions. Especially, 
the oxidation of Cr(OH)3(s) was considerably boosted 
at all pH conditions in the presence of DO. In 
addtion, the effects of DO increased with increasing 
pH. These results indicate that the overall reaction 
between Cr(OH)3(s) and birnessite would likely be 
catalyzed by DO and thereby follow different 
pathways under oxic conditions from those in the 
absence of DO.  
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Styles of geothermal water discharges vary even 

they locate in a small area. When steam discharges 
continuously, it is called as a fumarole. Continuous 
liquid water and steam supply makes a boiling spring. 
Intermittent supply becomes a geyser. When these 
geothermal features are closely located, they 
sometimes interact [1]. The origin of various styles of 
water discharge and those interactions may be 
attributed to the different plumbing systems.  

We thus performed a series of laboratory 
experiments with various plumbing systems. The hot 
water bath (flask) heated from the bottom is connect 
to the vent (funnel) through the conduit (plastic tube). 
In some cases, the conduit has a branch connected to 
the cold water tank. We varied the conduit diameter 
(2, 6mm), its length (0.5-2m), and branching depth.  

By the boiling of the water in the flask, we 
observed various discharge styles even in the 
experiments without branches. For the short (<1 m) 
and thin (2mm) conduit, the steam supplied from the 
boiling flask discharges like a fumarole. For a thick 
(6mm) conduit with a same length, the steam 
condenses in the funnel. Further supply of steam 
splashes the condensed water like a boiling spring. 
For a long (2m) and thick conduit (6mm), the 
condensed water intermittently drains into the 
conduit, like a geyser. Interestingly, during the steam 
condensation in the funnel, the inside conduit is filled 
by steam. Here, the measured pressure becomes 
lower than that measured when liquid water fills the 
conduit. We thus consider that the pressure inside the 
conduit and hot water bath is governed by the static 
pressure.  

When the conduit connects to the cold water tank, 
the depth difference between the water tank and the 
branching point determines the discharge styles. For a 
large depth difference, which generates large 
hydrostatic pressure, the cold water easily flows into 
the conduit to stop boiling.  
Our experiments show that subtle difference of 
plumbing system can explain various discharge 
styles.  
 
[1] Munoz-Saez, C., et al. (2015), J. Geophys. Res. 
Solid Earth, 120, doi:10.1002/2015JB012364. 
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Barium isotopes have attracted increasing 
attention over the past few years. Previous studies of 
terrestrial samples showed significant fractionation of 
Ba isotopes in seawater [1], rivers [2] and few 
terrestrial igneous rocks [3]. However, the Ba 
isotopic compositions of upper continental crust 
(UCC), the most important reservoirs of Ba on the 
Earth, are still unknown.  

To constrain the average Ba isotopic 
compositions of continental crust and study the Ba 
cycling during weathering process, we analyzed Ba 
isotopes of granites, loess, river sediments, and 
glacial diamictites (70 samlpes in total).  Barium 
isotopes were measured using a Neptune plus MC-
ICP-MS with two methods: sample-standard 
bracketing with Ce correction and a double spike 
method. The errors (2SD) of δ137/134Ba (denoted as 
[(137/134Ba)sample/ (137/134Ba)SRM3104a-1]×1000) better 
than 0.050‰ and 0.035‰, respectively. Repeated 
measurements by the two methods show good 
consistence within error.  

Loess samples define a narrow range of Ba 
isotopic compositions (δ137/134Ba = -0.019% to 
+0.027‰) with an average of 0.001±0.031‰ (2SD, 
n=18). δ137/134Ba in granites ranges from -0.153‰ to 
+0.094‰ with an average of 0.000±0.124‰ (n=22). 
Compared to loess and granites, glacial diamictites 
and the sediments have a larger dispersion in 
δ137/134Ba, from -0.172‰ to +0.362‰  in glacial 
diamictites, and from -0.157‰ to +0.343‰ in river 
sediments. 

Overall, our results show that different 
components of the upper continental crust have 
heterogeneous Ba isotopic compositions，with most 
samples have δ137/134Ba close to 0.005±0.168‰ 
(2SD, n=70). It implies that chemical weathering may 
significantly fractionate Ba isotopes and lead to the  
variable Ba isotopic composition in the UCC. 
 
[1] Horner et al. (2015) EPSL, 430, 511-522.  
[2] Cao et al. (2016) EPSL, 434, 1-9.  
[3] Nan et al. (2015) JAAS, 30, 2307-2315.  
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High-time resolution (70 year mean sampling) 

measurments of the major and trace inorganic 
elements, such as rubidium (Rb) and strontium (Sr), 
from the Lake Baikal sediment core was carried out 
to estimate the weathering response and the material 
provenance in the lake watershed. Because of the 
similarlity of the chemical properties between Rb and 
potassium (K), Rb behaves similarly to K in the 
geological processes, such as weathering. The high 
correlation between Rb and K during the Holocene in 
the lake sediment was observed (r = 0.915, n = 221, 
p<0.001). Additionally, the flucutuations of the Rb/Sr 
ratio and mean grain size (MGS) during the Holocece 
were corresponding with each other. These results 
indicate that the behavior of Rb and Sr are strongly 
influenced from the chemical weathring process 
during high precipitation period. On the other hand, 
there is no significant correlation between Rb and K 
during the late last glacial period (from 32 to 18 kyr 
BP), which is cool and dry climate period, and it 
shows higher concentration of Rb rather than those of 
K comparing with those of the Holocene. This would 
indicate the higher stability and immobility of Rb in 
clay minerals rather than K during the late last glacial 
period. The similar profiles between the Rb/Sr ratio 
and the MGS from loess sediment in China [1] were 
observed. These results imply that the Rb/Sr ratio can 
be used as the proxy to estimate the East Asian winter 
monsoon intensity during cool and dry climate 
period.  
[1] Sun et al., Nature Geoscience, p46-59. Vol.5, 2012 
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Organic compounds are distributed widely in 
natural environment. In particular, hundreds of 
thousands of organic compounds with significant 
chemical diversity are expected to be present in 
extraterrestrial materials (e.g. meteorites) considering 
from their structural and optical isomers. Currently, 
the organic contents identified in meteorites 
correspond to only approx. 1% of the total 
compounds present. The detailed molecular 
distribution is required to investigate the sources and 
reaction mechanisms from the chemical evolution 
point of view. 

 We have started the innovative project to study 
trace organic compounds of planetary materials 
(meteorites, cosmic dusts, hydrothermal fluids, 
drilling samples etc.) using advanced 
chromatography and mass spectrometry with ultra-
high sensitivity, resolution and separation (previously 
unavailable), to elucidate their history and 
mechanisms of formation. The following advanced 
analyses and development will be performed: 1) 
Clean room environment to avoid organic 
contamination; 2) Detection limit (sensitivity) down 
to ~10-18 mol from previous  ~10-15 mol level; 3) 
Ultra-high mass resolution up to ~300,000 (m/Δm) to 
determine the elemental composition using exact 
mass; 4) Superior chromatographic separation using 
ultrahigh-resolution column coupled with nanoLC 
and/or 2-dimensional columns to determine structural 
and optical isomers; and 5) Development of in-situ 
organic compound analysis of sample surface using 
desorption electrospray ionization. 

The technical development will allow for the 
improved identification of organic compounds 
compared to current analysis, and will advance our 
studies of the formation pathways and origins of 
planetary materials. Furthermore, the new techniques 
will allow for the definitive identification of organic 
compounds in greatly reduced sample sizes (using 
~µg of sample vs. current ~mg requirement), thereby 
contributing to the successful analysis for future 
sample-return missions (e.g. Hayabusa 2 and 
OSIRIS-REx). The methodology will also be 
applicable to various types of other rare, precious, 
and small samples for environmental and biochemical 
studies.  
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The Gulf of Mexico (GOM) oil spill of April 

2010 was a unique one, considering the volume of the 
spilled oil, the biological importance of the GOM and 
the fact that oil is coming from the seafloor to the 
surface passing through the water column. This 
causes a lot of localised impacts to benthos and other 
marine organisms in the water column before even 
reaching the surface. As the spill reaches the water 
surface, life of many marine animals that dwell on the 
surface such as fishes, Sea turtles, sea birds etc were 
affected, through the physical impact such as 
smothering, drowning, hypothermia etc. The oil is 
light therefore very susceptible to degradation by 
weathering, which was also enhanced by the warm 
climatic condition of the area. The rich biological 
heritage of the Gulf of Mexico makes the effects of 
the spill more severe especially at the coastal 
intertidal areas. Since severity of the effects of oil 
spill are environment dependent, the effects to this 
ecosystem will be severe only in short term at the 
deep sea, but might have some long lasting effects at 
the shoreline. Severity of the oil spill’s long term 
effects, could be ascertain through continuous 
monitoring of Mortality rates, PAHs level, TPH level, 
water quality etc. 
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 Data from meter scale laboratory experiments on 

microbially-induced calcite precipitation (MICP)  
were simulated by mathematical modeling of 
transient nonuniform multicomponent bioreactive 
transport in natural soil used in laboratory 
experiments. Flow in the cookie-shaped domain 
(“Tub”) was induced by pairwise injection-
withdrawal periods that iterated among sequential 
pairings of two of the three wells used to control the 
hydraulics, and occurred in daily sets of high-Peclet 
~1hr 3/4PV injections each followed by a 23hr  
reaction period of zero flow for 14 days. Two 
separate tubs were used in the experiment, one 
relying on biostimulation of native ureolytic bacteria  
and the other relying on bio augmentation with 
injected isolates. Both clubs were subject to the same 
hydraulic controls and aqueous chemistry boundary 
conditions that involved a mix designed to induce a 
moderated ureolysis rate which, in conjunction with 
the 14d injection-reaction sequence, was a strategy 
targeting uniform calcite precipitation within the 
domain over the 14d period.   Internal and effluent 
sampling allowed for detailed data on aqueous 
chemistry, ureolysis,  and calcite molar volume at 
different locations in space and in time. These data 
were modeled using PHT 3-D and COMSOL-iCP in 
parallel for cross-validation, and  involved simulation 
of transient pressure boundary conditions inducing 
transient  and nonuniform flow, alternatingly high- 
and low-Peclet transports with correspeondingly 
high- and low-Damkohler reactive transport.   A 
parsimonious approach was taken in order to limit the 
number of fitted parameters to zero.   Independent 
column experiments were used to ascertain an 
effective rate of ureolysis represented with single-
Monod kinetics. All other reactions including 
precipitation were assumed at equilibrium. The 
assumption that all microbial growth partitioned into 
the aqueous phase with little subsequent filtration, 
which results in a solid phase-associated biocatalyst 
at effective steady-state, in conjunction with the 
foregoing treatment of the reaction network, provided 
for efficient and accurate modeling of the entire 
process leading to nonuniform calcite precipitation.  
This analysis suggests that  microbial transport in 
natural ecosystem is not governed by filtration 
kinetics but is controlled largely by growth. 
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Mesoscale hierarchical structures with diverse 
functions are abundant in Nature normally driven by 
self-assembly processes. Silicatein-α – a protein 
involved in silica biomineralization that display 
intrinsic self-assembly properties – was used to 
fabricate microsized needles of CaCO3 similar to the 
spicules of the calcareous sponge Sycon sp. The self-
assembled spicules, 10 to 300 micrometers (mm) in 
length and 5 to 10 mm in diameter, are composed of 
aligned calcite nanocrystals. The spicules are initially 
amorphous but transform into calcite within months, 
exhibiting unusual growth along [100] scattering X-
rays like twinned calcite crystals. Whereas natural 
spicules evidence brittle failure, the synthetic spicules 
show an elastic response, which greatly enhances 
bending strength. This remarkable feature is linked to 
a high protein content. With nano-thermogravimetric 
(nano-TGA) analysis, we measured the organic 
content of a single spicule to be 10 to 16%. The 
hierarchical organization, structural homogeneity and 
the alignment of the nanocrystals impart waveguiding 
properties even upon bending. 
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Recovering high quality genomic DNA from 

environmental samples is a crucial primary step to 
understand genetic, metabolic, and evolutionary 
characteristics of microbial communities through 
various molecular ecological approaches. However, it 
is often challenging because of the difficulty of 
effective cell lysis without fragmenting the genomic 
DNA. This work aims to improve the previous SDS-
based DNA extraction methods for high-biomass 
seafloor samples, such as pelagic sediments and 
metal sulfide chimneys, to obtain high quality and 
high molecular weight genomic DNA for the 
subsequent molecular ecological analyses including 
metagenomics. We newly standardized the modified 
SDS-based DNA extraction method (M-SDS), of 
which results were then compared to those extracted 
by other DNA extraction methods (the hot-alkaline 
method and a commercial DNA extraction kit). 
Consequently, the M-SDS method resulted in higher 
DNA yield and cell lysis efficiency, lower DNA 
shearing, and higher diversity scores than other two 
methods compared, providing a comprehensive DNA 
assemblage of microbial community in the seafloor 
environment. 
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A ca. 1 % systematic offset between K-Ar and U-
Pb ages was attributed to an inaccurate 40K decay 
constant [1,2]. Multiple attempts to recalibrate it did 
not achieve consistency among the three unknowns 
constrained by one equation: the total decay constant, 
the branching ratio B of the 40K decay, and the 
40Ar/40K ratio in the irradiation monitor. 

We examined 11 natural samples in an attempt to 
intercalibrate three dating systems: Rb-Sr, K-Ca, and 
U-Pb. Only a phlogopite from the Phalaborwa 
carbonatite complex met all requirements of a 
geological “point-like” event [2]. Our Rb-Sr age of 
2058.9±5.2 Ma agrees with the age determined by [3] 
and with published U-Pb ages. The K-Ca age 
obtained with an improved technique to measure Ca 
isotopes [4] and calculated with the constants from 
[5] is 2040±13 Ma. To achieve agreement of the ages, 
it is necessary to change the decay constant and/or B 
(Fig. 1). In the literature, B ranges from 0.892 to 
0.896. This leaves only two sets of constants that 
agree marginally with [1] and [6]. 

 
 
Figure 1. K-Ca age of Phalaborwa phlogopite 
changes along sloping lines as a function of assumed 
branching ratio B, calculated with the total 40K decay 
constant of [1]. [5], [6]. 
 
[1] Min et al (2000) GCA 64, 73 [2] Begemann et al 
(2001) GCA 65, 111 [3] Nebel et al (2010) GCA 74, 
5349 [4] Naumenko-Dèzes et al (2015) Int J Mass 
Spec 387, 60 [5] Steiger & Jäger (1977) EPSL 36, 
359 [6] Renne et al (2011) GCA 75, 5097  
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On July 27, 2013, in the Eastern bay of Thailand 

a oil pipeline burst while oil was being transferred 
from an undersea well to a tanker. The 50,000 liters 
of oil spewing into the coastal waters. The oil leak 
moved toward a popular tourist island “Samed 
island” resulted in the beach being closed and tourists 
evacuated after spillage reached the beach. In this 
research was monitoring the contaminated of 
Polycyclic aromatic hydrocabons (PAHs) resulting 
from oil spill on the environment. The PAHs 
contaminated in seawater, sediment and others 
ecology systme of Samed island were determined. 
The PAHs were  the extracted with DLLME 
technique and determined by GC-MS. The short-term 
and long-term impact of oil spill on the environment 
were monitored and evaluated. 

 
Figure 1: Crude oil residue on the beach of 

Samed island collected from January, 2016 
 

[1] Leong et al. (2010) J. Chromatogr. A, 1217, 
5455–5461. [2] Ghorbani et al. (2013) J. Basic and 
Appl. Sci.Res., 3, 260-264. [3] Mohammadi et al 
(2012)  J. Chromatogr. A, 1237, 30–36. 
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Thermochemical studies elucidate the driving 

forces for geochemical processes from the Earth’s 
surface to deep planetary interiors. Recent advances 
in calorimetry in the Peter A. Rock Thermochmistryt 
Laboratory at UC Davis have enabled the study of an 
increasingly wide range of problems. Here I 
summarize recent progress in three diverse areas. 
Relating mineralogy, geochemistry, and 
thermodynamics. The first is a comparison of the 
energetics of water and ethanol adsorption on mineral 
surfaces, especially silica and calcite.. This highlights 
new  gas adsorption calorimetric methodology and is 
relevant to CO2 sequestration and mineral reactivity 
in the surface and subsurface environment. The 
second is the energetics of nanodiamond and related 
carbon nanomaterials, relevant to the perhaps 
surprisingly ubiquitous occurrence of such 
nanophases in the mantle. The third is the 
thermodynamics of bastnaesite, a main rare earth ore 
whose stability  as a function of the rare earth and F-
OH substitution been poorly constrained till now.  
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Both lanthanides and actinides are widespread in 

the geochemical environment, though usually not in 
high concentrations. They are geochemical indicators 
for both age-dating and petrologic processes. 
Technologically, lanthanides are “critical elements” 
in applications from wind turbines to cell phones to 
LED lighting while actinides form the basis of the 
nuclear fuel cycle. Both groups substitute in a large 
number of minerals and technological materials. 
Selecting from recent research in my group, I will 
illustrate the importance of thermodynamic 
measurements in four areas: (1) transport of uranium 
in the environment through the formation of uranyl 
peroxide compounds and clusters, (2) the formation 
and metastability of coffinite, USiO4, (3) the 
incorporation of rare earths in gypsum waste products 
from fertilizer production, and (4) the incorporation 
of lanthanides in various perovskite minerals. 
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Geographically the territory is located in 

Kokchetav elevation, where forested hills occupy an 
area of about 30 kilometers around Kazakh steppe. At 
the foothills and in the forests, on the granite deposits 
there are more than 30 lakes and several bogs. The 
deeper and largest lakes are Borovoe, Big Chebachye, 
Small Chebachye and Shchuchye. The smaller are 
Svetloye, Karasje, Lebjagye and Gornoe. 

The water regime of these lakes is defined by 
inflow of the thawed snow flowing down from the 
catchment area during spring high water and also 
rainfall dropping out on a surface of lakes. The 
account part of water balance almost entirely defines 
evaporation from a surface of the water. 

In 2015 authors have selected samples of lake and 
bog water. The results have shown that, despite a 
close arrangement, the similar hydrogeological, 
landscape and climatic conditions, lakes considerably 
differ on their chemical composition. 

Water of such large lakes as Big Chebachye, 
Shchuchye and Borovoe is fresh, hydrocarbonate 
sodium-calcium. TDS value makes 0.2-0.6 g/L, pH 
ranges 7.1-7.4. Waters contain high concentration of 
P, Fe, Mn, Li, Cu, As, Cr and Mo. Another large lake 
Small Chebachye is сhloride sodium with TDS of 5.0 
g/L and the high content of F, B, Br, Sr, As and Ba. 
Karasje, Lebjagye and Gornoe lakes belong to the 
small fresh hydrocarbonate sodium and calcium lakes 
with TDS of 0.07 g/L and рН values of 7.1. Whereas, 
bogs on the territory are sulphate and much more 
acidic (pH 4.2-5.2), they contain high concentration 
of Al, Si, P, Fe, Mn, Co, Ni, Cu, Zn and Ti. 

Considerable differences of chemical 
composition of surface water are connected with 
water inflow (atmospheric or groundwater), 
underlaying rocks, and also conditions of recharge of 
fresh or saline grounwater. Besides, significant role is 
played by the type of lake	   – inflowing (Big 
Chebachye), flowing (Borovoe) or drainless (Small 
Chebachye). 

The study was performed at the expense of a 
grant of the Russian Science Foundation (Project 15-
17-10003).	  
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The Wolverine deposit is the largest of a number 

of REE ore bodies located in the Browns Range area 
of the Tanami region, Western Australia. These 
deposits collectively represent one of the worlds’ 
richest sources of dysprosium and other critical 
HREE. The Wolverine deposit consists of xenotime 
[(Y,REE)PO4] and minor florencite 
[(REEAl3(PO4)2(OH)6] mineralisation in 
hydrothermal lodes within massive arkosic 
sandstones. Small alkali granite and pegmatite bodies 
also intruded the sandstone in the region. Steeply 
dipping mineralisation is associated with silicification 
at major fault junctions, and occurs mostly as; 1) high 
grade, low tonnage lodes with large (>10m long and 
1m wide) veins and chaotic breccias of massive, 
anhedral xenotime (±quartz, ±hematite, ±sericite), 
and; 2) low grade, probably higher tonnage 
disseminated mm-scale xenotime-quartz veins and 
crackle breccias in which xenotime grains occur in a 
number of morphological types, mainly blade-like 
and pyramidal overgrowth on pre-existing xenotime 
grains.  

U-Pb dating and isotopic analysis of detrital 
zircon grains from arkose samples from across the 
district yielded a single age population of ~3.1 
(±~0.1) Ga (corrected for lead loss), which is 
interpreted to be the maximum depositional age of 
the sandstones. This age is significantly older than the 
granitic rocks in the region ( ca. 1.8 to 2.5 Ga), 
indicating that there is (previously unknown) 
Mesoarchean basement within the North Australian 
Craton. Highly unradiogenic Hf isotope data for these 
zircons combined with unradiogenic Nd isotope 
values for ore xenotime indicate that old (Early 
Archean or Hadean?) crustal components contributed 
to the formation of ~3.1 Ga basement rocks and 
potentially the xenotime ore bodies. 

Work is ongoing to understand the temporal 
evolution of the deposit, the source of the REE (i.e., 
mantle versus old crustal) and the processes of 
transport and precipitation of HREE to form the 
deposit. 
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The Eastern Volcanic Zone (EVZ) of Iceland, 

where the Mid-Atlantic Ridge makes its closest 
approach to the centre of the Iceland plume, is the 
most volcanically productive of the island’s 
neovolcanic zones. Over 80% of the eruptions 
documented since the settlement of Iceland in 874 
have an affinity with the EVZ, including the recent 
eruption of Bárðarbunga-Holuhraun in 2014. The 
fresh and abundant products of EVZ eruptions offer 
an excellent opportunity for investiagting models of 
basaltic plumbing systems. By combining crystal 
zoning patterns with melt inclusion analyses, major 
and trace element disequilibrium between discrete 
crystal assemblages has been identified in the 
products of numerous EVZ eruptions, including those 
of the  voluminous Laki eruption in 1783. These 
different assemblages reflect not only mixing 
between variably evolved magmas, but also between 
variably enriched primary melts. Correlations 
between phase proportions, textural propoerties and 
whole-rock compositions indicate that mixing often 
takes the form of mush entrainment, which occurs 
throughout the evolution of magmas. The critical 
application of thermobarometers based on inclusion 
entrapment pressures, melt compositions and 
clinopyroxene-melt equilibria reveals that magma 
evolution takes place over a wide range of depths in 
the EVZ. Primitive crystal grow within the mid-crust 
(2–5 kbar, 8–20 km). In contrast, evolved crystals and 
crystal rims grow within the shallow crust (0–2 kbar, 
0–8 km), where melt and crystals equilibrate for the 
last time before eruption. It is thus probable that 
magmas erupted within the EVZ are processed via a 
large number of vertically stacked magma reservoirs 
en route to the surface. Although magmas are 
generally homogenised before eruption, their crystal 
cargoes nonetheless record their assembly from 
complex mixtures of melts, crystals and mushes. 
With conceptual models of plumbing system 
geometries in place, the timescales of some magmatic 
processes can then be estimated using textural and 
diffusion modelling approaches. While some crystals 
record mixing timescales of several months, most 
record short timescales of days to tens of days that 
represent the final episode of mixing and mush 
entrainment before eruption. 
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Despite their grouping as volatile species, H2O, 

Li, CO2, F, Cl and S often behave very differently 
during the generation, evolution and eruption of 
basaltic magmas. Although numerous recent studies 
have investigated the behaviour of volatiles in 
olivine-hosted melt inclusions, comparatively few 
studies have investigated volatiles in plagioclase-
hosted melt inclusions. We therefore present SIMS 
and EPMA analyses of volatiles in matrix glasses and 
predominantly plagioclase-hosted (~An90), naturally 
quenched melt inclusions from the voluminous (>1–
30 km3) 10 ka Grímsvötn tephra series, Iceland. 
Corresponding major and trace element data have 
been published recently [1]. High, variable and 
correlated matrix glass H2O and S contents (0.1–0.5 
wt.% and 800–1200 ppm respectively) suggest that 
eruption-related degassing was arrested prematurely 
owing to quenching in a phreatomagmatic setting. 
Conversely, comparatively soluble Li, F and Cl show 
no evidence of having degassed from matrix glasses. 
Primitive plagioclase-hosted melt inclusions contain 
more H2O and Li than expected from on their trace 
element compositions (assuming H2O/Ce = 180 and 
Li/Yb = 1.7 in primary melts). We attribute these 
excesses to the diffusive gain of volatiles after the 
entraiment of primitive crystals by a H2O- and Li-rich 
carrier melt in the days to months before eruption. 
While matrix glasses and olivine-hosted melt 
inclusions record coherent F/Nd values of ~13, which 
are probably representative of the mantle source, 
primitive plagioclase-hosted inclusions have 
uniformly higher F/Nd values that reach up to ~190. 
These extremely high F contents (350–1050 ppm) 
probably reflect inclusion formation by dissolution-
reprecipitation; F diffused down activity gradients 
into Al-rich melt pools around dissolving plagioclase 
grains that subsequently recrystallised to trap 
inclusions. In contrast with F, Cl behaved similarly to 
incompatible trace elements such as K. Initial 
magmatic H2O/Ce and F/Nd values of ~180 and ~13 
suggest that the mantle under Grímsvötn is depleted 
in H2O and F with respect to the Mid-Atlantic Ridge. 
 
[1] Neave et al. (2015) Contrib. Min. Petrol. 171, 21. 
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The Pb-Zn-Ag quartz vein from Terramonte cuts 

the Neoproterozoic-Cambrian schist-greywacke 
complex. The deposit was partially exploited during 
the 1970 decade. Several grains of arsenopyrite, 
pyrite, sphalerite, freibergite and semseyite are 
oscillatory zoned, as shown by backscattered images. 
Most of the chemical distinctions between darker and 
lighter zones are due to substitutions in the mineral 
lattices. However, semseyite has a darker zone with a 
lower Pb content and a higher Sb content than the 
lighter zone. Metal and metalloid are not correlated 
and are the main constituents in the solid solution. 
The paragenetic sequence consists of four stages. 
They contain quartz mainly accompanied by 
arsenopyrite and pyrite in the first stage, sphalerite in 
the second stage, galena showing many inclusions of 
several sulphosalts in the third stage and carbonates 
in the fourth remobilization stage. This quartz vein is 
probably of Alpine age. Fluids that acquired high 
salinity either by leaching of salt beds or following 
seawater evaporation could have leached metals 
mainly from metasediments and also previous Sb-Au 
deposits. Remobilization of metals and metalloids 
will be due to the tectonic evolution of the opening of 
the Atlantic ocean. The ore deposition resulted from 
mixing of a hypersaline fluid with up to 26 wt.% 
NaCl equivalent and occasionally up to 17 wt.% 
CaCl2, carrying the metallic content of the fluid, with 
an extremely low salinity fluid of meteoric origin that 
came down into the basement. The mineralization 
probably occurred between 120 and 230ºC. 
 
Neiva, A.M.R., Moura, A., Carvalho, P.C.S. (2015). 
Metallogenesis at the Terramonte Pb-Zn-Ag quartz 
vein, Portugal: Geological, mineralogical and 
geochemical evidences. Ore Geol. Rev., 71, 14-28. 
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The Butcher Ridge Igneous Complex (BRIC) is a 

~6000 km3 hypabyssal silicic intrusion within the 
Ferrar Large Igneous Province of Antarctica that 
contains enigmatic meter-scale layering. Layering is 
observed in a ~1 km long vitrophyre body, units of 
alternating vitrophyre and crystalline layers, and units 
of alternating crystalline layers. Individual layers in 
all units are laterally continuous for hundreds of 
meters and generally range from 1 to 3 meters thick. 
Petrographic observations and geochemical data 
indicate that crystalline layers have undergone 
extensive secondary devitrification and alkali ion 
exchange and represent a completely devitrified 
counterpart to vitrophyre layers. Field observations 
suggest that initial layer formation is due to the 
formation of repetitive parallel fracture networks 
within the layered vitrophyre body. We suggest 
exsolved magmatic fluids migrated into parallel 
fracture networks resulting in secondary hydration 
and rapid devitrification forming alternating 
vitrophyre and devitrified layers. Shear deformation 
experiments on rhyolites indicate that en echelon 
brittle fractures can form under relatively low strain 
rates (10-2 s-1) in the volcanic conduit and enhance 
open-system magma degassing and control the 
explosivity of eruptions [1]. Thus, shear deformation 
during magma emplacement may best explain the 
formation of extensive parallel fracture networks in 
the BRIC.  Finally, our data imply that explosivity 
can be suppressed not only by degassing of exsolved 
volatiles but also when secondary hydration and 
devitrification lead to retention of volatiles within 
formerly glassy bodies.  

 
[1] Okumura, S., Nakamura, M., Nakano, T., Uesugi, 

K., & Tsuchiyama, A. (2010). Journal of 
Geophysical Research: Solid Earth, 115(B6). 
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Limitation (<8ppb) as well as excess (>150ppb) 
of available Ni reduces the methanogenic capacity to 
consume H2. We have compared the growth of three 
different methanogenic species in growth medium 
where Ni is either depleted or in excess. The H2 
threshold in an optimal growth medium was two 
orders of magnitude lower (0.7 pH2) than in the 
medium with Ni limitation or excess (35 pH2). No 
significant differences in CH4 production could be 
detected. This implies that Ni stress limits the 
methanogenic ability to grow in environments with 
low H2 concentrations. In terms of survival of 
microorganisms in the deep subsurface, a very low 
pH2 would be expected due to the slow alteration 
rates of H2 producing minerals at the low 
temperatures needed to sustain microbial growth. Our 
study shows that Ni is essential for keeping the pH2 
low, indicating that any natural H2 driven systems has 
to either supply high Ni concentrations and/or high 
H2 concentrations in order to sustain a methanogenic 
culture. A deep subsurface environment where the Ni 
is relatively high would allow methanogenic cultures 
to sustain even with slow releases of H2 from water-
rock interactions. 
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A miniature time-of-flight laser ablation mass 
spectrometer (LMS) was designed and built at the 
University of Bern for application in space 
exploration. The small size and light weight of the 
instrument make it suitable for operation on a rover 
on a planetary surface. The LMS is characterised by a 
high dynamic range, sensitivity to almost all elements 
and the viability of chemical composition 
measurements with high spatial resolution in lateral 
as well as in vertical direction. LMS also allows for 
measurements of isotope abundances with accuracy 
at the ‰ level, allowing dating of rocks and minerals 
with the Pb-Pb chronometer [1].   

LIMS technique has not been deployed on any 
space mission to date, although miniaturisation of the 
instrumentation is possible and operation is robust. In 
this study, the excellent performance of LMS is 
demonstrated by measurements on geological 
standard reference samples. Furthermore, these 
samples are used to determine the sensitivity factors 
of the instrument and to proof the conformity of these 
factors. The results show that quantitative chemical 
composition measurements on a planetary surface are 
possible in situ with LMS and that valuable 
information on the mineralogy and chemistry of the 
sample can be obtained from LMS data [2]. The 
capability for chemical mapping and the investigation 
of features down to the μm size is demonstrated on a 
sample of the Allende meteorite [3]. In summary, 
LMS measurements on a planetary surface can 
deliver all data needed for detailed analyses of the 
chemical composition (elements and isotopes), 
mineralogy and age of the investigated material. 
 
[1] Riedo et al. (2013), Planet. Space Sci. 87 : 1-13. 
[2] Neuland et al. (2016), Meas. Sci. Technol. 27 
035904  
[3] Neuland et al. (2014), Planet. Space Sci. 101 : 
196-209. 
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The rhizosphere - the nexus of plant-soil-microbe 
interactions - is the largest active terrestrial C 
reservoir. As roots transfer organic compounds to the 
soil, the fate of this SOM is determined by (i) who is 
there (which microbial taxa), (ii) what chemical form 
the C is in, and (iii) where C is associated within the 
soil physical environment. We aim to develop a 
mechanistic understanding of plant-derived C 
association with soil minerals, investigating how 
SOM is protected from microbial degradation during 
growth of Avena barbata, a Mediterranean annual 
grass. We grew A. barbata with 99 atom% 13CO2 and 
tracked 13C-labeled photosynthates into soil 
microcosms where three minerals types were 
incubated: FeO-coated quartz, kaolinite, and 
ferrihydrite, representing a spectrum of reactivity and 
surface area. Mineral samples were collected at four 
timepoints during plant growth, ending at senescence. 
In the second phase of our experiment, 13C-labeled 
roots from the initial study were ground and mixed 
with soil to represent root litter created during the 
long period of Mediterranean dry-season senescence. 
Again, the three mineral types were incubated in soil, 
with CO2 collected throughout the incubation. 
Mineral microbial communities and C associations 
were characterized using bacterial and archaeal 16S 
and fungal ITS Illumina sequencing, total C and 13C, 
13C-NMR, and FTIR. To investigate C-mineral 
associations at the scale of individual soil 
microorganisms, we used combined STXM and 
NanoSIMS molecular/isotopic imaging to measure 
the distribution of specific C functional groups and 
13C enrichment on the mineral surfaces. Our findings 
suggest that (1) while mineral reactivity enchances 
SOM association, the presence of even relatively 
non-reactive surfaces allows for SOM accumulation, 
(2) growing roots host fungal partners which directly 
shunt C to minerals, and (3) microbial colonization of 
fresh minerals differs depending on mineralogy.   
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Calcium can be a network modifier or a charge 

compensator of AlO4- in aluminosilicate glasses and 
melts. As a function of its role, density, molar 
volume, viscosity, liquidus and glass transition 
temperature and more generally, macroscopic 
properties can change significantly. But how evaluate 
or prove this change of role? Recently, Helhen and 
Neuville (2014) have show by comparing Raman in 
VV and VH polarization, that a new band appears in 
the VH Raman spectra when the role of Ca changes 
from charge compensator to network modifier. 
Furthermore, we have shown in the XANES spectra 
at the Ca K-edge, an important change in the Ca pre-
edge peaks as a function of this same change of role.  

Application to redox processes: in the case of an 
Fe2+/Fe3+ silicate, like window glass or natural lava, 
Fe3+ can be consider playing same role than Al3+ 
following result on viscosity (Dingwell, 1991). By 
looking Ca pre-edge peaks, in window glasses, is 
possible to follow a change in the role of Ca as a 
function of redox, similar at those observe with or 
without Al. This variation of the role of Ca is 
associated with the need of Fe3+ to be compensated, 
and it proved that Fe3+ acts in the network former as 
Al3+. Furthermore, the large variations of the oxygen 
distribution around Ca could explain the large 
variations of the redox mechanisms in silicate melts. 

Application to nucleation processes: Ca 
environment can be a key to understand nucleation 
process. Indeed the nucleation process is very 
difficult to follow and needs highly sensitive tools. In 
fact, Ca is expected to move at lower temperatures 
than atoms involved in the glass network, in 
agreement with observation on relaxation processes 
(Gruener et al. 2001). As a consequence, Ca 
environment should be quickly modified in case of 
nucleation. Neuville et al. (2008) observed that, in a 
diopside composition, Ca pre-edge peak was 
modified and associated it with a change of Ca site 
from an “amorphous” one, to a “pre-nucleus” one. 
The quantitative approach of the Ca pre-edge 
XANES spectra, presented here, has the sensitivity 
required to further study nucleation. 

To conclude, by looking the role of alkaline earth 
element in glass and melts, it is possible have a better 
knowledge of the structure of glass and melts, but 
also to better understand redox and nucleation 
processes. 
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Introduction 
The geophysical evolution of many icy moons 

and dwarf planets seems to have provided 
opportunities for interaction between liquid water and 
rock (silicate and organic solids) [1-3]. Here, we 
explore two ways by which water-rock interaction 
can feed back on geophysical evolution: the 
production or consumption of antifreeze compounds, 
which affect the persistence and abundance of cold 
liquid, and the potential leaching into the fluid of 
radionuclides, affecting the distribution of a long-
term heat source. 
Methods 

We use the PHREEQC code [4] to model 
equilibrium rock and fluid compositions resulting 
from the interaction of chondritic rock with either 
pure water or C, N, S-bearing cometary fluid, thought 
to be the materials initially accreted by icy worlds. 
We estimate solution freezing temperatures from 
their compositions. 
Results 

Our findings suggest that water-rock interaction 
can strongly alter the nature and amount of 
antifreezes, resulting in solutions rich in reduced 
nitrogen and oxidized or reduced carbon that can 
remain partially liquid down to around 176 or 
perhaps even 157 K, the respective eutectic 
temperatures of the NH3-H2O and CH3OH-H2O 
systems [5,6]. The prominence of Cl in solution 
seems to hinge on its primordial supply in ices. 
Equilibrium assemblages, rich in serpentine and 
saponite clays, retain thorium and, at low 
temperatures (T < 50ºC), low water:rock ratios (W:R 
< 5), and conditions more reducing than the hematite-
magnetite buffer, uranium radionuclides. However, 
the radionuclide 40K can be leached at high pH > 10 
and/or high W:R > 5.  
Discussion and Application to Ceres 

We recommend the inclusion of these effects in 
future models of the geophysical evolution of ocean-
bearing icy worlds. Our simulations suggest that 
Ceres’ unusual surface mineralogy comprising NH4-
phyllosilicates, carbonates, serpentine, and a dark 
absorber (magnetite, sulfides, and/or carbon black) 
[7] may result from alteration of chondritic material 
by cold fluids. 

 
[1] Neveu et al. (2015) JGR 120, 123-154. [2] Hsu et 
al. (2015) Nature 519, 207-210. [3] Neveu & Desch 
(2015) GRL 42, 10197-10206. [4] Parkhurst & 
Appelo (2013) USGS Tech. Rep. 6, A43. [5] Croft et 
al. (1988) Icarus 73, 279-293. [6] Miller & Carpenter 
(1964) J Chem Eng Data 9, 371-373. [7] De Sanctis 
et al. (2015) Nature 528, 241-244. 



Goldschmidt Conference Abstracts 2268 

Probing stabilization 
mechanisms at the soil organic-

mineral interface at the 
molecular length scale. 

C.J. NEWCOMB1,  JW GRATE1,  NP QAFOKU1, R 
HUFSCHMID2, ND BROWNING1, JJ DE YOREO*1,2 

1Pacific Northwest National Laboratory, Richland, 
WA, USA [christina.newcomb@pnnl.gov], 
[jwgrate@pnnl.gov], [nik.qafoku@pnnl.gov], 
[nigel.browning@pnnl.gov],  

2University of Washington, Department of Materials 
Science and Engineering, Seattle, WA, USA 
[ryan.hufschmid@pnnl.gov] 

 [*correspondence: james.deyoreo@pnnl.gov] 
 

Soils store more carbon than the atmospheric and 
vegetative pools combined. Understanding the 
dynamics of this carbon pool in the carbon cycle is 
crucial to both predicting climate and sustaining 
ecosystem services, however to date a detailed 
description of the stabilization mechanisms of soil 
organic carbon (SOC) in soils is lacking. Recent 
studies have demonstrated that soil geochemistry has 
a significant impact on SOC storage, suggesting that 
organic-mineral interactions control carbon lifetimes. 
In this study, we probe the organic-mineral interface 
using model interactions that will allow us to build 
complexity systematically. Using dynamic force 
spectroscopy, we make and break bonds between 
model organic molecules and mineral surfaces, which 
allows us to mechanistically probe the energy 
landscape of organic-mineral interactions. We 
demonstrate the ability to measure the binding free 
energy of interactions between organic functional 
groups and model mineral surfaces as a function of 
solution chemistry. In particular, at ambient pH, we 
discovered that acidic functional groups exhibit the 
highest binding free energy when interacting with a 
mica surface. The strength of binding increases at 
lower ionic strength and low pH, suggesting that 
hydrogen bonding may play a significant role in acid-
SOM sorption to negatively charged clay surfaces. In 
contrast, amine functional groups bind more strongly 
to goethite. Both mineral surfaces, despite their 
different chemistries, demonstrate differences in 
binding with changes in ionic strength, providing 
implications for SOM stability in drier conditions due 
to climate change.  
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Technetium groundwater contamination is an 

issue at a number of nuclear sites such as Sellafield 
and Hanford, particularly due to its environmental 
mobility and its biological availability as a sulfate 
analogue. In oxic waters Tc is present as aqueous and 
mobile pertechnetate Tc(VII)O4

-, but under reducing 
conditions it can precipitate or sorb from solution as 
Tc(IV). Biostimulation of sediment microbial 
communities via the addition of an electron donor can 
lead to the removal of Tc(VII) from groundwater as 
Tc(IV), driven by the microbially-mediated formation 
of Fe(II).   

Here we investigated the potential for different 
slow-release proprietary electron donors to stimulate 
Tc bioremediation using sediments collected from a 
UK nuclear site. These included a poly-lactate 
substrate (HRC®), a poly-lactate substrate containing 
a sulfur moiety (MRC®) and a plant material mixed 
with zero valent iron (EHC®). Slow-release donors 
are beneficial as they do not require large volumes of 
substrate to be pumped into the subsurface which 
may affect the groundwater flow regime, nor do they 
require frequent reapplication. Sediment microcosms 
were supplemented with a proprietary electron donor 
and then monitored for changes in aqueous and solid 
phase geochemistry over three months. 

Results revealed that Tc(VII) was removed from 
solution following biostimulation with each 
proprietary electron donor. X-ray absorption 
spectroscopy showed that it was precipitated as a 
Tc(IV)O2-like phase with HRC® and EHC®, while the 
spectra with MRC® appeared similar to Tc(IV)S2.  
The reduced Tc(IV) phases were then exposed to air 
to assess their sensitivity to oxidative remobilisation; 
monitoring showed negligible quantities of 
technetium were re-released to solution under these 
highly oxidising conditions, unlike in an acetate-
amended system where 50 % of Tc was reoxidised. 

In summary, we have demonstrated that targeted 
treatments can be used to stimulate the in situ 
formation of recalcitrant Tc(IV) biominerals, and 
therefore could be effective in the long-term 
remediation of Tc contaminated groundwater. 
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Smectites are natural nanominerals abundant in 

soils and sediments. The swelling behavior and 
reactivity of montmorillonite (MMT), a smectite 
mineral with a low layer charge that originates from 
an excess of isomorphic substitutions in the 
octahedral sheet relative to the tetrahedral sheet, have 
found widespread application in engineered barriers 
and nanocomposite materials. Although the edges of 
MMT represent a small fraction of the total surface 
area relative to the basal surfaces, the edges are 
highly-reactive and contribute to cation and anion 
retention, soil organic matter stabilization, and the 
colloidal properties of clay minerals [1]. Despite the 
importance of the MMT edge in many geological and 
geochemical processes, the structure remains poorly 
characterized due to the experimental difficulties of 
isolating the edge. Atomistic simulations have proven 
invaluable for the investigation of the edge structure 
of 2:1 phyllosilicates but, in general, have been 
limited to quantum mechanical methods due to the 
absence of a validated forcefield for classical 
mechanical simulations of the phyllosilicate edge. 
The CLAYFF forcefield has recently been used in 
classical MD simulations of the pyrophyllite edge [2]. 
In this presentation, we extend previous work on the 
2:1 clay edge by considering the effects of 
isomorphic substitutions of Mg for Al in the 
octahedral sheet on the edge structure. DFT geometry 
optimizations were also performed to validate and 
interpret the MD simulation results. Through a 
combination of classical MD simulations and DFT 
calculations, we explored the role of substitution 
location and layer charge on the edge structure of 
octahedrally substituted MMT. Consistent with the 
anisotropy of the edges, our results predict a range of 
disordered structures in the octahedral sheet. The 
extent and morphology of the disorder was dependent 
upon the edge face considered but also appears 
related to the local charge deficit.  

 
[1] Bergaya & Lagaly (2013), Handbook of Clay 
Science, In Developments in clay science 5, 2nd 
edition. ed. Elsevier, Amsterdam, Oxford, p 1752. 
[2] Newton & Sposito (2015), Clays and Clay 
Minerals 65, 278-290. 
This research supported by the National Research 
Foundation of Korea (NRF-2015R1A4A1041105).  
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Introduction 

The increasing input of As and Sb into the 
environment is posing a potential threat to human and 
environmental health. However, the biogeochemistry 
and plant bioaccumulation of Sb is poorly studied and 
generally assumed to be similar to that of As [1, 2]. 
This insufficient data may lead to mis-interpretation 
of Sb behaviour. 
Methods  

In this study, a series of test soils were prepared 
by mixing historically As and Sb-contaminated soil 
with an uncontaminated soil at different ratios. 
Another series of test soils were prepared by spiking 
with various concentrations of As and Sb. A 
sequential extraction procedure (SEP) was used to 
investigate the partitioning and availability of As and 
Sb in soils. The fractions of As and Sb measured by 
SEP were then compared with the bioaccumulation of 
As and Sb in water spinach (Ipomoea aquatica) 
grown in these soils. 
Results  

The results showed that in historically 
contaminated soils, As and Sb were strongly bound to 
solid phases in which As associated with amorphous 
and crystalline Fe oxides was the dominant phase, 
while Sb was primarily found in the residual. 
Conversely, in recently contaminated soils, As was 
predominantly found in amorphous iron oxides and 
specifically sorbed fractions, while Sb was dominant 
in amorphous and crystalline iron oxides, and no 
residual As and Sb were found in soils. The 
bioaccumulation of Sb in the water spinach tissues 
was much less than that of As, especially in aged 
soils. Both As and Sb were primarily distributed in 
the roots, and were more strongly correlated with the 
(NH4)2SO4 and NH4H2PO4 extractable As and Sb in 
the soils compared to other fractions. This study 
provides a better understanding about the behaviour 
of Sb in contaminated soils and plants compared with 
that of As. 

 
[1] Filella et al. (2009) Environ. Chem 6, 95-105. 

[2] Tschan et al. (2009) Environ. Chem 6, 106-115 
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This study gives an insight into the improvement 

of radionuclide inventory quantification and 
radionuclide transport modeling by taking into 
account the source term spatial variability, assessing 
its impact on groundwater and quantifying the 
associated uncertainties. This work is based upon 
groundwater sampled once or twice a year until 2015 
from about 60 piezometers and more than 3,000 137Cs 
soil activity measurements. These measurements 
were taken in 1999 from one of the trenches dug after 
the exlosion of the Chernobyl nuclear power plant, 
the so-called “T22 Trench”, where radioactive waste 
was buried in 1987. 

The trench is first delineated geometrically using 
geostatistical methods on activity data and using 
georadar data as a covariable. As a result, the 
estimate of T22 Trench volume and thus T22 137Cs 
inventory is improved. Geostatistical simulations are 
then performed in order to produce equiprobable 
radionuclide localisation maps and to assess the 
uncertainties of this inventory which appears to be 
greater than the one estimated in 1999. The same 
methodology is applied on a smaller amount of soil 
and water sample data gathered from the field in 
September 2015 to update the inventory 15 years 
after the first characterisation. The comparison of the 
1999 results and the 2015 results will enable us to 
characterise the evolution of radionuclide migration 
in the soil and the groundwater.  

Finally, maps produced by the geostatistical 
simulations are selected to illustrate different types of 
heterogeneities in the radionuclide inventory. They 
are then implemented in a transient reactive transport 
model to assess the extent of the radionuclide plume 
in groundwater and its most-likely evolution over 
time by taking into account uncertainties associated 
with the source term spatial variability. 
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Diffusive gradient in thin films (DGT) has been 

widely used as an in situ measurement technique for 
labile metal concentration because of its simplicity 
for deployment and measurement. The goal of this 
study was to evaluate fundamental kinetics and 
equilibrium parameters for uranium accumulation in 
artificially polluted soils (10 mg U/kg dry soil) of 
different peat moss (0-30%) and iron oxide (0-10%) 
contents. The DGT units were inserted into the soil 
samples of 80% water holding capacity during 48 
hours. The performance of DGT in uranium 
accumulation was simulated using a dynamic 
numerical model of diffusive gradient in thin films 
induced fluxes in soil (DIFS). DIFS provided 
uranium depletion patterns in soil solution as a 
function of time and distance from the diffusive layer 
surface. The time-dependence of R, distribution 
coefficient (KD), and response time (TC) of uranium 
were also estimated for each soil sample using the 
DIFS. In general, the DIFS model was successfully 
used to provide quantitative interpretation of DGT 
measurements in terms of fundamental kinetics and 
equilibrium resupply parameters 
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The adsorption of soil organic matter onto 

mineral substrates has been shown to be a major 
mechanism of stabilizing organic carbon in the 
terrestrial reservoir. The effects of temperature 
variations on the stabilization of these organo-mineral 
associations are currently debated. We investigated 
the effects of temperature on the initial formation of 
organo-mineral associations using micro-scale and 
nano-scale hematite along with soil humic and fulvic 
acids at five temperatures (15°C, 20°C, 25°C, 30°C, 
35°C). Specifically, we aimed to 1) determine the 
extent of carbon adsorption, 2) characterize the 
adsorbed organic matter and 3) compare trends 
between the micro-scale and nano-scale results at the 
different temperature conditions. Our micro-scale 
hematite adsorption data suggests a negative 
relationship between sorption temperature and 
adsorption extent that is non-linear. A comparison 
between humic and fulvic acid adsorption data 
suggests that humic acid may be more sensitive to 
temperature variations. Isotopic analysis and infrared 
spectroscopy results suggest temperature-induced 
preferential adsorption of functional groups may be 
occurring at different temperature and organic matter 
concentrations. We are currently conducting 
temperature experiments with nanoparticles of iron 
oxide minerals. The results of this study are important 
for understanding the response of carbon cycling in 
soil to diurnal and seasonal temperature variations. 
By comparing micro-scale and nano-scale minerals, 
we may gain insight into whether the response of the 
clay-size fraction is controlled by micro- or nano-
scale minerals. 
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Investigations of rare earth and trace element 

variation were conducted for constituent minerals and 
bulk-rock from South Nam Xe carbonatites 
(Northwest Vietnam). The data show that the changes 
in rare earth element (REE) concentrations of the two 
carbonatites (calciocarbonatites and 
ferrocarbonatites) are strictly along with the changes 
in mineral compositions. Excepting (Ba-Sr) sulfates, 
all minerals display parallel to subparallel REE 
distribution patterns at different enrichment levels 
relative to the host rocks. Calcite (in 
calciocarbonatites) and REE fluorcarbonates (in 
ferrocarbonatites) hold the highest REE 
concentrations suggesting their crucial roles in the 
REE variation of the rocks. Mineral association, 
textural feature and chemical data of the South Nam 
Xe carbonatites have shown that the ligand 
components (including F–, CO3

2–, SO4
2– and PO4

3–) 
are significantly responsible for the REE mobility and 
distribution. The crystallization system is probably 
acidic (low pH) and low temperature-pressure. 
Effects of magmatic differentiation on the REE 
distribution are minor and restrictively observed in 
parisite and monazite. 

The South Nam Xe carbonatites are characterized 
by a depletion in high-field-strength elements (Zr-Hf-
Ti-Ta-Nb). This is attributed to less abundance of 
high-field-strength element host-minerals in the rock 
such as zircon, ilmenite and pyrochlore. 
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The late Cenozoic magmatism in Chugoku 

district, southwest Japan is attributed to subduction of 
Shikoku Basin on the Philippine Sea Plate (PHS), 
started at ~17 Ma [1]. The Chugoku district is divided 
into Sanyo, Sekiryo and Sanin zones, from fore- to 
back-arc side. A variety of volcanic rocks occur in 
the district, including alkaline basalts, sub-alkaline 
basalts, intermediate to felsic rocks, and adakites.  

To understand the mechanism responsible for 
such  a diverse magmatic activity, geochemical and 
geochronological studies have been conducted on 82 
samples selected from the disparate types of basaltic 
rocks. Based on the new dataset, the authors discuss 
about the temporal and spatial variations in the 
geochemical compositions of these lavas. K-Ar ages 
range from 20 Ma to Holocene era. Combined with 
published chronological datasets [2,3], we identified 
4 stages in the PHS-related magmatism: stage I (20–
12 Ma); stage II (12–7 Ma); stage III (7–4 Ma); and 
stage IV (4 Ma–present). Volcanoes are classified 
chemically into two series; ocean island basalt (OIB) 
and island arc (IA) types, respectively. 

On the stage I, IA-type andesites occurred 
dominantly in Sanin zone (northern Hyogo and 
Matsue). Sr-Nd-Pb isotopic compositions suggest the 
existence of PHS beneath the rear-arc volcanic region 
at 20 Ma. The stage II is characterized by eruptions of 
OIB-type basalts that formed sporadic volcanic 
clusters in the Chugoku district. The source of this 
magma lacks the influence of slab subduction, and 
would be derived from sub-slab asthenospheric 
mantle. In the stage III, the volcanism shifted to 
Sekiryo and Sanin zones, and erupted both OIB- and 
IA-type basalts. The stage IV began at 4 Ma, and 
occurred mainly in Sanin zone. The activity is 
characterized by eruption of various types of volcanic 
rocks, including OIB- and IA-type basalts, IA-type 
andesites, and adakitic dacites. The secular change in 
magmatism is interpreted as the result of slab-mantle 
interaction. This in turn allows us to elucidate the 
location of the leading edge or the presence of gaps 
on the PHS slab during the last 20 Ma. 
 
[1] Seno and Maruyama (1984) Tectonophysics, 
102(1-4), 53-84. [2] Kimura et al. (2003) The Island 
Arc, 12(1), 22-45. [3] Uto (1989) PhD Thesis, 
University of Tokyo, Tokyo, Japan. 
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Peridotite xenoliths brought up by alkali basalt 

beneath the Kurose islet, Southwest Japan, consist of 
mostly harzburgite and minor lherzolite with 
porphyroclastic texture. Trace element data, showing 
LREE - depleted and spoon patterns, suggest that the 
xenoliths had undergone the depletion and slight 
enrichment processes. The spinel peridotites have 
been derived from the depth of 48 to 51 km at a given 
equilibrium temperature range from 1030 to 10820C. 
Variations of modal and mineral compositions of the 
spinel peridotite xenoliths indicated that the xenoliths 
had modified by various degrees of fractional melting 
from 6 to 11%. The spinel peridotites from Kurose 
islet have undergone cryptic mantle metasomatism 
subsequent to melt extraction. Metasomatic agent of 
enriched spinel peridotite xenoliths was silicate melt. 
Key words: Kurose islet, lithospheric mantle, spinel 
peridotite, metasomatism. 
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H2O and CO2 are two of the most abundant 

volatile components in terrestrial magma. In silicate 
melts, each component can form an ionic species 
(OH– or CO3

2–), and the speciation is essential for 
shaping its solubility and the transport properties of 
melts. Relative to the neutral molecules, OH– is 
favored at low concentration, high temperature and 
high pressure, whereas CO3

2– is favored at low T and 
high P. H2O solublity is proportional to the square 
root of P at low concentration (when OH– dominates) 
and increases linearly with P at high concentration 
(when H2O dominates). By contrast, CO2 solubility, 
which is significantly lower than H2O solubility, is 
always proportional to P. Solubility does not change 
significantly along the calc-alkaline series. The effect 
of H2O and CO2 in reducing melt density is rather 
insenstive to speciation. 

The traditional view holds that the molecular 
species dominates diffusion. However, there is recent 
evidence suggesting that the mobility difference 
between the molecular species and the ionic species 
narrows in depolymerized melts at high temperature. 
By depolymerzing the silicate network and increasing 
the ionic porosity, H2O decreases melt viscosity and 
increases atomic diffusivities and electrical 
conductivity. CO2 has similar yet generally much 
weaker influence on the transport properties of 
silicate melts. The influence of CO2 cannot be 
explained by the hypothesis that the reaction from 
CO2 to CO3

2– consumes non-bridging oxygen and 
enhances polymerization, but may be attributed to 
increased ionic porosity. 

The combined effects of H2O and CO2 on 
speciation, solubility, and physical properties of 
silicate melts require more systematic investigation. 
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Natural gases are important clean energy sources. 

With the development of social society, the demand 
of clean energy will be larger and larger. Though a 
significant achievement has been made in the 
exploration of natural gas resources and the proven 
gas reserves have increased significantly in China 
since 1980s, a great gap between the demand and 
supply still exist. Therefore, the exploration of natural 
gases in different fields such as early thermogenic gas 
has become more and more important. Here we 
investigate systematically the stable carbon and 
hydrogen isotopes of gases from the Turpan-Harmi 
Basin and make a comparison with other early 
thermogic coal-derived gases from basins in China.  

The Turpan-Harmi Basin is located in northwest 
China and is one of the three largest sedimentary 
basins in the Xinjiang Uygur Autonomous Region 
with an area of 5.35×104 km2. Recently a number of 
gas samples with low carbon isotopes of methane 
have been found in the Taibei sag, which has made 
the Turpan Harmi basin as one of the most important 
basins enriched in low maturity gas resources in 
China.    

Gases from the Taibei sag have very low gas 
dryness coefficient (C1/C1-5), varying from 0.66 to 
0.87, and belong to wet gas. The calculated gas 
maturity is around 0.7% Ro indicating the very low 
maturity of the gas. The average δ13CCH4 is -41.5‰, 
average δ13CC2H6 is -27.1‰, and average δ13CC3H8 is -
25.6‰, average δ13CC4H10 is -24.9‰. The averaged 
hydrogen isotopes are of -263‰, -228‰ and -214‰ 
for methane, ethane and propane, respectively. No 
partial isotopic reversal has been found in either 
carbon or hydrogen isotopes. All gas samples are 
determined to be coal-derived gases with low very 
low maturity and are sourced from the Jurassic coal 
measures.  
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Many metal deposits were formed by carbonic 

fluids (rich in CO2 and/or CH4) as indicated by fluid 
inclusions, but the precise role of CO2 and CH4 in 
metal mineralization remains unclear. The main 
components in fluid inclusions, e.g. H2O, CO2 and 
CH4, correspond to the decomposed products of 
organic acids, which leads us to consider that in the 
mineralization process the organic acids transport and 
then discharge metals when they are stable and 
unstable, respectively. Here we show that the thermal 
stability of copper acetate solution at 15–350 °C 
(0.1–830 MPa) provides insight as to the role of 
organic acids in metal transport. Results indicate that 
copper acetate is stable under experimental 
conditions, verifying the possibility of 4copper 
transportation as acetate solution. The inferences and 
experiments in this contribution are supported by the 
frequent observations of fluid inclusions trapped in 
hydrothermal deposits, and provide a new dimension 
in the understanding of the role of CO2 during 
mineralization. 
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Background 

Widespread detections of minerals produced 
through aqueous alteration demonstrate substantial 
water-rock interaction during the earliest period of 
Mars history [1,2]. Many of these secondary minerals 
are Fe-Mg smectites that likely formed via 
isochemical alteration in hydrothermal systems [3,4]. 
However, the smectites detected to date have been 
largely ferric iron bearing, unexpected for subsurface 
clay formation [5] and difficult to reconcile with the 
expected oxidation state of Fe on early Mars [6].  
This suggests that clays observed today are oxidized 
remnants of the original phases formed. This study 
investigates  clay formation and trace element 
repartitioning during experimental hydrothermal 
alteration of basalt to investigate possible initial 
phyllosilicate formation during the Noachian period 
of Mars. 

 
Results 

Two USGS mafic rock standards (DNC-1a, North 
Carolina dolerite; BIR-1a, Iceland basalt) were heated 
to 200ºC for 21 days in an anoxic nitrogen 
atmosphere. Both rock standards produced a 
trioctahedral Fe(II)-Mg saponite, with greater 
amounts generated by DNC-1a. Notably, this material 
displays XRD features similar to the phyllosilicates 
detected in the John Klein and Cumberland targets by 
Curiosity, suggesting that clay formation at those 
sites may have occurred under anoxic conditions. X-
ray absorption spectroscopy shows that Mn and Ni 
repartition from olivine, which is also the primary Fe 
host in the rocks, into neoformed smectites. 

Analysis of alteration fluids shows only trace 
amounts of dissolved metals, indicating high 
retention of these elements. These chemical patterns 
of alteration may aid in identifying alteration 
conditions during future rover operations. 

 
[1] Murchie et al., (2009) JGR, 114, E00D06. 
[2] Carter et al., (2013) JGR:Planets, 118, 831-
858. [3] Franzson, Zierenberg, and Schiffman 
(2008) J. Volcanol. Geotherm. Res., 173, 217-
229. [4] Cann and Vine (1966) Phill. Trans. R. 
Soc. Lond., 259, 198-217. [5] Marion, Catling, 
and Kargel, (2003) Geochim. et Cosmochim. 
Acta, 67, 22, 4251-4266. [6] Catalano (2013) 
JGR, 118, 2124-2136. 
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Origin of mantle-derived mafic rocks in orogenic 

belts can provide insight into tectonic evolution and 
crust-mantle interaction during the orogenic 
processes. Qinling Orogen is forming from the 
amalgamation of the North and South China blocks in 
Early Mesozoic. Mafic dykes densely exposed in the 
South Qinling orogen. Here we report zircon U-Pb 
ages and Sr-Nd isotopic composition of these dykes. 

Dating results show that the dykes formed in two 
different magmatic episodes of ~460 Ma and ~220 
Ma, much younger than previous estimation. Two 
episodes of dykes share similar geochemical feature 
in major elements, but distinctive characteristics in 
trace elements and Sr-Nd isotopes. Mafic dykes of 
Early Paleozoic are characterized by enrichments in 
LREEs, LILEs and HFSEs and EMII-type isotopic 
feature, implying an OIB-like enriched mantle for the 
magma source. Early Mesozoic dykes can be 
subdivided into two groups. Group I shows 
depletions in LREEs, LILEs and HFSEs with DM-
type isotopic feature, indicating an origin from partial 
melting of asthenospheric mantle. Group II has 
higher Rb-, Ba-, and K-contents and EMI-type 
isotopic feature, probably suggesting significant 
contribution of lower crust to magma source owing to 
the subduction. These mafic dykes record the 
prolonged evolution of South Qinling. It is suggested 
that the dykes of Early Paleozoic were related to the 
opening of an oceanic basin separating South Qinling 
and the Yangtze block, while the dykes of Early 
Mesozoic were derived from partial melting of 
upwelling asthenosphere during the extension in the 
final amalgamation of these two blocks in Early 
Mesozoic. 
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Banded iron formations (BIFs) provide a unique 

archive of Earth’s ocean chemistry and biology in the 
Archaean and Paleoproterozoic. It is still under 
debate, however, whether their precipitation involved 
photosynthesis or was due to chemical UV photo-
oxidation. The two biologically mediated scenarios 
of, anoxygenic photosynthesis in which bacteria use 
Fe(II) as an electron donor and, O2-mediated 
oxidation in which gaseous O2 is produced during 
photosynthesis, have been investigated previously 
using isotope methods and both were found to 
fractionate Fe isotopes to a similar extent as that of 
BIFs [1, 2]. However, Fe isotope fractionation during 
photo-oxidation is not well constrained. To compare 
the abiological photo-oxidation and the two biogenic 
alternatives, we performed lab photo-oxidation 
experiments and measured Fe and oxygen isotope 
fractionation during the process. 

The experiments were conducted at 45 °C. Initial 
Fe(II) solution (Fe(II)aq) was prepared by dissolving 
salt of (NH4)2Fe(SO4)2⋅6H2O and buffering to pH=7.3 
with borate. Iron isotopic compositions of the 
solution and precipitate during photo-oxidation 
follow a Rayleigh distillation model associated with a 
fractionation between Fe(III) precipitate (Fe(III)ppt) 
and Fe(II)aq of +1.2±0.1‰ for 56Fe/54Fe ratio, close to 
the two bio-related oxidation processes (+1.5‰ for 
anoxygenic photosynthesis [1] and +1.0‰ for O2-
mediated oxidation [2]). Further high-precision Fe 
isotope measurements suggest that photo-oxidation 
follows the equilibrium mass fractionation law. The 
oxygen isotopic composition of Fe(III)ppt is about 
+0.8±0.2‰ heavier than the water used here in terms 
of δ18O, consistent with previous studies finding little 
equilibrium oxygen isotope fractionation between 
Fe(III) oxide-hydroxide minerals and water at room 
temperature [3, 4]. No mass-independent 
fractionation was observed in our experiments, 
despite such behaviour being seen in present day 
atmospheric oxygen due to photochemical processes. 
Our results therefore support photo-oxidation as a 
possible mechanism for BIF precipitation. 

 
[1] Croal et al. (2004) GCA 68, 1227–1242. [2] 

Bullen et al. (2001) Geology 29, 699–702. [3] Bao 
and Koch (1999) GCA 63, 599–613. [4] Frierdich et 
al. (2015) GCA 160, 38–54. 
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The thallium (Tl) isotope composition of 
seawater is homogenous with a residence time of 
~20ka. The modern mass balance of Tl isotopes in 
seawater dictates that the two main outputs: (1) 
adsorption onto manganese (Mn) oxides and (2) low 
temperature oceanic crust alteration exerts the 
primary control of the marine Tl isotope budget. 
Because changes in the intensity of oceanic crust 
alteration are likely driven by slowly evolving ocean 
crust production rates, it can be assumed that for 
million-year or shorter climatic events the Tl isotope 
composition of seawater is almost exclusively driven 
by changes in global Mn oxide precipitation rates. In 
turn, Mn oxides may only precipitate from seawater 
when free oxygen exists at the sediment-water 
interface. Therefore, the Tl isotope composition of 
seawater may become a robust indicator of the global 
extent of ocean anoxia and deoxygenation for short-
term climatic perturbations. 

An overview of the modern Tl isotope cycle will 
be presented together with an introduction to the 
different sedimentary archives that can be used to 
reconstruct the Tl isotope composition of seawater. 
Examples from the early Cenozoic and ocean anoxic 
event 2 (OAE2) highlight the utility of Tl isotopes to 
track Mn oxide precipitation in the past.  

Data from the early Cenozoic imply long-term 
gradual changes in Mn oxide precipitation rates that 
appear largely decoupled from major climatic indices 
such as temperature or atmospheric CO2 
concentration. It is, therefore, difficult to ascertain the 
mechanism responsible for driving the changes in Mn 
oxide precipitation in the early Cenozoic. 

Recently obtained data from OAE2, on the other 
hand, show that Tl isotopes in seawater changed 
rapidly towards more positive values ~30-50ka 
before the carbon isotope anomaly that defines the 
OAE. The Tl isotope shift is consistent with a rapid 
decrease in Mn oxide precipitation just prior to the 
onset of OAE-2. The Tl isotope data, therefore, 
indicate that the ocean gradually transitioned from 
primarily oxic to oxygen depleted ~30-50ka before 
globally significant increased carbon burial 
commenced as recorded by carbon isotopes.  
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Studying the carbon balance in surface waters 

gives information on the annual cycles of 
photosynthesis and decay, but also on the water 
body’s capability to serve as a carbon sink for 
atmospheric carbon, which may be essential in 
evaluating the effects of climate change [1]. Organic 
matter is one of the impurities in catchments. The 
stable isotopic composition of dissolved inorganic 
carbon (DIC) is used for studying the decomposition 
of organic material within a river system. The 
Vantaanjoki River, in southern Finland, is located in 
one of the most densely populated areas in Finland. 
There are agricultural areas, water purification 
facilities and urban areas in the catchment, all 
possible sources of carbon for the river. In previous 
studies it was concluded that the river has a 
considerable amount of groundwater - surface water 
interaction which makes local groundwater more 
vulnerable to contaminants [2]. The proportion of 
base flow is highest in the winter and almost non-
existent during the spring flooding caused by 
snowmelt [3]. In this study the isotopic composition, 
and the overall contents, of DIC were studied, to 
determine the major influences on the carbon balance 
in the river water. This was done to see if human 
induced changes in the environment are affecting the 
carbon cycle. Another aim was to study the effects of 
the annual biological cycles of production and decay, 
and theseasonally varying base flow component on 
the carbon budget. It was evident from the results that 
the human activities do not disturb the inorganic 
carbon balance of the river system, except for the 
spring flooding period, when there is a significant 
input of carbon originated in the liming product used 
in agriculture. largest changes in the carbon budget 
seem to be due to changes in surface flow / base flow 
ratio, but there is also some evidence of the annual 
production/decay cycle. The river as a whole serves 
as a source of carbon, not a sink. 
 
[1] Telmer & Veizer (1999) Chem. Geol. 159, 61-86. 
[2] Korkka-Niemi et al.(2012) Man. Environ. Qual. 
23, 222-231. [3] Niinikoski et al. (2016) Isot. 
Environ. Health S. in press. 
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In March, 2011, a large amounts of radioactive 
nuclides were released by the accident of Fukushima 
Daiichi Nuclear Power Plant (FDNPP). Radioactive 
cesium isotopes such as 134Cs and 137Cs are one of the 
most significant nuclides in the problem of 
radioactivity contamination in the nuclear accident 
due to the large released amounts and their long half-
lives. In fact, the radioactivities of these nuclides 
have still been detected from environmental samples 
such as soil, atmosphere, seawater and so on. Our 
group has been collecting aerosol samples in the 
atmosphere soon after the accident and measuring the 
radioactivities in these samples mainly in the eastern 
area of Japan; Fukushima city in Fukushima 
prefecture, Hitachi city in Ibaraki prefecture and 
Marumori town in Miyagi prefecture.  

Aerosols were collected on quarts fiber filter 
using high-volume air sampler. Radioactivities were 
determined by high-purity germanium detectors from 
counts of gamma-rays from 134Cs (604 keV) and 137Cs 
(661 keV). From 5 year continuous observation, 
seasonal variation of radioactive cesium 
concentrations in the atmosphere has been 
investigated. For example, Fig. 1 shows the time 
variation of 137Cs concentration in Fukushima city. 
The details will be discussed in the presentation. 

 
Figure 1:  Seasonal variation of 137Cs concentration 
in Fukushima city 
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Goshikidake is the youngest cone (<ca. 2ka) in 

Zao volcano, composed of piles of pyroclastic surge 
and fall deposits, which overly associated lavas. Our 
research on the basal part of the Goshikidake 
pyroclastics (hereafter pyroclastics), and the lavas, 
allowed to characterize the magma feeding system in 
the initiation of the Goshikidake activity. 

All rocks are medium-K calc-alkaline olivine bg. 
cpx-opx andesites, whose textural features suggest a 
magmatic history that includes processes of magma 
mixing. Whole rock compositions are similar 
between the pyroclastics and the lavas, but the former 
is poorer in SiO2 (56-57.7 wt%) and shows higher 
trend in FeO, TiO2, Rb/Zr-silica diagrams than the 
latter (SiO2=57.5-58 wt%). Sr-Nd isotope ratios are 
similar between both eruptive products. 

Mg-poor pyroxenes and An-poor plagioclase 
derived from the felsic magma, whereas olivine and 
An-rich plagioclase derived from the mafic magma 
that occur in both the pyroclastics and the lavas. 
Local pyroxene phenocrysts show Mg-rich zoning 
within ca. 30 µm from the rim, formed during the 
mixing process. The zoning Mg# peak is higher in the 
pyroclastics than in the lavas. The residence times by 
comparing the mineral zoning and diffusion profiles 
for olivine and An-rich plagioclase are similar (<2~3 
years) between the pyroclastics and the lavas. 
Whereas, those for opx Mg-rich zones vary 
(~hundred years) and the percentage of longer-lived 
opx are higher in the lavas than in the pyroclastics.  

T-P-H2O for the pyroclastics and lavas, are 
similar regarding both felsic and mafic end-members, 
in the ranges of ca. 1000oC, 1.7-2.7kb, 2.5%, and ca. 
1100oC, <2kb, 2.0%, respectively. The chamber, 
filled by felsic magma, received repeated pulses of 
mafic material for ~hundred years. The triggered 
pulses arrived less than 2~3 years before eruptions. 
The mafic magma compositions and its involved ratio 
in the mixing changed from the lava to the pyroclastic 
phases. 
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 Benzene is the simplest aromatic 
hydrocarbon with sigma bonds and delocalized pi 
electrons in the hexagonal ring. Benzene molecule is 
found in carboneous chondrites and is believed to be 
ubiquitous in interstellar medium. From Murchison 
and other CM2 meteorites, the C6 to C22 free aromatic 
compounds are detected by GC-MS and suggestive  
of contribution from interstellar organic compounds 
and internal reactants of such compounds in 
carboneous chondrites. We especialy consider 
impact-shock–induced chemical reactions and their 
mechanisms in carboneous chondrites. The shock 
wave experiments of benzene provide us fundamental 
information on reaction mechanisms of  shock waves 
generated by the body impacts on the earth and in the 
space. 
 Shock experiments were conducted based 
on the Mimura’s procedure (Mimura et al., 2003, 
Mimura and Nishida 2016 in this conferrence), liquid 
benzene was enclosed in a reactor and impacted by a 
projectile accelerated with a vertical powder gun. The 
calculeted shock pressures and temperatures were 
5.9-28.5 GPa and 380-1020K. The shocked samples 
were extracted by CH2Cl2. The products extracted 
from  the shocked  samples included insoluble (soot 
like materials) and  soluble materials. Soluble 
materials in the shocked samples were analyzed with 
GC-MS. The data of  shock pressures, shock 
temperatures, concentrations and molecular weight of 
detected molecules were applied to multicomponent 
statistical methods (factor, cluster and discriminant 
analysis).  
 The application of Hierarchical Cluster 
Analysis, based on all possible combination of 
classification method, showed three main group of 
detected molecules, The First group comprises 
molecules of polycyclic aromatic hydrocarbon 
(PAHs) and the second of methyl- and phenyl-
derivatized PAHs. By the application of Discriminant 
Analysis, it was shown that bond cleaverage reaction 
is the most significant variables in the discriminant 
function. Therefore, the production mechanism of 
shock-induced compounds should be  considered to 
occur dominantly cycloaddition reaction. 
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Plastic deformation of hexagonal-close-packed 
(hcp) iron is one of the candidate processes to form 
the anisotropy in the Earth’s inner core. Knowledge 
of deformation-induced lattice preferred orientation 
(LPO) of hcp-iron is important for understanding of 
nature of the inner core. In this study, we have carried 
out shear deformation experiments on hcp-iron and 
its analogue materials, hcp-Co and hcp-Zn, and 
determined their deformation induced LPO. 

Shear deformation experiments were carried out 
using a deformation-DIA apparatus at high-pressure 
and high-temperature. Experimental conditions were 
14–18 GPa and 723 K for Fe, 3 GPa and 673 K for 
Co, and 2 GPa and 573 K for Zn. Development of 
LPO in the deforming sample was observed in-situ 
based on two-dimensional X-ray diffraction using 
monochromatized synchrotron X-ray. In shear 
deformation of Fe, <0001> and <112

_

0> axes 
gradually aligned to be sub-parallel to shear plane 
normal and shear direction, respectively, from the 
initial random orientation. In the deformation 
experiments of Co and Zn, the <0001> was aligned to 
parallel to shear plane normal. The above results 
suggest basal slip <112

_

0>{0001} is the dominant slip 
system in these hcp metals under the studied 
deformation conditions.  

Earth’s inner core has an axisymmetric 
anisotropy with P-wave traveling ~3% faster along 
polar paths than along equatorial directions. 
Theoretical studies consistently shows that P-wave 
velocity of hcp-iron is fastest along <0001> direction 
at least at low-temperatures. Our experimental results 
could be suggesting that most part of the inner core 
deforms with shear plane sub-parallel to equatorial 
plane. 
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Cosmic rays populate the entire solar system, the 

galaxy, and likely the universe. The nuclear 
interaction of these cosmic rays with matter produces 
trace amounts of cosmogenic nuclides (CN). These 
secondary nuclides, both stable and radioactive, 
inhabit the entire universe. 

V. Hess discovered cosmic rays in 1912. W. 
Libby predicted the production of radionuclides in the 
atmosphere by cosmic ray interactions 70 years ago, 
predictions that were followed by discovery of 14C 
and development of radiocarbon dating. Early 
applications of terrestrial CNs were limited to a few 
heroic measurements, such as the first determination 
of in situ produced 36Cl in phonolite collected at high 
elevation in 1955 and 26Al in tens of kg of chert in 
1968. The activities of these CNs were low, making 
counting difficult, so the first 30 years of terrestrial 
CN studies were limited to a few 10Be measurements 
in deep sea sediments and 14C dating for archeology. 

Work in extraterrestrial materials followed a 
different trajectory. Cosmogenic 3He in iron 
meteorites was discovered in 1952. Shortly after 
demonstrations of 3H-3He exposure age 
measurements of meteorites in 1957, more than 20 
CNs, including 10Be, 22Na, 26Al, 36Cl, 53Mn, 60Co, and 
59Ni were measured in meteorites by low-level 
counting by the early 1960s. Although CN 
concentrations in extraterrestrial materials are higher 
than those of terrestrial materials, tens to hundreds 
gram of meteorites and lunar samples were required 
nonetheless to determine CN radionuclides. An 
exception is 53Mn that can be measured with high 
sensitivity. 

Advanced accelerator mass spectrometry (AMS) 
dramatically changed the detection limits of long-
lived CNs and expanded the application of CN, 
especially those involving terrestrial materials. 
Terrestrial CN studies encompass a diverse range of 
applications, encompassing chronological studies and 
erosional process studies. While these studies have 
increased our knowledge of Earth surface processes 
the techniques are extensions of earlier extra-
terrestrial studies. The collaborations between these 
two groups of researchers have jointly contributed to 
the growth of the field. 

More recently, improved detection limits and 
reduced backgrounds in both AMS and noble gas 
mass spectrometry now allow the measurement of 
cosmogenic 10Be, 21Ne, and 26Al in ≤1 µg of 
extraterrestrial materials, such as returning samples of 
Hayabusa. 
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Rock pores above the water table are 

characterized by the coexistence of water and air, 
which potentially causes heterogeneity in pore-scale 
dissolution rate. Previous studies [1,2] showed that 
even if a pore is filled with air, water film covers the 
surfaces of the pore and induces the dissolution of the 
surfaces and the transport of dissolved solutes. The 
thickness of water film is an important factor because 
it determines whether the dissolution of the surface 
wetted by film is transport-limited or reaction-limited 
[2]. We constructed a model for estimating the film 
thickness in rock pores and investigated how the 
differences in mineral type and pore solution 
composition affect the film thickness. 

In our model, a water film wetting the surface of 
the air-containing pore in unsaturated rock is 
considered. DLVO theory has been widely used to 
predict the van der Waals force and electric double 
layer (EDL) force between colloids (i.e., 
mineral/water/mineral system). By applying the 
DLVO theory to the case of water film (i.e., 
mineral/water/air system), we calculated the 
relationship between the thickness and pressure in 
water film (disjoining pressure). In the calculation, 
the EDL force was estimated using electric potentials 
at mineral/water and air/water interface predicted by 
a surface complexation model. The disjoining 
pressure in the film is related to relative humidity in 
the pore air. The relative humidity is controlled by 
the curvature of meniscus at water/air interface 
(~pore diameter) according to the Kelvin equation. 
Combining these relationships, we obtained an 
expression describing the film thickness-pore 
diameter relation for various minerals, pH, and ion 
concentration. 

The calculation showed that water film is 
generally thicker for minerals having higher 
wettability (higher hydrophilicity): smectite > quartz 
> calcite > ferrihydrite. If pore solution is dilute (<0.1 
mM) and the mineral has high electric potential (e.g., 
quartz), pore diameter is the most important factor 
controlling the film thickness. Our model would be 
useful for considering various reactive-transport 
processes including the chemical weathering in 
vadose zone and the geological storage of carbon 
dioxide.  

 
[1] Stipp et al. (1996), Am. Mineral 81, 1–8. [2] 
Nishiyama & Yokoyama (2013), Geochim. 
Cosmochim. Acta 122, 153–169. 



Goldschmidt Conference Abstracts 2293 

Silica-rich aqueous fluids from 
dehydrating serpentine to form 
talc as lubricant for slab-mantle 

interfaces 
RYO NISHIZAKI 1, TATSUHIKO KAWAMOTO 2 

1 Division of Earth and Planetary Sciences, Graduate 
School of Science, Kyoto Univ., Japan, 
ryo.nishizaki@gmail.com 

2 Institute for Geothermal Sciences, Graduate School 
of Sci, Kyoto Univ., Japan, 
kawamoto@bep.vgs.kyoto-u.ac.jp 

 
Serpentine minerals have anhydrous 

compositions between those of olivine and enstatite 
and contain about 13 wt.% H2O in their chemical 
structure. Hydration of mantle peridotite results in the 
formation of serpentinite, a rock composed of 
serpentine minerals. Antigorite (Mg48Si34O85(OH)62, 
Wunder and Schreyer, 1997, Lithos) is a polymorph 
of serpentine minerals that is stable at the highest 
pressure conditions, and plays an important role in 
transporting H2O to the deep mantle during 
subduction. It is also an important phase 
geophysically, since its dehydration can trigger 
subduction-zone magmatism and earthquakes. In 
order to obtain an accurate understanding of the 
dehydration reaction, in-situ observation of antigorite 
surrounded by aqueous fluids is carried out at 
0.17−0.64 GPa and 550−612°C using a Bassett-type 
hydrothermal diamond anvil cell and Raman 
microscopy. Beyond the dehydration reaction of 
antigorite (Evans et al., 1976, Schweizerische 
Mineralogische und Petrographische Mitteilungen), 
tiny crystals of forsterite nucleate from the aqueous 
fluids and grow with time until antigorite dissolves 
and talc starts to crystallize. Antigorite dissolves into 
the aqueous fluids, from which forsterite crystallizes. 
Such dissolution and growth indicate incongruent 
dissolution of antigorite into silica-rich fluids and 
forsterite during the dehydration reaction of 
antigorite. The results allows us to formulate a 
scheme in which antigorite at the base of the mantle 
wedge is dragged down and dehydrates to produce 
aqueous fluids at dehydration front. Such aqueous 
fluids together with aqueous fluids expelled by the 
underlying subducting slab may flush through the 
overlying layers, dissolving antigorite incongruently 
to form silica-rich fluids and forsterite. These silica-
rich fluids can migrate upward along the plate 
boundary to form talc layers in serpentinites through 
the reaction antigorite + SiO2 in aqueous fluids = talc 
+ H2O at pressures lower than 2.5 GPa. The 
formation of talc layers may be responsible for the 
mechanical decoupling at the plate boundaries that 
are commonly found at depths around 75 km in 
numerical modeling (Wada et al., 2008, J Geophs 
Res).  
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Unravelling the origin(s) of prebiotic organic 

materials that constituted protocells on the early earth 
is important to constrain the conditions for the 
emergence of life and the chemical diversity of life in 
the universe. One proposes that biologically relevant 
organic materials were mostly produced through 
atmospheric chemistry and mineral-water interactions 
from simple compounds (N2, CO2, CO, CH4) 
available in the early earth, whereas the other 
proposes that a significant amount of extraterrestrial 
organic materials, that were produced in the early 
solar system, protoplanetary disk, and molecular 
clouds, were delivered to the early earth and served 
as key components of protocells [1]. If the latter 
hypothesis is correct, most of the extraterrestrial 
organic materials in meteorite should have been 
survived from thermal decomposition during 
hypervelocity impact into the Hadean ocean (>3 
km/s) [2], since geological evidences suggest that the 
ocean was already present but the continent was 
almost absent in the Hadean earth [3, 4]. However, 
the fate of extraterrestrial organic materials during 
oceanic impact is poorly understood due to the lack 
of experimental knowledge about the 
physicochemical processes associated with the 
hypervelocity impact of meteorite into liquid water. 
To evaluate whether extraterrestrial organic materials 
could have been vital components of protocells on the 
early earth, we are developing a methodology of 
experimental impact in an open system that can 
simulate the physicochemical processes during 
oceanic impact most faithfully. In this meeting, we 
report preliminary experimental results that 
polycarbonate impacted into liquid water at a velocity 
of 6 km/sec. 
 
[1] Kobayashi (2013) Origins of Life: Chemical 
evolution on Earth and Elsewhere, Kodanshya, 
Japan. [2] Bottke et al. (2000) Nature  485, 78–81. 
[3] Komiya et al. (2015) Techtonophysics 662, 40–
66. [4] Kemp et al. (2010) Earth Planet. Sci. Lett. 
296, 45–56. 
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The northeast Kamchatka Peninsula is 
characterized by unique tectonic regimes: (i) the 
triple junction ~30 km off the east coast [1], (ii) 
subduction of the Emperor Seamount Chain [2], and 
(iii) possible asthenospheric flow between the mantle 
wedge and the sub-slab mantle via the edge of 
subducted Pacific slab [3]. Within this area, a 
monogenetic volcanic group occurs along the east 
coast, including high-Mg andesitic rocks and 
relatively primitive basalts (East Cones, EC [4]). We 
have conducted geochemical studies of the EC lavas, 
with bulk rock major and trace elements, Sr-Nd 
isotopic compositions, and K-Ar and Ar-Ar ages, 
based on which a possible contribution of subducted 
seamounts and its relation to the tectonic setting are 
discussed.  

The elemental and isotopic compositions indicate 
that the lavas from individual cones have distinct 
mantle sources with different amounts and/or 
compositions of slab-derived fluids. Based on mass 
balance, water content and melting phase relations, 
we estimate the melting P-T conditions to be ~1200 
℃ at 1.5 GPa, while the slab surface temperature is 
620 – 730 ℃ (at 50-80 km depth). The Sr-Nd 
isotopic compositions is close to Late Cretaceous 
Emperor Seamount Chain, especially Detroit [5]. The 
K-Ar and Ar-Ar ages of the Middle to Late 
Pleistocene are consistent with the present tectonic 
setting after 2 Ma [6]. 

These results suggest that the EC lavas including 
high-Mg andesite and basalt were generated by 
mantle flux-melting induced by dehydration of a 
subducted seamount inheriting a local thermal 
anomaly [7, 8] 

 
[1]Park et al. (2002) in Plate boundary zones 30, 

295-324. [2]Davaille & Lees (2004) EPSL 226, 293-
304. [3]Portnyagin & Manea (2008) Gology 36, 519-
522. [4]Fedorenko (1969) Bull 45, 56-60. 
[5]Regelous et al. (2003) J Petrol 44, 113-140. [6] 
Lander & Shapiro (2007) in Volcanis and 
Subduction: The Kamchatka Region. [7]Nishizawa et 
al. (2014) JpGU S-VC54-02. [8]Nishizawa et al. 
(2015) JpGU S-VC47-16 
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When, where and how did life on the Earth 
originate? To resolve that fundamental question, one 
must first ascertain the reactivity of biomolecules, 
and the response of reactivity to changing 
environmental conditions such as pH, temperature, 
dissolved composition, and mineral surfaces. Amino 
acids are building blocks of proteins, which are 
fundamental to life. Therefore, the polymerization 
behavior of amino acids has been a topic of many 
experimental and theoretical works (Shock, 1992)[1]. 

This study focuses on thermodynamic effects of 
minerals on amino acid polymerization. To date, 
widely various oxide minerals and clays has been 
examined for their roles in this reaction (Cleaves et 
al., 2012)[2]. Results have demonstrated their 
positive influences with regard to reaction rate, 
peptide length, and the amounts of polymers 
synthesized. However, reported experiments have 
mostly emphasized catalytic properties of minerals. 
Consequently, in most cases, experiments have been 
terminated before polymerization reaches its steady 
state. It remains unclear whether minerals promote 
polymerization in thermodynamics as well as 
kinetics. 

To examine the thermodynamic effects, we have 
evaluated adsorption behaviors of amino acids and 
peptides on minerals by using extended triple layer 
model (ETLM; Sverjensky and Fukushi, 2006)[3]. 
Obtained adsorption parameters are used, by 
combining thermodynamic parameters for amino 
acids and peptides in aqueous solution, to predict 
amino acid/peptide equilibria on mineral surfaces. In 
this presentation, we will present our findings for a 
lysine/amorphous silica system. 
 

References 
[1] Cleaves HJ et al. (2012) Chem. Soc. Rev. 41, 

5502-5525. [2] Kitadai N (2015) Orig. Life Evol. 
Biosph. 45, 377-409. [3] Sverjensky DA and Fukushi 
D (2006) Environ. Sci. Tech. 40, 263-271. 
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Hydrostatic pressure is regarded as an important 

parameter influencing the distribution and 
metabolism of microbial life in the ocean[1]. High 
pressure is found to have influences on the activity of 
microbial degradation of organic matter[2]. However, 
the extent of high pressure on microbial diversity and 
activity, such as on specific metabolic processes, is 
poorly analyzed and understood. This study is 
designed to test if hydrostatic pressure an important 
factor controlling / influencing the diversity and 
metabolic types of methanogenesis in the subsurafce 
sediments of South China Sea (SCS). 

Sediment samples were collected at Site U1433 
during Integrated Ocean Drilling Program Expedition 
349. Sediment samples from three different depth: 
90-190mbsf (meters below sea floor)�U1433-
A��450-550mbsf �U1433-B��and 700-750mbsf 
(U1433-C) were enriched with three substrates 
(Acetate, methanol, H2 and CO2) at in situ 
temperatures (15 , 32 , 60 ), respectively. At 
different phases of incubation, methane was 
measured in the headspaces of the serum bottles. At 
atmospheric pressure, the samples from different 
depths showed different preference of substrate 
utilization to produce methane. In U1433-A, the 
enrichment with H2/CO2 produced higher amount of 
methane in headspace than the other two 
enrichments; while the preferred substrate is 
methanol in U1433-B, and acetate in U1433-C, 
respectively. The enrichments at high hydrostatic 
pressure (40MPa) are still under investigation. The 
methanogenic archaeal communities and their 
changes under different pressures will be assayed by 
16S rRNA gene and functional gene analysis. 
 
[1] Marietou et al. (2014) AEM 80, 5992-6003. [2] 
Leahy, J.G. et al. (1990) Microbiological Reviews 54, 
305-315. 
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Grains recovered from Itokawa preserve the 
processes on and near the surface of the asteroid. The 
textures of surface modifications observed by TEM 
suggest that irradiation by solar wind (SW) plays an 
important role for their formation. However, the rates 
of the surface modifications on the Itokawa grains are 
still unresolved. Noble gas mass spectrometry is an 
important tool to infer the individual history of each 
Itokawa grain. We investigate the relationships 
among morphology, surface modifications, 
microstructure, and noble gas isotopic signatures by 
SEM and TEM observation and noble gas mass 
spectroscopy to discuss the history of each Itokawa 
grains. 

All the grains, except for a grain with macrosteps 
on its surface, have space weathered rims and solar 
flare tracks. A grain containing the highest amounts 
of SW 4He and 20Ne among the samples analyzed has 
the highest track number density. There is a positive 
correlation between the track density and length, 
which suggests that moderate heating occurred on the 
surface of Itokawa. The thickness of the amorphous 
rims of the three samples is similar regardless of their 
noble gas concentrations, suggestive of a steady state 
between sputtering and amorphization. The amounts 
of the accumulated 20Ne suggest that the steady state 
accomplished ~100 years or so. 

The grain with stepped surfaces shows a quite 
different noble gas signature; only a small amount of 
4He (~10-4 cm3 STP/g) was released only below 200 
oC, which suggests that high temperature fractions of 
He was completely reset by severe heating. The steps 
on the surfaces may have been formed through the 
same severe heating event that have released SW 
noble gases by evaporation and/or by combination of 
evaporation and subsequent recondensation. SW 
irradiation for a short period is necessary to explain 
the 4He released below 200 °C and the absence of 
solar flare tracks. Such a severe heating event could 
have occurred in a parent body of Itokawa. 
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The aim of this study was to identify how 

hydrologic (e.g., rainfall, depth, reservoir and 
catchment area, and water residence time) and 
chemical factors (e.g., conductivity, pH, chlorophyll-
a, dissolved organic carbon, and sulfate) interact to 
affect spatial variances in monomethylmercury 
(MMHg) concentration and bioaccumulation factor in 
various artificial reservoirs. We investigated 
concentrations of Hg and MMHg in surface waters, 
sediments, as well as common fish species (barbel 
steed, bass, mandarin fish, and bluegill) collected 
from 14 artificial reservoirs in Korea from 2013 to 
2015. The chlorophyll-a, pH, conductivity, and other 
chemical variables from 2013 to 2015 were collected 
from the national network of Water Resources 
Management Information System. Multiple tools, 
including Pearson correlation, a self-organizing map, 
and principal component analysis, were applied in the 
statistical modeling of Hg species. The results 
showed that rainfall amount and hydraulic residence 
time best explained the variance of dissolved Hg and 
dissolved MMHg in reservoir water. High 
precipitation events may mobilize Hg and MMHg in 
the catchment. On the contrary, algal biomass was a 
key predictor of the percentage fraction of unfiltered 
MMHg over unfiltered Hg. The bioaccumulation 
factors for fish MMHg showed a lognormal 
distribution along the trophic state index of the 
reservoirs, and the reservoirs showing the largest 
bioaccumulation factor were classified as 
mesotrophics reservoirs, where primary production 
was limited by total phosphorous and light 
availability. The MMHg bioaccumulation factors 
seem to be affected by biomass dilution effects at the 
base of food web. 
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Reactions that occur at the mineral surface exert 

an important control on the processes of mass transfer 
between fluids and rocks. Determination of 
dissolution rates in the laboratory is commonly done 
from batch and flow-through experiments on mineral 
powders or 2D microscopic analysis of single faces 
under controlled flow conditions (AFM, VSI). 
However, crystal faces often exhibit a large 
variability in dissolution rates and the changes in 
crystal morphology, as well as the relative 
contribution of edge regions to mineral dissolution, 
cannot be taken into account by these techniques.  

We present here a method that uses X-ray micro-
tomography (XMT) to directly measure the 
displacement of the fluid-mineral interface in 3D and 
calculate the correpsonding dissolution rates. The 
velocity of the moving interface is generally non-
uniform over space and time as a result of the 
difference in reaction rates between different faces 
and mineral heterogeneites Application of this 
technique to the determination of rates during 
dissolution experiments will be presented. 

 



Goldschmidt Conference Abstracts 2301 

Effects of precipitation at the 
pore-scale on permeability and 

flow  
CATHERINE NOIRIEL1, CARL STEEFEL2, LI YANG2 

AND DOMINIQUE BERNARD3 
1Géosciences Environnement Toulouse, Université 

Paul Sabatier, CNRS, IRD, 14 av. Edouard Belin, 
F-31400 Toulouse, catherine.noiriel@get.obs-
mip.fr 

2EarthSciencesDivision, Lawrence Berkeley National 
Laboratory, Berkeley CA94720, 
cisteefel@lbl.gov, lyang@lbl.gov 

3CNRS, Université de Bordeaux , Institut de Chimie 
de la Matière Condensée de Bordeaux, UPR9048, 
F-33608 Pessac, 
dominique.bernard@icmcb.cnrs.fr 

 
Precipitation of minerals like calcite in porous 

media can cause significant reduction in permeability 
and a reorganization of the flow field in reservoirs by 
altering the shape, size and connectivity of the pores, 
the roughness of their surface, and by partial or 
complete obstruction of flow in pore throats. 
Developing a full understanding of the feedbacks 
between geochemical reactions and flow and 
transport characteristics at the reservoir scale requires 
an investigation of the precipitation mechanisms at 
the pore-scale. We present a combined experimental 
and modelling study to evaluate the impact of mineral 
precipitation on flow and permeability reduction [1]. 
X-ray microtomography images of two columns 
packed with glass beads and calcite spar crystals or 
aragonite ooids injected with a supersaturated 
solution (log Ω = 1.42) were processed in order to 
calculate rates of calcite precipitation with a spatial 
resolution of 4.46 µm. Identification and localization 
of the newly precipitated crystals on the 3D images 
was performed and results used to calculate the 
crystal growth rates and velocities. For similar 
magnitude reductions in porosity, the decrease in 
permeability was highest within the sample that 
experienced the greatest increase in pore roughness. 
Under constant flow rate boundary conditions, 
precipitation resulted in an increase in both the 
average and maximum velocities. Increases in pore 
roughness lead to a more heterogeneous flow field, 
principally through the effect on the fastest and 
slowest velocities. 

 
 
[1] Noiriel C., Steefel C.I., Yang L., and Bernard 

D. (2015) Effects of pore-scale heterogeneous 
precipitation on permeability and flow. Advances in 
Water Resources, in press, DOI: 
10.1016/j.advwatres.2015.11.013 
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Feed forward neural network (FNN) is one of 

neural network families and a software applicable for 
oceanographic mapping has been developed by Zeng 
et al. [1]. The method has already been applied for 
sea surface fCO2 mapping with SOCAT data 
products [2] and reasonable performance was 
obtained [1]. Since seasurface nutrients, such as 
phosphate, nitrate and silicate, are important 
parameters for ocean biogeochemical cycles, we tried 
application of FNN to global mapping of these 
nutrients combining several observational datasets. 
The dataset, having global coverage, is World Ocean 
Database 2013 by NODC/NOAA. In Pacific region, 
we have more detailed surface ocean datasets from 
ship-of-opportunity programs by NIES (National 
Institute for Environmental Studies, Japan) and IOS 
(Institute of Ocean Science, Canada). In this study we 
combined these data sets and some were added from 
Pacific hydrographic data set, PACIFICA (Pacific 
Ocean Interior Carbon dataset). Relationship between 
sea surface temperature, sea surface salinity, mixed 
layer depth and satellite observed chlorophyl-a were 
put into a coordinated format and the FNN was 
trained with the nutrient data sets. Monthly 
climatological maps with 1x1 degree latitude and 
longitude resolution for phosphate, nitrate and silica 
were obtained and error of estimation was examined 
by comparison with the training datasets. The 
evaluation was feasible for oceanic regions of 
relatively high nutrient concentrations such as North 
Pacific, Southern Ocean, North Atlantic, and East 
Pacific Equatrial upwelling regions. The nitrate 
biases were −0.24±0.62, −0.27±0.72, −0.57±0.81, 
and −1.21±0.88 µM, respectively for these oceanic 
regions. The performance was comparable for 
another mapping study using different neural network 
scheme by Yasunaka et al. for North Pacific [3], even 
this study was the global mapping. 

 
 [1] Zeng et al. (2014) JAOT 31, 1838-1849. [2] Pfeil 
et al. (2013) ESSD 5, 125-143. [3] Yasunaka et al. 
(2014) JGR 119, 7756-7771. 
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Cathodoluminescence (CL) has been widely 

applied in earth science, extensively used in 
carbonate sedimentlogy. CL has the advantage to 
revealing optical features, which are invisible using 
transmitted light, such as growth zones of carbonate 
crystals. In general CL emission depends on various 
factors; impurities of trace elements, lattice defects 
and sample temperature. The CL of impurity 
activation such as transition metal ions has been 
much investigated for calcite-type carbonates, not for 
aragonite-type carbonates. Aragonite occasionally 
contains some amounts of Pb as an impurity. 
Therefore, we have conducted to clarify CL emission 
mechanism of Pb-bearing aragonite (tarnowitzite with 
compared to Pb-bearing calcite (plumbocalcite) by 
CL spectroscopy with temperature change. 

Single crystals of tarnowitzite (Namibia and 
Morocco) and plumbocalcite (Namibia) were 
employed for CL measurements. Their color CL 
images were obtained with a cold-cathodo 
microscopy of the Luminoscope. CL spectra were 
measured by using a SEM-CL comprised of SEM 
combined with a grating monochromator at 
accelerating voltage of 15 kV and beam current of 0.1 
nA in the wavelength-range of 300-800 nm. The 
sample temperature can be controlled in the range 
from −192 to 25 °C with a cryo- and heating-stage. 

Color CL imaging shows a blue emission in 
tarnowitzite and a red emission in plumbocalcite. CL 
spectra of tarnowitzite have a intense broad band 
emission at around 390 nm in a blue region, whereas 
plumbocalcite exhibits two broad band emissions at 
around 320 nm in a UV region and at 620 nm in a red 
region. Two emissions in calcite CL are 
corresponding to Pb impurity center (3P0,1→1S0) at 
320 nm and Mn impurity center (4T1→6S1). Blue 
emission derived from Pb ion activator in tarnowitzite 
depends on Pb content, suggesting a concentration 
quenching of CL above PbO 10 wt%. CL intensity of 
blue CL shows almost same between 25 to −70 °C, 
and subsequent sudden reduction below −90 °C, and 
gradual sensitizing above −150 °C. It is inexplicable 
by temperature-quenching theory, indicating that 
luminescence efficiency decreases with rising 
temperature due to an increase in non-radiative 
transitions. There, blue Pb activation in tarnowitzite 
should be characteristic in ns2-type emission, which 
of process might be related to electron transfer among 
two or more energy levels. 
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     Most floating ice in the polar oceans contains 

numerous cracks, which are formed naturally and are 
common features of floating ice. In this study, a sea-
ice crack in Antarctic land-fast sea ice was examined 
to assess its impact on biological productivity and the 
transport of biogeochemical components into the 
upper layers of neighboring sea ice. The water inside 
the crack and proximate ice were characterized by an 
intense brown color, an indication that a massive 
phytoplankton bloom had occurred within the crack 
water. Salinity and oxygen-isotopic-ratio 
measurements confirmed that 64–84% of the crack 
water consisted of snow meltwater supplied during 
the melting season. Measurements of biogeochemical 
components within the slush-layer pool (the flooded 
layer at the snow–ice interface) immediately above 
the sea ice revealed the intrusion of water from the 
crack, likely forced by mixing with underlying 
seawater during the tidal cycle. Our results suggest 
that sea-ice crack formation provides conditions 
favorable for phytoplankton blooms by directly 
exposing the crack water to sunlight, supplying 
nutrients from the under-ice water, and stratifying the 
water in the crack. Subsequently, components of the 
crack water modified by biological activity were 
transported into the upper layer of the sea ice, where 
they were preserved in the multi-year ice column 
formed by upward growth of sea ice caused by snow-
ice formation in areas of significant snow 
accumulation. 
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Acid mine drainage could be a source of 

hydrogen, metals, and gypsum for energy and 
commercial products. For example, discharge from 
the Richmond Tunnel at Iron Mountain, California 
and the Reynolds adit at the Summitville mine, 
Colorado, each release between 30 and 200 metric 
tons per year of dissolved copper. Instead of treating 
this drainage water with lime or limestone to produce 
an uneconomic sludge, the copper and other metals 
could be recovered and recycled into resources for 
commercial products. The challenge is (1) to separate 
the valuable components from each other in a manner 
that is efficient and economically viable, (2) to 
stockpile components in an environmentally safe 
manner, and (3) to transport the separated 
components to an industry that can use them as 
source material for production. Every site must be 
assessed individually to ascertain what types of 
extraction, stockpiling, and transport are most 
appropriate. The challenge is (1) to separate the 
valuable components from each other in a manner 
that is efficient and economically viable, (2) to 
stockpile components in an environmentally safe 
manner, and (3) to transport the separated 
components to an industry that can use them as 
source material for production. Extraction techniques 
cover a wide variety including electrochemical, 
microbiological, evaporation, precipitation, solvent 
extraction, ion exchange, and reverse osmosis. New 
techniques combining electrochemistry and 
microbiology such as microbial electrolysis of water 
are opening up new avenues for potential application. 
Many of these techniques have been tried before with 
variable and usually limited success either from an 
economic or technical perspective. However, from 
the point of view of getting aqueous contaminants out 
of the environment and into recycled production, 
these technologies may be considered effective. 
Every wastewater needs to be carefully considered 
with respect to the components that need to be 
removed, their marketability, and the energy and 
storage requirements. For each wastewater there may 
be an optimal sequence of extraction techniques that 
benefits the industry and the environmental concerns. 
With considerable emphasis on sustainable practices 
today, these techniques need to be evaluated and re-
evaluated, improved, and further developed both 
alone and in combination for inactive and active mine 
sites.  
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Bismuth (Bi) is mainly introduced to the surface 

ocean by eolian input and rapidly removed from the 
water column by particles. The concentration of Bi in 
the ocean is extremely low (<1 pmol/kg). Lee et al. 
[1] have reported pronounced Bi maximum at salinity 
minimum of the North Pacific Intermediate Water in 
the subtropical eastern North Pacific. Recently, we 
clarified the distribution of dissolved Bi in the 
western North Pacific and found that it shows 
maximum at subsurface layers occupied by mode 
water masses developed in summer [2]. These lines 
suggest that Bi is a unique indicator of water masses 
in the North Pacific.  

In this study, we have investigated the subarctic 
North Pacific where no data for Bi is reported. Ten 
stations from western (BD 7, 9, 11), central (BD 14, 
15) and eastern regions (BD17, 18, 19, 20, 22) were 
occupied during the KH-12-4 cruise of R/V Hakuho-
Maru (July-Aug. 2012). Water samples were 
collected with clean Niskin-X bottles mounted on a 
CTD carousel multi-sampling system, filtered 
through a 0.2 µm AcroPak capsule cartridge filter and 
acidified with ultra-high purity HCl. The samples 
were analyzed by an established method [3]. The 
distributions of dissolved Bi at stations BD 7, 9, 11 
(47˚N, 160-180˚E) showed low concentrations of 75-
214 fmol/kg in the surface water, rapid increase to the 
maximum at intermediate depth and exponential 
decay toward the minimum at the bottom. Similar 
‘scavenging type’ profiles were obtained at the 
central region stations BD 14 (47˚N, 170˚W) and 15 
(50˚N, 160˚W). The eastern region stations display 
striking features; Bi more sharply decreased with 
depth below intermediate depth and an anomalous 
maximum was found at 2,267 m at BD 22 (48˚ 30’N, 
127˚W) and 2,953 m at BD19 (45˚N, 132˚W), 
probably due to the hydrothermal source from the 
Juan de Fuca ridge.  

 
[1] Lee et al. (1985/86) Earth Planet. Sci. Lett. 76, 
254-262. 
[2] Norisuye et al. (2012; 2014) Ocean Sciences 
Meeting. 
[3] Norisuye & Sohrin (2012) Anal. Chim. Acta 727, 
71-77. 
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Silicate liquids are important materials in 
geoscience and technology. It is very challenging to 
understand the relationship between the properties 
and atomistic structures from physical perspectives. 
The molecular dynamics (MD) simulation is a 
suitable method for investigating the silicate liquids 
because it allows direct access to the atomic 
trajectories at desired condition which cannot be 
obtained in real experiments. MD simulations of 
silicate liquids have been performed by various 
researchers up to date1,2.However, the MD simulation 
has the Achilles’ tendon that it contains a lot of 
artifacts in the calculation. One famous artifact is the 
finite size effect. The simulations of silicate liquids 
were usually performed with systems consisting of 
several thousands to several tens of thousands of 
particles1,2,3,4. Horbach et al. (1996) points out that the 
simulation of pure silica liquids/glass needs about 
8000 particles to avoid finite size effect. However, it 
is not clear how many particles are required to avoid 
the finite size effect in simulations of other systems. 
In addition, it is unclear: (1) how long should we 
anneal to obtain the equilibrium liquid (2) how small 
should we set Δt value for the numerical calculations 
of the equation of motion. To check these artifacts, I 
performed the MD simulations of sodium silicate 
(Na2O�nSiO2, n = 1, 2, 3, 4) liquids at various 
conditions. The total number of particles for the 
simulations were approx. 2000, 4000, 8000, 12000, 
and 20000. The equations of motion were integrated 
with the Verlet algorithm with a time step of 0.25, 
0.5, 1.0, 1.5, and 2.0 fs. From simulation results, I 
conclude that: (1) 2 ns-annealing is needed to relax 
the silicic (n = 3, 4) system whereas basic systems 
need several hundreds of pico-seconds for relaxation 
at 1873 K. (2) The integration time, Δt does not 
affect the physical properties at 1873 K. Note that it 
affects density and diffusivity at higher temperature 
(2400 K). (3) To avoid the finite size effect, 8000 
particles are needed in the tetra-silicate system and 
the required number of particles decrease with 
decreasing SiO2 content. 

 
[1]Horbach et al.. (2001), Chem. Geol., 174, 87-101. 
[2]Bauchy et al., (2013), Chem. Geol., 346, 47-56. 
[3]Noritake et al., (2012), J. Noncryst. Sol., 358, 
3109-3118. 
[4]Wang et al., (2014), Nat. Comm., 5, 3241. 
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Since receiving huge amounts of data via the 

Cassini-Huygens mission astrobiologists have 
speculated that exotic biota might currently inhabit 
the hydrocarbon liquid bodies on Titan. The biota has 
been theorized to consume acetylene and hydrogen 
whilst excreting methane leading to an anomalous 
hydrogen depletion near the surface; and there has 
been evidence to suggest this depletion exists. 
Nevertheless, many questions still remain concerning 
the possible physiological traits of biota in these 
environments, including whether cell-like structures 
can form in low temperature, low molecular weight 
hydrocarbons. 

The backbone of terrestrial cell membranes are 
vesicular structures composed primarily of a 
phospholipid bilayer with the hydrophilic head 
groups arranged around the periphery and are thought 
to be akin to the first protocells that terrestrial life 
utilised. It may be possible that reverse vesicles 
composed of a bilayer with the hydrophilic head 
groups arranged internally and a nonpolar core may 
be ideal model cell membranes for hydrocarbon-
based organisms inhabiting Titan’s hydrocarbon 
lakes. A variety of different surfactants have been 
used to create reverse vesicles in nonpolar liquids to 
date including; non-ionic ethers and esters; catanionic 
surfactant mixtures; zwitterionic gemini surfactants; 
coblock polymer surfactants; and zwitterionic 
phospholipid surfactants.   

We will review the current work undertaken in 
this area of research and present the results of our 
own experimental research.  
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Knowledge of the activities of trace 
components in silicate melts is extremely 
important for addressing such problems as 
(a) degassing in volcanic systems (b) 
volatilities in protoplanetary systems and 
(c) the effect of melt composition on trace 
element partitioning. Nevertheless these 
activities are very difficult to measure by 
conventional phase equilibrium techniques 
except under circumstances where the 
metallic element is stable in a readily 
accessible fO2 range[1]. 

We have modified the “metal-
saturation” approach by measuring the 
partitioning of a large number of elements 
(V, Cr, Cu, Zn, Ga, Ge, Mo, Ag, Cd, In, 
Sn, Sb, W, Tl, Pb, and Bi) between liquid 
Fe alloys and liquid silicate at 1.5 GPa and 
1923K. These data provide activity 
coefficients for oxide components relative 
to the activity of FeO, whose partitioning 
between metal and silicate is also 
measured. These activities enable 
prediction of the relative volatilities of 
these elements[2]. 

To validate the volatility estimates a 
one-atmosphere gas-mixing stirring furnace has been 
constructed (see schematic). Volatile-loss 
experiments have been conducted to directly measure 
volatile loss of these trace elements from a melt of 
basaltic composition. 

At 1573K and a log(fO2) of -13, 
thermodynamically calculated vapour pressures 
predict that In should be more volatile than Pb, Ge, 
Cu and Sb, by factors of 102, 104,107, and 1010 
respectively. Our results show that In is actually less 
volatile than all of these elements by the factors given 
here: Cu, 1.3; Pb, 1.3; Tl 2.3; Sn, 4.8; Ag, 9.1; Zn, 
10.1; Cd, 15.9; Ge, 19.4; Bi, 42.3; Sb, 97. 

These results have implications concerning 
volatile degassing of molten planetissimals and their 
associated trace element budgets. 
 
[1] O'Neill, H. S. C. & Eggins, S. M. (2002) Chem 
Geol 186: 151-181 [2] Wood, B. and J. Wade (2013). 
Contrib Mineral Petrol 166(3): 911-921. 
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Analogues - natural, archaeological and industrial - 
can be helpful in demonstrating understanding of how 
components of a geological repository for radioactive 
waste could perform over very long term timescales. 
Consideration of discrete ‘natural analogues’, and 
associated upscaled ‘natural systems’, plays an 
important role in studies associated with developing a 
safety case for a repository, providing long-term 
practical demonstrations to support theoretical and 
mathematical arguments. Such natural analogues / 
systems do not, however, provide conclusive proof of 
how repository components will perform, as 
conditions under which the analogue has survived 
may differ from those expected to occur or to evolve 
in a repository.  Related uncertainties and differences 
between a natural analogue / system and a repository 
therefore need to be considered. 

This presentation considers examples of natural 
analogues / systems that illustrate aspects of the 
performance of potential repository-relevant 
processes over long timescales.  These could be used 
to support aspects of a safety case for a geological 
repository for radioactive waste. The examples are 
grouped according to the safety-relevant functionality 
of the multiple barriers present in a repository: 

• Engineered barrier system (wasteforms; 
container performance; bentonite / crushed rock 
backfill); 

• Natural barrier system (long term performance 
of fractured crystalline, clay and halite host 
rocks; radionuclide migration and retardation). 

Examples draw from international studies, 
ongoing and precedent. Collectively, they confirm the 
key importance that development of understanding 
from appropriate natural analogues / systems has to 
the related and complementary development of a 
safety case built on multiple lines of evidence and 
reasoning including data from modelling, laboratory 
and underground rock laboratory experiments. 
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Over the past decades, beryllium-10 has become 

the workhorse of the cosmogenic nuclides for 
geologic applications. One reason for this is the 
widespread occurrence of quartz (a key target mineral 
for 10Be) and its relatively straightforward chemistry. 
In-situ produced 10Be in quartz has been used 
globally to determine surface exposure, burial ages, 
and erosion rates across a wide swath of geologic and 
geomorphic settings.  
The central North Island of New Zealand is home to 
the Taupo Volcanic Zone, a largely andesitic volcanic 
terrain that is home to Mt Ruapehu. The intermediate 
volcanic rocks of this region generally lack quartz 
with the result that little cosmogenic nuclide work 
has been done here. We have taken advantage of the 
ubiquitous presence of pyroxene in these rocks to test 
existing leaching protocols. Our results show that fine 
grained pyroxene can be successfully leached of the 
meteoric component, allowing reliable in-situ 10Be 
measurement.  

Additionally, we measured 10Be concentrations in 
a well dated debris avalanche on the western flank of 
Mt Ruapehu in order to determine a local production 
rate for 10Be in pyroxene. Our best estimate for the 
10Be production rate in pyroxene is 3.4 ± 0.8 atoms g-

1 y-1 SLHL. This production rate is 8-27% lower than 
the empirically derived 10Be production rate in quartz.  

The development of 10Be chemical procedures 
and production rates in pyroxene allows 
environments without quartz-bearing rocks to be 
dated using this widely used nuclide. Pairing 10Be 
with 3He in pyroxene would also open the door to 
burial dating or the determination of complex 
exposure histories. 
	  



Goldschmidt Conference Abstracts 2312 

Trace element (Mg, Sr, Ba and 
U) incorporation in culture high 
Mg-calcite benthic foraminifera 
under controlled pCO2: a multi-

elemental perspective 
CHRISTELLE NOT1* BENOIT THIBODEAU2 

YUSUKE YOKOYAMA3 
1Department of Earth Sciences, The University of 

Hong Kong (*correspondence:  cnot@hku.hk) 
2Department of Earth Sciences, The University of 

Hong Kong (bthib@hku.hk) 
3Atmosphere and Ocean Research Institute, The 

University of Tokyo (yokoyama@aori.u-
tokyo.ac.jp) 

 
Trace elements ratio in foraminifer shells has 

been widely used to reconstruct environmental 
conditions, as temperature, salinity, carbonate 
chemistry (CO3

2-, pCO2, pH), etc. These 
reconstructions are based on emperical data of 
specific trace element to environmenal parameter. 
However uncertainties on the incorporation 
mechanims on these trace elements in formainifera 
shells exist. Experimental dataset on the 
incorporation processes of trace elements in 
foraminifers focus on the incorporation of Mg and Sr  
[1,2] although other trace element ratios (Ba/Ca, 
U/Ca, B/Ca, etc.) are often described in foraminifer 
shells. Most of the studies focus on one or two trace 
elements separately and only a limited number of 
studies try to asses simoultanously the incorporation 
processes of several trace elements in foraminifer 
shells. 
Here, we investigated the influence of variable pCO2 
level on the incorporation of Mg/Ca, Sr/Ca, Ba/Ca 
and U/Ca into the tests of two different species of 
algal symbiont-bearing, reef dwelling foraminifers. 
The measurements of Mg/Ca, Sr/Ca, Ba/Ca and U/Ca 
are reported for the two benthic foraminifer species 
Baculogypsina sphaerulata and Amphisorus 
hemprichii at five pCO2 (260, 360, 580, 770 and 970 
µatm). 

Despite their different calcification process, the 
two foraminifera species have the same Mg/Ca and 
Ba/Ca whereas they have distinct Sr/Ca (~20% 
difference) and U/Ca (~75% difference). The 
difference in pCO2 during the culture of the 
foraminifera have no significant influence on the 
incorporation of Mg/Ca, Sr/Ca and U/Ca in both 
Baculogypsina sphaerulata and Amphisorus 
hemprichii species. However, Ba/Ca in both species 
responds negatively to increase pCO2.  
 
[1] Erez (2003), Review in mineralogy and 
geochemstry, 115-149. [2] Nooijer et al. (2014) 
Earth-Science Review, 48-58. 
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Recent studies in North America and Scandinavia 

have suggested that pristine bogs are characterized by 
significant rates of microbial N2 fixation that 
augments C storage in the peat substrate. Here we 
present two approaches that may corroborate these 
findings.  

(1) We quantified a relationship between the 
measured N accumulation in 40-cm deep peat cores 
and a cumulative N deposition since the Industrial 
Revolution. The comparison between N input and N 
storage was made at 5 sites in the Czech Republic, 
three in the more N polluted north and two in the less 
polluted south. Peat cores were analyzed for N 
content and lead-210 dated. The N mass inventory 
was performed for the time span 2012-1885. The 
cumulative atmospheric input of reactive N (Nr) was 
calculated from Kopacek and Vesely (2005) and 
checked against deposition data from the GEOMON 
monitoring network (Czech Geological Survey; 1994-
2012). The cumulative atmospheric N input was 2.6 
times higher in the north than in the south (1350 vs. 
530 kg N/ha). N storage in peat in the north was from 
2390 to 4020 kg N/ha. N storage in peat in the south 
was from 1530 to 1620 kg N/ha. In the less polluted 
south, the peat stored 3.0 times more N than was the 
cumulative atmospheric input. In the more polluted 
north, the peat stored 2.2 times more N than was the 
cumulative atmospheric input. We conclude that N 
storage in Sphagnum peat was larger than the 
atmospheric deposition of Nr. 

(2) We conducted an isotope inventory of seven 
N fluxes and pools at two peat bogs, one in the north 
and one in the south of the Czech Republic. N of 
Sphagnum (mean of -5.0 ‰) was isotopically heavier 
than N of the atmospheric input (mean of -10.0 ‰ for 
NH4

+, and -7.9 ‰ for NO3
-). If partial incorporation 

of reactive N from the atmosphere into the moss was 
isotopically selective, the residual N would have to be 
isotopically extremely light. Such N, however, was 
not identified anywhere in the ecosystem. We suggest 
that the moss contained an admixture of isotopically 
heavy N derived from atmospheric N2 (0 ‰) via 
microbial fixation. We conclude that microbial N2 
fixation is a feasible explanation of both the storage 
of "excess" N relative to cumulative atmospheric 
deposition of Nr, and the 15N/14N systematics in 
Czech peat bogs. 
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The evolution and dynamics of the Earth’s upper 
mantle are governed by the physico-chemical 
properties of olivine, which are highly affected by the 
incorporation of hydrogen (H). Magnetotelluric 
studies allow investigation of the inaccessible upper 
mantle when combined with the electrical properties 
of olivine. Electrical measurements are highly 
sensitive to a number of properties such as 
temperature, anisotropy, composition and importantly 
the H content, making them a viable tool to probe the 
hydration state of the Earth’s interior. However, 
electrical conductivity measurements of hydrous 
olivine reported from different laboratories have 
contrasting results. 

 
In this study we investigated H self-diffusion in 

olivine along its 3 principal orientations ([100], [010], 
[001]). Oriented single crystals of San Carlos olivine 
were first heated to 1300˚C in a gas-mixing furnace at  
fO2~NNO, to equilibrate the distribution of small 
polarons and metal vacancies. The single crystals 
were then hydrated at 2 GPa and temperatures 
between 700 and 950˚C in a piston cylinder 
apparatus, where the crystal was surrounded by liquid 
H2O. Finally, deuterium (D) was exchanged with H in 
the crystal in a subsequent piston cylinder experiment 
at the same P-T conditions where a heavy water 
solution (D2O+H2O) was instead employed.  
 

Precise diffusion profiles were determined using 
a NanoSIMS. The results indicate that H self-
diffusion is highly anisotropic with diffusion 
coefficients that are over a magnitude higher along 
the [100] orientation than the [010] and [001] 
orientations. These results were used to calculate the 
electrical conductivity of hydrous olivine using the 
Nernst-Einstein formulation. Our model assumes that 
all H in the crystal conduct current by independently 
hopping between various sites while carrying a +1 
charge. The new, accurate values are used to 
understand the effect of H on the magnitude and 
anisotropy of olivine electrical conductivity and 
interpret regional electrical conductivity profiles and 
the hydration state of the upper mantle. 
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Seafloor massive sulfide deposits are potential 

resources for base and precious metals (Cu-Pb-
Zn±Ag±Au), but difficulties in estimating precise 
reserves and assessing environmental impacts hinder 
exploration and commercial mining. Here, we report 
petrological and geochemical properties of sulfide 
chimneys less than 2 years old that formed where 
scientific boreholes vented hydrothermal fluids in the 
Iheya-North field, Okinawa Trough, in East China 
Sea [1,2]. One of these infant chimneys, dominated 
by Cu-Pb-Zn-rich sulfide minerals, grew a height of 
15 m within 25 months [2,3]. Portions of infant 
chimneys are dominated by sulfate minerals. Some 
infant chimneys are sulfide-rich similar to high-grade 
Cu-Pb-Zn bodies on land, albeit with relatively low 
As and Sb concentrations [3]. The high growth rate 
reaching the 15 m height within 25 months is 
attributed to the large hydrothermal vent more than 
50 cm in diameter created by the borehole, which 
induced slow mixing with the ambient seawater and 
enhanced efficiency of sulfide deposition [2,3].  

These observations suggest the possibility of 
cultivating seafloor sulfide deposits and even 
controlling their growth and grades through 
manipulations of how to mix and quench 
hydrothermal fluids with the ambient seawater. We 
are now planning to install the “Kuroko-ore 
cultivation appratus” equipped with sensor loggers 
for pressure, tempersutre, flow rate and precipitation 
weight at two hydrothermal sites in the Okinawa 
Trough during the CK16-01 Cruise by D/V Chikyu. 
 
[1] Takai, K. et al. (2012) Sci. Drill., 13, 19-27. 
[2] Kawagucci, S. et al. (2013) Geochem. Geophys. 
Geosys., 14, 4774-4990 
[3] Nozaki, T. et al. (in press) Sci. Rep., xx, xxx-xxx. 
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The Sarhlef and Bir N’has Pb-Zn veins are 

located approximately at 35 kilometers north of 
Marrakesh city in the central part of the Jebilet 
Paleozoic massif, Morocco. The distance between the 
two deposits is around 12 km. The Sarhlef and Bir 
N’Has veins have metric extension, their general 
orientation is E-W and their infillings are dominated 
by quartz ± carbonates (Huvelin, 1977) [1].  
The mineralogical study has shown two deposition 
stages: 

- Stage 1 is characterized at Sarhlef by feathery 
quartz, siderite and microcrystalline quartz, 
containing small amounts of arsenopyrite and pyrite 
while only feathery quartz and sphalerite deposited 
during stage 1 at Bir N’Has,.  

- Stage 2 is characterized by the deposition of 
dolomite-calcite and barite assemblage followed by 
sphalerite (Ge content around 370 ppm) and then 
chalcopyrite, galena (Sb: 3600 ppm) and ankerite at 
Sarhlef. Mosaic quartz, ankerite, chalcopyrite and 
galena (1400 ppm Sb) deposited during stage 2 at Bir 
N’Has. Thus, Sarhlef shows a richer mineral 
paragenesis and is characterized by the presence of 
abundant barite which is not recognized at Bir N’Has.  

Fluids associated with galena-chalcopyrite 
mineralization at Sarhlef and Bir N’Has are brines 
with salinities from 19 to 23 wt % eq. NaCl and Th 
from 80 to 200°C (mode: 110-120°C). Sphalerite 
which crystallized before galena-chalcopyrite 
assemblage at Sarhlef and Bir N’Has is overprinted 
by Pb-Cu brines. Consequently, Zn ore fluid is not 
identified.  

Similarities in vein orientation, mineralogical 
assemblages and ore brines suggest that the two 
deposits belong to the same hydrothermal 
mineralizing event characterized by the circulation of 
high salinity and low temperature brines. Huvelin 
(1977) [1] attributed Sarhlef, Bir N’Has and several 
other E-W base metal veins in the Central Jebilet to 
the same major event, in agreement with our 
conclusions. This major event corresponds to the pre-
Atlasic to Atlasic extension related to the Central 
Atlantic opening (according to Huvelin, 1977 [1]), 
and associated fluid flows. 
 
[1) Huvelin P. (1977): Notes Mém. Serv. Géol. 
Maroc, No 232 bis. 
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Ammonium (ammonia) and nitrite are important 
intermediates of oceanic nitrogen cycle, but are 
depleted in mostoceanic watersThe availability of 
ammonia may influence the niche separation of 
nitrifiers. Likewise, niche separation may be a 
signature of geochemical processes, such as 
nitrification and the degradation of organic matter. In 
this study, we employed single cell genomics to 
analyse signatures of niche separation of ammonia-
oxidizing Thaumarchaeota in water depths ranging 
from sea surface to the hadal . 
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Time constraints on the early phases of brittle 

fault activity (>1 Ma) are seldom determined or 
involve very high uncertainties, thereby limiting our 
understanding of the long-term deformational history 
of faults and fault systems in the brittle environment. 
The use of U-Pb calcite dating allows us to see 
beyond 500 ka, and approach important tectonic 
questions for the first time. Traditional U-Pb bulk 
analyses for carbonate samples are time intensive and 
require large sample sizes. In this study, we utilize 
the latest advances in Laser Ablation techniques (LA) 
combined with multi-collector inductively coupled 
plasma mass spectrometry MC-ICPMS to analyze 
calcite material without chemical separation (in situ). 
The in situ approach offers several advantages over 
traditional bulk analyses, including, but not limited 
to, the preservation of samples for further analysis, 
considerable time savings, and better petrographic 
control. 

We combine U-Pb chronology with calcite strain 
analyses, measured on twinned calcite, to 
demonstrate temporal and spacial changes in brittle 
fault activity. The method is applied to fault-related 
calcite samples such as breccia cement, fault-coating, 
and vein-fillings taken from different sites along the 
active Dead Sea Fault system (DSF). The results 
indicate possible propagation and localization of fault 
activity. The southern part of the DSF was active by 
19 Ma while the northern part of the DSF in Israel 
was active by 15 Ma. In addition, the western fault in 
the southern part of the DSF was active before the 
more eastern fault (19 and 14 Ma, respectively). Four 
ages from the same site in northern Israel gave 
similar ages of 14.2 ±1.2 2σ, suggesting a well-
developed plate boundary for a >500 km long sector 
by this time. Calcite strain analyses indicate a DSF-
related strain field with a NNW-SSE direction of 
maximum horizontal shortening and a secondary N-S 
direction. The two directions may represent the far 
DSF-related strain field (NNW) and the local 'weak' 
subparallel direction (N-S), prevailing during the 
early stage of DSF evolution between 19 and 12 Ma.  
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The Permian-Triassic Boundary represents an 

extinction event that occurred around 250 mya. 
Volcanic activity originating in Siberia may have 
been the driver that tipped global climate towards 
unrecoverable conditions leading to the the loss of 
close to 96% of marine species. Studies of this time 
in Earth’s history are typically focused on the paleo-
equitorial Tethys Ocean basin. Here we integrate data 
from the southern Boreal Sea region with lower 
latitude data to present a richer understanding of 
ocean conditions at the time of this extinction.  

Samples (n=85) were collected from the Oskedal 
member of the Woodie Creek Formation along the 
northeast coast of the Østgrønland region of Eastern 
Greenland. The samples are mostly shales and 
crossbedded sandstones that cover the uppermost 
Permian across the boundary into the Triassic. 
Samples were powdered and homogenized and major 
as well as trace element composition were analyzed 
by X-Ray Fluorescence and Inductively Coupled 
Plasma Mass Spectrometry, respectively.  We also 
analyzed stable carbon isotopic composition 
(inorganic and organic) via Isotope-Ratio Mass 
Spectrometry. These data were used to 
chemostratigraphically integrate this section into the 
global δ13C stratigraphy as well as to reconstruct the 
paleoenvironmental conditions.  We identified 
changes in paleoproductivity approaching the 
boundary that support wide-spread anoxia at this time 
with these data also revealing localized conditions of 
shelf anoxia.  
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The ~3.5 Ga Bon Accord ore deposit occurred in 

the Barberton Greenstone Belt of the Kaapvaal 
Craton, South Africa. It was completely mined out in 
the early 1900’s, but is known to have comprised a 
unique assemblage of Ni-rich minerals that originally 
led to its interpretation as an extraterrestrial body [1]. 
It was subsequently interpreted as a fragment of the 
Earth’s core, emplaced into the upper mantle in a 
deeply-sourced plume [2]. More recently, Bon 
Accord has been ascribed to the interaction of 
komatiite magma and sediment in an ocean floor 
setting, resulting in either a Ni-sulphide deposit or a 
variety of black smoker [3]. Recently published Cr 
isotope data have also been important in ruling out an 
extraterrestrial origin for Bon Accord [4]. Here, we 
use petrology and halogen geochemistry to shed 
further light on the origin and evolution of this 
intriguing deposit. 

For the halogen measurements, silicate (5.1 mg) 
and oxide (12.2 mg) components were separated for 
individual analysis. Halogen abundances were 
determined by neutron irradiation noble gas mass 
spectrometry (NI-NGMS), utilising the neutron 
conversion of Cl, Br, and I into the readily 
measurable noble gas proxy isotopes 38ArCl, 80KrBr 
and 128XeI.  

Bon Accord halogen concentrations range from 
30-180 ppm Cl, 70-280 ppb Br and 12-45 ppb I. The 
oxide fraction contains 5 times less Cl and 3.5 times 
less Br and I than the silicate fraction (largely Ni-
serpentine). The Br/Cl and  I/Cl ratios (1.5-2.0 x 10-3 
and 2.5-3.6 x 10-4, respectively) are typical of 
serpentinites from different tectonic settings [5] and 
together with petrological observations, support 
formation in a sea-floor setting such as would be 
expected from the hydration of sub-aqueously 
erupted komatiite lavas.  
 
 [1] DeWaal (1978) Mineralisation in Metamorphic 
Terranes pp 87-98. [2] Tredoux et al. (1989) JGR, 94 
(B1): 795-813. [3] O’Driscoll et al. (2014) Min. Mag, 
78:145-63. [4] Tredoux et al (2014) Chem. Geol, 
390:182-190. [5] Kendrick et al (2013). EPSL, 365: 
86-96.  
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Earth’s global magnetic field arises from 

vigorous convection within the liquid outer core. 
Paleomagnetic evidence shows that the geodynamo 
has operated for at least 3.4 billion years, possibly 
since the early Archean or even Hadean. Available 
power sources in standard models include 
compositional convection (driven by the solidifying 
inner core’s expulsion of light elements), thermal 
convection (from slow cooling), and maybe heat from 
the decay of radioactive isotopes like potassium-40. 
However, recent diamond-anvil cell experiments and 
first-principles calculations imply that the thermal 
conductivity of iron is two or three times larger than 
typically assumed in these models. This presents a 
problem: a large increase in the conductive heat flux 
along the adiabat (due to the higher conductivity) 
implies that the inner core is young (less than one 
billion years old), but thermal convection and 
radiogenic heating alone have difficulty sustaining 
the geodynamo during earlier epochs unless core-
mantle heat flow was at least tripled somehow.  

Here we demonstrate that the precipitation of 
magnesium-bearing minerals from the core could 
have served as a sufficient power source. Metal-
silicate equilibration at high temperatures after giant 
impacts allows a small amount of magnesium (one or 
two weight percent) to partition into the core. Using a 
Markov chain Monte Carlo technique, we show that 
equilibration of ~5 to 10% of Earth’s core at these 
extreme conditions still produces the observed 
abundances of siderophile elements in the mantle and 
avoids an excess of silicon and oxygen in the core. 
The transport of magensium as oxide or silicate from 
the cooling core to underneath the mantle is an order 
of magnitude more efficient per unit mass as a source 
of buoyancy than inner-core growth. For every 100 K 
of core cooling,  roughly 0.5% of the initial mass of 
the core should precipitatie. We integrate the 
corresponding release of gravitational energy and the 
associated entropy production into parametrized 
models of the energetics of the core, alongside 
estimates of the core-mantle heat flow permitted by 
mantle dynamics. Ultimately, for liberal estimates of 
ohmic dissipation, we conclude that Earth’s dynamo 
would survive throughout geologic time even if core 
radiogenic heating were minimal or absent and core 
cooling were always ~15 to 20 TW, roughly the 
present-day value. 
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Basal melting of the Antarctic ice shelves is an 

important factor in the retreat of the marine Antarctic 
ice sheet, but little consensus exists on how the basal 
melting rate is affected by climatic forcing.  

The Antarctic Ocean and basal melting of 
Antarctic ice shelves under the last glacial maximum, 
along with equilibrium CO2 doubling climate are 
investigated using a circumpolar ocean model with an 
ice shelf cavity forced by outputs of a climate model. 
Identical present-day topography is applied in these 
experiments to understand the role of climatic 
forcing. We show that basal melting rate increases as 
the climate warms, but it is much larger in the CO2 
doubling climate than in the LGM despite the close 
magnitude of global radiative forcing.  

The model results indicate that the difference in 
basal melting results from the difference in water 
mass formation in the shelf seas. Sea ice production 
in the Antarctic coast forms cold, saline and dense 
water in the shelf seas, and this water mass prevents 
intrusion of warm subsurface water originating from 
the Southern Ocean. Our model analysis shows that 
under warmer climate such as CO2 doubling climate, 
basal melting rate increases by intrusion of warm 
subsurface water due to decreased sea ice production, 
together with warmer water in the subsurface 
Southern Ocean.  

These results imply that sea ice prodution and 
associated cold and saline dense water formation 
should be considered as an important mechanism 
which influences the rate of basal melting beneath ice 
shelves, by modulating the intrusion of warm 
Southern Ocean subsurface water onto continental 
shelves and beneath ice shelves. 
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Introduction 
Zinc (Zn) is an essential nutrient for marine 

microorganisms and a key parameter of international 
GEOTRACES project. Recent studies have revealed 
basin-scale distributions of dissolved Zn and 
investigated the relationship between dissolved Zn 
and Si [1, 2]. In the subarctic North Pacific, the 
relationship between dissolved Zn and Si is very 
different from that in other open oceans [3, 4]. 
However, the Zn and Si decoupling is not clarified 
yet because of the lack of a comprehensive data. In 
this study, we investigated the large-scale 
distributions of dissolved Zn in the western and 
central North Pacific. 
 

Methods 
Seawater samples were collected during the R/V 

Hakuho-maru KH-12-4 GEOTRACES GP 02 cruise 
(from August to October 2012), by using acid-
cleaned Teflon-coated X-Niskin samplers deployed 
on CTD-CMS. Zn in seawater was determined with 
cathodic stripping voltammetry (CSV) with 
ammonium 1-pyrrolidinedithiocarbamate (APDC). 
 

Results and Discussion 
The concentrations of dissolved Zn in the 

intermediate waters (sigma-theta: 26.6 – 27.5) of the 
western subarctic North Pacific were higher than 
those in deep waters. The relationship between Zn 
and Si in the intermediate waters of the western and 
central subarctic North Pacific was very different 
from that in the other areas, while the relationship 
between Zn and P in the intermediate waters was 
similar. The decoupling of dissolved Zn and Si in the 
subarctic North Pacific is strongly influenced by 
intermediate water masses.  

 
 
[1] Wyatt, Milne, Woodward, Rees, Browning, 
Bouman, Worsfold, Lohan (2014) Global 
Biogeochem. Cycles 28, 44-56. [2] Roshan and Wu 
(2015) Global Biogeochem. Cycles 29, 1060-1074. 
[3] Kim, Obata, Kondo, Ogawa, Gamo (2015) Mar. 
Chem. 173, 330-341. [4] Janssen and Cullen (2015) 
Mar. Chem. 177, 124-133. 



Goldschmidt Conference Abstracts 

 

2324 

Accurate quantification of 
atmospheric nitrate in stream 

water eluted from a small 
forested watershed using triple 

oxygen isotopic composition 
Y.OBATA*1, K.ANDO1, T.OHYAMA1, 

F.NAKAGAWA1, U.TSUNOGAI1, N.YAMASHITA2, 
T.SAITO2, H.SASE2 

1Grad. sch. of Env., Nagoya Univ. 
(512320@m.mie-u.ac.jp) 
2Asia Center for Air Pollution 

Research(sase@acap.asia) 
 

Excess loading of nitrogen often leads to 
“nitrogen saturation” (Aber et al., 1989) in forest 
ecosystems from which significant quantify of 
nitrogen is eluted as nitrate. Enrichment of nitrate 
often caused environmental problems so that we 
should clarify the origin and behavior of nitrate in 
stream water, especially for the mixing ratio of 
unprocessed atmospheric nitrate within total nitrate. 
The natural stable isotopic compositions of nitrate 
(δ15N and δ18O) have been widely used to determine 
the origin and behavior of nitrate in stream water 
(Durka et al., 1994). Besides to these isotopes, the 
triple oxygen isotopic compositions of nitrate have 
been available as an additional, more robust tracer for 
the unprocessed atmospheric nitrate (e.g. Michalski et 
al., 2004) in recent years, due to the stability during 
biological processings on nitrate. In this study, we 
measured temporal variation in the stable isotopic 
compositions of nitrate in a stream eluted from the 
Kajikawa experimental forest in Niigata Prefecture, 
together with those in soil solutions, from December 
2013 to December 2014. Although the triple oxygen 
isotopic compositions of nitrate in soil solutions 
showed significant seasonal variation from +0‰ to 
+6‰, these in stream water samples showed small 
variation. On the other hand, the concentration-
weighted mean of the soil solutions (+0.8‰) was 
consistent with that of stream water samples 
(+1.3‰). We concluded that the major source of the 
stream water was groundwater in the forest, in which 
the observed significant seasonal variation in soil 
solutions had been smoothed. 
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The French Polynesian region is characterized by 
positive topographic anomalies of 700 m, a 
concentration of hotspot chains. Many seismic 
tomography results show a broad low-velocity 
anomaly in the lower mantle continued from the core-
mantle boundary (CMB). These observations suggest 
that a large-scale mantle flow rises from the CMB. 
Joint Japanese-French broadband seismological 
observations were performed from 2001 to 2005 with 
10 island stations and 10 broadband ocean bottom 
seismometers (BBOBSs). 9 BBOSBSs were 
additonaly deployed around Society Islands during 
2009 - 2010. A P-wave tomography model was 
obtained by adding these data to the ISC first arrival 
data and by taking the finite frequency effect into 
account for the frequency-depended differential travel 
times. The frequency depended differential travel 
times were measured by multi-band cross correlating 
P waveforms. The P-wave tomography (Figure 1.) 
shows strong slow anomalies beneath the Society 
Islands and Pitcairn in the upper mantle although they 
do not extend to the 660-km discontinuity. This 
model also shows that large-scale (~1000 km in 
diameter) slow anomalies from the CMB become 
small and weak in the depth range about 550 - 900 
km. The small-sacle slow anomalies seem to shape a 
circle connecting the Societiy, Marquesas, Pitcairn 
and MacDonald hotspots. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. 3D image of slow anomalies below French 
Polynesia viewed from the east. Isosurface ia 
rendered in red where P-wave velocity is 0.5% slower 
than the spherical global average. 
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Post-depositional open-system behaviour in fossil 
reef corals is a major problem for accurate absolute 
dating. The commonly used 230Th/U-system [e.g., 1] 
can be disturbed by post-depositional diagenetic 
alteration, which results in wrong 230Th/U-ages. Since 
fossil reef corals are important palaeoenvironmental 
archives, precise absolute dating is essential for sea-
level and climate reconstructions. 

We have developed a method for combined 
preparation and analysis of fossil reef corals by the 
230Th/U-, 231Pa/U- and 226Ra/230Th-methods. 
Inconsistencies between ages determined by the 
different methods identify diagenetically altered 
corals. Concordia diagrams reveal additional 
information about the alteration processes. 
(226Ra/230Th) and (226Ra/U) ratios provide information 
about the last 10 to ~50 ka of the coral's diagenetic 
history. 

Here we present new data of the combined 
application of the three isotope systems to fossil Last 
Interglacial corals from the Gulf of Aqaba, northern 
Red Sea. Previous studies have shown that these 
corals were subject to substantial open-system 
behaviour [2]. The process that was proposed to 
explain the (234U/238U) and (230Th/238U) ratios of these 
corals is U gain with subsequent U loss after a certain 
amount of time. The amount of lost U is assumed to 
be proporational to the amount of U previously 
gained. The application of our combined approach 
should enable us to validate/reject this model and 
possibly further constrain the timing of U addition 
and loss, respectively. In this context, we compare 
our data with quantitative modelling of various 
diagenetic scenarios. 
 

[1] Obert, Scholz, Felis, Brocas, Jochum and 
Andreae (2016) Geochim. Cosmochim. Acta, 178: 20-
40 

[2] Scholz, Mangini and Felis (2004) Earth 
Planet. Sci. Lett., 218: 163–178 



Goldschmidt Conference Abstracts 

 

2327 

Terrestrial Mercury 
Biogeochemistry: A Need To 

Re-Assess the Role of Dry 
Deposition of Elemental 

Mercury 
DANIEL OBRIST1 YANNICK AGNAN1 WANG 

ZHENG2 BRIDGET BERGQUIST2 DETLEV HELMIG3 

1Desert Research Institute, Division of Atmospheric 
Sciences, Reno, NV 89512, USA; 
daniel.obrist@dri.edu 

 2Department of Earth Sciences, University of 
Toronto, 22 Russell Street, Toronto, ON M5S 
3B1, Canada 

3 Institute of Arctic and Alpine Research, University 
of Colorado, Boulder, CO 80309, USA 

 
Terrestrial ecosystems serve both as sources and 
sinks for atmospheric gaseous elemental mercury 
(GEM). The current understanding of the significance 
of GEM exchanges compared to other deposition 
processes is uncertain and in parts inconsistent with 
new insights such as those derived from stable 
isotope characterization. 

Here, we discuss the role of GEM atmosphere-
surface exchange for terrestrial mercury cycling. 
First, we present results from a global database to re-
analyse terrestrial GEM flux measurements from over 
130 peer-reviewed publications, and provide new 
estimates of global terrestrial GEM exchange and 
uncertainties. Second, we present stable isotope 
analyses across 10 sites that show GEM deposition to 
be the dominant deposition process across multiple 
forest types and regions. Third, we show how plant 
community types to a large degree determine soil 
mercury loads by increasing GEM deposition. 
Finally, we present results from a mass balance 
characterization in the arctic tundra where GEM 
deposition dominates over all other deposition 
processes, and where an absence of photochemical 
GEM re-emission positions this system as a persistent 
and globally-important atmospheric mercury sink. 
These results highlight the dominant role of GEM dry 
deposition and the need to better characterize the fate 
of GEM deposition in terrestrial ecosystems. 
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North Atlantic subsurface sediments are punctuated 
by intervals rich in ice rafted debris (IRD). In 
particular, Hudson Strait Heinrich Layers deposited 
during MIS 3-2 are among the most prominent of 
IRD events since Northern Hemisphere glacial 
inception. Hudson Strait-derived material is 
distinguishable from other sources of North Atlantic 
IRD by a Paleozoic dolomitic limestone component 
with highly depleted δ18O and relatively low Sr 
content. Here we compare trace element composition 
of individual detrital carbonate grains from H1, H2, 
H4, H5 to grains from the 8.1, 8.2, and 8.3 (MIS 8) 
Heinrich Events. We also compare detrital carbonate 
grain concentration data to common proxies for 
Heinrich Layers over the past three glaciations. The 
Sr/Ca ratio of bulk sediment correlates best with 
coarse (>150 µm) detrital carbonate grain 
concentration. Variable and heterogeneous Mg 
content within individual grains indicates 
dolomitization likely occurred along microfronts. the 
MIS 8 grains are geochemically indistinguishable 
from the MIS 3-2 grains, suggesting a similar 
provenance. Theses results indicate that the MIS 8 
IRD events were in fact Hudson Strait Heinrich 
Events. 

 
 



Goldschmidt Conference Abstracts 

 

2329 

Paleo-environmental analysis 
during 1.5 Ma from organic 
matter in Lake Biwa (Japan) 

sediment 
Y. OCHI1, K. URABAYASHI1, S. YAMAMOTO,1* 
11 Department of Environmental Engineering for 
Symbiosis, Faculty of Engineering, Soka Univ., 

Hachioji, Tokyo, Japan 
(*correspondence: syama@soka.ac.jp) 

 
The Lake Biwa 1400 m Core was taken from the 

north part of Lake Biwa (Japan) to reconstruct paleo-
environment of the Asia-monsoon region. This core 
age was determined as ca. 1.5 Ma by fission track 
method and tephra layer.  We attempted to further 
understand the paleo-environmental variation based 
on various biomarker records, especially lignin 
phenols, fatty acids, cutin acids and perylene, which 
were determined by off-line tetramethylammonium 
hydroxide (TMAH)-pyrolysis-GC/MS. 

   The total concentration of eight lignin phenols 
(Σ8; vanillyl [V], syringyl [S] and cinnamyl [C] 
series), which are mostly derived from terrestrial 
vascular plants, had increased during warm periods. 
This result implied that terrestrial vascular plants 
around Lake Biwa had been affected by the variation 
of temperature occurred in glacial-interglacial cycle. 

  The high concentration of perylene, which are 
often found in fungal pigments, coincided with the 
high concentration of S series, which are likely 
derived from tissues of angiosperms. Previous studies 
suggested that angiosperms increased in warm and 
humid climate and that perylene indicates a humid 
continental climate[1] . Thus, our results suggested 
that the vegetation around Lake Biwa had been 
affected by not only humidity but also temperature 
during 1.5 Ma. Our results also emphasized that the 
variation of precipitation did not always coincide 
with temperature. 

 
[1] R. Ishiwatari, H. Uemura, and S. Yamamoto., 

(2014), Organic Geochemistry, Volume76, 194-203. 
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Mineralization of rare earth elements (REEs), 

which are potential fission products and used as a 
surrogate of trivalent actinide, is one of the important 
processes governing the geochemical behavior of 
REEs in sub-surface; however, there are still 
uncertainties in the mineralization as phosphate at 
room temperature. The present study investigates the 
formation processes by reaction with aqueous 
phosphate or apatite crystals at room temperature to 
elucidate the physico-chemical properties of REE 
phosphate (REPO4) and the parameters constraining 
the processes.  

A series of REPO4 were formed at room 
temperature by mixing 0.10 mM 
RE3+(REsingle=Ln=La-Lu except Pm or REall=all Ln)  
and 0.10 mM PO4

3- at pH 3.0 for 3 days. Selected 
REsinglePO4 (RE: La, Tb, Dy, Ho, and Yb) and 
REallPO4 were reacted for 30 days to examine the 
aging effect. Mineralization on hydroxyapatite (HAP, 
Ca5(PO4)3OH) was performed, in which 0.20 g of 
HAP was added to 100 mL of 2.0 mM RE3+ (RE: La, 
Tb, Yb and all RE) and stirred at pH 5.0 for 1 hour-
10 days at room temperature. Solid characterization 
was completed by using XRD, TG/DTA, FT-IR, and 
TEM. The solution was analyzed using ICP-AES. 

REsinglePO4 synthesized in contact with PO4
3-(aq) 

was classified to three groups; LREPO4 for La-Gd 
with rhabdophane-structure, MREPO4 for Tb-Ho and 
HREPO4 for Er-Lu exhibiting broaden 4-line and 5-
line in their XRD patterns, respectively. The latter 
two groups contained 2.2-2.7 H2O in the unit formula 
and 30-60 % of amorphous phase. The structure 
changed consistently with ionic radius within the 
same group. REallPO4 consisted of 35 % of 
rhabdophane-structure and 65 % of TbPO4-structure 
after 3 days, which transformed to 100 % 
rhabdophane-structure after 30 days. In the 
mineralization on HAP, the rate of REPO4 formation 
was constrained by dissolution rate of HAP: 3.5×10-8 
mol m-2 min-1. When the solution with all REEs was 
contacted with HAP, LREEs were preferentially 
incorporated with apparent tetrad effects into nano-
crystalline REallPO4 that precipitated on HAP. 
Consequently, hydrated REPO4 nanocrystallization is 
a key process for retarding RE mobility in the 
environment, which can constrains distribution of RE 
and potentially trivalent actinides in aquifer by the 
unique crystal-chemistry.  
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Major porphyry deposits in Mongolia associated 

with subduction zones: island arc and magmatic arc 
link with high Sr/Y adakitic magmas [1]. The genesis 
of adakitic magmas is debatable with interpretation of 
their origin of (1) slab melting, (2) lower crust 
melting or (3) fractional crystallization of amphibole-
garnet and assimilation of mid- to lover crustal rocks. 
[2, 3] 

We studied large porphyry deposits of Paleozoic 
–Mesozoic age in Mongolia. Clear adakitic signatures 
demonstrate only magmatic rocks associated with the 
Devonian Tsagaan Suvarga and Carboniferous 
Shuteen Cu-Au deposit, and for them origin due 
partial melting of subducted oceanic crust is 
acceptable. [3] 

The Oyu Tolgoi volcanic rocks are typical arc 
suites, and only mineralized monzodiorite and 
granodiorite are represented by high Sr/Y rocks. No 
typical tholeiiitic rocks, all rocks are calc-alkaline, 
and only some basalts show alkaline signatures. If all 
these rocks are mainly arc related, but high Sr/Y 
mineralized rosks should be  point to possible 
association with adakitic magma. Magmatic rocks 
associated with above mentioned porphyry Cu-Au-
Mo deposits are mainly calc-alkaline, medium to high 
K, I type, metaluminous, highly (Oyu Tolgoi, 
Erdenet, Bayan uul) or moderately (Shuteen) 
oxidized. Granitoids are depleted in Nb, enriched in 
LILE, and LREE, typical VAG, and with agakitic 
signature (high Sr/Y, La/Yb, low Y and Yb). In 
Central and North Mongolia volcanic andesitic rocks 
formed in the environment were mature continental 
crust developed, and volcanic K-Na suites of basalt-
andesite calc-alkaline series have very variable 
composition, with high  Al2O3, medium and high 
MgO, high Zr, Sr, and Cr and  Ni. Volcanic rocks 
with elevated Zr leads us to believe that part of them 
developed in the rift or postsubduction environment. 
 
[1] Gerel et al (2013) The 8thInternational forum on 

strategic 
Technology. V.1.MUST, 537-542. [2] P.R. Castillo 

(2006) 
China Science Bulletin 51, 3, 257-268. [3] Richards 

& 
Kerrich (2007) Economic Geology, 102. 537-576.  
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Introduction and Method 
In March 2011, a substantial amount of 137Cs was 

released and dispersed in forested areas in Fukushima 
Prefecture, Japan. Understanding the transport of 
137Cs from forested areas to downstream is important 
for evaluating the long-term effects of 137Cs on the 
environment and human health. The objective of this 
study was to evaluate the effect of a 137Cs trap in a 
check dam on 137Cs transport from a forested 
catchment. This study was conducted at a reservoir-
type check dam, which was not full, installed at a 
forested catchment at Date City, Fukushima 
Prefecture. We observed spatial variation of the 137Cs 
concentration in dam sediment and estimated 137Cs 
storage by the check dam.  

Result and Discussion 
In the reservoir at the dam, the 137Cs 

concentration was significantly higher than in forest 
soil. Moreover, 137Cs storage in litter at the dam was 
higher than in the forest floor. The amount of stored 
137Cs was estimated as more than 30 MBq and was 
10% to 20% of the annual 137Cs discharge by 
suspended solid and dissolved form. These results 
indicate that a reservoir-type check dam has a role in 
137Cs capture and immobilization, and the effect of 
the sediment and litter trap on the check dam 
reservoir is not negligible for estimating 137Cs 
discharge from forest to downstream. 
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 Volcanogenic massive sulfide (VMS) deposits 
occur in the Kidd-Munro assemblage of Abitibi 
Greenstone Belt in Canada [1].  Those VMSs are 
often associated with black shale.  It is unclear as to 
which microorganisms were responsible for 
enrichment of organic matter in those black shale. 
VMS associated with black shale is found at Potter 
Mine, Munro Township, Ontario, Canada. 
Chalcopyrite, sphalerite and pyrrhotite are major 
constituents of ores. Ores appear as stratabound 
forms, or disseminated forms in hyaloclastite or 
carbonaceous sediments. Examination of drilled core 
samples indicates sulfide ores appear at 11 different 
stratigraphic positions, and 5 positions are associated 
with black shale. Talc and Mg-chlorite are abundant 
in altered footwall hyaloclastite. Calcite and Fe-
dolomite are also found in VMS and altered volcanic 
rocks. Such mineral characteristics indicate VMS at 
Potter mine was formed by H2S-CO2-rich 
hydrothermal fluids.  Black shale contains more Fe-
rich chlorite, suggesting large amounts of Fe were 
introduced during sedimentation by hydrothermal 
fluids. Sulfur isotope compositions of sulfides are 
ranging from -0.49 to 4.63 per mil (CDT).  

Raman spectroscopic analyses indicate less 
metamorphosed and low graphitization characteristics 
of organic matter. Carbon isotope compositions of 
organic matter are ranging from -45.88 to -38.79 per 
mil (PDB), suggesting CH4-oxidizing bacteria were 
active besides other microorganisms when 
hydrothermal fluids were discharging.  Carbon 
isotope composition of carbonate mineral is -15.96 
per mil (PDB), indicating that sedimentary organic 
matter was source for carbonate carbon. Such 
hydrothermal decompositions of sedimentary organic 
matter also produced CH4. CH4 discharging in local 
seawater most likely activated CH4-oxidizing bacteria 
at Potter site. 
 
[1] Péloquin et al. (2005), Ontario geological survey 
open file report 6157. 
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Deep continental subductions are an input process 
in material cycling from surface to deep mantle. The 
Kokchetav UHP carbonate and calc-silicate rocks are 
the best samples and the evidence to understand 
chemical processes in subducting materials. During 
the subductions, silicate rocks are H2O reservoirs as 
hydrate minerals, and carbonate/calc-silicate rocks 
are CO2 reservoirs. Dehydrations precede 
decarbonations and H2O play as a trigger for 
decarbonations. The amount of H2O infiltrating in 
carbonate rocks controls the amount of CO2 carried 
into the mantle. In the case of calc-silicate rocks, for 
example Grt-Cpx rock in the Kokchetav, carbonate 
mode is small and even a small amount of H2O can 
decompose all amount of carbonates to form Grt and 
Cpx that contain several hundreds to 1,000 ppm of 
OH and H2O, as new water reservoirs. UHP 
metasomatism forming such skarn-like rocks by H2O 
infiltration means the switching of H2O reservoirs 
from hydrous minerals in silicate rocks to NAMs in 
calc-silicate rocks. H2O-bearing fluid also plays an 
important role for diamond formation during 
subduction of continental materials. Diamonds form 
and dissolve in subducting materials through H2O 
fluid. In UHP dolomite marble of the Kokchetav 
Massif, diamonds formed at two stages and 2nd stage 
growth was from H2O fluid. The diamonds at 2nd 
stage have light carbon isotope compositions, -17 to -
27 ‰, whereas 1st stage diamonds have -8 to -15 ‰. 
Light carbon of 2nd stage could be organic origin in 
gneisses carried by H2O fluid; dissolution of diamond 
could have occurred in gneisses. Summarizing these 
from the Kokchetav Massif, “Intraslab UHP 
metasomatism” was proposed. 
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I present a two-dimensional self-consistent 

numerical model of a coupled magmatism-mantle 
convection system with tectonic plates to discuss the 
Earth’s mantle evolution.  Magmatism occurs as a 
permeable flow of basaltic magma generated by 
decompression melting through matrix, while a 
stress-history dependent viscosity of mantle materials 
induces tectonic plates that rigidly move along the 
surface boundary.  The mantle evolves in two stages 
owing to decaying heat producing elements (HPEs) in 
the mantle.  On the earlier stage that continues for the 
first 1-2 Gyr, a thin layer of basaltic materials 
generated by magmatism develops along the 660 km 
phase boundary to make upwelling flow from the 
lower mantle pulsating.  The pulses of upwelling 
flow, or mantle bursts, cause vigorous magmatism 
owing to a positive feedback between magmatism 
and mantle upwelling flow.  In spite of substantial 
compositional differentiation of the mantle caused by 
this magmatism, the mantle remains compositionally 
rather homogeneous because of a strong convective 
stirring by mantle bursts.  Mantle bursts also make 
plate motion chaotic.  As HPEs decay, however, the 
mantle evolves into the later stage where mantle 
bursts subside and tectonic plates move more 
steadily.  The steady plate motion causes ridge 
volcanism that continuously generates basaltic crusts.  
After subduction, the crust segregates from the 
convecting mantle and accumulate on the core mantle 
boundary to form compositionally dense piles, from 
which hot plumes occasionally ascend.  The mantle 
becomes more compositionally heterogeneous with 
time on the later stage. 
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Chloropigments (chlorophyll a and pheophytin a) 

are nitrogeneous compounds preserved in the 
sediments for long time. As directly involved in 
phytosynthetic process, isotope analysis of 
chloropigments provides a "to the point" information 
to understand biogeochemical processes in the 
surface water [1]. In this study, nitrogen isotopic 
compositions (δ15N) of chloropigments (δ15Nchl) and 
nitrate (δ15NNO3) were determined to investigate the 
nitrogen cycle in the photic zone. Particles and water 
samples were collected from western North Pacific 
(Station K2, 47◦00'N, 160◦00'E) during summer 
blooms. The chloropigments were extracted and 
purified by HPLC, and δ15Nchl was determined by a 
nano-EA/IRMS [2], which is capable of determining 
δ15N of as small sample as 1.5 nano molar of 
chloropigments. 

We observed δ15Nchl of -10.5 to +1.9‰ and 
δ15NNO3 of +6.6 to +9.9‰. Based on the equation 
between δ15N of phytoplankton (δ15Nphy) and δ15Nchl 
(δ15Nphy ≈	  δ15Nchl + 4.8 [3][4]), the isotopic defference 
from phytoplankton to nitrate was estimated to be -8 
to -13‰. The range is greater than expected values of 
-5 to -10‰ [5]. The large difference were potencially 
explained by either (1) large isotopic fractionation 
during nitrate assimilation by phytoplankton, or (2) 
significant contribution of ammonia as a substrate for 
the photosynthetic nitrogen assimilation. We applied 
a nitrogen cycle modell in the surface ocean [5] to 
these data set, and concluded the large (>50%) 
contribution of ammonia as a substrate for the 
phytoplankton. Since chlorophylls are also preserved 
in the sediment traps and suried in the sediments for 
long, this method provides powerful tool to study 
nitrogen cycle in the paleo-environments. 
 
[1] Ohkouchi & Takano (2013) Treatise on Geochemistry 
10: Organic Geochemistry pp.251 [2] Ogawa et al. (2010) 
Earth, Life, and Isotopes. pp.339 [3] Sachs et al. (1999) 
GCA 63, 1431–1441 [4] Ohkouchi et al. (2006) Biogeosci 3, 
467-478. [5] Yoshikawa et al. (2015) J Oceanogr 
doi:10.1007/s10872-015-0308-2. 
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Oil inclusions in quartz from Afghanistan/-

Pakistan and solid inclusions from Herkimer, NY 
were investigated using organic geochemical 
analysis. The oil quartz analyzed in this study was 
found near the border of Afghanistan and Pakistan. 
The occurrence of these quartz cannot be observed 
because the area is under dispute. On the contrary, the 
Herkimer Diamond (quartz) Mine can be observed 
safely; quartz crystals grew in the cavities left after 
stromatolite dissolved in the dolomite. Quartz crystals 
were crushed and washed with a DCM solvent. This 
solution was analyzed in this study. Photoluminescent 
properties of the extracted samples were examined.  
Hydrocarbon and PAH fractions separated from the 
extract by silica-gel column chromatograph and used 
for this study. Samples from Afghanistan/-Pakistan 
included a large quantity of n-alkanes, but did not 
include sterane, triterpane or isoprenoid 
hydrocarbons. The distribution of n-alkanes was 
unimodal, with peak for C11 or C13.  The carbon 
preference index (CPI) for n-alkanes was less than 
1.0.  The individual carbon isotope composition of n-
alkanes showed different tendencies in each sample. 
Small amounts of iso- and anteio-alkanes and 
alkylcyclohexanes were detected. Alkylbenzenes, 
particularly ethylbenzenes, were detected in the PAH 
fraction.  Because only a small amount of PAHs was 
detected, and alkylbenzenes were the only 
compounds that had fluorescence, the origin of 
fluorescence for these inclusions was the 
alkylbenzenes. On the other hand, Herkimer 
Diamond does not have inclusions exhibiting 
fluorescence. The inclusions in Herkimer Diamond 
quartz were solid graphite. Herkimer Diamond quartz 
was hosted by Paleozoic dolostone; this dolostone 
was used for organic geochemical analysis in this 
study. The biomarker compositions extracted from 
this dolostone were similar to the composition of oil 
quartz. There was a unimodal distribution of n-
alkanes, lack of steranes and hopanes, and the 
biomarker composition was characterized by 
alkylbenzenes. Alkylbenzens are characteristic 
compounds that are fluorescent in the inclusion in 
quartz from Afghanistan/-Pakistan and in quartz 
hosted dolostone from Herkimer. There is a 
possibility that the environment of alkylbenzene 
formation is related to the origin of clean, clear quartz 
crystals. 
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In recent years, there were controversies about 

groundwater contamination by leachate around 
livestock burial sites in rural areas of South Korea, 
because it is difficult to identify suitable parameters 
which can be successfully used to discriminate 
different coexisting pollution sources (i.e., animal 
leachate, agrochemicals, etc.). Both dilution of 
leachate and the complex mixing between diverse 
contamination sources also make it difficult to 
identify the contamination. To discriminate the 
impacted groundwater by poultry burial, 
hydrochemical data of a total of 51 groundwater 
samples (32 domestic wells and 19 monitoring wells) 
from Youngam, southwest of South Korea, were 
interpreted by the Support Vector Machine (SVM) 
technique. A lot of poultry burial pits in the study 
area were constructed during the avian influenza 
infection between 2003 and 2008. Using the Robust 
Principal Component Analysis, three outlier samples 
were selected to be pre-excluded from successive 
analyses. The factor scores of factor 1 and 2 were 
used as input parameters for SVM. 80% of samples in 
each group (i.e., affected or unaffected) were 
randomly selected to construct the SVM model; the 
remainder (20%) were used to validate the suggested 
model. The results show that the accuracy of the 
prediction of contamination is about 85% for each 
group, indicating the better classification 
performance of SVM than discriminant analysis. This 
study shows that complex hydrochemical datasets can  
be successfully evaluated by SVM. 
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We continuously monitored the concentrations of 

222Rn and nutrients in water at a fixed station of the 
Nakdong River estuary every two hours from October 
2014 to May 2015. The upstream water of this 
estuary is obstructed by an artificial barrage which 
regulates seawater inundation through tidal 
fluctuations. The average water depth is 
approximately 5 m, and sampling intake point is 
positioned about 1 m below the surface. Assuming a 
steady-state condition, the monthly benthic flux was 
estimated using a simple model including the 222Rn 
sinks for evasion and radioactive decay and the 222Rn 
source for ingrowth from 226Ra. Based on the 
correlation analyses, the concentration of dissolved 
inorganic nitrogen (DIN) is found to be dependent 
primarily on the river water inputs. However, the 
concentrations of dissolved inorganic phosphorus 
(DIP) and dissolved inorganic silicate (DSi) are 
controlled predominantly by the benthic advective 
fluxes, perhaps groundwater inputs, rather than the 
river water inputs. These results demonstrate that 
benthic advective fluxes could be the important 
source of DIP which limits biological production in 
this estuary (the daily average of DIN/DIP ratio: 26-
330). 
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Tube pumice including elongated bubbles is a 

common product of explosive silicic eruptions 
forming calderas. Such bubble deformation is 
considered to occur in the processes of magma 
ascending in a conduit, which include vesiculation, 
flow, and fragmentation. Polyurethane foam is a 
candidate of analogue materials to be used to 
simulate the formation processes of pumice because it 
undergoes vesiculation, flow, and solidification at 
ordinary temperature and pressure. Here we present 
the bubble textures of the polyurethane foam and the 
time-dependent rheological properties during its 
formation, and discuss the factors controlling the 
bubble structures. 

Polyurethane foam is a polymeric solid and 
produced by mixing two polymeric liquids 
(polyisocyanate and polyol). In this study, we use two 
polyurethane foams: one includes a foam stabilizer 
and the other not. According to X-ray tomographic 
imaging, the former has a homogeneous cellular 
structure while the latter includes elliptical bubbles. 
Bubbles in the former are smaller in size and larger in 
number density than those in the latter. This result is 
consistent with the function of a foam stabilizer that it 
stabilizes the interfaces of bubbles and prevents 
bubbles from coalescing.  

We examine the temporal change of the rheology 
of the polyurethane foam from inflation to 
solidification. In order to measure viscoelasticity of 
polyurethane foam of which volume and rheology 
vary with time, we develop a method using a 
rheometer with a specifically designed concentric 
cylinder. Under oscillatory rotation, the temporal 
change of viscoelasticity and the time scale in which 
the material transits from solid to liquid are 
quantified.  

Finally, a large strain is applied to each sample 
while it is solidifying. The relationship among bubble 
deformations, rheological properties, and straining 
condition is examined. 
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Asphaltene is a kind of hydrocarbon substance 
and occludes the flow during the oil production. The 
prediction of asphaltene precipitation is imperative 
when gas injection IOR is applied to the oil reservoir. 
Asphaltene is precipitated by aggregation of 
asphaltene molecular, therefore association energy 
between asphaltene and other moleculars is one of the 
most important factors for prediction. In this study, 
we evaluated the impact of molecular association 
energy, which is the property at molecular scale, on 
asphaltene precipitation under the reservoir condition 
by numerical case study. 

We analyzed the properties and the asphaltene 
contents of field oil A and applied them to the 
simulation based on the Cubic-Plus-Association 
Equation of States (CPA-EOS) [1]. We calculated 
phase envelops with asphaltene onset pressure (AOP) 
curves in different values of the association energy 
between asphaltene and another heavy components 
like resin (EpsR; cross association energy). We found 
that the AOP curves were changed with different 
values of EpsR, and the asphaltene precipitation risk 
was higher at lower association energy. As a 
conclusion, presise estimation of EpsR is crucial for 
predicting asphaltene precipitation. 

Figure 1: Phase envelop and AOP curves of oil A at 
each EpsR (Asphaltene is precipitated under the 
condition between the AOP curves). 
 
[1] Zhidong Li and Abbas Firoozabadi (2010) Energy 
Fuels 24, 2956–2963. 
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The graduation work is a tradition in Japanese 
Universities.  A private University, Tokai University 
also keeps the tradition.  The fourth-year student 
belongs laboratories headed by professors.  They 
work over one year as researchers in laboratory.  At 
the end of work, usually in February, they present the 
result of work in front of their friend and professors 
as similar as academic conferences.  My laboratory 
usually accept 6 students every year.  The themes of 
graduation work in 2015 were, 

1) Volcanic gas at Mt Hakone, 
2) Volcanic gases at Mt Kusatsu-Shirane and Mt 

Nasu, 
3) Geochemistry of groundwater around Mt Fuji, 
4) Alteration of igneous rock, 
5) Geochemical map, 
6) Chemistry and isotope ratios of meteoric water. 

I belong to the department of chemistry, school of 
science, therefore, the background of students is pure 
chemistry.  Geochemical knowledge of them is 
limited.  I give the lecture on geochemistry for the 
third-year students.  The lecture could be a good 
introduction for my laboratory.  

The graduation work in my laboratory is based on 
the sampling in field and analysis in laboratory.  For 
example, I bring student every month to Mt Hakone.  
The students sample fumarolic gases with some in 
situ measurements.  The obtained samples were 
analyzed in terms of inorganic composition and stable 
isotope ratios. 

An interesting variation was found for the 
fumarolic gases at Mt Hakone in 2015.  The result 
was submitted to the Japanese governmental 
committee for the prediction of volcanic eruption.  
The students in my laboratory enjoy their works.  
Some results of work contribute the mitigation of 
volcanic hazard. 
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In January 2013, a swarm of earthquakes took 
place within the caldera of Mt Hakone, Japan. After 
the swarm we have started the periodical sampling 
and analysis of fumarolic gas at Owakudani 
geothermal area developed on one of the central 
cones of caldera. In April 2015, another earthquake 
swarm occurred at the same area.  Two months prior 
to the start of the swarm in 2015, a significant 
decrease in the isotope ratio of H2O (δD) was 
detected (Fig. 1).  Just after the start of earthquake 
swarm, the δD turned to increase.  The CO2/H2O ratio 
of fumarolic gas increased after the start of 
earthquake swarm (Fig. 1).  

The variation in δD indicates the change in the 
fraction of magmatic water in hydrothermal system 
developed between a degassing magma and surface.  
The decrease in δD suggests the reduced fraction of 
magmatic water prior to the earthquake swarm.  A 
plausible model for the reduction is the development 
of sealing zone covering the degassing magma [1].  
The sealing zone blocked the release of magmatic 
gas.  The gas within the sealing zone compressed the 
magma.  The increase in the degassing pressure of 
magma lowered the relative content of H2O in gas 
due to the pressure dependence of H2O solubility in 
magma, which could be the increased CO2/H2O ratio 
of fumarolic gas. 

Figure 1: Variation in the fumarolic gas at 
Owakudani geothermal area of Mt Hakone. The daily 
number of earthquake was observed by Hot Springs 
Research Institute, Kanagawa prefecture.  The small 
arrow indicates the time of steam eruption on 30th 
July 2015. 
 
[1] Fournier (1999) Econ.Geol., 94,1193-1211. 
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Diamond formation in the Earth’s mantle is 
believed to be a metasomatic process by fluid/melt 
with peridotitic and/or eclogitic rocks [1]. The 
ubiquitous occurrence of fluid inclusions in diamonds 
and the result of recent experimental studies [2] 
suggest that the presence of C-H-O fluid plays an 
important role in diamond forming reaction. The 
composition of C-H-O fluid depends largely on the 
surrounding oxygen fugacity. Taking into an account 
the oxygen fugacity values estimated from diamond-
bearing xenoliths, the most major components of 
such fluids at the depth of 150-200 km are likely H2O 
and CH4 [1]. In the deeper mantle, the relative 
proportion of CH4 is expected to increase with depth 
[3]. In the present work, we studied the diamond 
formation through the reaction between magnesite 
and reduced C-H-O fluid at high pressure and 
temperature. 

In-situ XRD observation showed that magnesite, 
MgCO3 decomposes into periclase, MgO, brucite, 
Mg(OH)2) and diamond in the presence of CH4-rich 
fluid at pressures above 18 GPa and at ~2000K. 
Brucite is likely a metastable kinetic product. The 
formation of nanocrystalline diamond was also 
observed in the samples recovered from the 
experiments. Although diamond was produced by the 
decomposition reaction of stearic acid through the 
equation described above, the reduction of magnesite 
by CH4-rich fluid must also have resulted in diamond 
formation. Inclusion studies of super-deep diamonds 
reported that the most dominant mineral phase found 
in such diamonds is periclase (~60%). However, this 
is not consistent with the result of high-pressure 
experimental studies using pyrolitic composition, 
where Mg-perovskite is the most dominant. Our 
result implies that some of the periclase inclusions 
solely found in those diamonds might have formed as 
a result of the reaction of Mg-rich carbonate with 
reduced C-H-O fluid. This means that the information 
obtained from diamond inclusion does not necessarily 
reflect the balk composition of the lower mantle.  
 
[1] Shirey et al. (2013) Rev. Miner. Geochem. 75, 
355-421. [2] Sokol et al. (2009) Lithos 112S, 690-
700. [3] Frost & McCammon (2008) Annu. Rev. 
Earth Planet. Sci. 26, 389-420. 
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In recent year, we observed isosymmetric phase 
transitions of orthopyroxene in the Mg2Si2O6-
Fe2Si2O6 system and developed the hypothetical 
phase diagram [1]. The purpose of present study is to 
research phase relationships in pyroxene quadrilateral 
system by synthetic experiments and X-ray 
diffractometry (XRD). 

The starting materials for synthetic experiments 
were gels with Ca0.05(MgxFe1-x)1.95Si2O6 (x = 0.05, 
0.10, 0.15, 0.20, 0.30 0.40). They were placed in one-
atmosphere gas mixing (H2-CO2) furnace to maintain 
the furnace oxygen fugacity near iron-wüstite buffer 
and heated at 1200-1400 °C for 3-14 days. XRD were 
performed by using RIGAKU SmartLab (Kyoto 
University) to phase relationships among 
protopyroxene (Ppx), high-temperature 
orthopyroxene (HT-Opx), and pigeonite (Pig). 

Experimental results of x = 0.05, 0.10, 0.15, 0.20 
chemical compositions showed that the reaction of 
HT-Opx = Ppx + Pig occurred at 1345-1360, 1280-
1310, 1260-1300 and 1370-1390 °C, respectively. 
We rebuilt phase diagrams in the system of pyroxene 
quadrilateral based on these result (e.g., Figure 1). 
 

 
Figure 1. An isothermal section of 
pyroxene quadrilateral at 1350 °C and 1 
bar 
 
[1] Ohi and Miyake (in press) Am. Min. 
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Dense hydrous magnesium silicates (DHMS) are 

formed in a hydrous peridotite, whereas hydrous 
aluminous minerals exist in hydrous oceanic and 
continental crusts in subducting slabs [1,2]. Phase H 
(MgSiO4H2) is the only phase in DHMS which can 
exist stably up to the middle-depth lower mantle 
conditions (~50 GPa) [3,4]. Its stability field can be 
extended siginificantly if it contains a large amount 
of δ-AlOOH component and consequently forms Al-
rich Phase H – δ-AlOOH solid solution (H – δ s.s.) 
[5]. 

However, the formation processes of H – δ s.s. 
had been discussed only by high P-T experiments in 
simple MgO-SiO2-H2O (MSH) and MgO-Al2O3-
SiO2-H2O (MASH) systems [5,6]. In the present 
study, we investigated the possible existence and 
stability of H – δ s.s. formed in complex systems 
such as hydorus peridotite and MORB by high P-T 
experiments using in-situ synchrotron XRD with a 
double sided laser-heated diamond anvil cell and FE-
SEM/EDS and STEM/EDS for analyses of the 
recovered samples. 

Our results revealed that the P conditions at 
which H – δ s.s. exists in a hydrous peridotite system 
were significantly close to those in the MSH system, 
suggesting that the solid solution phase had 
approximately pure-MgSiO4H2 composition. In other 
words, this phase does not contain enough amount of 
δ component to extend its stability field.  

We will also discuss possible existence of H – δ 
s.s. in the complex hydrous MORB system in the 
lower mantle. 
 
[1] e.g., Ohtani (2005) Elements 1, 25-30. [2] e.g., 
Ohtani (2015) Chem. Geol. 418, 6-15. [3] Tsuchiya 
(2013) GRL. 40, 4570-4573. [4] Nishi et al. (2014) 
Nature Geo. 7, 224-227. [5] Ohira et al. (2014) 
EPSL. 401, 12-17. [6] Walter et al. (2015) Chem. 
Geol. 418, 16-29. 
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Since the GC/C/IRMS was commercially 

available, compound-specific isotope analysis (CSIA) 
has been a routine tool for organic geochemistry [1]. 
However, most biochemical molecules such as 
proteins are less volatile (high polarity and high 
molecular weight), which are not amenable to 
GC/C/IRMS. To apply CSIA to a wider range of 
organic compounds, several analytical systems have 
been developed; LC/C/IRMS (including a moving-
wire technique) [2,3] and elemental analyzer 
(EA)/IRMS [4,5]. We have chosen the latter system 
and have improved the sensitivity of EA/IRMS to 
determine the isotopic compositions of a tiny amount 
of compounds (down to ~80 ngN) [5]. An advantage 
of this technique is that we can simultaneously 
measure both carbon and nitrogen isotopic 
compositions, whereas a disadvantage is that the 
target compounds have to be purified before the 
isotopic measurement. Purification is generally 
achieved by either capillary PCGC or HPLC. The 
purification process is generally time-consuming, and 
thus, the technique does not fit for producing routine 
measurements of many samples. Whether such efforts 
are worth making depends on the necessity of the 
isotopic data. In this presentation, I will show our 
applications of this method to various molecules 
including chlorophylls, porphyrins, amino acids, and 
some enzymes, as well as the technical improvements 
of the EA/IRMS. 

 
[1] Hayes et al. (1990) Org Geochem 16, 1115-1128. 
[2] Caimi et al. (2008) Anal Chem 65, 3497-3500. [3] 
Sessions et al. (2007) Anal Chem 77, 6519-6527. [4] 
Polissar et al. (2007) anal Chem 81, 755-763. [5] 
Ogawa et al. (2014) in Earth, Life, and Isotopes. 
pp.339-353. 
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During the last a couple of decades, compound-
specific radiocarbon analysis (CSRA) has been a 
useful tool for chronology, source identification, and 
carbon cycle study [1]. Among various literatures 
reporting CSRA results, few studies have investigated 
amino acids [2,3,4]. A major obstacle for the amino 
acid CSRA is a difficulty of isolation/purification of 
underivatized amino acids from the natural samples 
like organisms and sediments that are complex 
mixtures of organic matter. We have recently 
developed a method to overcome this issue by 
HPLC/fraction collection with subsequent 
recrystallization of the amino acids from the isolated 
fraction. Comparison of radiocarbon ages between 
amino acid standards and the processed standards fit 
well, suggesting that above procedure seems to be 
applicable to at least collagen samples. We will 
present the results of some preliminary applications 
to modern/ancient bone collagens and modern fish 
muscle collagen samples. Accurate dates would be 
determined by measuring hydroxyproline from bone 
collagen samples, whereas metabolic processes 
related to amino acid synthesis may reflect the 
apparent age of amino acids (dispesable vs. 
indispensable) from fish muscle. Furthermore, this 
method may be useful for determining the sediment 
chronologies because amino acids are most abundant 
organic group in the sediment. 

 
[1] Eglinton et al. (1996) Anal Chem 68, 904-912. [2] 
Stafford et al. (1990) Quat Res 34, 111-120. [3] 
McCullagh et al. (2010) Radiocarbon 52, 620-634. 
[4] Marom et al. (2012) PNAS 109, 6878-6881. 
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Melting mechanism has important implication for 

chemical evolution of the Earth. Knowledge of the 
melting phase relation in the lower mantle is a key to 
understand the chemical differentiation in the early 
Earth and the nature of the ultralow-velocity zones 
(ULVZs) at the base of the mantle. While melting 
relations of mantle materials at relatively low 
pressure (below 30 GPa) have been extensively 
studied using a multi-anvil apparatus (e.g. [1]), the 
melting experiments at higher pressures are still 
limited. Only in a few model rock compositions, such 
as peridotite and mid-oceanic ridge basalt (MORB), 
the experiments were conducted under the CMB 
conditions using a laser-heated diamond anvil cell 
(LHDAC) (e.g. [2][3]). Since chemical heterogeneity 
of both major elements and minor ones should have a 
large effect on the melting behavior, the melting 
phase diagrams as a function of composition are 
fundamental to understand the detail of the early 
melting history of the Earth and the nature of the 
ULVZs. In this study, we determined the melting 
relations in the MgO-MgSiO3 system, which is a 
major component in the lower mantle, and the effect 
of other elements (e.g. Ca, Al and H2O) under the 
lower mantle condition using a LHDAC. A CO2 laser 
heating system was used to heat the sample directly. 
The eutectic compositions and the liquidus phases 
were determined on the basis of chemical and textural 
analysis of the quenched samples. In the MgO-
MgSiO3 system, the eutectic composition at 30 GPa 
is about 44 mol% SiO2 and it becomes about 40 
mol% SiO2 at 50 GPa. Above 50 GPa, it is predicted 
to become relatively constant, consistent with the 
previous result [4]. The effect of H2O was also 
examined, and showed the significant effect 
compared to major elements. 

The present result should provide basic 
information for better understanding on the melting 
relations at deep mantle conditions. 

 
[1] Ito et al. (2004) Phy. Earth Planet. Inter. 143-144, 
397-406. [2] Fiquet et al. (2010) Science 329, 1516-
1518. [3] Andrault et al. (2014) Science 344, 892-
895. [4] Liebske and Frost (2012) Earth Planet. Sci. 
Lett. 345-348, 159-170 
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The Cretaceous–Paleogene (K–Pg) mass 
extinction was  triggered by a meteorite impact [e.g., 
1, 2]. However, the killing mechanism of the mass 
extinction are still controversy.  Impact-induced 
winter is one of the most well-known hypotheses of 
the environmental perturbation caused by the impact. 
The candidates of winter-causing aerosols, i.e., 
impact-induced rocky dust and sulfuric acid aerosol, 
however, have been thought to fall down rapidly. The 
impact-induced rocky dust are too large to stay in the 
atmosphere for a long period of time [3]. And also, 
Ohno et al.[4] show that SO3 was the dominant 
species in sulfate-composition impact vapor clouds 
from the bedrock of the K/Pg impact site and that the 
residence time of the sulfuric acid aerosol in the 
atmosphere was too short to cause impact-induced 
winter. Nevertheless, there was another source of 
impact-induced sulfur-bearing gases: the 
carbonaceous chondritic impactor. The estimated 
mass of sulfur-bearing gases released from the 
carbonaceous chondritic impactor would have been 
large enough to cause strong climate forcing.  

In the presentation, we show the results of 
hypervelocity impact experiments using Murchison 
meteorites and a model calculation of the K/Pg 
environmental pertuebation. We analyzed the 
chemical composition of the impact-induced vapor 
directly using a high-power laser gun in Osaka 
University and a quadrupole mass spectrometer 
(QMS) [4] in order to estimate the chemical 
composition of the sulfur-bearing gas released from 
the K/Pg bolide. We also estimated the duration of 
the impact-induced winter caused by sulfuric acid 
aerosol using a box model . The result shows the 
impact-induced winter caused by the sulfuric acid 
aerosol made from the vaporized K/Pg impactor 
could have lasted for decades. 

References: [1] Alvarez et al. (1980) Science, 
208, 1095. [2] Schulte et al. (2010) Science, 327, 
1214. [3] Pope (2002) Geology 30, 2, 99-102. [4] 
Ohno et al. (2014) Nature Geoscience 7, 279-282. 
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The study of naturally occurring isotopic 

variations of rare earth elements (REEs) has a 
potentially significant influence in geochemical 
research fields.  One of the key features of REEs are 
their chemical similarities and gradual changes of 
ionic radius, which may make the isotopic variation 
of REEs a potential tool to understand the 
mechanisms of isotopic fractionation in nature.  
Among the REE, geochemical and physicochemical 
features of Ce could be anomalous, because Ce could 
be present as the tetravalent (+IV) state as well as the 
common trivalent (+III) state of other REE.  Since the 
oxidation state of Ce can change by reflecting the 
redox conditions of the environment, the measured 
differences in the degree of isotopic fractionation 
between Ce and other REE can provide unique 
information about the redox conditions of the 
geochemical background.   

     In this study, we developed a new analytical 
method to determine the mass-dependent isotopic 
fractionations of Ce,  Nd, Sm, Eu, Gd, Dy, Er, and 
Yb in geochemical samples using MC-ICP-MS.  The 
present technique was applied to determine the 
variations of the Ce and Nd isotopic ratios for five 
geochemical reference materials (igneous rocks: JB-
1a and JA-2; sedimentary rocks: JMn-1, JCh-1 and 
JDo-1).	  The resulting ratios for two igneous rocks 
(JB-1a and JA-2) and two sedimentary rocks (JMn-1 
and JCh-1) did not vary significantly among the 
samples, whereas the Ce and Nd isotope ratios for the 
carbonate sample (JDo-1) were significantly higher 
than those for igneous and sedimentary rock samples.  
The isotope ratios of Sm, Eu, Gd, Dy, Er, and Yb for 
the carbonate sample (JDo-1) were also higher than 
those for the manganese nodule sample (JMn-1).  
There were no significant difference in the degree of 
isotopic fractionation among the REE.  This suggests 
that the isotopic fractionation for Ce in the JDo-1 
could be induced by physicochemical processes 
without changing the oxidation status of Ce, since the 
redox-reaction can produce larger isotopic 
fractionation than the reactions without changing the 
oxidation state.  The isotopic variations in the REE 
for geochemical samples could provide new 
information concerning the physico-chemical 
processes of the sample formation. 
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One of the possible method to eliminate 90Sr 
released by the Fukushima Daiichi Nuclear Power 
Plant (FDNPP) accident to environments is 
coprecipitation of Sr with carbonates minerals. 
Bacteria ureolysis is known to be able to in-situ 
eliminate Sr from groundwater by producing 
carbonates. We have studied the elimination of 90Sr 
from sea water into biogenic calcite.  

A marine microbe of strain TK2d inoculated in the 
liquid medium contained (per L) 3.74 g Marine broth, 
20 g urea, 30 g NaCl with 5.0, 1.0. 0.1, and 0.02 mM 
SrCl2. Sr2+ concentrations were monitored by ICP-
OES. The precipitates were analyzed by SEM, TEM, 
and XAFS.  

When 1.0 mM Sr was dissolved in the liquid 
medium, the concentration of Sr decreased up to 0.02 
mM within 10 days, indicating that most of Sr in the 
solution was eliminated within 10 days. SEM and 
TEM analyses showed that needle shaped precipitates 
containing Ca and Sr was formed. The elemental 
mapping showed that Sr was present at the same 
position of Ca, indicating that Sr was coprecipitated 
with Ca. The XANES analysis of Sr in the 
precipitates showed that the XANES spectrum 
resembled with that of Sr coprecipitated with an 
abiotic Ca carbonates and differed from that in SrCl2 
and SrCO3, indicating that  Sr was neither adsorbed 
on the Ca carbonates, nor precipitated independently 
as SrCO3, but was coprecipitated with CaCO3. Thus, 
biological coprecipitation of Sr with Ca carbonates is 
effective method for the elimination of radioactive Sr 
from saline solution. 
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While carbon sequesteration can be accomplished 
by a variety of ways, the Urey reaction [1], CaSiO3 + 
CO2 -> CaCO3 + SiO2, is a key to the geochemical 
processes we can rely on in view of employment of 
geo-engineering or climate technology.  “CCS 
technology” implies a more focused mitigation option 
than “carbon sequestration.” It was originally 
proposed by Marchetti [2] and was defined as 
isolation technology of anthropogenic CO2, mostly 
fossil-fuel derived CO2, from the atmosphere.  In 
IPCC Special Report on Carbon dioxide Capture and 
Storage [3], the CCS proponents who argue for 
underground storage options of CCS explicitly refer 
to the CO2 mineral trapping, the product of the Urey 
reaction. 

The fossil fuel reserves (CH4, oil and coal) are the 
results of the other carbon sequestration process in 
Earth history, in other words, the reduced form of 
carbon buried in the deep earth brought about the 
oxygen accumulation in the atmosphere.   Hence, if 
mankind uses all minable solid-form fossil fuel (i.e., 
coal) and replaces it by carbonate for the sake of the 
climate stabilization, a consequence is some degree 
of depletion of atmospheric O2.  Whether or not we 
will have success in this scenario during fossil-fuel 
age of human civilization depends on the rate of 
carbonates formation in comparison with storage or 
formation rate of the carbonate minerals in the 
geochemical carbon cycle. 

 Whereas the saline aquifer CO2 storage concept, 
originally Koide et al. [4] proposed provides the 
global storage capacity of at least 1000 GtCO2, the 
amount of coal reserve is the same order of 
magnitude as large as the CO2 storage capacity.  
However it takes several tens of thousand years for 
the stored CO2 to be stabilized by the solubility trap 
mechnism, which is the pre-step to the miniral 
trapping.    

To continue relying on fossil fuel energy 
resources with CCS technology, we need the ocean 
disposal options. 

 
 

[1] Urey (1952) Proc. Nat. Acad. Sci. 38, 351-363. 
[2] Marchetti (1977) Climate Change, 1, 59-68. [3] 
IPCC (2005). [4] Koide et al. (1992) Energy Convers. 
Mgmt. 33, 619-626. 
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Geological Survey of Japan, AIST provides 
nationwide geochemical maps of 53 elements using 
stream and marine sediments for environmental 
assessment on the earth’s surface. However, toxicity 
and bioavailability of elements in materials change 
according to their chemical species. Therefore, 
elemental speciation would be informative to conduct 
more appropriate risk assessment in an environment. 
To perform reliable speciation analysis, we must 
know whether the initial chemical form in collected 
samples is preserved. Thus, we examine the influence 
of drying and storage procedures on metal speciation 
in sediment and soils. 

We collected stream sediment associated with Cu 
mine, inner bay sediment, and Kuroboku soil 
(andosol) in 2010. Collected samples were stored in 
polyethylene bags at 4°C, freeze-dried in the 
laboratory, and stored in refrigerator. Duplicated 
samples are stored in polyethylene bags, air-dried in 
the laboratory at 25°C for 14-21 days, and stored at 
ambient temperature without direct sunlight. As a 
preliminary study, a sequential extraction (SEP) 
procedure was applied to these samples in 2011 and 
2013. We have confirmed that metal speciation in 
these samples change insignificantly by different 
drying conditions and storage period. However, SEP 
is indirect speciation analysis: each chemical form in 
a material is destructively extracted using a chemical 
reagent. Thus, we identify and quantify directly 
chemical forms in these materials using X-ray 
absorption near edge structure (XANES) 
spectroscopy in 2015. XANES spectra of Cu and Zn 
in stream sediment and soil do not differ considerably 
among air-dried and freeze dried samples. Even 
though stream sediments were collected from 
downstream of Cu mine, the percentage of 
chalcopyrite to total Cu is less than 20%. In contrast, 
XANES spectra of Cu and Zn in the inner bay 
sediments differ significantly among air-dried and 
freeze-dried samples. The proportion of metal sulfide 
in air-dried inner bay sediment is considerably 
smaller than those in freeze-dried sediment. Because 
inner bay sediment has anoxic faces, authigenic 
(possibly biogenic) metal sulfide may be totally 
oxidized during the air-dried procedure. We consider 
the inconsistency of metal speciation obtained by 
SEP and XANES spectroscopy in the presentation. 
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Deep-water agglutinated foraminifers (DWAF) 
are often composed of the only microfossils well-
preserved in deep-sea sediments without calcareous 
and siliceous fossils (e.g., pelagic brown clay). 
DWAF have been studied for a long time for 
determining a stratigraphic succession and obtaining 
paleoecological information. While their quantitative 
distributions in sediments from the Atlantic Ocean 
were well-documented (e.g., Kuhnt et al., 1992[1]), 
those from the Pacific Ocean were not well-
understood. Wightman and Kuhnt (1992)[2] 
investigated DWAF in the sediment cores drilled at 
Deep Sea Drilling Project Sites 196 and 198, and 
Ocean Drilling Program Sites 800 and 801 in the 
western North Pacific Ocean. They reported that the 
faunal density and diversity of DWAF rapidly 
declined across the horizon that approximately 
corresponds to the Cretaceous/Paleogene (K-Pg) 
boundary. 

Recently, we investigated the distribution of 
DWAF contained in a deep-sea sediment core of 
KR13-02 PC05 collected from the western North 
Pacific Ocean, and recognized a rapid decline of the 
density and diversity of DWAF across a spherule-rich 
layer. The spherules have a very similar appearance 
to those associated with the Chicxulub impact at the 
K-Pg boundary. A high-resolution distribution of 
DWAF and well-defined K-Pg boundary are expected 
to provide detailed DWAF stratigraphy and 
paleoecological information across the K-Pg 
boundary in the Pacific Ocean. We present a 
quantitative distribution of DWAF across the 
spherules-rich layer in the core and discuss its 
paleoceanographic implications. 
 
References 
[1] Kuhnt, W. et al. (1992) Cretaceous Res. 13, 467-
478. [2] Wightman, W.G. & Kuhnt, W. (1992) Proc. 
ODP 129, 247-264. 
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Heat in the Earth’s interior is transported 

dominantly by convection in the mantle and core, and 
by conduction at thermal boundary layers. The 
thermal conductivity of the bottom thermal boundary 
layer of the mantle determines the magnitude of heat 
flux from the core, and is intimately related to the 
formation of mantle plumes, the long-term thermal 
evolution of both mantle and core, and the driving 
force for generation of the geomagnetic field. Recent 
technical progress both in the experiment and the 
theoretical calculation enables us to reveal high-
pressure and high-temperature behavior of lattice 
thermal conductivity of lower mantle minerals, 
MgSiO3 perovskite (bridgmanite) and MgO periclase 
(e.g., [1,2]). However, the effect of iron incorporation 
into these minerals on the lattice thermal conductivity 
is still under debate. 

We measured the lattice thermal conductivities 
both of (Mg,Fe)(Al,Si)O3 bridgmanite and (Mg,Fe)O 
ferropericlase at the Earth’s lower mantle pressures 
and 300 K using a pulsed light heating 
thermoreflectance technique in a diamond anvil cell. 
We found that iron incorporation into bridgmanite 
showed minor effect on the thermal conductivity. On 
the other hand, the obtained conductivity of 
ferropericlase was considerably lower than that of 
MgO periclase as shown in previous studies [3,4]. 
The estimated lattice thermal conductivity of 
bridgmanite-dominant lowermost mantle is 
comparable to conventionally assumed value of 10 
W/m/K [5]. However, our results imply that local 
existence of (Mg,Fe)O ferropericlase in the lower 
mantle may induce strong heterogeneity of lower 
mantle thermal conductivity. 

 
[1] K. Ohta et al., Earth Planet. Sci. Lett., 349-350, 
109 (2012). [2] N. de Koker, Earth Planet. Sci. Lett., 
292, 392 (2010). [3] G. M. Manthilake et al., Proc. 
Natl. Acad. Sci., 108, 17901 (2011). [4] A. F. 
Goncharov et al., Phys. Earth Planet. Inter., 247, 11 
(2015). [5] F. D. Stacey, Physics of the Earth, 3rd ed. 
(1992). 
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Recent remote-sensing data of the lunar surface 

give us large amounts of geochemical, mineralogical, 
and morphological information of the lunar surface 
from which we can derive fundamental knowledge of 
the lunar crust and mantle heterogeneity.  

Extremely pure anorthosite (PAN), composed of 
nearly 100% anorthite, which is significantly higher 
than previous estimates of 82 to 92 vol.%, are widely 
observed at central peaks of younger and least 
contaminated craters in the lunar highlands [1]. These 
PAN rocks are estimated to be uplifted to the lunar 
surface from depths of 3 to 30 km (possibly even as 
deep as ~50 km) suggesting the presence of an 
enormous PAN layer in the crust. The abundance of 
the already small mafic mineral abundance in the 
PAN rocks appears to further decrease with depth 
according to the compositional analyses of the ejecta 
of basins of different size, which corresponds to 
different depths of origin. The Mg number 
(Mg/(Mg+Fe) in mol %) of the mafic mineral phase 
in the highland crust changes laterally from ~70 at the 
near side and up to 80 at the farside [2]. The presence 
of crustal material with higher Mg number on the 
farside than previously known, which is 50 ~ 70 
based mainly on the lunar returned samples collected 
from the near side, possibly suggests higher Mg 
number of the bulk lunar magma ocean and bulk 
Moon.    

It is suggested that the lunar mantle material 
exposed at rims of big basins such as Imbrium (1200 
km) and within and around SPA basin (2500 km) 
though it is still under discussion. According to the 
mineralogical analyses of these locations, the major 
mafic mineral phase observed at SPA is low-Ca 
pyroxene but olivine is observed at other relatively 
smaller basins such as Imbrium [3, 4]. These 
observations likely suggest vertical heterogeneity of 
the lunar mantle rather than the results of lateral 
variation because of the comprehensive occurrence of 
olivine (and non occurrence of pyroxene) at basins 
smaller than SPA.  

All this evidence can be used for modeling 
solidification of the magma ocean and stratification 
of the interior, which enables us to understand the 
evolution of the Moon. 

[1] Ohtake, M. et al. (2009) Nature, 461, 236-240. [2] 
Ohtake, M. et al. (2012) Nature GeoSci. 5, 384-388. [3] 
Yamamoto S. et al. (2010) Nature GeoSci. 3, 533-536. [4] 
Ohtake, M. et al. (2014) Geoph. Res. Lett. 41, 2738-2745. 
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The accident at the Fukushima Daiichi Nuclear 

Power Plant (F1NPP)  in March 2011 emitted 1.2 × 
1016 Bq of cesium-137 (137Cs) into the surrounding 
environment. Radioactive substances, including 137Cs, 
were deposited onto forested areas in the northeastern 
region of Japan. To clarify the mechanisms of 
dispersion and export of 137Cs, within and from a 
forested ecosystem, we conducted intensive obser-
vations on the 137Cs movement and storage in a 
forested headwater catchment in an area about 50 km 
from F1NNP. Two major pathways of 137Cs transport 
were investigated as follows: 1) by moving water via 
dissolved and particulate or colloidal forms, and 2) by 
dispersion through the food web in the forest-stream 
ecological continuum. The 137Cs concent-rations of 
stream waters were monitored. Various aquatic and 
terrestrial organisms were periodically sampled to 
measure their 137Cs concentrations. The results 
indicate that the major form of exported 137Cs is via 
suspended matter in the streamflow. Particulate 
organic matter may be the most important carrier of 
137Cs. High water flows generated by a storm event 
accelerated the transportation of 137Cs from forested 
catchments. Estimation of 137Cs export from the 
forested catchments requires precise evaluation of the 
high water flow during storm events. The results also 
suggested that because the biggest pool of 137Cs in the 
forested ecosystem is the accumulated litter and 
detritus, 137Cs dispersion is quicker through the 
detritus food chain than through the grazing food 
chain. Bioaccumlation of 137Cs through the food chain 
was not detected. 137Cs concentration of leaves (1.1k 
Bq/kg), barks (4.4-22.5 kBq/kg) woods (0.1-0.6 
kBq/kg) and litters (1.3 kBq/kg) of a dominant 
deciduous tree (Quercus serrata) suggested that 
transport and redistribution of 137Cs have actively 
occurred from bark and litter layer on the forest floor 
to woods and fresh leaves. 
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          Biogenic graphite in > 3.7 Ga Isua 

metasedimenrary rocks, West Greenland, has been 
reported as the oldest remnants of life (Rosing, 1999; 
Ohtomo et al., 2014). Geochemical characteristics of 
minerals containing redox-sensitive rare earth 
elements (REE) associated with biogenic graphite 
may constrain microbial habitat environments in the 
> 3.7 Ga ocean. However, metamorphic fluids could 
also precipitate secondary REE-containing minerals 
or modify the geochemistry of primary minerals. 
Here, we investigated the petrographic and 
geochemical characteristics of monazite and zircon in 
the >3.7 Ga Isua schists containing biogenic graphite 
(reported by Ohtomo et al., 2014) to clarify 
relationship of these minerals and metamorphic 
events. 

          Graphite-rich schist sample (4.3wt% 
Cgraphite) consists of graphite-chlorite- and quartz-
cummingtonite-dominated microlayers, containing 
high amounts of REE compared to samples showing 
low graphite content (0.5wt% Cgraphite). The graphite-
rich sample contains euhedral monazite, zircon and 
minor xenotime 2-10 μm in diameter as REE host 
minerals, which are concentrated in graphite-chlorite 
microlayers, whereas most of the monazite in 
samples showing low graphite content are anhedral. 
Monazite is sometimes overgrown on zircon and 
accompanied by large graphite crystals (~10 μm in 
diameter), whereas the surrounding graphite grains 
not associated with monazite are a few hundreds nm 
in diameter. The petrographic characteristics and 
chemical compositions suggest that monazite and 
zircon were partially associated with metamorphic 
fluids, which precipitated large secondary graphite in 
a quite limited scale in proximity to the monazite. 
[1] Rosing, M. T. (1999) Science 283, 674–676. 
[2] Ohtomo et al. (2014) Nature Geoscience, 7, 25–
28. 
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Regular satellites of the giant planets such as the 
Galilean satellites of Jupiter are thought to be formed 
in the circumplanetary disks. Orbital decay of solid 
bodies is caused by different mechanisms depending 
on their sizes. When the solid bodies are small, 
aerodynamic gas drag is dominant [1]. Sufficiently 
small bodies are coupled to the gas and would be 
supplied to the circumplanetary disks with the 
inflowing gas (e.g., [2]). Planetesimals that are large 
enough to become decoupled from the motion of the 
gas can be captured by gas drag from the 
circumplanetary gas disk [3, 4]. While the so-called 
type-I migration is important in the late stage of 
satellite formation, orbital evolution by aerodynamic 
gas drag governs the orbital evolution of small solid 
bodies, and dynamical evolution of such small bodies 
in the circumplanetary gas disks would be important 
for the growth of protosatellites and radial mixing in 
the disk.  

In the present work, we examine orbital evolution 
of small sold bodies in circumplanetary gas disks and 
the probability of capture of such bodies by a 
growing protosatellite (Shimizu & Ohtsuki, in 
preparation). We find that the collision probability 
has a peak at a certain size of migrating bodies. This 
is because the time scale of the orbital decay varies 
depending on the size of planetesimals. We will also 
discuss effects of gravitational interaction between 
planetesimals. 
 

[1] Adachi, Hayashi & Nakazawa, 1976,  Prog. 
Theor. Phys. 56, 1756. [2] Canup & Ward  2002, 
Astron. J. 124, 3404. [3] Fujita, Ohtsuki, Tanigawa & 
Suetsugu 2013, Astron. J. 146, 140. [4] Tanigawa, 
Maruta & Machida 2014, Astrophys. J. 784, 109. 
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As active caldera volcanoes thought to have big 
magma chambers, the influence to the surrounding 
area by magmatic volatiles is supposed to be large. 
The study area, Kutcharo caldera, located in east 
Hokkaido is the largest caldera in Japan. In this study, 
we calculate the magmatic 3He flux into the 
groundwater by an applied method using helium 
isotopes, and perform the evaluation of influence area 
and magmatic volatile fluxes into groundwater 
system in and around Kutcharo caldera. 

 Magmatic 3He fluxes in and around Kutcharo 
caldera have values in wide range and the distribution 
of flux indicates the three-dimensional anisotropy of 
magmatic volatile supply to the groundwater. The 
high magmatic 3He flux is observed in shallow and 
deep groundwater inside the caldera and in deep 
groundwater at the northern part of outside the 
caldera. Combining the chemical and isotopic data 
with the obtained magmatic 3He flux, we can 
calculate magmatic volatile flux for each species. The 
estimated magmatic volatile fluxes of Kutcharo 
caldera are from one to two orders of magnitude 
larger than those of Iwate volcano [1], which is 
typical polygenetic volcano in Japan. In addition, the 
influence area of magmatic volatiles in the Kutcharo 
caldera is very larger than that of Iwate volcano. 
These results imply that the source of magmatic 
volatile is markedly large, which is consistent with 
the petrological study of the Kutcharo magma system 
[2]. 

 
[1] Ohwada et al. (2012) J. Geophys. Res.-Solid 
Earth 117, B02204. [2] Miyagi et al. (2012) J. 
Volcanol. Geotherm. Res. 231-232, 50-60. 
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Environmental pollution in capital city 

Ulaanbaatar in Mongolia, which is caused by many 
factories such as coal usages and heavy vehicle 
traffic, is serious problem for public health. In the 
mining area, heavy metal pollution of rivers and soils 
is being continuously occurred. However, with a 
limited number of trained personnel, the government 
policies cannot be implemented, and laws and 
regulations cannot be enforced.  

The government supported joint research project 
started to contribute the human resources in Mongolia 
based on the research output of scientific elucidation 
of the environmental pollution problems in case area 
of the Tuul and the Kharaa rivers basins, northern 
Mongolia. 

Our preliminary study has conducted on several 
river sediment samples in Ulaanbaatar area. Totally 
73 river sediment samples were collected from main 
stream of Tuul river, and its tributary rivers of Selbe, 
Gachuurt and Ulaistai rivers. 12 metals (Cr, Mn, Co, 
Ni, Cu, As, Se, Cd, Sn, Sb, Ba, and Pb) were 
analysed by ICP-MS (Agilent 7700x). Then, the 
contamination factor (CF) values and the pollution 
load index (PLI) [1] were calculated from analytical 
results.  

The PLI values of metals in the sediment of Tuul 
river ranged from 0.01 to 358. The value of the PLI in 
Tuul river increases with the dense of the population. 
The higher value of the PLI (>40) was pointed in 
downstream of the Central wastewater treatment 
plant. High values of the PLI also observed in main 
tributary rivers Gachuurt and Uliastai and fall season 
in the Selbe river. The extremely high value of the 
PLI is observed near the Uliastai river bridge. 

The value of contamination factor (CF) for As 
shows low degree of contamination (CF<1), Mn, Co, 
Ni, Cu, Cd, Sn, and Pb show moderate degree of 
contamination (CF>1), Cr shows very high degree of 
contamination (CF>6) near the wastewater treatment 
plant in Tuul river. In the case of Selbe river, the CF 
for Pb, Ba, and Se show low degree, other metals 
show a moderate degree of contamination in both of 
fall and spring seasons.   

These results indicate that the urban area rivers 
are polluted by heavy metals and contamination level 
is depending on the source points.  

[1] Tomilson, D.C., Wilson, D.J., Harris, C.R., 
Jeffrey, D.W., 1980. Helgol. Wiss. Meeresunlter 33, 
566–575. 
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 The Manipur Ophiolite Complex (MOC) is a part 

of the NNE-SSW trending Indo-Myanmar Orogenic 
Belt (IMOB) which was formed due to subduction 
and obduction  processes caused by the collision of 
Indian plate with the Myanmar plate. Origin of rocks 
in MOC has remained an outstanding issue. Different 
stuides, based on mineral or whole-rock elemental 
abundances, have suggested variety of sources for the 
MOC rocks, which include Ocean Island Basalt 
(OIB), Mid Oceanic Ridge Basalt (MORB), P-
MORB and Subduction Zone (SSZ) [1, 2, 3, 4]. 

We present new results of trace-element 
cncentrations including REEs, and first 143Nd/144Nd 
isotope data from the MOC and attempt to understand 
petrogenesis of srepentinized peridotite which is the 
dominant rock-type exposed in the MOC belt. 
Sepentinized peridotites show two types of REE 
patterns: 1) strongly LREE depleted, with  slight Ce 
positive anomaly and 2) LREE enriched with Ce 
negative anomaly. LREE depleted samples show  
high and positive εNd(t=90Ma) values (+4.5 to +12.0) 
while LREE enriched samples yield negative εNd 
(t=90Ma) values (-4.1 to -1.0). 

Elemental abundaces in serpenized peridotites 
and in mafic rocks in MOC can be explained by step-
wise batch-melting of a spinel-lherzolite mantle. 
Melting up to a total of 17% leaves a residue with a 
range of elemental abundaces similar to that of the 
peridotites while the complemetray melt corresponds 
to the mafic rocks.  

 [1] Ningthoujam et al. (2012) Journal of Asian 
Earth Sciences 50, 128-140. [2] Pal et al.(2014) 
Miner	  Petrol	  108,	  713–726.	  [3] Singh et al. (2013)J. 
Asian Earth Sci. 66, 258–276. [4] Khogenkumar et 
al. (2016) Journal of Asian Earth Sciences116, 42-
58. 
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We previously demonstrated that vertical profile 

of rare earth elements (REEs) in the ocean is 
successfully reproduced by using an ocean general 
circulation model (OGCM) when the reversible 
scavenging process is taken into account (Oka et al., 
2009) [1]. We also suggested that the external source 
could affect REEs concentration but their quantitative 
effect was not thoroughly investigated. We now try to 
extend our previous modeling to evaluate the 
importance of boundary sources such as those from 
coastal regions toward more realistic simulation of 
global distribution of REEs in the ocean. Because 
boundary input from coastal region has been 
suggested to be the most important external source of 
Nd, this is explicitly taken into account in our REEs 
simulations. In this presentation, we discuss how the 
distribution of REEs concentration is affected by 
these external forcing; the inter-basin difference of 
REE concentration, which was not realistically 
simulated in our previous modeling, is successfully 
reproduced by considering external source from the 
coastal regions. 

 
[1] Oka et al. (2009) Globa Biogeochemical Cycles 23, 
doi:10.1029/2008GB003353 
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Proteins are consisted of twenty kinds of L-α-

amino acids and play important roles as enzymes in 
many biological reactions. Amino acids in protein are 
connected each other with peptide bond bridging the 
α-amino nitrogen to the α-carboxyl carbon. Two 
kinds of the proteinogenic amino acids holds two 
carboxyl groups (i.g., aspartic acid and glutamic 
acids). Thus, chemically, they can form peptide 
bonds with β-carboxyl carbon or γ-carboxyl carbon 
but biologically, α-carboxyl carbon exclusively form 
the paptide bond. Negatively-charged side chain of 
Asp and Glu are important for catalytic reactions of 
proteins.  

Hadean deep-seaflor sediments have been 
proposed as a potential environment for abiotic 
peptide formation. We investigated the effects by 
different pH at high temperature and high pressure 
simulating pore water in deep-sea sediments. Asp 
solutions buffered at pH 1.3, 2.9, 7.7, and 13.6 were 
heated and compressed for 1–12 days at 90 °C and 
100 MPa. After the incubation, the products were 
analyzed with liquid chromatography tandem mass 
spectrometry. Both dimers that connected at α-
calbonyl carbon (α-Asp2)  or β-calbonyl carbon (β-
Asp2) formed in acidic and alkaline solutions (pH 1.3, 
2.9, and 13.6), whereas β-Asp2 was below our 
detection limit in neutral soliutions (pH 7.7). The 
yield ratio of α-Asp2/β-Asp2 were 0.76, 0.23, and 
0.84 at pH 1.3, 2.9, and 13.6, respectively. The 
decomposition products of Asp contain glycine, 
alanine, amines, and organic acids. Yields of these 
decomposition products do not show significant 
differences in different pH solutions. These results 
imply that neutral pH is suitable for abitotic 
formation of the biologically common peptide bond 
of Asp.  
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Serpentinization plays important roles in various 

geological processes in the earth and similar planets. 
Serpentinization does not always proceeds under 
“isochemical” conditions; however, the importance of 
mass transport on the path and overall rate of 
reactions are poorly understood. We conducted 
hydrothermal serpentinization experiments (at 250°C 
and under vapor-saturated pressure) within olivine 
(Ol)–orthopyroxene (Opx)–H2O and Ol–quartz 
(Qtz)–H2O systems using a configuration of 
composite mineral layers. The Ol–Opx–H2O 
experiments produced serpentine as a hydrous 
mineral and involved serpentinization as a result of 
coupling of the silica-releasing reaction of 
orthopyroxene and the silica-consuming reaction of 
olivine, and the reaction progress was controlled by 
the relative magnitudes of silica diffusion with 
respect to the two reactions. The Ol–Qtz–H2O 
experiments involved the addition of a quartz-
saturated fluid into the Ol-hosted region of the 
experiment and recorded the development of a silica 
metasomatic zone associated with a change in 
assemblage from smectite + serpentine to brucite + 
serpentine + magnetite with increasing distance from 
the Ol–Qtz boundary. The formation of silica-
metasomatic minerals such as smectite or talc means 
that the overall hydration rate of olivine is reduced as 
a result of silica supply. At the crust–mantle 
boundary, where unreacted olivine remains, the 
hydration of olivine and silica-metasomatic 
dehydration reactions occur simultaneously, which 
could result in fluctuations in pore fluid pressure in 
such boundary zones. 
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Slip phenomenon is one of major characteristic of 
gas flow through narrow pore throat, such as tight 
sands, coal seams, and shale formations. 
Consequently, permeability correction need to be 
considered for evaluating the flow ability of gas in 
these reservoirs. There are various analytically 
derived correction models for engineering 
applications. However, it is not well understood 
which one should be applied to real shale reservoirs.  

Slip velocity and permeability correction for gas 
flow in nanopores are studied by molecular dynamics 
simulations (MD). For simplicity, the considered 
system is methane gas flow in parallel plate channel 
of quartz and pyrophyllite. The fluid flow is 
characterized by the Knudsen number. The 
simulation results show that the relations between slip 
velocity (normalized by the maximum velocity) 
versus Knudsen number and between permeability 
correction factors versus Knudsen number agree well 
with Beskok and Karniadakis’ analytical solution 
(BK model) for large nanopores (10-34 nm) . 
However,  some deviations from BK model were 
noted for small nanopores (2-10 nm), where the 
deviation from BK model became significant. We 
suggest that the limit for application of BK model 
may be about 10 nm, and it is ascribed to the fact that 
the overall fluid is no more homogenous (the fluid is 
structured in the proximity of the walls due to the 
interaction from the wall molecule). Although these 
trends are same in both of quartz and pyrophylite 
channel, the slip velocity in quartz channel is slightly 
smaller than that in pyrophyllite channel for small 
nanopores (< 10 nm). It is considered that the slip 
velocity decreases as the roughness height becomes 
large compared to the mean free path, especially in 
quartz channel which has atomistically more rough 
surface. 

MD simulation results confirmed that direct 
application of BK model is very good down to about 
10 nm and further suggested a correction for small 
nanopores (< 10 nm). These findings could be 
extended to multiscale simulations with the 
reconstructed porous structures of shales by FIB-
SEM imaging.  
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New isotopic and trace element data presented 
here imply a temporal change in magma sources and 
thermal conditions beneath the northern Fossa Magna 
from the Miocene to the Pliocene. Less radiogenic 
176Hf/177Hf and 143Nd/144Nd, and little or no Hf 
anomaly characterize the Early Miocene volcanism in 
the northern Fossa Magna region. The mantle wedge 
consisted of chemically heterogeneous mantle source. 
Based on out isotope proxies, we propose that during 
the onset of subduction, influx of hot asthenospheric 
mantle provided sufficient heat to partially melt 
newly subducting sediment. Geochemical modeling 
demonstrates that slab-derived melt mixed with 
mantle wedge produces the observed isotopic and 
trace elemental characteristics. In the Middle 
Miocene, the injection of hot and depleted 
asthenospheric material replaced the mantle beneath 
the northern Fossa Magna region. This caused the 
isotopic signature of the rocks to change from 
enriched to depleted. Then, the mantle wedge was 
gradually cooled during the Middle Miocene to the 
Pliocene with back-arc opening ending in the Late 
Miocene. Slab surface temperatures were still high 
enough for sediments to melt but not too high (<~780 
C) to lose zircon as a residual phase. The Late 
Miocene and Pliocene volcanism at the post stage of 
the back-arc opening is best explained by a partial 
melting of subducted metasediment saturated with 
trace quantities of rutile, zircon, and monazite.  
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Intoroduction 
Globally warm climates occurred during the mid-

Cretaceous. Especially,  oceanic anoxic event 2 (OAE 
2) was caused by extreme warmth in the latest 
Cenomanian to earliest Turonian [1, 2, 3]. Global 
climate was gradually getting cool just after OAE 2. 
Although deep-sea circulation is related to global 
climate, this relationship remains unclarified in the 
Cretaceous. This paper reconstructed deep-sea 
circulation during the middle to late Cretaceous using 
carbon and oxygen isotopes from benthic 
foraminiferal tests at 1,000–2,000 m paleowater 
depth in the Pacific, Indian, North Atlantic, South 
Atlantic, and Southern Oceans. 

Discussion 
The carbon isotope data showed that the water 

masses in the Pacific and Indian Oceans were newer 
than those in the North Atlantic during the early 
Cenomanian and Coniacian, but the reverse occurred 
during the OAE 2, the mid-Campanian, and the 
Maastrichtian. Deep-sea temperature determinations 
based on the oxygen isotope data showed that the 
reverse of the global deep-sea circulation 
characterized the transition from the warm to the cool 
period. Based on the current understanding of the 
relationship between deep-sea circulation and 
temperature during the Paleocene-Eocene Thermal 
Maximum, the sources of the warm-water circulation 
culminated at the OAE 2 whereas the cool-water 
circulation derived from the middle-low latitudes and 
high latitudes. 
 
[1] Schlanger & Jenkyns (1976) Geol. Mijnbouw 55, 
179–184. [2] Huber et al. (2002) Geology 30, 123-
127. [3] Wilson et al. (2002) Geology, 607-610. 
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Biogenic opal is produced by amorphous silicate 
produced by diatoms, radiolarians and sponges. 
Oxygen isotope ratio of biogenic opal has a potential 
to be a quantitative paleo-proxy likewise the oxygen 
isotope ratio of foraminiferal shell (calcium 
carbonate). Here we present a method for 
determining sub-milligram quantities of biogenic opal 
[1]. The method employs the inductive high-
temperature carbon reduction method for dehydration 
of opal and reduction of silica [2], and a continuous-
flow isotope ratio mass spectrometry system for 
direct analysis of the oxygen isotope ratio in the 
evolved carbon monoxide. The accuracy and 
precision of the online analytical system were 
evaluated by isotopic analysis of various quantities of 
standard SiO2 in the range 40–538 mg. The time 
required to analyse a single sample was ~50 min. 
hence, our method is suitable for routine analysis for 
paleoenvironmental studies that require large 
amounts of time-series data. The method was 
validated for samples in the sub-milligram range and 
can be applied to oxygen isotope analysis of various 
types of biogenic opal.  
 
[1] Ijiri et al. (2014) JQS 29, 455-462. 
[2] Lücke et al. (2005) GCA 69, 1423-1433. 
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The Caucasus Phanerozoic collision orogen is 
accreted to the south margin of the Eurasian continent 
between the Arabian plate and East European 
platform.  It consists of accretionary  terranes, 
separated by ophiolite sutures of  different  age, 
which are  Greater  Caucasian,  Black Sea-Central-
Transcaucasian,   Bayburt-Sevanian and Iran-
Afghanian [1]. Global plate tectonic reconstructions 
[2], geology of ophiolites and an examination of a 
character of magmatism, metamorphism and other 
endogenic processes [3] enable us to suppose that at 
the beginning of the Ordovician the Prototethys ocean 
was located between Baltica and Gondwana in the 
West, and between Gondwana  and  so-called 
Serindia terrane in the East. Later, in the rear of the 
Paleotethys Ocean, on the northern periphery of 
Gondwana, Cimmerian superterrane detachment 
resulted in the generation of the main axis of the 
Neotethys.  During  Neoproterozoic and Paleozoic 
time Gondwana-and Laurasia- derived terranes 
underwent the multiple supra-subduction tectonic, 
metamorphic and thermal processing and at present 
represent a “crystalline basement” of the Greater 
Caucasus and in the Dzirula, Khrami, Loki, Akhum, 
Asrikchai and Tsakhkunyats massifs [3]. 

The complex of geological and isotopic (Sm-Nd, 
Rb-Sr, 40Ar-39Ar,  U-Pb)  data [3,4] enabled us to 
restore the history of the Caucasus continental crust 
origin and establish Grenvillian (1200-800 Ma), 
Cadomian (650-540Ma),  Late Baikalian  (530-500 
Ma)  and  Late Variscan (330-305Ma) tectonic-
magmatic stages  of it  evolution.   

 

[1] Gamkrelidze (1997) Bull. Georg. Ac.Sci. 155, 
1, 75-81. [2] Stampfli & Borel (2002) Earth Pl. 
Sic.Lett., 196, 17-33. [3] Gamkrelidze & Shengelia 
(2012) Proc. In. Cong., Istanbul, 208-217. [4] 
Okrostsvaridze & Thormay (2013) Ep. 36, 31-39.  
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Placer deposits of platinum group minerals 

(PGM) have varied origin [1, 2]. The most productive 
are associated with (subduction-related) Alaskan-Ural 
type intrusions and others are associated with 
ophiolites. Some are linked to stratiform mafic-
ultramafic complexes  that can be associated with 
Large Igneous Provinces (LIPs) [3].  Here we explore 
compositional criteria to explore links between placer 
PGM and magmatic events (both LIP and non-LIP) in 
the same region.  Compositional fingerprinting can 
include the bulk PGE composition  as well as the 
distribution of trace elements in Fe-Pt alloys that are 
sensitive indicators of geochemical specialization of 
the host magmatic rocks and physicochemical 
conditions of their formation—these criteria allow 
prediction of  sources for these PGM placer [4]. 

We consider the PGE placer record of the 
Siberian Platform [2, 4].  In the Aldan shield 
(southern Siberian craton) PGM consist of  high-Ir 
isoferroplatinum, associated with Mesozoic Alaska-
Ural type intrusions (e.g. Konder and Inagli). In the 
northern Siberian platform several types are linked to 
the Siberian Trap LIP: placer Ir-Os (the Guli dunite 
massif), placer high-Pd Pt-Fe alloys (Norilsk 
intrusions), and, in the Anabar basin, complex gold - 
platinum - diamond placer deposits, with ferroan 
platinum with high contents of Rh, Ru, Ir and Pd,  
and a 190Pt-4He age of 259 ± 9 Ma [5]. In NW Anabar 
shield and Aldan shield gold placers often contain 
sperrylite - PGM [2], which are characteristic of 
ancient large layered intrusions, and therefore should 
be linkable to known LIP events (possibly 
Proterorozoic). The compositional comparison 
between placer PGM, PGE reefs in stratiform 
intrusions and background PGE levels in non-
mineralized mafic LIP units (basalts and dolerites) is 
indirect but potentially diagnostic.  

 
[1] Weiser (2002) CIM 54, 721-756. [2] Okrugin 
(1998) Int. Geol. Rev. 8, 677–687. [3] Ernst (2014) 
Cambridge. 653. [4] Okrugin (2014) 12th IPS. 192-
193. [5] Yakubovich et al. (2015) 13th SGA Meeting. 
663-664.   
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The surface area of ambient aerosols can be 
considered as an index of toxicity because an 
increased surface area may be able to act as a catalyst 
for specific reactions between particles and cells, as 
well as a carrier for co-pollutants such as gases and 
chemicals. Aerosol surface area concentration has 
been measured as well as BC and other chemical 
species such as organic compounds, sulfate, and 
nitrate, and investigated how the chemical 
composition of aerosols affect their surface area. 
Aerosol surface area concentration was highly 
correlated with BC concentration for the entire period 
(Figure 1). Day-of-week variation and diurnal 
variation also showed the strong correlation between 
aerosol surface area and BC. BC should be paid much 
attention even though BC accounts for relatively 
small percentage of PM2.5 mass when aerosol surface 
area is considered as an index of adverse health effect 
caused by exposure of aerosols to human body. 

y = 0.113 x + 53.581 
R² = 0.475 

0

50

100

150

200

250

300

350

400

450

0 1000 2000 3000 4000

Su
rfa

ce
 a

re
a 

co
nc

en
tra

tio
n 

(µ
m

2 /c
m

3 )

Black carbon concentration (ng/m3)  
Figure 1: BC against the aerosol surface area 

concentration measured in Fukuoka, from 
March to October, 2015. 
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The low-density silica aerogel (0.01 g/cm3) [1] is 
used as a dust capture medium in the Tanpopo 
mission [2]. One of the purposes of the mission is 
capturing cosmic dust in the ISS orbit. This aerogel is 
expected to reduce degradation of materials by 
hypervelocity impacts. In order to evaluate potential 
degradation of the cosmic dust, we conducted capture 
experiments using a two-stage light-gas gun and 
Murchison powders as cosmic dust analogs. 30-100 
μm powders were fired at 4.4 km/s and 5.9 km/s. The 
extracted grains were embedded in sulfur and ultra-
microtomed. C-, N- and O-XANES analyses were 
performed for two grains from each shot. The STXM 
images and elemental maps for C, N and O showed 
no clear evidences for surface degradation, nor 
differences between surface and interior of the 
sections of the Murchison grains after the shots, 
although there were some heterogeneity of the 
elemental distributions and textures. The sizes of the 
analyzed thin sections that roughly represent the 
recovered grain sizes were in the range of 10-25 μm 
for 4.4 km/s shot, while 10-40 μm for 5.9 km/s. The 
C-XANES spectra of the Murchison after the 4.4 
km/s shot have organic features, e.g., aromatic/alkene 
C=C, ketone C=O, aliphatic C–C, and carboxyl O–
C=O, but in the case of the 5.9 km/s shot, most of 
these features disappeared. The results indicate that 
the grains fired at 4.4 km/s seem generally intact, but 
the grains fired at 5.9 km/s show drastic changes in 
organic structure. Although further discussion is 
required on the size effects, the threshold impact 
velocity for organic survivability might be between 
4.4 and 5.9 km/s. At least, organic matter in cosmic 
dust with entry velocity of ~4.4 km/s or less can 
survive from the impact to the 0.01 g/cm3 aerogel. 

 
[1] Tabata et al. (2015) OLEB, 45, 225-229. [2] 
Yamagishi et al. (2009) Trans. JSASS Space Tech. 
Japan, 7, Tk_49-Tk_55. 
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Radioactive cesium provided by the Fukushima 

nuclear power plant accident is a main gamma-ray 
emitter adsorbed by surface soil. Many residents were 
evacuated from contaminated areas in Fukushima. To 
reduce additional radiation dose of residents when 
they return to their home, large-scale 
decontamination has been performed. As a result, 
huge amount of waste soil has been produced. 
Construction and maintenance of storage sites of the 
waste soil are social burdens in Japan. Then, volume 
reduction of the waste soil is a promising way to 
reduce the burden. However there is no standard 
efficient and economic technique. One of the reasons 
of it is lack of scientific knowledge about adsorption 
and desorption of cesium by the surface soil. 

It is known that micaceous clay minerals in 
surface soil are main adsorbants of radioactive 
cesium. Recent experiment revealed that weathered 
biotite have strongest affinity to radiocesium among 
several clay minerals [1]. But mechanisms of the 
affinity is still unknown.  

In order to reveal a mechanism of the affinity, we 
consider energetics of adsorption of cesium to several 
clay minerals using ab initio numerical simulation 
method. We show that phlogopite, an end member of 
biotite, is more energetically favorable than 
muscovite for cesium adsorption. This implies that 
difference of microscopic structures of clay minerals 
is critical to the affinity of cesium to them. In 
addition to this result, effect of substitution between 
magnesium and iron in the octahedral sheet of 
phlogopite on the affinity will be reported. This study 
reveals the pecuilarity of biotite with respect to the 
affinity. Weathering effects and effects of water 
molecules on the affinity will be discussed. 

 
[1] Mukai et al. (2016) Sci. Rep. 6, 21543. 
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The bubble microstructures in magma control its 
rheology and the rate of outgassing from magma; 
hence, an understanding of the microstructural 
evolution of bubbles in magma ascending in a 
volcanic conduit is essential to understand and model 
the magma ascent processes and volcanic eruptions. 
For the last three decades, many experiments 
simulating magma decompression have been 
performed to understand the nucleation and growth 
processes of bubbles. In contrast, microstructural 
evolution of bubbles in deforming magma and the 
subsequent changes in gas permeability have been 
poorly understood. We performed a series of shear 
deformation experiments and clarified the evolution 
of gas permeability during magma deformation. The 
important findings of our experiments are: (1) shear 
deformation causes bubble elongation and 
coalescence, resulting in an increase in gas 
permeability when magma shows homogeneous 
deformation, (2) the increase in the gas permeability 
is inhibited if shear localization occurs, and (3) the 
shear localized- and fractured-zone has high gas 
permeability and exhibits frictional sliding. Based on 
these experimental results, we proposed the following 
scenario for the ascent of silicic magmas. During its 
ascent, magma experiences shear deformation and its 
gas permeability increases through vesiculation and 
deformation. When magma is sheared 
homogeneously, it outgases, resulting in lava 
effusion. In contrast, when shear localization occurs 
during the ascent, the degree of outgassing is 
inhibited and explosive volcanism may be caused. 
Shear localization at the shallow parts in a conduit 
induces the transition from a viscous flow of magma 
to the frictional sliding of the magma plug. This 
makes it possible to cause a rapid ascent of viscous 
magma because the friction stress decreases toward 
the surface and the shear stress of viscous flow 
increases due to magma dehydration and 
crystallization. As shown here, the coupled effect of 
magma rheology and outgassing may be a controlling 
factor of magma ascent rate and volcanic eruption, 
and we will need to test this model by coupling with 
field observations and physical models. 
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The injection of carbondioxide (CO2) in large 
scale as obtainable in carbon sequestration programs 
and in environmentally friendly hydraulic fracturing 
processes (using supercritical CO2), long term rock-
fluid interaction can affect reservoir and seal rocks 
properties. The mineralogical components of 
sedimentary rocks are geochemically active 
particularly under enormous earth stresses, which 
generate high pressure and temperature conditions in 
the subsurface. It has been postulated that the effect 
of mineralization can lead to flow impedance in the 
presence of favorable geochemical and 
thermodynamic conditions. This experimental 
modelling research investigated the impact of in-situ 
geochemical precipitation on conductivity of 
fractures. Geochemical analysis were performed on 
four different samples of shale rocks, effluent fluids 
and recovered precipitates both before and after CO2-
brine flooding of crushed shale rocks at moderately 
high temperature and pressure conditions. The results 
showed that most significant diagenetic changes in 
shale rocks after flooding with CO2-brine, reflect in 
the effluent fluid with predominantly calcium based 
minerals dissolving and precipitating under 
experimental conditions. Major and trace elements in 
the effluent fluid (using ICP-OES analysis) indicated 
that multiple geochemical reactions are occurring 
with almost all of the constituent minerals 
participating. The geochemical composition of 
precipitates recovered after the experiments showed 
diagenetic carbonates and opal (quartz) as the main 
constituents. The bulk rock showed little changes in 
composition except for sharper and more refined 
peaks on XRD analysis, suggesting that a significant 
portion of the amorphous content of the rocks have 
been removed via dissolution by the slightly acid 
CO2-brine fluid that was injected. However total 
carbon (TOC) analysis showed a slight increase in 
carbon content of the bulk rock.  Micro-indentation 
results suggested slight reduction in the hardness of 
the shale rocks and this reduction appears dependent 
on diagenetic quartz content. It can be inferred that 
convective reactive transport of dissolved minerals 
are involved in nanoscale precipitation-dissolution 
processes in shale. This reactive transport of 
dissolved minerals can occlude micro-fracture flow 
paths, thereby improving shale caprock seal integrity 
with respect to leakage risk under CO2 sequestration 
conditions. 
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The measurement of carbonate clumped isotope 

compositions (Δ47 values) requires the application of 
17O corrections.  When these measurements were 
originally developed a decade ago, the recommended 
parameterization for 17O corrections was based on 
Santrock et al. [1] and/or Gonfiantini et al.[2] (e.g., in 
the calculation of δ13C and δ18O by Isodat 3.0 on 
Thermo 253 mass spectrometers; in algorithms for 
the calculation of Δ47 presented in Huntington et al., 
2009 [3]).  In 2010 a new set of recommendations 
were released (Brand et al.[4]).  Using model data 
and re-analysis of a suite of samples and equilibrated 
water standards, we show that this change can 
significantly affect the computed Δ47 values of some 
samples.  One consequence is that samples that have 
the same δ47 values and the same true Δ47 values (i.e., 
equilibrated at the same temperature), but different 
δ13C and δ18O values, can produce calculated Δ47 
values that are offset by up to 30 per meg simply by 
shifting from one 17O correction to another.  The 
sensitivity to 17O correction is systematic and varies 
with δ13C and δ18O of both sample and working 
reference gas.  We discuss how this manifests both in 
the analysis of individual samples as well as in the 
generation of equilibrated gases and heated gases, 
with the potential to influence absolute reference 
frame calibrations (Dennis et al.,[5]).   
 
[1] J. Santrock, S. A. Studley, J. M. Hayes. 
(1985).Anal. Ch em. 57, 1444.  [2] R. Gonfiantini, W. 
Stichler  and K. Rozanski (1995) In Reference and 
Intercomparison Materials for Stable Isotopes of 
Light Elements (ed. IAEA). International Atomic 
Energy Agency, pp. 13–29.  [3] K. W. Huntington, J. 
M. Eiler, H. P. Affek, W. Guo,M. Bonifacie, L. Y. 
Yeung, N. Thiagarajan, B. Passey, A. Tripati, M. 
Daeron, R. Came. (2009) J. Mass Spectrom. 44, 
1318.  [4] W. A. Brand, S. S. Assonov, and T. B. 
Coplen  (2010) Pure Appl. Chem., 82, No. 8, pp. 
1719–1733  [5] K. J. Dennis, H. P. Affek, B. H. 
Passey, D. P. Schrag, and J. M. Eiler. (2011). 
Geochimica et Cosmochimica Acta 75 (22): 7117–31 
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Geochemical and geological mapping of selected 

cities (Akure, Ibadan and Lagos) of southwestern 
Nigeria were undertaken. 120 composite soils 
samples, 55 sediments, 31 road dust and 21 
representative rock samples were collected from 
these cities. The soil, sediment and dusts samples 
were digested using Aqua Regia and subsequently 
analysed for elemental components using ICP-MS. 
The rock samples also analysed using both ICP-MS 
and XRF. The chemical fractionation of Pb in the 
soil, sediment and dust samples were also determined 
by sequential analysis. The lead isotopic 
compositions of these samples were also determined 
using ICP-MS while the mineralogy was determined 
with XRD.  
 
The results of the elemental analyses of the media 
revealed that the concentrations of Pb ranged from 2-
487ppm (Akure); 13-3288ppm (Ibadan) and 21-
1963ppm (Lagos). For the rock samples, Pb 
concentrations range as follows: 6-40ppm (Akure); 
2.9 - 20.3ppm (Ibadan) and 2.8-7.2ppm (Lagos). The 
sequential analysis results revealed that Pb were 
fractionated into organic and sulphide phase (23.06-
922.35) ppm, Reducible (2.33-291.73) ppm, 
carbonate (2.51-939.52) ppm and exchangeable 
(0.03-2.26) ppm. The results for the Pb-isotopes 
showed that 204Pb ranged from (1.43- 47.41) ppm; 
206Pb (30.69-779.68) ppm; 207Pb (21.96-664.46) 
ppm and 208Pb (52.61-1642.27) ppm. The XRD 
revealed quartz, K-feldspar plagioclase, kaolinite, 
calcite, Illite, muscovite, goethite and biotite as some 
of the minerals in bedrocks, soils and sediments of 
the areas.  
 
Area with dense population, intense commercial and 
industrial activities were significantly enriched in Pb 
and that over 80% of Pb in the environmental media 
are derived from anthropogenic sources as 
established from the (206Pb/208Pb) / (208Pb/207Pb) 
and the very low concentrations of Pb in the various 
bedrocks. This study has shown that the Pb level in 
these cities have attained very intolerable levels when 
compared with all prescribed guideline values 
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The deleterious enrichment of lead in rapidly 

expanding urban environment has been known to be 
largely caused by industrial and anthropogenic 
activities however very few studies had emanated 
from sub-Sahara Africa as a whole in spite of the 
increased rate of industrialization and urbanization  

One hundred and sixty two samples (120 top and 
subsoils) and 42 (stream and side drain sediments) 
were collected from the city of Onitsha; the 
commercial heartland of Southeast Nigeria to identify 
the main sources and fate of Pb in soil and sediments 
using Pb isotopes.  The samples were for Pb 
concentration. 30 samples of 15g of clay fraction of 
soils and sediments as well as a sample each of 
galena, coal, vehicle exhaust and battery cell from the 
region were analysed for lead isotopes of  (Pb204, 
Pb206, Pb207 and Pb208) using ultra trace 
Inductively Coupled Plasma-emission spectrometry 
(ICP-MS). 

From the results of total Pb  ranged 7.2 – 2026 
ppm. Soils (range of values) had larger values of Pb 
than sediments (range of values). Top soil and sub 
soils showed remarkable variation in Pb 
concentration, with higher concentration found in the 
top soil (7.2-1730.5, mean 167.99 ± 292.80 ppm) 
compare with the sub soils (6.4- 2026.4 ppm, mean 
98.66 ± 335.72ppm). The evaluated ratios of  
206Pb/204Pb revealed identical pattern for both soil 
and sediment, (17.63 and 17.42); for vehicle exhuast 
(18.9)  as against galena (20.30).  Similarly, the ratio 
of 208Pb/204Pb exhibited variation in signatures 
among the samples with soil (35.70);  sediments 
(35.24);  vehicle exhuast (36.3) while galena is 39.22. 
The ratios of 206Pb/204Pb vs 207Pb/204 ; 
207Pb/204Pb vs 206Pb/204Pb;   208Pb/207Pb vs 
208Pb/206Pb and    206Pb/204Pb vs 208Pb/204Pb in 
the soils and sediment analysed exhibitted relatively 
near linear relationship on the basis of  the land use 
pattern except for those of galena ore, coal and 
vehicle exhuast, indicating that the Pb pollution in the 
study area may have been from multiple 
anthropogenic sources, including industrial Pb from 
gasoline, expended paint materials and discarded 
battery cells 
 
Keywords: Lead Isotope. Anthropogenic. Onitsha.  
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Climate-driven changes in ocean and ice budgets 

redistribute surficial loads on the solid Earth, and are 
thought to modulate the productivity of magmatic 
systems on a global scale. Such mechanisms may 
enable further modulations in carbon and volatile 
fluxes between the solid and fluid Earth, thereby 
providing a feedback loop between these two 
systems. Mid-ocean ridges constitute an ideal setting 
to test such ideas because the continuous 
emplacement of new oceanic crust in a divergent 
boundary generally produces a straightforward 
correspondence between off-axis distance and time. 
Recent modeling studies have proposed that 100-m 
oscillations in sea level associated with glacial-
interglacial cycles could result in a ~10% fluctuation 
in the volume of magma supplied to mid-ocean ridges 
on a 20–100-kyr time scale. Evidence for such 
fluctuations was proposed in the form of 
characteristic Milankovitch wavelengths in the 
bathymetry of the intermediate-spreading Australian-
Antarctic Ridge, which were interpreted to reflect 
oscillations in crustal thickness on Milankovitch 
periods. However, the relation between fluctuations 
in mid-ocean ridge magma supply and its seafloor 
expression as abyssal hills is not straightforward. 
Inspired by observations on the nature of abyssal hills 
and their link to faults, we address this problem using 
simple models of (1) static compensation of crustal 
thickness oscillations, (2) volcanic extrusion, and (3) 
fault growth modulated by dike injection. We find 
that topography-building processes are generally 
insensitive to fluctuations in melt supply on time 
scales shorter than 50–100 kyr.  Further, we show 
that the characteristic wavelengths found in seafloor 
bathymetry across all spreading rates are best 
explained by simple models of tectono-magmatic 
interaction, and require no periodic (climate) forcing.  
This said, we also suggest that a subtle signature of 
sea level fluctuations in seafloor bathymetry may 
exist at fast-spreading ridges, where it may not be 
strongly overprinted by the tectonic fabric of the 
seafloor. Unambiguously detecting this signature will 
require an analysis of the global seafloor in both time 
and frequency domain. Our models can guide this 
data collection effort, as well as help identify useful 
observables (e.g., Moho topography, variability in 
hydrothermal output, morphology of volcanic 
edifices...) that could provide additional tests for the 
sea level modulation hypothesis. 
 
 



Goldschmidt Conference Abstracts 

 

2382 

Lithospheric evolution at the 
Early Andean convergent 

margin, Chile. 
V.OLIVEROS1, P. VÁSQUEZ2, C. CREIXELL2, F. 
LUCASSEN3, M. DUCEA4,  J. GONZÁLEZ1 AND  I. 

CIOCCA1. 
1Departamento Ciencias de la Tierra, Universidad de 

Concepción, Casilla 160-C, Concepción, Chile 
2 Servicio Nacional de Geología y Minería, Av. Santa 

María 104, Santiago, Chile 
3 Isotope Geochemistry Laboratory, GEOMAR, 

Universität Bremen, Germany. 
4 Department of Geosciences, University of Arizona, 

Tucson, AZ 85721, USA 
 

Classic models of tectonic evolution of the SW 
Gondwana margin suggest that in between two 
orogenic cycles, the Gondwanian (Late Paleozoic) 
and the Andean (Jurassic to Recent), continental 
subduction ceased during much of the Triassic 
period. In order to test this hypothesis, 50 new 
geochemical and isotopic data from igneous samples, 
mostly of Triassic units cropping out in northern 
Chile (24°30’-30°S), were studied and compared to 
avalaible data of ~500 Late Paleozoic to Late Jurassic 
igneous rocks from north-central Chile/Argentina. 
The geochemistry suggest that the magma generation 
was invariably controlled by fluid induced melting of 
a depleted asthenospheric mantle source in a 
subduction setting. However, our data show 
systematic shifts in specific geochemical parameters 
that are linked to the extent of lithosphere in the 
magma sources as well as to crustal thickness. The 
εNd decreases with time from Carboniferous (-8 to -
2, >95%) to Jurassic (0 to +6, >95%), a variation that 
is coupled to Sr and Pb isotope data, although these 
system are more prone to post-magmatic 
homogenization due to hydrothermal alteration 
processes which are common in the Andean rocks. 
The previous observations are supported by the 
LaN/YbN ratios that decrease from 4.0 at ca. 300 Ma 
to 1.5 at ca. 200 Ma. This shift suggests that the crust 
beneath the magmatic arc may have thinned from the 
Carboniferous to the Early Jurassic, involving loss of 
the lithosphere at some time during the Triassic. 
Either delamination of the arc roots or stretching of 
the lithosphere are likely scenarios. The Cordilleran 
geology (28°-29° S) indicates major tectonic changes  
during the Early Triassic, with evidences of 
extensional tectonics onset of extensional basins and 
large scale exhumation of basement and Early-
Middle Triassic plutons, both covered by Late 
Triassic sequences. This large amount of uplift and 
exhumation processes relates to changes of buoyancy 
of the lithosphere triggered by partial delamination of 
lithosphere rather than crustal stretching. 
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 Earth’s O2 evolution was not unidirectional. 

Despite major oxygenation during the GOE and 
subsequent Lomagundi Event, proxy records 
collectivity suggest that atmospheric pO2 fell 
precipitously and remained low, perhaps as low as 
0.1% of the present atmospheric level (PAL), during 
the mid-Proterozoic. The level at which pO2 
stabilized during this time remains controverisal 
because long-term maintanance of exceptionally low 
pO2 during this ‘Boring Billion’ interval is difficult to 
reconcile with photochemical models that predict O2 

bistability and a tendancy for ‘runaway’ oxygenation 
post-GOE. The current generation of photochemical 
models, however,  assume static O2 production and 
do not account for the possibility that biospheric O2 
fluxes are sensitive to atmospheric pO2. 
 We suggest that feedbacks within the N 
cycle may allow the stabilization of atmospheric pO2 
at a much lower level than today, independent of 
atmospheric processes. Under O2 deficient 
conditions, an increase in O2 concentrations in 
surface environments translates to an increased 
capacity for the conversion of NH4

+ to NO3
- via 

nitrification and, therefore, greater potential for the 
loss of bioavailable N via denitrification and NO3

--
dependant methanotrophy. The result is a negative 
feedback in which oxygenation tends to promote N 
scarcity and disfavor O2 accumulation [1].  
 Meanwhile, mid-Proterozoic surface ocean 
conditions would have been suboptimal for 
cyanobacterial N fixation and may have impeded the 
replenishment of biospheric N—further disfavoring 
oxygenation. Potential obstacles to N fixation 
include: (1) O2 inhibition of nitrogenase and (2) metal 
cofactor limitation, which is suggested by muted Mo 
enrichments in Proterozoic shales. Widespread N 
scarcity, therefore, may provide a mechanism to 
throttle O2 accumulation in Earth’s atmosphere 
despite the photochemical instability of low O2 
atmospheres.  
 
[1] Fennel, K., Follows, M., and Falkowski, P.G. 
(2005) The  co-evolution of the nitrogen, carbon and 
oxygen cycles in the Proterozoic ocean, American 
Journal of Science.  
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It is widely believed that the ordinary chondrites 
with various metamorphic levels reflect the evolution 
histories of their parent bodies. During the first few 
tens of million years in the solar system, asteroids 
with size of around 100km, which are considered as 
parent bodies of H chondrites, might have thermal 
“onion shell” structure as a result of internal heating 
of radioactive nuclides (mainly 26Al) [1]. According 
to this model, H4 chondrites, which show less 
thermal metamorphism than H6 meteorites, were at 
the outer part of the parent body and thus less heated. 
Trieloff et al. [2] examined the onion shell model by 
comparing Pu-fission track ages and Ar-Ar thermo-
chronologies of various unshocked H chondrites with 
calculated cooling histories of H chondrites based on 
the model. In-situ U-Pb chronology of the meteorites 
will be helpful for better understanding of the 
evolution history of the primitive asteroids. We report 
new results of 238U-206Pb and 207Pb-206Pb dating on 
two kinds of meteoritic phosphates (apatite 
[Ca5(PO4)3(F,Cl,OH)] and merrillite 
[Ca7NaMg(PO4)9]) in two H chondrites, Estacado 
(H6) and Guenie (H4), using a NanoSIMS.[3] 

The results of Guenie (H4) phosphates were 
obtained as > ~4.5Ga, with the 207Pb-206Pb age of 4.57 
± 0.16 Ga. Those of Estacado (H6) were 4.4-4.5 Ga, 
with the 207Pb-206Pb of 4.49 ± 0.04 Ga. Although the 
errors are large due to the low uranium 
concentrations, it is likely that the Guenie phosphates 
are older than the Estacado phosphates. Our result 
may be supportive to the onion shell model and will 
help to understand thermal structure of their parent 
bodies with further analyses.  
 

[1] Miyamoto et al. (1981) Proc. Lunar Planet. 
Sci. 12B, 1145-1152. [2] Trieloff et al. (2003) Nature 
422, 502-506. [3] Koike et al. (2014) Geochem. J. 48, 
423-431 
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The Fukushima Daiichi Nuclear Power Plant 
accident has released massive amount of radiocesium 
into the terrestrial environment, and the radiocecium 
have been moved through rainfall and erosional 
processes. Especially, radiocesium (Cs-137)  transfer 
and flux through river network is important to 
understand the redistribution of radiocesium in 
terrestrial environment, which is essential for 
assessing the external and internal radiological doses. 

In Japan, intensive field montoring campaign has 
been started including mapping project starting 
immediately after the Fukushima NPP accident[1].  
Thr project continues for 4 years, funded by Japanese 
government. In this presentation, I will present the 
summary of environmental transfer studies after the 
Fukushima NPP accident The processes includes 
forest canopy to ground soil and aquifers, transfer to 
river and marine.  

The detailed monitoring of concentration of 
radiocesium and their flux, which can be applicable 
for the fate and flux of the radionuclide transfer in 
humid temperate environment. We also found that 
landscape controls most of the fate and transport of 
Cs-137. 
 
 [1] Saito, K., Onda, Y. (2015) Journal of 
Environmental Radioactivity.  139, 240-249. 
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Although there are not so many detailed reports 

on silica minerals in meteorites, they can be a good 
indicator of the formation conditions of meteorites 
because of the presence of a number of polymorphs 
[e.g., 1]. In eucrites, silica minerals are mostly 
monoclinic tridymite, but quartz is found in Serra de 
Magé cumulate eucrite and considered to have been 
precipitated by a hydrothermal activity [2]. In this 
study, we focus on silica polymorphs in a brecciated 
eucrite Yamato-75011 (Y-75011) and discuss their 
formation conditions especially by paying attention to 
the presence of secondary silica minerals.  

We observed a thin section of Y-75011 by using 
optical microscopy and FEG-SEM, and analyzed it 
using EPMA, micro Raman spectroscopy, and EBSD.  

Three species of silica polymorphs (tridymite, 
cristobalite, and quartz) were found in Y-75011. 
Tridymite is found as an independent fragment (~400 
µm). Quartz and cristobalite co-exist in the basaltic 
clasts that are mainly composed of extensively zoned 
pyroxene and lathy plagioclase, suggesting formation 
near the surface. They show complexly mixed 
textures and each crystal size is ~100 µm. Quartz 
contains many FeS inclusions and vesicles. Similarly, 
cristobalite contains abundant tiny inclusions. There 
are areas where quartz is present without cristobalite 
between pyroxene and plagioclase. In such areas 
quartz grains are smaller and intrude into pyroxene. 
Pyroxene is homogeneous and exsolution-free where 
it is contacted with quartz. This suggests that quartz 
crystallized by some melting phenomenon, for 
instance, replacing pyroxene by resorption. On the 
earth, cristobalite and quartz co-crystallize with 
alkaline solution under hydrothermal reaction 
conditions [e.g., 3], and the similar occurrence in 
basaltic clasts of Y-75011 may support a 
hydrothermal origin of these silica phases. If this is 
the case, a eucrite parent body (presumably, 4Vesta) 
experienced a secondary hydrothermal activity near 
the surface, and such events may have been global, 
being combined with the presence of quartz veins in 
Serra de Magé cumulate eucrite [2] and possible 
hydrothermal quartz in Juvinas [4]. 
 
[1] Kimura et al. (2005) MAPS 40, 855-868. [2] 
Treiman et al. (2004) EPSL 219, 189-199. [3] Zhu et 
al. (2005) Materials. Sci. J. 40, 3829-3831. [4] 
Kanamaru et al. (2016) This volume. 
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It is known that diamond is optically transparent 

and the hardest material. The development of the 
diamond anvil cell (DAC) technique using these 
features has advanced Raman spectroscopy 
investigations of vibrational modes in materials at 
extreme high-pressure conditions. In such high 
pressures and high temperatures, the equations of 
state of reference materials, such as gold, platinum, 
and sodium chloride, have usually been used for the 
precise determination of the sample pressure.  
However, it is difficult to use the synchrotron X-ray 
diffraction technique in laboratory-based 
experiments. Although the fluorescence of ruby has 
been commonly used as the pressure sensor, it is 
impracticable at high temperatures. Thus, other 
optical pressure sensors have been proposed. It is 
known that the first-order Raman mode of diamond 
anvil has been considered as a strong candidate 
because its Raman signal is intense and the diamond 
is always used as the anvil material in the DAC 
experiments. 

Gold powder, which was mixed with NaCl 
powder, was used as the pressure reference. The 
sample was probed using angle-dispersive X-ray 
diffraction, located at the synchrotron beam line, at 
the BL10XU of SPring-8 (Japan). The pressure was 
determined from the unit cell volume of gold using 
the equation of state for gold. The unpolarized Raman 
spectra of diamond were acquired using a Raman 
spectrometer system, which was installed in the 
synchrotron beamline. 

The shift in frequency of the first-order Raman 
band of diamond with changing pressure and 
temperature was investigated to 800 K and 106 GPa 
[1]. The pressure dependence is nearly linear at 
pressures below 40 GPa. However, deviation of the 
pressure dependence from the linear equation has 
been confirmed at higher pressures. The frequency 
decreases with increasing temperature at ambient 
pressure. The temperature dependence is small with 
an increasing pressure, as determined from 
experiments conducted along isotherms up to 106 
GPa. The relationship between the shift of this band 
and temperature can be described by a polynomial 
equation [1]. Therefore, this pressure sensor has the 
advantage that it is not necessary to mix any 
additional calibration materials with the samples in 
the DAC experiments. 

 
[1] Ono et al. (2014) J. Appl. Phys., 116, 053517. 
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Microbial sulfate reduction and methanogenesis 
are two key metabolisms that operate in the deep 
biosphere. Experimental, theoretical, and field studies 
of isotope and isotopologue fractionation, e.g., 13-12C 
between CH4 and CO2 during microbial 
methanogenesis/methanotrophy (1, 2), and 32-33-34-36S 
of SO4

2- and HS- during sulfate reduction (3), indicate 
that slow microbial processes are characterized by 
relatively large isotope fractionations that approach 
thermodynamic equilibrium. This is a predictable 
consequence of increased reversibility during 
enzyme-catalyzed reactions under energy limitation 
(4, 5). Here, we explore the insights derived from, 
and capabilities and limitations of this model to 
illuminate the deep biosphere.  

Secondary sulfide minerals associated with some 
altered rocks in oceanic crust indicate 32-33-34S 
systematics consistent with sulfate reduction at ca. 
65°C (6). Methane recovered from coal bed horizons 
2.5km below seafloor carry apparent equilibrium 
temperatures of 70±10°C for the clumped 
isotopologue disproportionation reaction (12CH4 + 
13CH3D ⇌ 13CH4 + 12CH3D) (7). Because uncatalyzed 
isotope exchange among CH4-CO2-H2O and SO4

2--
HS- occurs sluggishly below ca. 200°C, these isotope 
signals indicate slow and energy-limited microbial 
activity in the deep biosphere.  

One caveat to this approach to estimate true 
temperatures associated with microbial processes is 
related to the difficulty in determining accurate 
equilibrium fractionation factors at low temperatures. 
In particular, theoretical calculations often assume 
gas-phase harmonic oscillator, and accurate estimates 
of the effect of hydration, pressure, and salt are often 
challenging.  We will discuss several ways to 
approach this problem via the combination of field 
studies, laboratory experiments, and theoretical 
calculations. 

 
References:  
1. Yoshinaga et al.,  Nature Geoscience 7, 190 
(2014). 2. Botz et al.,  Organic Geochemistry 25, 255 
(1996). 3. Sim et al., Science 333, 74 (2011). 4. Wing 
& Halevy, PNAS 111, 18116 (2014). 5. Valentine et 
al., Geochim. Cosmochim. Acta 68, 1571 (2004). 6. 
Ono et al., Geochim. Cosmochim. Acta 87, 323 
(2012). 7. Inagaki et al., Science 349, 420 (2015). 
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The transition between the Carnian and Norian 
(Upper Triassic) is characterized by a faunal turnover 
in major pelagic groups, such as radiolarians, 
conodonts, and ammonoids. The Black Bear Ridge 
section in northeastern British Columbia, Canada, 
consists of a continuously exposed sequence of upper 
Carnian through lower Norian continental margin 
strata. In order to assess late Carnian to early Norian 
environmental changes recorded in the section, we 
examined stratigraphic variations in 87Sr/86Sr, δ13C, 
and δ18O values, and also values of redox sensitive 
elements (V, Ni and Cr), in the Carnian/Norian 
boundary (CNB) interval.  

The strata across the CNB display a positive shift 
in δ13C values and a corresponding increase in the 
redox indices V/(V + Ni) and V/Cr. The synchronous 
increase in δ13C values and redox indices suggests 
that burial rates of marine organic carbon increased in 
response to the development of anoxic conditions in 
the water column. An increase in δ13C values in 
carbonate rocks across the CNB has also been 
reported from Upper Triassic sections in Europe (e.g., 
in the Pizzo Mondello section, Sicily), which 
suggests that the development of anoxic conditions 
within the CNB interval was widespread, affecting 
both the Panthalassan Ocean and Tethyan Sea. The 
geochemical data from this study, as well as from 
research into conodont biostratigraphy in the Black 
Bear Ridge section, show that the onset of oceanic 
anoxic conditions may have been responsible for the 
faunal turnover event at the CNB. The cause of this 
anoxic event is unknown, but the 87Sr/86Sr and δ13C 
isotope data largely exclude the possibility that the 
event was triggered by dissociation of methane 
hydrates and degassing related to large-scale volcanic 
activity. 
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We have compiled ~1,800 measurements of 

microbial cellular abundances from over 170 
published and unplublished data sets ranging in depth 
from 1 to 4,800 meters and distributed across all 
continents and a wide range of surface environments 
and subsurface geohydrological settings. Although 
the total cellular concentrations diminish with depth 
in core studies, the cellular concentrations of the 
planktonic communities vary little with depth. 
Analysis of this dataset in conjunction with global 
heat flow, mean annual air temperature and 
hydrogeological maps suggests that the continental 
subsurface biomass is comprised of ~1016-17 grams of 
carbon. We have also compiled 121 bacterial and 60 
archaeal 16S amplicon data sets based upon next 
generation sequencing platforms that have been 
published for 24 and 12 different sites, respectively. 
Analysis of these data sets, which are mostly based 
upon the planktonic biomass, have revealed distinct 
differences in the alpha and beta distributions of 
microbial communities at the phyla level. Some of 
this variation in part reflects different 16S primers 
being utilized in different studies and in part 
geographical distances between subsurface sites. 
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 This study discussed the removal 

mechanism of As(III) from simulated wastewater 
with Fe(III) in co-precipitation process. To 
investigate the removal mechanism in co-
precipitation process, all experimental results were 
compared with simple adsorption process. Arsenic 
and ferric concentration in filtrate after experiments 
were analyzed by ICP and precipitates were 
characterized by XRD and XAFS analysis. It was 
revealed that a more efficient removal of As(III) was 
achieved with co-precipitation process than 
adsorption one.  Resluts of XRD and XAFS analysis 
sugested that main mechanism of As(III) removal 
was surface complexation to ferrihydirte, however, 
mineralogical transformtaion of ferrihydrite was 
comfirmed only at high initial As/Fe molar ration in 
coprecipitation process. 

 Effect of coexistence of SO4 for As(III) 
removal was also investigated. According to the 
results we can see that the coexistence of SO4 
inhibited the As(III) removal and changed that 
removal mechnism of As(III) in coprecipitation 
process. 

 
 

 

Fig. As(III) residual amount by co-precipitation 
process at pH5 and 7. 
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Several geothermal plants in the world emiited 

CO2 as almost the same rate (CO2/kwh) as fuel power 
plants. For promotion of zero emission geothermal 
power generation, it is important to examine the 
behavior of CO2 after reinjection of geothermal brine 
into reservoir, especially for mineralization of CO2. 
In Oku-Aizu geothermal area, Northeast Japan, high 
CO2-rich fluids (1 vol%) with high salt concentration 
(Cl=6,000�14,000 mg/L) have been used for 
producing the geothermal electricity (65MW). This 
high CO2 in the fluid is estimeted to be of volcanic 
origin according to the carbon-oxygen isotopic 
compositions of calcites in borehole samples (Oochi 
et al., 2014).  

The final goal of our study is to advance zero 
emission geothermal power generation by 
mineralization of most of CO2 into carobonates 
(Georeactor) in the reservoir after fluid injection. 
Several batch-type experiments on rock-CO2 
intereaction were performed at 150℃ with 7g of rock 
samples (tuff taken from a depth of 1,691m) and 70g 
of distilled water for 15 days under CO2 or Ar gas. 
The results show that Ca concentration in fluids with 
CO2 increases rapidly after the reaction and decreases 
after two days. In contrast, Ca concentration in fluids 
with Ar gas is almost constant. These Ca behaviors 
are quite different from the previous report in which 
Ca concentration increased with time and became 
constant in the case of reaction with granitic rocks 
(Kuroda et al., 2007). In Okuaizu tuff, anhydrite is 
commonly observed and calcite is rare. These results 
imply that the differences in the behavior of Ca is due 
to rock types used in the reaction and that a part of Ca 
leached from Okuaizu tuff into the solution is fixed as 
calcite and anhydrite.  
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Silicon (Si) and iron (Fe) dominate the 

composition of banded iron formations (BIF) by 
mass. They occur mainly in quartz and magnetite, 
and are strongly decoupled due to the conspicuous 
Fe-rich and Fe-poor banding that typifies BIF. Fe 
silicate and Fe carbonate-rich sub-facies also host an 
appreciable proportion of the bulk Fe and Si in some 
BIF. Fe is redox-sensitive and provides useful 
insights into processes of biological or inorganic iron 
cycling during deposition and diagenesis. By 
contrast, Si bears no obvious value as a redox tracer, 
but has potential in constraining sources of Si (e.g. 
terrigenous versus hydrothermal) in the marine realm 
of BIF formation. Stable isotope ratios of both 
elements have thus been used, either independently or 
in combination, in studies aiming at elucidating the 
origin of BIF and the processes involved in their 
deposition and diagenetic modification. 

We carried out combined Fe and Si isotope 
analyses of bulk BIF samples from the 
Palaeoproterozoic Transvaal Supergroup, South 
Africa. The samples span the entire ~400m BIF 
stratigraphy, which comprises a microbanded, 
deeper-water BIF facies (Kuruman), followed 
upwards by a granular, shallower-water BIF facies 
(Griquatown). Low-resolution stratigraphic records 
for both isotope ratios reveal a reproducible pattern of 
higher δ values in the Kuruman BIF (δ57Fe: -1.0 to 
0.5‰; δ30Si: -1.5 to -1.0‰), followed by a decline 
across the transition to lower δ values in the 
Griquatown BIF (δ57Fe: -2.5 to -0.5‰; δ30Si: -2.5 to -
1.5 ‰). On average, the δ values for both Fe and Si 
are lower than those postulated for their 
corresponding primary aqueous inventories. Given 
strong variations in modal mineralogy and thus Fe 
and Si speciation across the examined BIF sequence, 
and the expectedly dissimilar cycles of the two 
elements in the primary depositional environment, we 
intepret the above isotopic records as containing a 
strong primary marine signal, that would reflect 
depth-gradients in the isotopic composition of 
aqueous Fe and Si in the ambient water-column. 
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This paper develops a Modified DRASTIC model 
by combining the generic DRASTIC model with land 
use activities and lineament density for the study area 
with a new model map that evaluates pollution 
potential of groundwater resources in Chahardoli to 
various types of pollution. It involves the comparison 
of modified DRASTIC model that integrates nitrate 
loading along with other DRASTIC parameters. The 
DRASTIC model showed only 0.1% of the 
Chahardoli is situated in the high vulnerability area 
and about 32% of the basin is located in the 
moderately vulnerable zone (mainly in Southeast 
basin). After modifying the DRASTIC to account for 
lineament density, about 84% of the area was 
classified as having low pollution potential and no 
vulnerability class accounts for about 6.16% of the 
Chahardoli area. The moderately susceptible zone 
covers 8.02% of the basin’s total area and the high 
vulnerability area constitutes 0.19%. The 
vulnerability map based on land use revealed that 
about 72% of the study area has low pollution 
potential and no vulnerability area accounts for about 
0.73%, whereas moderate pollution potential zone 
covers an area of 27.1% and the high vulnerability 
class constitutes 0.10% of Chahardoli. The final 
DRASTIC model which combined all DRASTIC 
models shows that slightly more than 75.5% of the 
study area falls under low pollution risk and about 
2% is considered areas with no vulnerability. The 
moderate pollution risk potential covers an area of 
about 22.4% of Chahardoli and the high vulnerability 
class constitutes 3.2% of the basin. The results also 
showed that an area of about, approximately 756 km2 
are located within the low vulnerability zone and 
about 235 km2 are moderately vulnerable, which 
together account for about 12% of the total 
agriculture and urban area. These areas are 
contaminated with human activities, particularly from 
the agriculture. Management of land use must be 
considered when changing human or agricultural 
activity patterns in the study area, to reduce 
groundwater vulnerability in the basin. The results 
also showed that the wells with the highest nitrate 
levels (35–42 mg/l) were located in high vulnerable 
areas and are attributed to leakage from Agricultural 
fertilizers. 



Goldschmidt Conference Abstracts 

 

2395 

Origin of large soluble 
molecules in Murchison 

chondrite. 
F. R. ORTHOUS-DAUNAY1, L. FLANDINET1, R. 

THISSEN1, V. VUITTON1, F. MOYNIER2, E. 
ZINNER3 

1 IPAG, CNRS Univ. Grenoble Alpes, IPAG, F-
38000 Grenoble, France, frod@ujf-grenoble.fr 

2Institut de Physique du Globe de Paris, 
moynier@ipgp.fr 

3 Physics Department of Washington Univ., St-Louis, 
MO 

 
Organic matter in Murchison is made of 

thousands of compounds varying in mass up to 2000 
Da [1]. Their size is in-between the molecules 
detected in space [2] and macromolecules in 
meteorites [3]. They have recorded signatures of 
complexification during the transition from the dense 
molecular clouds to the disk. We seek signature 
related to one stage of the meteoritic material 
evolution. 

65 g of Murchison were macerated in Methanol 
and Toluene (1:2) for 1 week. Extracts were 
recovered after centrifugation and stored in glass 
tubes. Mass spectra were acquired with a Thermo 
LTQ Orbitrap XL coupled with an Electrospay 
ionization (ESI) source, in the 150-1000 m/z range at 
resolving power m/Δm=100000. 

Detected ions are in the 150-750 Da range. The 
average mass is ~350 Da and the average diversity is 
5.1 ions per Da. Each mass detected bears at least 
NH, the maximal number of heteroatoms is 2 for N 
and 3 for O. The average H/C is 1.6 regardless of the 
mass. There is no convergence toward 
macromolecular-like low saturation. We interpret the 
periodicity in mass as a repetition of stoichiometric 
patterns. CH2, H2 and C5H8 are the most frequent. 
Chain rearrangements, cuts and cycling signatures 
with limited loss of hydrogen are all together 
consistent with randomized additions of CH2 and H2. 
This can occur on grain surface [4]. PDR can provide 
an efficient C bonds cut mechanism [5]. 

[1]Schmitt-Kopplin P. et al. (2010) P.N.A.S., 107, 
7 pp. 2763–8. [2]Caselli P. and Ceccarelli C. (2012) 
A.A.Rev., 20, 1 p. 56. [3]Sephton M. a (2002) Nat. 
Prod. Rep., 19, 3 pp. 292–311. [4]Belloche A. et al. 
(2014) Science (80-. )., 345, 6204 p. 15841587. 
[5]Alata I. et al. (2015) A.&A., 123 pp. 1–9. 
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The dryland area covers more than 40% of the 

land surface on Earth and  hosts more than two 
billion people. The population growth and increase of 
food demand have converted natural dryland to 
irrigated agriculture coverage. Indeed, soils 
developed on the Rio Grande floodplains in the late 
Holocene have been intensively cultivated for the last 
200 years in southern New Mexico and western 
Texas of Southwest United Stated. Water from the 
Rio Grande River is used for flood irrigation in these 
managed soils and its high salinity has led to 
accumulation of evporate minerals. The irrigation 
water is oversaturated to calcite and continuous 
evapotranspiration concentrates the solute and drive 
calcite precipitation.  

The foramation of calcite releases CO2. To date, 
however, few studies have quantified the production 
and emission of CO2 during the development of 
pedogenic carbonate in dryland agricultural settings. 
The challenge is to separate the contributions of 
biogenic CO2 (from soil respriration) and abiotic CO2 
(from calcite precipitation). We studied such soil-
water-gas interaction in a flood-irrigated pecan field 
in El Paso, Texas, and characterized the organic 
matter and cabonates in the soil profiles, dissolved 
inorganic carbon and major cations in the irrigation 
and soil waters, and CO2 in soil gases, as well as CO2 
efflux from land to atmophsere. Using stable carbon 
isotopes and caron mass balance, we modelled the 
dynamics of inorganic carbon, quantified the 
pedogenic carbonate development (soil C 
sequestration) and soil-atmosphere CO2 exchange.  

This study clearly demonstrated that supplies of 
Ca and DIC by irrigation accelerated accumulation of 
pedogenic carbonates, and thus the secondary calcite 
observed in the agricultural sites is mainly induced by 
agricultural practices and considered young. 
Preliminary work shows a measurable flux of CO2 as 
a consequence of calcite formation and suggests that 
this might be an important process in land-carbon-
climate feedback. 
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In geothermal utilization scaling is often caused 

by extracting heat from a geothermal fluid. As 
observed in Soultz-sous-Forêts (France) barite is the 
dominant scaling mineral that deposits downstream 
the heat exchanger [1] and can potentially lead to 
clogging of the near-wellbore environment in the 
reservoir formation. 

This research focuses on the coupling between 
barite scaling and hydraulics in core-flooding 
experiments mimicking the reinjection environment. 
In these laboratory experiments, a defined degree of 
supersaturation with respect to barite is attained by 
mixing two parent solutions before the bulk fluid 
enters the core sample. Resembling the geothermal 
fluid from Soultz-sous-Forêts, these contain a Na-Ca-
Cl background electrolyte and defined concentrations 
of Na2SO4 and BaCl2, respectively. The geochemical 
calculations are computed with the geochemical code 
PHREEQC [2] and its default database 
(Pitzer/LLNL). The effluent is frequently analyzed to 
keep track of the precipitation process. 

Preliminary results show that barite precipitates 
subsequently while the fluid percolates through the 
accessible pore space, decreasing the permeability 
substantially. SEM/EDX analyses show newly-
formed barite crystals in the pore space of sandstone 
samples. Further research will include investigating 
the dependence of pressure, temperature, saturation 
index, and flow rate on the clogging process. The 
experimentally determined kinetic and 
thermodynamic parameters will serve as a dataset for 
a thermo-chemical-hydraulic model of the reinjection 
process thereby establishing a better predictability for 
the long-term well performance. 

 
[1] Scheiber et al. (2014), "Barite scale control at the 
Soultz-sous-Forets (France) EGS Site." Proceedings 
Workshop on Geothermal Reservoir Engineering, 
Stanford. [2] Parkhurst & Appelo (1999), U.S. Geol. 
Survey Water-Resources Investigations Report 99-
4259, 310 pp. 
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A new parameterization of black carbon (BC) 

aging, which enables the representation of spatial and 
temporal variations of the conversion rate from 
hydrophobic BC to hydrophilic BC, has been 
developed using a size and mixing state resolved 
aerosol box model (MADRID-BC) [1]. In this study, 
we apply the parameterization to the Model of 
Aerosol Species IN the Global Atmosphere 
(MASINGAR-mk2), which is included in the earth 
system model of the Meteorological Research 
Institute (MRI-ESM), to evaluate the impact of the 
BC aging on its spatial distribution and radiative 
effects. The model calculation with the 
parameterization shows that the conversion 
timescales from hydrophobic BC to hydrophilic BC 
exhibit distinct spatial variations. Their annual 
averages are approximately within one day and one 
week over East Asia (source regions) and the Arctic 
(remote regions), respectively. Comparisons with the 
calculation using the constant conversion rate (1.2 
days, used in the original approach) show that both 
calculations reproduce the seasonal variations of BC 
mass concentrations observed by the surface 
measurements reasonably well over East Asia. On the 
other hand, although the constant-rate calculation 
largely underestimates the BC mass concentrations 
observed over the Arctic, the use of the 
parameterization improves the concentration levels 
and reproduces the seasonal variations. The direct 
radiative forcing by BC (annually and globally 
averaged at the top of atmosphere) is estimated to be 
approximately 0.3 W m-2 for the calculation with the 
parameterization (0.2 W m-2 for the constant-rate 
calculation). These results indicate that the aging 
process of BC can significantly impact on its spatial 
distribution and radiative forcing in the global-scale. 
 
[1] Oshima & Koike (2013) Geosci. Model Dev., 6, 
263-282. 
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Many studies have documented the pivotal role of 

early diagenetic conditions with sulfurization of 
organic matter for source rock potential and kinetics 
of oil generation [1]. In hydrous pyrolysis 
experiments of several organic sulfur model 
compounds decomposition products have been 
identified and reaction networks inferred [2, 3]. 

This study is documenting the production – and 
destruction or incorporation - of H2S, small alkane 
thiols, different alkylated thiophenes and 
dibenzothiophenes in hydrous pyrolysis experiments 
of initially immature Posidonia shale during the 
production of oil and gas. To facilitate a 
differentiation of reactions under kinetic control far 
from equilibrium in contrast to those reactions 
approaching equilibrium, a set of isothermal hydrous 
pyrolysis experiments in gold capsules have been 
carried out at pressures of 30 MPa for times of 6 to 
336 h and at different temperatures (573, 588, 603, 
618 K). Time-temperature conditions were selected to 
cover the maturity range up into the gas window. In 
addition, some experiments with different time-
temperature pairs resulting in identical calculated 
EASY-R0 maturities have been conducted.  

Interestingly, there is a clear distinction of sulfur 
compounds being formed up to temperature 
dependent equilibrium concentrations (e.g. H2S, 
buffered by the mineral matrix), others which are 
produced during initial stages of the maturation 
process and then either destroyed or incorporated in 
larger molecules (e.g. propane-1-thiol and alkylated 
thiophenes) and those, whose concentrations are 
steadily increasing (e.g. alkylated dibenzothiophenes) 
up to maturities in the gas window. The sulfur 
isotopic composition of the organically bound sulfur 
in the kerogen has been significantly altered. These 
findings have implications for the prediction of 
quality/sulfur contents of oils and for the 
interpretation of stable sulfur isotope values of 
organic sulfur compounds. 

 
[1] Lewan (1998) Nature 391, 164-166. [2] 

Katritzky et al. (1991) Energy & Fuels 5, 823-834. 
[3] Nguyen et al. (2013) J. Anal. Appl. Pyrol. 103, 
307-319.  
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Substantial evidence exists for mild atmospheric 
and oceanic oxygenation prior to the Great Oxidation 
Event (GOE, ~2.2 – 2.4Ga). The spatial and temporal 
evolution of oxygen before ~2.5Ga, however, 
remains less well constrained. Understanding the 
timing and tempo of Archean Earth oxidation could 
provide important insight into the drivers for Earth’s 
redox revolution. 

Molybdenum (Mo) is often employed as a 
paleoredox proxy for both atmospheric and oceanic 
oxygen, due to its mobilization by oxidative 
weathering and subsequent preferential burial in 
anoxic and euxinic marine sediments. The Mo 
isotope composition of seawater is dependent upon 
relative removal by oxic, anoxic and suboxic sinks 
and their preference to incorporate the lighter 
isotopes from overlying waters. 

Here we have conducted Mo isotope analyses of 
the ~2.6 – 2.7 Ga organic-rich Roy Hill Shale from 
the Pilbara Craton of Western Australia in two 
Agouron Institute Drilling Project (AIDP) cores. Our 
data show the Mo isotope composition of sediments 
deposited under a euxinic water column in both near- 
and off-shore environments are heavier than crustal 
values. 

Isotopically heavy Mo isotope compositions in 
euxinic sediments, and thus overlying seawater, are 
indicative of light isotope removal by oxic, anoxic, 
and suboxic sinks. Earlier studies of the nearby and 
slightly younger ~2.5 Ga Mt. McRae Shale also 
resulted in heavy values, with isotope compositions 
slightly heavier than this investigation. Like that 
study, our results are consistent with oxidative 
weathering of Mo and subsequent adsorption to oxide 
mineral surfaces, but ~200 million years earlier. 
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Owing to the heterogeneity and complexity of 

repository systems and, in particular, the very large 
temporal and spatial scales over which safety must be 
assured, the basis of most safety cases for geological 
disposal of radioactive waste is a quantitative 
evaluation based on complex mathematical models. 
The extent to which such models can be validated by 
conventional approaches (eg experiments in a 
laboratory or an underground rock laboratory) is, 
however, inherently limited owing to the relatively 
short temporal and spatial scales involved. As such, 
any evidence gained from relevent long-lived and 
large scale natural systems that have similar 
properties to the components of a geological disposal 
system should thus be of great use in directly 
supporting the safety case. This can be in a 
quantitative or qualitative fashion or, alternatively, 
simply by providing illustrations of concepts or 
processes that can demonstrate long-term safety. 

Whilst there has been to date no choice of host 
rock or site in Japan, NUMO has developed a novel 
pre-selection site-specific safety case (the NUMO 
2015 Safety Case). This provides evidence, analyses 
and arguments that demonstrate the technical 
feasibility and long-term safety of geological disposal 
in Japan per se. As part of this, following the lines of 
the arguments laid out above, multiple lines of natural 
system evidence that focus mainly on the 
performance and future behaviour of the materials 
used in a repository have been included in the safety 
case. For example, demonstrating the suitability of 
the vitrified high-level radioactive waste form has 
used evidence on the long-term durability of natural 
basaltic glasses. In the case of cementitious TRU 
wastes, natural cements of several million years age 
from Jordan and the UK have been investigated to 
define the likely long-term evolution of this material. 
The host rock stability over a long period of time, up 
to one million years, has been assessed in a similar 
fashion with comparison with similar sites 
worldwide. For example, the long-term persistence of 
hydrogeochemical and hydrogeological stability has 
been characterised in deep sedimentary formations in 
Japan, Switzerland and France. 

Overall, the use of natural system evidence to 
support the NUMO 2015 Safety Case will be 
presented here. 
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Lithium has two stable isotopes with large mass 

difference, and yields large isotope fractionation at 
low-temperature processes. In addition, lithium is 
compatible with olivine and could provide us 
opportunities to detect signals of fluid-rock 
interaction in mantle lithology; however, even mantle 
lithology could have hydrothermally altered at sub-
seafloor, and subducted into deep mantle. The 
recycling of subducted materials through the mantle 
is a crucial process in the Earth’s chemical evolution, 
as shown by geochemical studies on source materials 
of oceanic island basalts [1], but by what lithium-
isotope abundance the ‘recycled’ mantle lithology is 
characterized, is unclear so far. 

To reveal this issue, preliminary experiments 
were conducted in a forsterite-water system. As a 
result, the lithium-isotope fractionation between 
olivine and aqueous fluid, δ7Li = δ7Liforsterite − δ7Lifluid 
was estimated to be −5 ± 3 ‰ at 2 GPa and 900 °C, 
suggesting that ‘recycled’ mantle lithology, even 
modified by hydrothermal alteration at sub-seafloor, 
could be depleted in 7Li than the primitive mantle; 
this implication was confirmed by lithium isotope 
analysis of natural samples, the Horoman peridotites 
in Japan. 

The residual peridotites in the Horoman massif 
preserve chemical signatures of (1) melt extraction 
followed by sub-seafloor hydrothermal alteration at 
~1 Ga, (2) interaction with a geochemically mid-
ocean ridge basalt-like melt at ~300 Ma, and (3) a 
recent (< 50 Ma) slab-derived fluid or melt 
interaction in subduction zone [2]. Whole-rock and 
in-situ lithium isotope analysis have successfully 
traced the recent subduction-zone metasomatism on 
the peridotites. In addition, the isotope fractionation 
by the sub-seafloor hydrothermal alteration at ~1 Ga 
was also detected, even the peridotites have 
experienced long-term convection in the mantle 
under high-temperatures.   
 
[1] Hofmann (1997) Nature,385,219-229; Kobayashi 
et al. (2004) CG,212,143-161; Genske et al. (2014) 
CG,373,27-36. [2] Yoshikawa et al. (1993) 
JMPEG,88,121-130; Yoshikawa & Nakamura (2000) 
JGR, 105,2879-2901; Malaviarachichi et al. (2008) 
NatureGeo,1,859-863; (2010) JP,51,1417-1445. 
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Based on continuous observation data at 68 

stations in the 150 km radius from the Fukushima 
Daiichi Nuclear Power Plant, temporal change in 
cesium-137 (137Cs) abundance in surface (0-10 cm) 
layer of seabed sediment were quantified, and the 
primary process affecting the temporal change was 
identified. 

Until February 2015, the 137Cs abundance in 
surface sediment in the coastal region (bottom depth 
≤100m) decreased at the rate of about 30%/year 
(radioactive decay is not included).  In the offshore 
region (>100 m depth), no significant temporal 
change in the 137Cs abundance was observed.  Here 
we focus on the following three processes that affect 
the decrease in the 137Cs abundance, and assess their 
effectiveness.   
1) Dilution of 137Cs by vertical mixing of 
sediment:   This process can be assessed by applying 
time-series data of vertical distribution of 
sedimentary 137Cs into a pulse input sediment mixing 
model.  The model estimated up to 70% of 137Cs in 
the coastal sediment was efficiently transported to the 
lower sedimentary layers in the first 5 years after 
accident.   
2) Resuspension and lateral transport:  This 
process was assessed by comparing horizontal export 
flux of particulate 137Cs estimated from sediment trap 
experiments off Fukushima and total 137Cs inventory 
in the coastal sediment.  Sediment traps in the outer 
shelf certainly collected 137Cs-bound particles 
originating from the coastal region, but the annual 
137Cs export to the offshore was only 1~2% of total 
137Cs inventory in the coastal sediment.  
3) Desorption of 137Cs from sediment:  
Desorption of 137Cs was verified by speciation and 
suspension experiments.  Most of 137Cs in the coastal 
sediments was incorporated into lithogenic fractions.  
The estimated annual desorption rate was less than 
5%, and the result indicated that this incorporation is 
almost irreversible. 

In conclusion, we consider that the primary 
process affecting the 137Cs abundance in surface 
sediment is vertical mixing of sediment due to 
bioturbation or storm events.  Although the dilution 
effect slows down with time, we expect that, by 2060, 
the abundance of 137Cs in the coastal surface sediment 
will decrease to about 5% of the initial abundance by 
the dilution and radioactive decay.    
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The "Lac sud de Tunis”, is an anoxic confined 

environment that has gone through different stages of 
evolution during Holocene period. 

The vertical distribution of molecular biomarker 
composition in samples from sediment cores suggests 
that there was been recent changes in deposed 
conditions (oxido-reduction) and in the source of 
lipid fraction deposed during Holocene. 

The abundance of hopanoids (m/z 191) confirms 
a significant contribution of bacterial content in 
sediment organic matter. Thus, the detection of 
Methylhopane (2-methyl hopane nC31) in different 
levels of sediment in the lagoon proves the existence 
of cyanobacteria from the beginning of the Holocene. 
Examination of steranes analysis (m/z 217, 218) 
helped to clarify the origin of the organic matter 
which are derived from an autochthonous algal 
biomass (green algae) and phytoplankton 
(dinoflagellates). 

The signature of these geochemical fossils 
participates in the reconstitution of the depositional 
environment and in the evaluation of the degree of 
anoxia during the different stages of lagoon 
evolution. The detection of unsaturated compounds 
(22,29,30 Trisnorhop17 (21)ene) allowed a better 
appreciation of the changes in oxido-reduction 
conditions in the lagoon. The presence of specific 
markers of anoxic hypersaline environment such as 
methylsteranes or D2-cholestene-2-ol, is a 
remarkable index attesting of the progressive 
installation of anoxic conditions. 

The variation in the composition of lacustrine 
lipid biomarker can be used as a guide to reconstruct 
past environmental conditions and to evaluate 
paleoclimate change. 
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The Asian continent was formed by continental 

collision during the Late Paleozoic. Japanese island 
was situated along the active continental margin of 
the Asian continent before opening into the Sea of 
Japan. The Cretaceous intrusive rocks are widely 
exposed in the Southwest Japan, and sparsely contain 
the low-pressure type metamorphic rocks in the 
northern part of Kyushu. The timing of 
metamorphism can be recognized as the same 
geological event in the Cretaceous magmatism. The 
metamorphosed intrusive rocks would, therefore, be 
considered as an initial-stage magmatism of the 
voluminous intrusive rocks from the northern part of 
Kyushu during the Early Cretaceous. The petrological 
studies of initial-stage intrusive rocks are important to 
understand the generation of the later-stage 
voluminous ones because the geochemical 
characteristics of initial-stage magma are expected to 
affect those of later one. The early stage 
metamorphosed intrusive rocks can be divided into 
metagabbro, metadiorite and metaronalite. The 
former two lithologies geochemically resemble basalt 
and high-Mg andesite, respectively, in the Miocene 
Setouchi volcanic rocks. Sr-Nd isotopic compositions 
of the voluminous granitic rocks in Kyushu are 
indentical with those of the metamorphosed intrusive 
rocks. The Setouchi volcanic rocks were derived 
from metasomatized wedge mantle under the high-
temperature conditions at the subduction zone. 
Considering the isotopic compositions and 
geochemical signatures of the metamorphosed 
intrusive rocks, the Cretaceous magmatism in Kyushu 
can be correlated with magmatism of the Setouchi 
volcanic activity with episodic thermal-anormary. 
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Changes of the seafloor environment around the 
gas venting within a few days have been observed by 
ROV on the Umitaka Spur, Japan Sea. Geochemical 
environment near the gas venting including gas 
hydrate might have also changed within a short 
period compared to geological time scale. We have 
deployed osmotic fluid samplers ~10 m away from 
the gas venting site on the Umitaka Spur from 
September 2013 to March 2014 (160 days) and 
collected interstitial waters continuously for high 
resolution time-series analysis of interstitial waters. 

Overall-trends of concentration change of major 
ions dissolved in interstitial waters are similar, 
changing periodically in 3~5 days. The interstitial 
waters captured saline and fresh water derived from 
formation and dissociation of gas hydrate in response 
to the change of methane flux. 

Concentrations of methane in interstitial waters 
were increasing drastically until the 40th day. Gas 
hydrate formation facilitated by active gas venting 
might have plugged the path delivering gas-rich 
fluids to the seafloor, contrary, reduced gas flux 
(venting) had caused gas hydrate dissociation. Gas 
hydrate formation and dissociation controlled by gas 
flux has changed geochemical environments near the 
seafloor. 

This study was conducted as a part of the shallow 
methane hydrate exploration project of METI.  
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Speleothem geochemical proxies are widely used 

to infer past changes in rainfall and other 
environmental parameters. However, the processes 
controlling these proxies are complex and render 
detailed interpretation difficult. Recent progress in 
understanding proxy controls has been made through 
cave monitoring studies, laboratory simulations of 
speleothem growth, and geochemical modelling. 
Nevertheless, a unified interpretive framework 
remains elusive.  
 Previous modelling efforts focus either on carbon 
and oxygen isotope incorporation [1], or the trace 
element content of speleothems [2]. Such studies 
have delivered insights into the controls on 
speleothem chemistry. However, their focus on single 
components of the chemical system limits our ability 
to quantitatively interpret multi-proxy datasets. 

Here we present a chemical model to address this 
concern. Based on the geochemical software 
PHREEQC [3], our one-dimensional model tracks 
dripwater chemistry from soil to cave. The model 
couples an isotope-enabled carbon system with 
Group II metal chemistry (Ca, Mg, Sr, Ba) and may 
be used to forward-model dripwater and speleothem 
chemistry including the proxies δ13C, δ18O, δ44Ca, 
Mg/Ca, Sr/Ca and Ba/Ca. Controls considered 
include soil chemistry, bedrock chemistry, open 
versus closed system dissolution, prior calcite 
precipitation and cave air pCO2. 

The model is tested against existing and new 
isotope and trace element data. It may be expanded to 
include radiocarbon and other tracers, as well as 
kinetic considerations. 
 
[1] Mühlinghaus et al. (2009) Geochim. Cosmochim. 
Acta 73, 7275-7289. 
[2] Sinclair (2011) Chem. Geo. 283, 119-133. 
[3] Parkhurst & Appelo (2013) U.S. Geological 
Survey Techniques and Methods 6, 497. 
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Serpentinization reaction, affects both chemical 

and physical properties of oceanic lithosphere. Mesh 
texture characterizes most serpentinized peridotite. 
However, it is difficult to interpret the processes of 
mesh texture development and related volumetric 
changes and mass transfer from texture. 

 In this study, we conducted hydrothermal 
experiments using mineral powder of plagioclase and 
olivine, and found Al-rich serpentine (Al-serpentine) 
which has a characteristic chemical zoning was 
formed around contacts between olivine and 
plagioclase. Al content in Al-serpentine once 
decreases from core to rim, and increases. At the 
center of chemical zoning which has relative low Al 
content, and a clear outline is observed in its texture. 
It could be interpreted that the outline preserves an 
outline of pre-existed olivine, therefore it suggests 
reaction front propagated both inside and outside 
direction of olivine. Hydration reaction proceeds 
toward inside direction requires removal Mg, Fe, and 
Si to fluid on serpentinization. The removed 
components from olivine and Si and Al from 
plagioclase were transported to pore and precipitated. 

 Our experimental results represent an 
analogue of serpentinization in natural hydrothermal 
systems with a high porosity and suggest that mesh 
rim and core could be formed in same stage. On that, 
the thickness of mesh core represents the thickness of 
olivine that has been replaced while mesh rim was 
enlarged with volumetric expansion. 
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The spatiotemporal variation of strongly sulfidic 
oceanic waters (euxinia) have played a crucial role in 
Proterozoic biological and geochemical evolution not 
only because of the inhibitory effect of hydrogen 
sulfide on mitochondrial respiration at the level of 
cytochrome c oxidase, but because of its fundamental 
role on the availability of bioessential trace metals, 
such as Zn, Mo, and Ni, in the oceans. On the other 
hand, accumulated geological and geochemical 
evidence demonstrates that the oxidation state of 
Earth’s biosphere was marked by fundamental 
changes at both ends of the Proterozoic eon and that a 
broad oxygenation history of Earth surface 
environments has seen more dynamic trajectory than 
originally envisioned [1]. This intepretation is also 
supported by a recent geochemical modeling study. If 
so, such waxing and waning of the oxidation state of 
Earth’s surface would have caused substantial 
changes in oceanic euxinicity and, in turn, would 
surely have impacted the biosphere. From this 
perspective, the evidence for euxinic environments in 
the aftermath of the  Lomagundi-Jatuli Event (LJE) 
(~2.08-2.05 billion years ago) is notable because 
molybdenum and sulfur isotopic data imply a 
widespread euxinia at that time [2]. 

To forge a quantitative understanding of how 
oceanic euxinicity have evolved through most of 
Earth’s history, we have improved upon the 
CANOPS model [3] by including open-system 
marine sulfur and methane cycling. This ocean 
biogeochemical cycle model enables us to both 
explore the mechanistic processes at play in the mid-
Proterozoic ocean-atmosphere system and apply 
model predictions to the empirical geochemical 
record. Based on a series of sensitivity experiments 
and available geochemical data, we show that new 
production during the mid-Proterozoic was at least a 
factor of two below the modern Earth, and perhaps 
much lower, and that anoxic/non-euxinic conditions 
are an reasonable consequence under such conditions. 
We also show that a transient expansion of euxinia 
(“euxinia overshoot”) would occurred when a well-
oxygenated atmosphere goes into a less oxygenated 
state, providing a theoretical explanation for 
geological records at the LJE aftermath. 
[1] Lyons et al., (2014) Nature 506, 307-315 [2] 
Canfield et al. (2013) PNAS 110, 16736-16741 [3] 
Ozaki and Tajika (2013) EPSL 373, 129-139 
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Serpentinization in both terrestrial and marine 
environments results in basic, reducing and H2-rich 
fluids.  Elevated Cr(VI) identified in terrestrial 
serpentinization-related fluids presents a conundrum 
as anoxic conditions do not promote Cr(III) oxidation 
and Cr(VI) formation with Mn oxides is limited at 
pHs above 8.  Serpentinization systems, however, 
may be capable of producing metastable H2O2, a 
Cr(III) oxidizer, due to elevated H2.  Here we assess 
H2O2 and chromium oxidation interactions in 
serpentinization systems, potentially altering the 
paradigm of O2-dependent oxidation. Field results 
demonstrate that metastable H2O2 and Cr(VI) are 
present in serpentinization-related fluids.  
Additionally, laboratory experiments support that 
H2O2 is an oxidant of Cr(III) in chromite, especially 
under alkaline conditions. This pathway of Cr(VI) 
generation may lead to the contamination of waters 
and has implications regarding chromium isotopic 
fraction, prebiotic organic synthesis, and microbial 
functionality. 
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Within the Menderes Massif, the continental rift 
zones of the Büyük Menderes, Küçük Menderes and 
Gediz were formed by extensional tectonic regimes 
from Early to Middle Miocene which strike E-W 
generally and are represented by a great number of 
epithermal Hg, Sb and Au mineralizations, 
geothermal waters and volcanos from Middle 
Miocene to recent. The epithermal mineralizations 
and geothermal waters are related to faults which 
strike preferentially NW-SE and/or NE-SW and 
locate diagonal to the E-W general strike of the 
continental rift zones. These faults are probably 
generated by compressional tectonic stress which 
leads to deformation of uplift between two 
extensional rift zones.   

The epithermal Hg, Sb and Au minaralizations 
are located in the eastern part of the continental rift 
zone of the Küçük Menderes within the Menderes 
Massive. The ore mineralizations of these deposits 
are associated with Paleozoic mica schists. At the 
surface, the host rocka are intensively altered by 
interaction with the circulation of geothermal fluids. 
Therefore, the ore fields can be recognized by a 
distinct color change of the host rocks. The 
hydrothermal alteration is noticable at the surface 
clearly which is distinguished by phyllic, argillic and 
silicic alterations zones. 
The isotopic ratios of δ18O and δ2H in fluid inclusions 
of quartz and stibnite samples from Hg deposit of 
Halıköy, Sb depsoit of Emirli and arsenopyrite-Au 
deposit of Küre in the continental rift zone of the 
Küçük Menderes show a similarity with active 
geothermal systems. By using geological, 
geochemicl, isotope geochemical, ore and rock 
microscopical and microthermometric methods, these 
epithermal Hg, Sb and Au deposits in the continental 
rift zone of the Küçük Menderes have been modelled 
genetically and can be considered as fossile 
geothermal systems.  
 

(1) Özgür, N., 1998, Aktive und fossile 
geothermalsyteme in den kontinentalen Riftzonen des 
Menderes Massives, W-Anatolien, Türkei. Freie 
Universität Berlin, Habilitatiionsschrift, 171 p. 
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Uraninite, with a general formula of (U4+O2) hosts 

the highest amount of U into its structure. Due to auto 
oxidation, the mineral structure is commonly 
defective and nonstoichiometric, thereby favors 
cationic substitution, which can lead to exchange of 
elements during subsequent fluid-assisted alterations 
[1] [2]. The substitution of elements into the mineral 
is a function of the physico-chemical conditions and 
consequently can act as a geochemical proxy 
pertinent to geochemical ambience of formation of 
the mineral [2] [3]. Additionally, the timing of 
mineralization and subsequent hydrothermal 
alteration can be constrained from uraninite dating. 
The Aravalli-Delhi Fold Belt in the central part 
comprises the linear metasedimentary Pur-Banera 
belt, which hosts significant U-anomalies within 
quartzite in the Samarkiya area, wherein uraninite is 
the ubiquitous U-bearing mineral [4]. Thus, the 
present study aims to appraise the geochemical and 
temporal evolution of uranium mineralization in the 
area. 

Chemical compositions of uraninite along with 
X-ray elemental maps indicate substantial 
modification of the mineral. The pristine grains are 
characterized by insignificant concentration of Si+Ca 
(≤1 oxide wt. %). In contrast, low oxide total (min. 
91.40 %) and enrichment of Si+Ca (max. ∼20 oxide 
wt. %) for the modified grains, in conjunction with 
substitution of radiogenic Pb by Σ(Si+Ca) provide 
testimony for influx of low-T oxidized fluid related to 
coffinitization. Chemical dating of pristine uraninites 
reveal U-mineralization at ∼1.30 and ∼1.00 Ga, while 
modified grains yielded an intermediate age at ∼1.20 
Ga. The oldest age (∼1.30 Ga) represents the first 
stage of mineralization in the quartzite followed by 
coffinitization of these grains at ∼1.20 Ga, 
subsequently superimposed by recrystallization of 
uraninite at ∼1.00 Ga.  
 
[1] Janeczek & Ewing (1995), Geochim. Cosmochim. 
Acta 59, 1917−1931. [2] Alexandre & Kyser (2005), 
Can. Min. 43, 1005−1017. [3] Pal & Rhede (2013), 
Econ. Geol. 108, 1499−1515. [4] Shaji et al. (2006), 
Curr. Sci. 92, 592−594. 
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The external and internal geometries of volcanic 

conduits and feeding dykes have great effect on both 
magma ascent and flow rates, as they may influence 
degassing pathways and rupture mechanisms toward 
the surface. However, most studies are focused on 
only characterizing the geometry of central conduits. 
In the Early Cretaceous Paraná-Etendeka magmatic 
province (PEMP), one of the largest flood volcanic 
provinces on our planet, sheet-like rhyolitic to dacitic 
products cover an area over 30,000 km2.  In South 
Brazil, where these silicic rocks are found on top of 
basaltic flows, the opening of new quarries for 
dimension stones exploitation revealed part of their 
conduit system (Lima et al., 2012; 
doi:10.5327/Z1519-874X2012000200004): a 0.5 up 
to 2 km wide discontinuous fissure system. The 
present work describes a peculiar mechanism 
recognized in the feeder system of this igneous 
province: side-by-side flow and blow. 

We present and discuss the use of fractal 
dimension (FD) for the description and classification 
of an ancient fissure feeder system and related 
deposits. The combination of detailed field work and 
determination of FD along outcrops, point towards 
different morphological domains for flow and blow 
structures. Fragmentation fronts form a zone of 
layered lens-shaped eutaxitic-like and breccia 
domains. Next to the fragmentation front, flows may 
be tightly folded with sub-horizontal superposed axial 
planes depicting a collapsing vertical movement. 
Huge solitary bubbles (diameter>40cm) may 
represent coalescent slugs of foamed magma. 
Bubbles complexly refold previous flow lines in a 
chaotic way. Described patterns suggest at least two 
different fragmentation episodes preceding or coeval 
with melt extrusion: a) a high temperature event 
(above glass-transition) and, b) a lower temperature 
event (below glass-transition). Additionally, 
repetitive intrusive and rheomorphic to remelting 
events may be locally recognized through 
deformational signs such as: pseudotachylite-like 
veins, progressive development of a strong stretching 
foliation and stair-stepping objects along the flow.  

Our data point towards parallel oscillations in 
response to the periodic decompression process in the 
conduits. A very efficient magma ascent system 
together with high heat flux  
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The so-called I-type micrometeorites [1] have 

formed by atmospheric oxidation of extraterrestrial 
Fe,Ni alloys during atmospheric deceleration and 
heating. The I-type micrometeorites are highly 
enriched in the heavy isotopes of O, Fe, Ni, and Cr 
[e.g., 2,3]. For the transition metals, evaporative 
enrichment explains the isotope enrichments. In 
contrast to the transition metals, oxygen in the I-type 
micrometeorites is not of extraterrestrial, but 
terrestrial atmospheric origin. The oxygen isotope 
composition of I-type micrometeorites, however, is 
enriched in 17O and 18O relative to atmospheric O2. 
The oxygen isotope composition of I-type 
micrometeorites is controlled by i) fractionation 
during the Fe,Ni metal oxidation, ii) 
exchange/equilibration with ambient oxygen, iii) 
fractionation during evaporation. 

Atmospheric oxygen carries an isotope anomaly 
from mass-independent fractionation. The anomaly is 
a function of the atmospheric CO2 mixing ratio [4]. 
The oxidation in the atmosphere and the 
exchange/equilibration with ambient oxygen, hence, 
transfers an anomaly to the micrometeorites. 
Fractionation associated with the oxidation and 
evaporative isotope enrichment is, in contrast, a 
strictly mass-dependent process. 

We report new laser fluorination δ17O and δ18O 
and MC-ICPMS Fe isotope data on I-type 
micrometeorites. Results are compared to data 
obtained on air O2 that we measured in the same 
laboratory. The isotope fractionation associated with 
atmospheric oxidation of Fe,Ni alloys was studied in 
high-T experiments. 

The results are used for the reconstruction of the 
O isotope composition of upper atmospheric oxygen 
and to explore the useability of I-type 
micrometeorites as paleo-CO2 proxy. 
[1]Genge et al. (2008) Meteor. Planet. Sci. 35: 807-
816. [2]Clayton et al. (1986) Earth Planet. Sci. Lett. 
79: 235-240. [3] Engrand et al. (2005) Geochim. 
Cosmochim. Acta 39: 569-584. [4] Bao et al. (2008) 
Nature 54: 349-392. 
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Fate of fluoride in soil is considered to be 
important because of the possible effects on the 
surface water and groundwater contamination by 
leaching of fluoride from soil (Wang et al., 2002), 
and enhancement of fluoride uptake by plants 
(Amalraj and Pius, 2013). In this study, a granitic soil 
from Tsukuba, Japan, was chosen as an example 
sample, and the adsorption processes of fluoride as a 
function of varying pH and fluoride concentrations 
were evaluated by equilibrium and kinetic 
experiments. Then, a surface complexation model 
(SCM) was developed to explain the pH dependent 
fluoride adsorption. Four possible surface 
complexation reactions were postulated with and 
without including dissolved aluminum.  

Fluoride sorption closely followed the pseudo-
second-order kinetic model, suggesting 
chemisorption. Adsorption was high, decreased with 
increasing pH, with a change in the sorption pattern 
from pH 6 to 7, in the studied fluoride concentrations 
of 2.5 to 10 mg/l and pH range of 4 to 9. Aluminum 
release was also observed, which decreased with the 
increase in pH. The adsorption process was strongly 
influenced by the changes in pH, solid concentration 
and ionic strength. The mechanism for fluoride 
adsorption was proposed to be ion exchange between 
fluoride ion in solution, and the surface –OH group of 
soil in addition to surface adsorption, as inferred from 
the isotherm models. The SCM including Al-F 
complexation can simulate the experimental results 
quite successfully. From laboratory experimental 
results and model calculations, it is clear that 
including dissolved Al and Al-F complex in model 
calculations is inevitable for soil (or Al-oxide)-
fluoride system. These findings provide meaningful 
information on the mechanism of fluoride sorption in 
soil and also on the possible contamination 
mechanisms of groundwater by fluoride migration 
from soil under favorable environmental conditions 
such as higher pH. 
 

References: [1]. Amalraj and Pius (2013). Food. Sci. 
Human. Wellness. 2, 75- 86; [2].  Wang et al., (2002). 
Fluoride. 35(2), 122-129 
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Proxy temperature records, essential to our 

understanding of ancient climates, are often viewed 
as solely reflecting temperature. Those that deviate 
from expectations or previously established proxy 
records are interpreted in terms of seasonal bias or 
differences in the depth of production, but could also 
be the result of non-thermal effects.  Given the broad 
application of the paleotemperature proxy TEX86, 
rigorous evaluation of non-thermal controls are 
warranted, but difficult to achieve given the 
challenges of culturing mesophilic archaea under 
controlled conditions. TEX86 indices, reflecting 
relative proportions of cyclopentyl moieties of 
archaeal membrane glycerol dibiphytanyl glycerol 
tetraethers (GDGTs), have the potential to be 
impacted by spatial or temporal differences in 
archaeal population and water chemistry. We recently 
approached the issue by studying archaeal 16S rRNA 
sequences, and water-column/sediment GDGT 
distributions from the Gulf of Mexico and long-
running commercial aquariums. Our results provide 
evidence that both contradicts and supports the model 
for homeoviscous membrane adaptation of GDGT 
distributions.  At our site in the Orca Basin, Gulf of 
Mexico, TEX86 indices at depth appear impacted 
by in situ community structure and not local 
temperatures or GDGTs transported from the mixed 
layer. However, upper surface-water- and core-top 
reconstructions were within 2˚C of mean annual 
temperatures, even though MG-I Thaumarchaeota, 
the best established source of GDGTs, was not 
present at the surface. In contrast, our aquarium data 
show a temperature response that is nearly identical 
to the global ocean TEX86 dataset, but with greater 
scatter that encompasses previous mesocosm 
experiments and Red Sea data.  Interestingly, the 
scatter or residuals of TEX86 reconstructions relative 
to tank temperatures varies in response to nitrite 
concentrations, fresh water influence and community 
structure. However, nitrite concentration dominates 
and represents an important secondary influence 
on TEX86 temperature estimates. 
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Our new results from in situ analysis of chromite 

by LA-ICP-MS confirm that Os, Ir, Ru and Rh are 
present in chromite from volcanic rocks from several 
geological settings including MORB, boninite, 
komatiite, picrite and Hawaiian tholeiite. This 
enrichment (from 20 to 300 ppb) therefore appears to 
be a common phenomenon observed in chromite 
from volcanic rocks. Mass balance calculations 
indicate that chromite phenocrysts from volcanic 
samples account for <40%, <25% and <30% of Os, Ir 
and Rh whole rock budgets, respectively, and they 
are not the major hosts for these elements. It is 
different for Ru since chromite phenocrysts from 
volcanic samples account for ≥30% of its whole rock 
budget suggesting that chromite crystallization causes 
the Ru negative anomalies commonly observed on 
whole rock PGE profiles of moderately evolved 
volcanic rocks.  

In contrast, in situ analysis of plutonic chromites 
show that they generally contain low concentrations 
of IPGE and Rh (ΣPGE < 25 ppb). As in the case of 
volcanic chromites, plutonic chromites do not have a 
great influence on Os, Ir and Rh whole rock budget in 
accounting for <25%, and even less for Ru in 
accounting for ≤10% of its whole rock budget. These 
new results show that chromite from rapidly cooled 
environments can act as the main Ru-carrier phase 
but has a minor role in hosting Os, Ir and Rh. Overall, 
plutonic chromite has a minor role in hosting IPGE 
and Rh. This clearly indicates a change in Os, Ir, Ru 
and Rh behavior between rapidly cooled and slowly 
cooled environments.  

Chromites from Bushveld ultramafic sills and 
from Bushveld chromitites have also been analyzed. 
The IPGE and Rh contents of the chromites from the 
Bushveld sills and the chromites from the Bushveld 
chromitite are surprisingly different. The IPGE and 
Rh contents of chromites from the marginal sills 
contain significant amounts of IPGE and Rh and the 
IPGE and Rh contents and ratios resemble chromite 
phenocrysts from plume related volcanic rocks 
(komatiite and picrite) whereas chromites from 
Bushveld chromitites show low IPGE and Rh 
concentrations like other chromitite samples despite 
the fact that they crystallized from magmas of similar 
composition. The contrast observed between volcanic 
and plutonic chromites leads us to suggest that the 
laurite inclusions commonly observed in plutonic 
chromite could form by subsolidus processes.  
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A transition from oxygen-deficient to oxygenated 

oceans triggered the evolution of complex 
multicellular life at the Precambrian-Cambrian 
boundary, 542 million years ago. At this time, both 
the evolution of metazoan radiation and the genesis 
of sub-economic Ni, Mo, Rare Earth Elements (REE) 
and Platinum Group Element (PGE) deposits were 
triggered in shallow marine environments, including 
on the Yangtze platform in China. This is one of the 
most enigmatic examples of a sediment-hosted base 
and precious metal deposit showing an association of 
ore-grade metals with organic matter (OM). The 
genesis of this and other strata-bound deposits is 
poorly understood.  

This study aims to investigate in detail the fine-
scale distribution of Ni, Mo, Au, Ag, Se, V, Zn, U 
and PGEs in this rare ore layer, providing further 
insights into the genesis of this metal accumulation. 
A multi-proxy approach was used with total organic 
carbon (TOC), X-ray diffraction (XRD), whole rock 
geochemistry and δ13Ckerogen analysis to investigate 
bulk compositions. To get further insight into metal 
associations and spatial distributions, microbeam 
XRF mapping, scanning electron microscopy (SEM), 
Synchrotron XRF mapping, electron probe micro-
analyser (EPMA) and laser-ablation ICP-MS on 
sulfides were applied on samples from the 
mineralised horizon and the surrounding black shales.  
This bulk and fine-scale study of metals, organic-rich 
matrix and phosphorite nodules allows a greater 
understanding of metal associations in this unique, 
highly anoxic and sulfidic (euxinic) marine system, in 
the context of the Cambrian bioradiation of 
metazoans. 



Goldschmidt Conference Abstracts 

 

2419 

210Pb-226Ra  disequilibria due to 
degassing during recent 

rhyolitic volcanism at Cordón 
Caulle, Chile 

R. PAISLEY1*, K. BERLO1, B. GHALEB2 AND H. 
TUFFEN3 

1Department of Eath & Planetary Sciences, McGill 
University, Montreal, QC, H3A 0E8, Canada 

(*correspondence: rebecca.paisley@mail.mcgill.ca) 
2Geotop, Montreal, QC, H3C 3P8, Canada 
3Lancaster University, Lancaster, LA1 4YW, UK 

 
Magmatic outgassing plays a fundamental role in 

the style of activity during a volcanic eruption. 
Obsidian flows and lava domes are evidence of 
efficient outgassing at rhyolitic centres but the 
scarcity of recent silicic volcanism means questions 
remain about the mechanisms responsible. Permeable 
interconnected bubble and fracture networks, with the 
latter preserved as tuffisite veins, have been 
suggested as potential degassing mechanisms 
allowing efficient channelling of gas from depth to 
the surface. The recent eruptions at Chaitén (2008-
09) and Cordón Caulle (2011-12) in Chile offer a 
unique opportunity to study degassing of rhyolites. 
Tuffisite veins have been preserved in volcanic 
bombs from both eruptions, and their young ages 
allow the use of techniques that cannot be applied to 
older deposits. We have undertaken 210Pb-226Ra 
radioactive disequilibria analyses, by Alpha Particle 
Spectroscopy and Thermal Ionisation Mass 
Spectrometry, on samples from both eruptions to 
assess the viability of tuffisite veins as efficient 
outgassing pathways. In volcanic rocks, disequilibria 
between 226Ra and 210Pb, members of the 238U decay 
series, have been attributed to degassing and 
accumulation of 222Rn, the gaseous parent to 210Pb. 
Outgassing channels, for example tuffisite veins, that 
have undergone preferential gas fluxing are expected 
to have a relative 210Pb excess when compared to 
their surroundings. Underlying magma, the source of 
the channelled gas, may have developed a 210Pb 
deficit.  

Preliminary results show that both vesicular and 
dense samples from Cordón Caulle exhibit 210Pb 
excesses suggesting melt-vapour segregation 
occurred in the rhyolitic melt before both the 
explosive and effusive stages of eruption. Using 
calculated activity ratios, the volume of the degassing 
reservoir is estimated to be a minimum of 25% larger 
than the accumulating volume of magma. However, 
results also suggest that the complex degassing 
processes during the last stages of magma ascent, 
responsible for magma fracturing, tuffisite formation 
and vesicle deformation, are not always preserved 
with a 210Pb excess relative to their host magma. 
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Drilling activity results in appearance of 
produced water (PW) and drill cutting that are the 
major sources of contaminants entering the sea from 
offshore oil and gas regular operation. Metals in PW 
discharges are significantly above coastal water 
background level (Ba, Fe, and Hg – a factor > 1000). 
Ba and Fe are redox sensitive and may precipitate 
upon discharge that also influence the behavior of 
other metals (by coprecipitation). Some species of Hg 
are bioavailable and toxic. The goal of this study is to 
evaluate the effect of PW on oxygen depletion, 
nutrient regime and transport and transformation of 
metals in the benthic layer. 

We use a biogeochemical model BROM (Bottom 
RedOx Model [1]) that considers transport of matter 
in the water column, the Bottom Boundary Layer, 
and in the upper sediment together. This model 
includes descriptions of organic matter formation, 
decay, and reduction, oxidation and transformation of 
N, C, S, Mn, Fe and P and Si species. In this study, 
we plan to parameterize transformation of the 
chemical elements injected with PW to the seawater 
in highest concentrations, i.e. Ba, Fe, Mn, and Hg. 

Observation results showed no Hg accumulation 
in the upper sediment around drilling wells. 
Sedimentation of drill cutting causes oxygen 
depletion in the upper sediment layer that can result 
in Hg species transformation to toxic methilmercury 
followed by its release to the bottom water. We will 
numerically assess the intensity of these 
biogeochemical transformation of Hg species and 
estimate its environmental impact. 
 
[1] Yakushev, E. V., Protsenko, E. A., Bruggeman, J. 
et al. (2016). Bottom RedOx Model (BROM, v.1.0): a 
coupled benthic-pelagic model for simulation of 
seasonal anoxia and its impact, Geosci. Model Dev. 
Discuss., doi:10.5194/gmd-2015-239, in review. This 
research is funded by VISTA – a basic research 
program and collaborative partnership between the 
Norwegian Academy of Science and Letters and 
Statoil. 
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The study of solid CO2 at elevated pressures and 
temperatures is important in geology, condensed 
matter physics and material science. Studies of high 
pressure, high temperature phases of solid CO2 help 
to understand the forms that carbon may adopt at the 
pressures and temperatures of planetary interiors. 
Knowledge of these forms gives insight into the 
possible composition of carbon reservoirs in the deep 
earth, icy bodies of the outer solar system, and icy 
exoplanets. We conducted neutron diffraction 
experiments on CO2-ice at high pressures and 
temperatures  to determine its structure, stability and 
thermoelastic properties. These experiments used 
novel resistive heating techniques at the high pressure 
beamline at the Spallation Neutron Source at Oak 
Ridge National Laboratory (SNAP instrument). CO2-
IV was synthesized from CO2-I starting material at 
~18 GPa and 625 K, and found to be stable down to 
300 K and up to pressure of 26 GPa, for run durations 
of up to 12 hours. This study confirmed the 
rhombohedral R-3c structure of CO2-IV. Our 
measurements of lattice volumes in situ at high 
pressures and temperatures enable a high-precision 
determination of the thermoelastic properties 
including bulk modulus and thermal expansivity of 
CO2-IV ice with respect to the CO2-I starting 
material. The results indicate that resistively heated 
DAC experiments are possible using neutron 
diffraction and encourage the further development of 
heating systems for DAC experiments in these 
settings. This study is a first step toward expanding 
the range of DAC neutron diffraction experiments 
and compiling data to yield definitive thermoelastic 
properties for CO2 phases. 
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The Kopylovskoe (5.2 t Au), Kavkaz (5 t Au), 

and Krasnoe (34.5 t Au) deposits are located in the 
Lena gold province, whithin the Baikal orogenic belt, 
which also hosts the giant Sukhoi Log deposit 
(~3 000 t Au). The deposits are hosted in the 
Neoproterosoic Dogaldyn (Kopylovskoe and Kavkaz) 
and Vacha (Krasnoe) formations, which overlap the 
Khomolkho Formation with Sukhoi Log deposit. The 
host rocks of the deposits are mostly carbonaceous 
quartz-sericite-carbonate shales and sandstones 
metamorphosed under sericite and, locally, sericite-
chlorite subfacies of the greenschist facies [1].  

The δ18O values of the veined quartz are similar 
for the Kopylovskoe (16.7–17.2 ‰), Kavkaz (17.7–
18.7 ‰), Krasnoe (18.5–19.3 ‰), and Sukhoi Log 
(16–18 ‰ [2]) deposits and indicate the metamorphic 
source of the fluid [2]. Pb-Pb isotopic data [3] show a 
common geochemical type of the Pb source for these 
deposits, which by the Dow Zartman model can be 
identified as "crustal". 

Three types of mineralization are distinguished in 
the deposits: (i) sulfide stringer-disseminated 
mineralization with veinlets concordant with host 
rock schistosity, (ii) carbonate-quartz veins, which 
cross-cut schistosity, and (iii) stockwork zones. Pyrite 
is the major ore mineral. Syn-sedimentary and 
diagenetic pyrite (Py1) is enriched in Au (up to 2.91 
ppm), Ag (up to 61.56 ppm), and other chalcophile 
elements. In contrast, catagenic and/or metamorphic 
pyrite (Py2) has the lower but more variable contents 
of trace elements. It hosts inclusions of chalcopyrite, 
galena, gersdorffite, gold, and other minerals [1]. 
Native gold forms inclusions in Py2 and grains in 
quartz. The composition of gold varies from 
Au0.90Ag0.10 to Au0.55Ag0.45. Silver minerals include 
hessite, cervelleite, benleonardite, Ag sulphosalt, Cd-
freibergite which were found only in the Krasnoe 
deposit. 

Gold was formed during catagenesis and/or 
metamorphism. The carbonaceous host rocks were 
the source for gold. 

Supported by RFBR, project No 16-05-00580a. 
 

[1] Palenova et al. (2015) Geol. Ore Deposit 57 
(1), 64-84. 
[2] Dubinina et al. (2014) Petrology 22 (4), 329-358. 
[3] Belogub et al. (2014) Acta GeolSin-Engl 88 
(2), 252-253.  
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Earth’s deep water cycle plays a critical role in 

the long term geochemical evolution of our planet. 
Recent developments from high-pressure experiments 
and regional seismic studies, geochemical evidence 
from magmas, and the discovery of a natural hydrous 
ringwoodite have affirmed early theoretical 
predictions that the components of water can persist 
in minerals and melts as deep as the mantle transition 
zone (410-660 km depth). The lower mantle (660-
2800 km depth) constitutes roughly half the planet’s 
mass and is thus the largest potential reservoir of H2O 
in the Earth. However, the water storage capacity of 
the dominant lower-mantle mineral assemblage, 
bridgmanite-(Mg,Fe)(Si,Al)O3 (~80% vol.) and 
ferropericlase-(Mg,Fe)O (~20% vol.), is 10-15 times 
lower than in the transition zone. Contrast in H2O 
storage capacity between the transition zone and 
lower-mantle can produce volatile-rich magmas by 
dehydration melting below 660 km depth and could 
act as a factory for diamond formation. Here we show 
evidence for the presence of brucite-Mg(OH)2 
precipitates in a natural ferropericlase crystal 
contained within a diamond from São Luíz, Brazil, an 
indicator of reaction with water during the inclusion 
process. The ferropericlase also exhibits exsolution of 
magnesioferrite, subsequent to inclusion, which 
places the origin of this assemblage within the lower 
mantle. The brucite precipitates in ferropericlase 
included in diamond, together with the 
magnesioferrite exsolution of the host provide direct 
evidence for the presence of water-bearing fluid 
below the 660-km boundary in the lower mantle.  
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The Earth’s inner core is thought to consist of an 
iron-nickel alloy with a few percent of light alloying 
elements. Seismic wave velocities through the inner 
core are known, but to date, seismological and 
mineralogical models in this region do not agree. 
Current mineralogical models derived from ab initio 
calculations predict a shear-wave velocity VS that is 
up to 30% greater than the seismically observed 
values. Recent computer simulations at Earth’s core 
conditions, revealed that the shear modulus, and 
therefore the seismic velocities of iron, reduces 
dramatically just prior to melting. These findings 
provide an elegant explanation for the discrepancy 
between mineralogical models and seismic data. 

At present, these computer calculations on hcp-Fe 
are the only result on pre-melting of direct relevance 
to the Earth’s core. It is crucial, therefore, that the 
role of pre-melting in the inner core is systematically 
tested for a range of P-T conditions. Measuring the 
pressure dependence of pre-melting effects on the 
elastic properties of iron, under inner core conditions 
and to the required precision, is extremely 
challenging. We therefore investigate to what extent 
pre-melting behaviour occurs in the elastic properties 
of other materials at more experimentally tractable 
conditions and combine these studies with computer 
simulations. In this particular study, we report the 
elastic properties of single-crystals of argon, prior to 
melting. Ar is an ideal test material since it 
crystallises in a simple monatomic face-centred 
structure which is easily modelled using classical 
potentials or ab initio methods. In addition, the 
compressibility of Ar is large and the temperature 
range required is within the capabilities of externally 
heated diamond-anvil cells so high pressures and 
temperatures close to the melting point can be readily 
achieved. The elastic constants, anisitropy, and the 
crystal orientation at each pressure and temperature 
are accurately determined by combinining Brillouin 
scattering measurements with X-ray diffraction. 

We discuss the circumstances under which the 
pre-melting behaviour occurs, the mechanism(s) by 
which it occurs and which are the consequences of 
premelting for the Earth’s core. 
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Rare occurrence of spherules in sedimentary 
strata is known to provide    interesting clues to    the 
nature of paleo-crustal evolution, influenced   by 
meteoritic influxes. Such spherules are usually   
produced by the high temperature melting and 
vaporization of both the   impacted crust, as well as 
the extraterrestrial object. Our  detailed investigations  
on  the  thin infratrappean sediment layer, 
encountered  below   338 m thick 65 Ma Deccan 
volcanic sequence in Killari borehole, located  at 
18o03'07''N, 76o33'20''E in Maharashtra (India), 
resulted  into finding of a microspherule. 
Palynological studies indicate the burial of this 
sedimentary sequence, that rests over 2.57 Ga  
amphibolite to granulite facies mid crustal  basement,   
in dysoxic to anoxic conditions,  having close  
proximity with  Gondwana sediments [1, 2].  

We studied this microspherule through scanning 
electron microscope and energy dispersive X-ray 
diffraction (EDX) in order to decipher the images, 
morphology and its   elemental composition, which 
reflect the nature of the  vapourized  impacted rocks. 
The studied spherule was found to be of 
mafic/ultramafic in nature, enriched in Fe (18-19 wt 
%), Ti (1.2-1.5 wt %) and  Mg (3.3-3.9 wt %). In 
contrast, background host sedimentary rocks contain   
much lower Fe (1.8- 4.1 wt %) and Ti (0.14 to 0.19 
wt %), suggesting that  the spherule is detrital  in 
nature.  The study suggests possible asteroidal impact 
over the Indian terrain during the Gondwana 
sedimentation period.  There are indications of the 
presence of spherules in similar P/T beds of northeast 
India that coincides with the most severe biological  
mass extinction in the earth’s history [3, 4].  

 
[1] Pandey et al. (2009) J. Asian Earth Sci. 34, 781-
795. [2] Pandey et al. (2015) Int. Conf.  Gondwana 
evolution, BSIP, Lucknow, Feb. 19-20, p.69. [3] 
Bhandari et al. (1992) Geophys. Res. Lett. 19,  1531-
1534. [4] Sankaran (2005) Current Sci. 88, 1032-
1033. 
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The contrast in water storage capacity between 

the minerals of the Earth’s transition zone and lower 
mantle suggests the possibility for dehydration 
melting at the top of the lower mantle. First-
principles calculations of transition zone and lower 
mantle minerals combined with laboratory synthesis 
experiments of mantle-relevant garnets constrain the 
mantle water capacity across the base of the transition 
zone and highlight the key role of garnet in the 
Earth’s deep water cycle.   

Under Tibet, reversed polarity SS precursors 
indicate a boundary 70-90 km below the base of the 
transition zone while PP precursors have normal 
polarity. Zoeppritz equation modelling of the 
reflection and transmission coefficient for 
discontinuities at 660 km and 740 km depth are 
consistent with 2-3 vol % dehydration melting upon 
the breakdown of garnet to bridgmanite in this 
downwelling region. The results of this work revised 
downward the likely mantle water content in 
nominally anhydrous mantle minerals to <30% the 
mass of the surface oceans.  
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The generation of magmatic Fe-Ti oxide ores in 

layered mafic-ultramafic intrusions has been 
attributed to parental magma composition, magma 
mixing, pressure fluctuation, variation in oxygen 
fugacity, addition of volatiles from country rocks, 
silicate liquid immiscibility, and any combinations of 
them. However, their relative importance remains to 
be clearly identified within and among the ore-
bearing intrusions worldwide. Here we undertake a 
petrologic and geochemical study of the Marginal 
zone of the Panzhihua intrusion, one of the major Fe-
Ti oxide ore-bearing layered intrusion in the 
Emeishan large igneous province, SW China, to 
investigate the importance of parental magma 
composition among the above factors. Microgabbros, 
the dominant rock type of the studied Marginal zone, 
have 40.1‒44.9 wt.% SiO2, 2.6‒5.4 wt.% TiO2, 
12.5‒18.3 wt.% Fe2O3 and 5.2‒8.6 wt.% MgO, and 
trace element, Sr-Nd isotopic and PGE systematics 
comparable to the HT2 sub-group of the high-Ti 
Emeishan basalts. The microgabbros are envisaged to 
be first approximation of the parental magma, and 
enrichments in TiO2 and Fe2O3, and depletion in 
SiO2, might have been responsible for early and 
abundant crystallization of titanomagnetite. One 
plausible way to achieve this is enhanced 
fractionation of clinopyroxene relative to olivine 
occurring at elevated pressure. I propose that one key 
prerequisite for the generation of magmatic Fe-Ti 
oxide ores is efficient extraction of parental magmas 
with composition capable of crystallizing Fe-Ti 
oxides in an early and abundant manner. 
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Brunei bay is an area with a vast array of 

biological diversity and productive ecosystems, 
regional hydrological systems and water resources, a 
natural barrier against strong tides, carbon storage, 
and habitat for wildlife. On the other hand, the bay is 
also important as transshipment and maritime 
activities to the area. This investigation represents the 
first study to understand about the current status, 
source and distribution of the aliphatic and polycyclic 
aromatic hydrocarbons (PAHs), in coastal surface 
sediments of Brunei Bay. Thirteen surface sediments 
collected, freeze-dried and then ultrasonic extracted. 
Identification and quantification were carried out 
using gas chromatography mass spectrometry after 
samples derivatisation. Total n-alkanes, unresolved 
complex mixtures (UCMs) and total PAHs and its 
alkylated homologues ranged between 0.61-9.88 µgg-

1, 2.92-16.15 µgg-1 and 0.02-2.19 µgg-1, respectively. 
The low organic carbons in sediments showed weak 
correlation with total n-alkanes, total PAHs, and 
UCM. The carbon preference index (CPI) ranged 
1.42-2.77 and other biomarkers ratios such as 
terrestrially derived alkanes, terrigenous over aquatic 
(TAR), isoprenoid hydrocarbons and UCM have 
indicated a mixed contribution of terrigenous and also 
anthropogenic fossil fuel inputs. The PAH profiles 
showed a predominance of petrogenic sources 
contamination over the area, with lesser contributions 
from pyrolytic PAHs and also natural sources. The 
naturally derived PAHs, i.e, perylene, comprises only 
of 2.61-39.39% of total PAHs. The elevated 
petrogenic PAHs are probably due to surface runoff 
from surrounding town or direct discharges of fossil 
fuel from maritime related activities such as boating 
and fishing. The values of n-alkane, PAHs and 
related biomarkers suggest that there was a moderate 
to high pollution in the area of study.  
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Ductile shear zones nucleate during the tectonic 

deformation of the lithosphere, facilitating km-scale 
translation of crystalline rocks, subduction and 
exhumation of (U)HP terranes, and localisation of 
orogenic-style high-grade mineralisation. The 
difficulty of texturally linking U-Th-Pb-bearing 
accessory phases and deformation fabrics makes 
strain chronometry a daunting task. In this regard, the 
potential of titanite is tested on an greenschist-
amphibolite facies ore-controlling ductile thrust from 
the South Range of the Sudbury impact structure.  
Quantitative microstructural analysis (EBSD) of 
metasomatic titanites from the shear shows (a) a 
strong shape preferred orientation, (b) strongly 
developed texture (CPO), and (c) both dislocation 
and diffusion creep microstructures. These three 
independent lines of microstructural evidence support 
the interpretation of the metasomatic titanite growth 
as syndeformational. Quantitative microstructural 
analysis of the shear-hosted sulphides (Po-Pn-Cpy) 
shows cumulative misorientation angles up to 50˚ in 
pyrrhotite and pole figures with strongly developed 
point maxima that are distributed along a great circle. 
The microstructural record of crystal-plastic flow in 
sulphides provides further corroborating evidence for 
the presence of sulphide meso and micro-scale 
textures produced by means of mechanical or mixed-
state remobilization in the examined structure.  
Preliminary U-Pb isochron age dating, using laser-
ablation-inductively-coupled-mass-spectrometry 
(LA-ICP-MS), of the fabric-forming titanite grains 
yields a lower intercept date of 1692 ± 54 Ma. Taking 
in consideration the aforementioned micro-textural 
evidence we attribute this date as the timing of shear 
zone operation and sulphide remobilization, in the 
South Range of the Sudbury impact structure, during 
the Mazatzalian-Labradorian orogenic episode (1.7-
1.6 Ga).  
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The stable isotope composition of water is used 
as a natural tracer for assessing the circulation of 
mine water, the mixing of different underground 
sources, as well as their interaction with surface 
water. The study is part of the SUSMIN project 
(CCCDI – UEFISCDI 3004/2014) which pursues the 
enhancement of environmentally sustainable mining 
by evaluating new methods for modelling reactions 
and pathways of contaminants relative to geogenic 
background. 

In Zlatna gold mining area (Apuseni Mountains, 
Romania) the extraction activities were completely 
abandoned in 2007. Presently, the mine openings are 
secured, but significant flow of acid mine water 
continues to discharge into the river system. 

Water samples (running water, springs, domestic 
wells, and mine water) were collected on a monthly 
basis from January to December 2015. Sources of 
running water were sampled both upstream of the 
discharge point of mine water and downstream. 

Linear correlation between δD and δ18O values 
indicates that all water sources belong to the meteoric 
cycle. Correlations between the δD and TDS values 
show underground mixing phenomena between 
different water sources. For most mine water sources 
no significant seasonal variations of the δD, δ18O, pH 
and TDS values was recorded, indicating well-mixed 
underground systems and slow flow recharge 
pathways. Other mine water sources show seasonal 
variations of these parameters suggesting continuous 
recharge of mine water and a fast underground 
circulation.  

No relevant contamination of springs and phreatic 
water by mine water could be revealed, suggesting 
different underground pathways for the two types of 
water. On the contrary, running water is contaminated 
by mine water discharges. The negative effects of 
acid mine water occur mainly in the summer months 
when the flow of the running water decreases. 
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 Exchange of volatiles between the deep 

Earth and surface reservoirs occurs in association 
with plate tectonics: mantle volatiles are outgassed 
via magmatism, and ingassed via the downgoing 
plate at subduction zones. Accordingly, noble gases 
in the mid-ocean ridge basalt (MORB) mantle source 
reflect mixing between primordial volatiles from 
Earth’s accretion, radiogenic and fissiogenic 
components, and recycled surface volatiles.  

 Kr and Xe isotopes in continental well 
gases and basalts constrain the proportion of each gas 
derived from recycling in the MORB source, given a 
chondritic primordial endmember composition [1,2]. 
Similar determinations for Ne and Ar, however, are 
inhibited by uncertainties regarding the primordial Ne 
and Ar endmember compositions: the MORB source 
20Ne/22Ne ratio is ~12.5 [3], which indicates either 
extensive or negligible recycling of atmospheric Ne 
(20Ne/22Ne of 9.8), depending on whether MORB 
source primordial Ne is related the solar nebula  
(20Ne/22Ne of 13.4; [4]) or later input (Ne-B,  which is 
thought to reflect solar wind implantation and 
sputtering effects in late-accreting planetary material, 
20Ne/22Ne of 12.5-12.8; [5]). 
 Here we examine noble gas mixing 
systematics between subducting lithologies and 
primordial components. We find that in order to 
explain MORB source Ne given solar primordial Ne, 
recycled material must have high Ne/(Ar,Xe) and 
must experience minimal elemental fractionation 
during subduction. A high Ne/(Ar,Xe) component is 
observed in altered oceanic crust [6,7], but 
preservation of this component is at odds with 
evidence for light noble gas enrichment in arc and 
back-arc lavas [8] (and complementary light noble 
gas depletion in the downgoing slab). Thus, mixing 
systematics favor Ne-B as the primordial MORB 
source Ne component, supporting delivery of 
primordial Ne by accreting planetary material rather 
than solar nebular ingassing.  Given the Ne-rich 
nature of the solar nebula, its contribution  to other 
MORB source volatiles should also be small. [1] 
Holland et al., 2008, Science [2] Parai and 
Mukhopadhyay, 2015, G3 [3] Holland and Ballentine, 
2005, Nature [4] Heber et al., 2012, ApJ [5] Moreira, 
2013, Geochem Pers) [6] Kumagai et al., 2004, G3 
[7] Kendrick et al., 2015, CMP [8] Hopp and Ionov, 
2011, EPSL. 
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The Weondong skarn deposit is mainly composed 

of grandite garnets (andradite-grossular garnet), 
showing altered texture and compositional zoning by 
metasomatism. The chemical characteristics of the 
grandite garnets were defined by using SEM-BSE 
observation, EPMA-mapping, and LA-ICPMS 
analyses. The garnets were classified into 3-types 
based on their textural characteristics and rare earth 
element (REE) concentrations. Garnets are divided as 
3-types; (1) garnet re-equilibrated by K-rich mineral 
(type-I), (2) intergrowth with K-rich mineral (type-
II), (3) vein-hosted garnet (type-III) with pressure-
induced texture. These garnet’s textural features are 
considered to be periodic fluid fluctuation. In the 
chondrite-normalized REE patterns of these types, 
Al-rich garnets are HREE-enriched. According to 
kinetics of garnet growth, Al-rich garnets were 
formed at equilibrium and slow growth rate. On the 
contrary, Fe- rich garnets are slightly LREE-enriched 
and flatted in HREEs. At the kinetic of garnet growth, 
Fe-rich garnet has grown rapidly, from external 
derived fluids, during infiltration metasomatism. 
Also, each type of garnet grain was differently 
influenced by fluid/rock interaction, magnitude of 
fluid flow and fluid compositions depending on 
spatial or temporal in the skarn system. As a result, 
periodic fluid fluctuation in the skarn system can 
affect morphology of garnets. And, geochemical 
features of the grandite garnet from the Weondong 
polymetallic deposit provides key information to 
understand the evolution of the skarn deposit and 
metasomatic history. 
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Redox reaction is a ubiquitous process in the 
formation of ferromanganese crust that may reflect 
one of formational conditions, particularly variations 
of Fe/Mn redox states and microbial diversity in the 
crust. Samples were dredged from the western Pacific 
Magellan Seamount (OSM11) to investigate the 
biotic/abiotic redox reaction in the formation of the 
crust that consists of five well-defined layers from the 
rim (layer 1) to the core (layer 5). Mineralogy, 
morphology and Fe oxidation state in each layer were 
determined by XRD, SEM, TEM, SAED pattern, 
EDX and EELS. Fe-rich vernadite was detected in all 
layers while quartz, feldspar and hematite only 
appeared in layer 1, and carbonate fluorapatite (CFA) 
was observed in layer 4 and 5. The oxidation states of 
Fe in Fe-rich vernadite measured by EELS showed 
distinct change between layers ranging 36 - 60 % of 
Fe3+/Fetot. PCR analysis indicated the presence of 
functional gene (cumA; 1056bp & coxC; 810bp) 
association with Mn & Fe oxidizer suggesting that 
the biotic Mn & Fe oxidation may promote the 
formation of the Fe-Mn crust. Moreover, some 
organic-derived features and structures detected in all 
five layers through the SEM analysis suggested that 
there should be local biotic contributions when Fe-
Mn crust formed. 
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In order to investigate the controlling factor and 

sources of Pb in coastal sediments in the Yellow Sea, 
88 surface and six core sediments were collected and 
analysed for Pb concentration (1M HCl leached and 
residual fractions) and stable Pb isotopes (207Pb/206Pb, 
208Pb/206Pb) using MC-ICP-MS.  

Leached Pb concentration varied in the range of 
3.8-28.8mg/kg (mean 11.3mg/kg) and showed the 
highest concentration in the fine-grained sediments 
and seemed to be associated with Fe oxide/hydroxide. 
Residual Pb concentra-tion seemed to be related to 
minerals in coarse-sized grains [1]. 

 207Pb/206Pb and 208Pb/206Pb varied in the range of 
0.844-0.851 and 2.102-2.118, respectively. Pb isotope 
ratios decreased from the northern part toward the 
southern part. Based on the ratio-ratio, and ratio 
vesus the inverse of Pb concentration plots, the 
spatial distributions of isotopes were resposible for 
the mixing between Han River borne polluted and 
unpolluted endmembers in the northern part, and the 
mixing between the materials from the Geum River 
and offshore in the southern part [2]. 

This study suggested that Pb isotopes could be a 
good candidate of tracers discriminating the material 
sources in the coastal areas with multiple sources of 
Pb.   

 
 [1] Kim et al., (2000) JKSO 35, 179-191  
[2] Choi et al., (2007) Mar. Chem. 107, 255-274   
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We have determined mineral compositions of 

peridotite xenoliths in trachybasalt from Mt. Baekdu 
to understand the lithospheric mantle formation and 
evolution in the northeast China craton. The 
peridotites studied are manily spinel lherzolites and 
harzburgites with an olivine websterite. The 
peridotites consist of olivine (Fo89.3-91.5), enstatite 
(Wo0.8-1.8En88.3-90.6Fs8.1-10.6), diopside (Wo45.5-49.5En45.4-

50.6Fs3.9-5.6) and spinel (Cr#=8.9-54.7). The websterite 
is composed of olivine  (Fo89.8), enstatite 
(Wo1.0En89.1Fs9.9), diopside (Wo48.4En47.0Fs4.6) and 
spinel (Cr#=12.7). The peridotites are mantle residues 
after up to 25% degree of partial melting of a fertile 
MORB mantle. The websterite is considered to be a 
cumulate origin of basaltic melt possibly in the 
mantle depth. Plots of the Cr# of spinel against Mg# 
of coexisting olivine or Mg# of spinel are within the 
field of abyssal peridotites. Comparison of spinel Cr# 
and TiO2 also suggests an abyssal peridotite 
composition; however, harzburgites show high TiO2 

characteristics of a MORB-like melt reaction. 
Equilibration temperatures and pressures estimated 
using the two-pyroxene thermometers and the Ca-in-
olivine/clinopyroxene barometer range from 750 to 
1050℃, and 0.5 to 3.0 GPa, respectively, reflecting 
their lithospheric mantle origin. The rare earth 
element (REE) patterns in clinopyroxenes (Cpx) of 
the peridotites vary from LREE depleted, through 
spoon shaped to LREE enriched, reflecting secondary 
overprinting by metasomatic melts or fluids. Cpx 
from the websterite exhibits a convex-upward shaped 
REE pattern. Based on trace element distribution 
patterns, four types of equilibrium melt with Cpx 
were identified. Type 1 melts exhibit MORB-like 
LILE depleted patterns. Type 2 melt are characterized 
by significant Nb depletion with LILE enrichment. 
Type 3 melts show no significant Nb depletion with 
LILE enrichment. These features indicate multistage 
melting and metasomatism of the lithospheric mantle 
beneath Mt. Baekdu. Type 1 event might be related 
with formation of depleted MORB-like lithospheric 
mantle in this area. Type 2 event could be associated 
with the subduction of the Pacific plate. Host basalt-
like small degree of partial melt might produce the 
Type 3 melt. The Lu-Hf isochron diagrams for Cpx 
grains show rough positive correlations. Type 1 Cpx 
plot along a 2.6 Ga reference isochron. The Type 2 
and 3 Cpx do not define a meaningful isochron age, 
supporting again their secondary overprinting events.  
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 Groundwater has been used to produce 

drinking water through filtering processes in water 
treatment facilities. Although natural occuring 
radioactive materials (NORMs) in groundwater may 
be accumulated to the filters, there were no studies 
due to relatively low concentrations of NORMs in 
groundwater used for drinking water.  The aim of this 
study is to determine the potential accumulation of 
NORMs to filters in the drinking water facilities. 

 Thirteen drinking water plants that are 
located in Korea were investigated. Surface 
radioactivity dose was measured for each filter 
housing on site, and the groundwater, treated water, 
and used filters were sampled to analyze the NORMs. 
The concentrations of uranium, radon and radium in 
the groundwater samples were quite low. For 
example, all of the measured uranium concentrations 
were below the WHO guideline level of 30ug/L. 
However, the surface radioactivity dose sharply 
increased in the pre-filters of four drinking water 
plants (e.g., micro- and activated carbon-filters). The 
radioactivity of Pb-210 and Th-228 in the pre-filters 
were greater up to ~20 times than the Korean 
regulation level of 1 Bq/g. These results showed that 
the accumulation of NORMs to filters occurrs, even 
though the NORM conentrations were low in the 
groundwater. Therefore, the filters need to be 
properly managed during the manufacturing 
processes in the drinking water facilities or after use. 
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In order to elucidate the biogeochmical processes 

in the Ulleung basin, East Sea, dissolved and 
particulate Fe, Mn, Cd and Ni were acquired from 13 
seawater columns covering slope to basin areas, and 
surface to near bottom water depth (bottom boundary 
layer: BBL) during May 2014 and September 2015. 

In the surface waters, dissolved Mn, Cd and Ni 
concentrations were nearly constant while dissolved 
Fe decreased from nearshore to offshore. On the 
meanwhile, dissolved Mn decreased (particulate Mn 
decreased) but dissolved Cd and Ni increased 
(particulate forms decreased) with water depth 
throughout all the areas, which indicated that 
dissolved Mn supplied from the atmosphere was 
scavenged but Cd and Ni was remineralized from the 
degradation of organic matters. Dissolved Fe was 
scavenged in nearshore sites but showed uniform 
vertical profiles. In the intermediate water, dissolved 
Fe and Mn concentrations were nearly uniform even 
though different water masses could be found [1]. 
Dissolved Cd and Ni showed nutrient like profiles 
although they were little depleted in surface 
seawaters. In bottom boundary layer, dissolved and 
particulate Mn and Fe concentrations increased 
sharply toward the bottom accompanied with the 
decrease of dissolved oxygen and increase of 
alkalinity and turbidity, while dissolved Cd and Ni 
concentrations showed little variation. 

Since high concentrations of dissolved and 
particulate Fe and Mn in the bottom boundary layer 
would be related to the emanation from sediments 
and the consumption of dissolved oxygen in the BBL, 
respectively, dissolved Mn and Fe supplied from 
sedimentary sources would be important in surface 
seawaters of the Ulleung basin because of high 
supply of terrestrial materials and organic matters [2].  
 
[1]  Shin et al., 2007. Ocean and Polar research 
29(1):33-42   
[2] Cha et al., 2007. J. Asian Ear. Sci., 29:685-697. 
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Marine sediments with various clay minerals and 
crystal structures/distribution are associated with a 
sediment provenance and climatic conditions. 
Objective of this study is  tracing sediment 
provenances through clay mineralogy, elemental 
compositon and grain-size distribution of clay 
mineral in sediment core from the Southern Drake 
Passage.  In the present study, X-Ray Diffractometer 
(XRD) measurements showed that smectite, illite and 
chlorite are dominant phases. The semi-quantitative 
analysis showed that the proportion of smectite is 50 - 
60% in interglacial stage, 30 - 39% in glacial stage. 
Comparing with REE data, sediments supply was 
influenced by Weddell sea current and Antarctic 
Circumpolar Current (ACC). X-ray fluorescence 
(XRF) showed the heterogeneous amount of K2O in 
illite with various depths. Moreover, Microanalysis 
and observations of smectites were carried by 
Transmission Electron Microscopy (TEM). Elemental 
compositions of smectite were performed by TEM - 
EDS. Tertiary diagram showed that smectite in Drake 
Passage was transported from three provenances : 
South Shetland island, east and west side of Antarctic 
peninsula. Crystal size distributions of smectite will 
be discussed to verify the origin of those minerals 
during glacial and interglacial periods. The study, 
therefore would suggest that mineralogical/chemcial 
assessment should be used to trace the sediment 
transportation during glacial-interglacial periods. 
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This study was conducted to evaluate of 

distribution of pH and electrical conductivity of soil 
in critical zone. Soil samples were collected at 83 
sites in agricultural area. pH and electrical 
conductivity were measured in solution mixing 5 g of 
soil and 20 mL of deionized water. pH ranged from 
4.0 to 5.8. Background value of pH was approximatly 
4.5. Electrical conductivity ranged from 11.9 to 1,093 
μS/cm. Background value of electrical conductivity 
was approximately 58.8 μS/cm. pH and electrical 
conductivity showed wide range because the amount 
of fertilizer and pesticide used in each agricultural 
field was different. In addition, the kind of crops were 
not significnatly influenced to pH and electrical 
conductivity of soil. In the future, the study regarding 
factors controlling adsorption and migration of 
components in soil will be performed. This study was 
supported by the Korea Research Foundation Grant 
funded by the Korean Government 
(2014R1A1A1008322). 
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The presence of seemingly elevated levels of 

dissolved methane (CH4) in shallow groundwater of 
areas of energy resource development has caused 
significant controversy in recent times. To address 
such controversies, the presence and origin of 
methane prior to development should be determined 
to generate a baseline against which future changes 
can be assessed. We propose that such 
characterization must consider the whole of the fresh 
water zone, identifying all features which control gas 
migration, including presence and abundance of low 
permeability strata, fracture networks and lithology. 
Consequently application of a proven methodology 
used following DNAPL contamination events in 
sedimentary rocks [1] was employed at the CMC 
Research Institutes’ field research station located in 
Alberta, Canada. During investigations a core hole 
was drilled to 106 m depth through a sedimentary 
sequence of glacial till and coal, underlain by 
interbedded sandstone, siltstone and shales. Core was 
logged for lithology, mineralogy and fractures before 
sampling (including rock crushing, degassing and 
physical properties) at depth-discrete points of 
interest. Downhole geophysics approaches were 
employed in combination to design a bespoke multi-
level monitoring system which will allow further 
baseline monitoring of aqueous CH4 concentrations 
during additional experiments planned for the site. 
Initial rock crushing results show presence of CH4 
throughout the profile with abundance varying by 
lithology, mineralogy and distance to fracture 
features. Carbon isotope ratios of methane (δ13C 
between −85 and −70‰) indicate a biogenic origin of 
the gas. Physical properties and results from the multi 
level  groundwater sampling system will also be 
presented and discussed in the context of energy 
resource development. 

 
[1] Parker et al. 2012. Discrete fracture network 

approach for studying contamination in fractured 
rock. AQUA mundi 3(2), 201-116. 
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We present our recent work using atomisitc 

simulation technniques to model the surface and 
stability of hydroxylated mineral surfaces in contact 
with CO2 and water, and how the resulting surface 
alteration affects adsorption processes.  Our approach 
is to combine potential-based simulation techniques 
with standard electronic structure methods based on 
DFT. In each case we calculate the vibrational 
properties, which helps in identiying dynamically 
unstable structures, evaluate vibrational free energies 
and predict spectroscopic data.  The latter can be used 
to compare with experiemental ir and Raman 
spectroscopic data, thereby validating the approaches.  
We will beging by briefly describing our procedure 
for identifying thermodynamically likely structures 
and compositions and the resulting structures.  

We will then describe how the surface 
composition affects both the surface structure 
properties in solution, focussing particularly on 
alkaline earth hydroxides, portlandite and brucite. We 
find that much of the differences are the result of the 
relative reactivities of the surfaces. For example, we 
find that interaction with carbonate is far stronger at 
the edge surfaces, but as yet have been studied much 
less.  Finally, we show how simulation approaches 
can give useful insight into the atom-level 
mechanisms involved, not least how the surface 
composition modifies adsorption processes.   
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Study of high-pressure behaviour of hydrous 

sulfates is most important both for its planetary and 
geological implications [1].  Hydrous sulfates have 
been identified on the surface of Mars as well as in 
the veins of Martian meteorites. Ehlmann and 
Edwards [1] have listed  kieserite, szomolnokite, 
gypsum, alunite, jarosite and iron hydrous sulfates as 
secondary minerals phases on the Martian subsurface. 
In recent years there is a growing interst in study of 
thermodyanamic and structural investigations of 
sulfates with a focus on possible dehydration reaction 
near Martian subsurface environment. [2]   In the 
present study , we carried out high-pressure electrical 
resisitivty , and Fourier –tansfrom spectroscopic 
measurements on natural gypsum collected from Thar 
desert an arid zone, which is considered to be a 
potentioal terrestrial analog to the  Martian surface. 
The gypsum samples were collected from Thar desert 
area of Rajasthan, India. The samples were 
charcterised by electron probe micro anlyses (EPMA) 
Fourier transform infrared (FTIR) spectroscopic, 
differential thermal analyses and powder X-ray 
diffraction methods. High pressure experiments were 
carried out in an opposed anvil cell appartus [3] with 
no pressure transmitting medium. Our experments 
show that gypsum transforms to high-pressure phase 
at about 5 Gpa and becomes amorphous at 8 GPa at 
room temperature. The amorphous phase denser than 
the starting material. There are no dehydration 
reaction up to 8 GPa, implying that the gypsum on 
the surafce of Martian impact craters could retain the 
hydrous component even under shock 
metamorphism. 

We are grateful to CSIR- SHORE P0205-GP; 
PLANEX –Physical Research Laboratory, and Space 
Application Center, Ahmedabad for their finacial 
support. We thank Dr. Manoj Pandit , university of 
Rajasthan for providing the natural gypsum sample.  
 
[1] Ehlmaan B.L., and Edwards C.S. (2014) Annu. 
Rev. Earth. Sci. 42, 291-315 [2] Smith M L et al. 
(2014) Icarus 231, 51-64. [3] Parthasarathy G (2011) 
Am. Mineral., 96,  860-863. 
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Both molybdenum (Mo) and tungsten (W) are 

essential heavy metals, as all life forms require one or 
the other. Tungsten, the heaviest element in nature 
with a known bioessential role in prokaryotes, is 
thought to be among the first metals utilized by 
Earth’s earliest living organisms [1]. Both tungsten 
and molybdenum share similar chemistries, however 
their evolution in seawater was probably remarkably 
different, and the sedimentary record of tungsten has 
received little attention to date. Today, tungsten is 
present in oxic oceans as the stable and soluble 
tungstate (WO4

2-) oxyanion, but at much lower 
concentrations than Mo. Sinks in the modern oceanic 
tungsten cycle appear to be dominated by 
ferromanganese deposits and sulfidic marine 
sediments. Here, we set out to provide constraints on 
the ancient marine tungsten cycle to test the possible 
antiquity of tungsten metalloenzyme utilization and 
evaluate biological co-evolution. We show that 
tungsten had variable concentrations, and its 
bioavailability likely varied throughout geologic 
time. Tungsten concentrations in the shale record 
show broad increases between ~2.3–2.15 Ga and 
~1.1–0.8 Ga, but remained near crustal levels at other 
times in Earth’s history, including the Archean. 
Similarly, the record of iron-rich deposits does not 
support a higher tungsten concentration in Archean 
oceans. Tungsten appears to have been more 
abundant relative to Mo during parts of the mid-
Proterozoic, which might have implications for Mo-
dependent metalloenzymes and early eukaryotic 
evolution.  
[1] Pushie et al. (2014), Metallomics 6, 15-24. 
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The formation of organophosphate bonds is 
stymied by poor reactivity of phosphate minerals 
towards organics.  Recently, we have demonstrated 
that the meteoritic mineral schreibersite—(Fe,Ni)3P—
is capable of phosphorylating the simple organic 
compound glycerol and nucleosides to make 
nucleotides.  The phosphorylation pathway here relies 
on the intrinsic oxidation of P from a near zero 
oxidation state to a +5 in phosphate.   

In this presentation, I outline the possible routes 
to phosphorylation that may have been active on the 
early earth.  These include phosphorylation within 
non-aqueous solvents such as deep eutectic solvents, 
phosphorylation by means of reactive intermediates 
produced by oxidation of reduced P compounds, and 
phosphorylation by activation.  The plausibility of 
these pathways depends on the environment of the 
early earth.  Ultimately, it is plausible that 
phosphorylation was predestined on the early earth as 
a consequence of its geochemistry. 
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This study concentrates on fluid-rock interactions 
in mid-ocean ridge basaltic (MORB) rocks under 
supercritical conditions. The experiment was 
conducted to investigate the reaction-path chemistry 
of supercritical fluid in terms of the nature and timing 
of chemical and mineralogical exchange. In previous 
experimental studies, some insight was gained into 
the fluid-rock exchanges that gave rise to the fluid 
chemical signature; however, many questions 
involving the equilibrium and kinetics of water-rock 
interaction remain. The reactive environments of 
mid-ocean ridge and seafloor spreading centres are of 
enormous global importance but surprisingly, there 
are few modern experimental studies aimed at 
understanding the associated hydrothermal activity. 
In order to study fluid-rock of these systems, 
computer modelling is less accessible due to a lack of 
thermodynamic data. The experimental approach 
offers the only alternative to directly access the fluid-
mineral interactions occurring in these environments. 

We used fresh basalt from the Reykjanes 
Peninsula, Iceland and distilled water. Using a flow-
through apparatus, basalt was reacted with fluid at a 
temperature and pressure up of 400°C and 500 bars 
for a total period of 37 days. Effluent solutions were 
analysed using standard methods for aqueous samples 
and run products were analysed by a combination of 
XRD, SEM, and petrography. 

Unaltered basalt is composed of predominantly 
plagioclase and clinopyroxene, with a lesser amount 
of opaque minerals and a minor quantity of olivine. 
Effluent samples from the experiment contained high 
concentrations of silica (2000 mg kg-1), Na and Al, 
and minor amounts of Ca and K, and no detectable 
Fe, Mg, Mn. The pH increases to 9.2 by the end of 
experiment, indicating measurable hydrolysis of 
silicate phases. Activity-activity diagrams for Na-K-
Ca show that compositions lie within the stability of 
albite and diopside whose presence was also 
confirmed by XRD analysis. 
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The western Dharwar craton exposes Mesoarchean 
mafic-ultramafic rock suites belonging to the Sargur 
group. Debate exists if these rocks were emplaced in 
plume-related setting or if they are remnants of 
magmatism produced under subduction-type settings. 
The occurrence of the ultramafic rock units as thin 
slivers, linear belts and dismembered enclaves 
interspersed within the vast intrusive TTG gneisses 
may also indicate an Archean analogue for 
Phanerozoic-type ophiolite complexes as suggested 
by Furnes et al. [1]. New precise Sm-Nd isotope data 
from less altered mafic-ultramafic rocks of the 
Nuggihalli greenstone belt suggest younger ages for 
the supracrustal rocks of Sargur affinity as compared 
to the existing age data. The primitive mantle 
normalized trace elem]ent patterns for the mafic-
ultramafic rocks from several greenstone belts 
indicate significant Nb negative anomaly indicating a 
possible subduction-type setting for their 
emplacement.  

 
 

 
 
 
 
 
 
 
 
 
 

[1] Furnes et al. (2015) Gond. Res. 27, 649-685. 
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The Troodos ophiolite is an ideal location to 
investigate the relationship between metal mobility 
from source areas and the formation of volcanogenic 
massive sulphide deposits (VMS). Previous studies 
have shown that epidosite altered portions of the 
lower sheeted dyke section of are significantly 
depleted in base metals including Cu and Zn. The 
VMS  in the Troodos ophiolite, are Cu rich but also 
host non-negligible Au, As, Sb and Se. However the 
behaviour of Au and related elements during the 
hydrothermal alteration of the Troodos ophiolite has 
not been investigated. 

Fresh glass analyses reveal that the Troodos 
primitive crust has a similar metal distribution to 
modern day back arc environments such as the 
Manus basin. Sulphur concentrations suggests that 
the crust is sulphide-undersaturated during most of 
the magmatic differentiation (until 3.5 % MgO). Au, 
Se and Cu, which are strongly chalcophile, thus 
behave as incompatible elements until sulphide 
saturation. As, Sb, Zn and Pb also behave as 
incompatible elements but are not affected by 
sulphide saturation. VMS in the Manus basin are Au-
rich and different from those of Troodos. This 
difference can be attributed to the difference in metal 
potential of the primitive crust combined with 
magmatic fluid input and seafloor boiling. 

Mass balance of metal mobilisation from 
epidosite zones shows that significant depletion of Au 
(-87.9±16.3 %), As (-88.5±21.3 %), Sb (-60.9±11.8 
%), Se (-91.6±20.1 %), Cu (-84.2±17.9 %), Zn (-
61.7±8.7 %) and Pb (-69.6±9.8 %) occurs. 
Greenschist altered diabases show also significant 
metal depeltion which suggests that source areas of 
VMS are not restricted to epidosite zones. The metal 
quantity mobilised from the lower sheeted dykes of 
the Solea graben is compared with three VMS within 
the graben. Of the large masses of metals mobilised 
from the source areas,  20 % Au, 19 % As, 2 % Sb, 
38 % Se, 51 % Cu and 6 % Zn are trapped within 
VMS deposits which suggest relatively high metal 
trapping efficiency relative to other tectonic settings.  
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This paper focuses on constraining the erosion 

rate in the area of the Allchar Sb-As-Tl-Au deposit 
(Macedonia). It contains the largest known reserves 
of lorandite (TlAsS2), which is essential for the 
LORanditeEXperiment (LOREX), aimed at 
determining the long-term solar neutrino flux. 
Because the erosion history of the Allchar area is 
crucial for the success of LOREX, we applied 
terrestrial in situ cosmogenic nuclides including both 
radioactive (26Al and 36Cl) and stable (3He and 21Ne) 
nuclides in quartz, dolomite/calcite, sanidine and 
diopside. The obtained results suggest that there is 
accordance in the values obtained by applying 26Al, 
36Cl and 21Ne for around 85% of the entire sample 
collection, with resulting erosion rates varying from 
several tens of m/Ma to ~165 m/Ma.  
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The relationship between climate, hydrology, 

oxygen depletion and increase in nutrient 
concentrations is studied in the west Saronikos Gulf, 
a sub-basin of the Aegean Sea in the east 
Mediterranean Sea.  This sub-basin, with maximum 
depth of 420 m, is the focus of the oceanographic 
interest because of its evolution into a near-bottom 
hypoxic/anoxic environment in the last 25 years. 
Despite that prior to the early 90s, it used to have a 
renewal period of 5 years, the last two deep-water 
oxygen ventilations occurred in 1992 and 2012.  The 
isolation of the deep layers and the resistance to the 
deep mixing in the water column during the winter 
period has very likely been related to climatic factors, 
since the increase of the atmospheric temperature due 
to the global warming after the mid 90’s has in fact 
decreased the upper-layer density (increased the 
water buoyancy). Consequently, the oxygen content 
at the deeper layer decreased significantly, with 
values below 1 mL/L in 2000 and finally, in 2004, 
anoxic conditions developed coinciding with high 
nutrient concentrations (phosphate: 1.92 mmol/m3; 
silicate: 44.5 mmol/m3; Dissolved Inorganic Nitrogen 
- DIN: 10.2 mmol/m3).  In winter of 2012, a deep 
intrusion of oxygen occurred in the deeper layers 
(350 m) of the sub-basin. Recent data showed oxygen 
content at the deep layer of 1.65 mL/L and relatively 
high nutrient concentrations (phosphate: 0.92 
mmol/m3; silicate: 32.3 mmol/m3; DIN: 8.49 
mmol/m3). A possible violent deep mixing in the 
future would suddenly enrich the surface in nutrients, 
probably causing a substantial change in the trophic 
status.   
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Persistent ocean anoxia has long been recognized 
in rocks deposited after the end-Permian and end-
Triassic mass extinction events, but its precise extent 
and duration has remained difficult to quantify 
because anoxia is largely known from local 
indicators. Here we use uranium isotope (δ238U) data 
from Permian-Triassic and Triassic-Jurassic 
boundary sections to quantify the global extent and 
duration of bottom water anoxia. In each case, δ238U 
exhibits a negative excursion across the extinction 
interval of approximately 0.5‰, indicative of a global 
expansion in marine anoxia, followed by a gradual 
return to pre-extinction values during the next few 
million years. The more negative δ238U values 
coincide with large perturbations to the global carbon 
and sulfur cycles as well as reductions in the diversity 
and sizes of benthic marine animals.  Numerical 
models show that a shallow oxygen minimum zone 
(OMZ) can make the global carbon cycle more 
sensitive to forcing from factors such as variation in 
eustatic sea level, potentially explaining the 
coincidence of marine anoxia with large excursions in 
the carbon and sulfur isotope records. We 
hypothesize that the position of the OMZ modulated 
the biological and biogeochemical recoveries from 
these mass extinction events.  
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High-Mg volcanic rocks such as picrites are 

commonly associated with mantle plumes and large 
igneous provinces and are reported to be rare in 
convergent plate margin settings. The formation of 
this type of rocks is often attributed to anomalously 
hot mantle sources or when the down-going slab is 
unusually hot [1,2]. Olivine-rich picritic basalts 
comprise the Serawagan Formation in Panay island, 
central Philippines. Large grains of olivine and 
clinopyroxene are set in fine laths of pyroxenes and 
glass. The textures of the olivines range from well-
formed euhedral crystals, rounded subhedral grains 
and as aggregations of smaller olivine crystals. Kink 
banding and zonation are evident in most of the 
grains. Forsterite and NiO contents of the olivines 
range from 76-93 and 0.14-0.46 wt%, respectively. 
The clinopyroxenes are large euhedral grain with 
strong zonation. At times, the clinopyroxenes form 
spinifex-like textures with the grains forming 
swallow tails at the edges. Clinopyroxenes show 
variable Mg # (=0.74-0.91) and CaO is at 20-22 wt%. 
Minute magnetite with FeO = 30-86 wt% also occur 
as inclusions in some of the olivines. Bulk rock data 
of the picritic basalts reveal high MgO = 16-18 wt %) 
except for one sample which has MgO = 12 wt%. The 
picritic basalts also exhibit high total alkali content 
(Na2O+K2O = 3-7 wt%) and TiO2 = 0.5-0.6 wt%. 

The textural and geochemical variability of the 
olivines in the picritic basalts from Panay suggest 
different origins of the olivine “phenocrysts”. We 
identify at least three types of olivine: restitic, 
peritectic and real phenocrysts. The reaction of a 
silicate melt with the orthopyroxene in a harzburgite 
under low-P conditions can lead to the formation of 
the peritectic olivine. Remnants of the original 
olivines in the harzburgite could be preserved as 
xenocrysts showing clear restitic or mantle olivine 
characteristics. Some of the olivines are phenocrysts 
which may have been crystallized from the melt. 
Lastly, the emplacement of such dense magma is 
possibly related to the arc-continent collision which 
occurred in this region in the Philippines. 
 

 [1] Rohrbach et al., (2005) Contrib Mineral 
Petrol 149, 685-698. [2] Ichiyama et al., (2012) 
Geology 40, 411-414.  
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Weathered banded iron formations (BIF) and 

supergene iron ore deposits are typically blanketed by 
goethite-cemented ferruginous duricrust, also known 
as canga [1]. In the process of canga formation, 
goethite undergoes recurrent dissolution–
recrystallization via the biogeochemical cycling of 
iron, a common process that occurs in surface to 
near-surface environments [2]. This pattern of 
goethite partial dissolution and reprecipitation in 
canga is hypothesized to be organically catalyzed, 
specifically by plants and bacteria [2]. Therefore, 
understanding the contribution of endemic 
metallophyte plants and the associated rhizosphere 
microorganisms to the iron biochemical cycle is 
crucial when trying to elucidate the biological factors 
involved in the process of canga formation.  

Field observations from the elevated plateaus 
within the  Quadrilátero Ferrífero and Carajás regions 
in Brazil, where canga can range from 1-30 m in 
thickness, suggest past and present biological cycling 
of iron within canga. Naturally occurring, fine loose 
lateritic grains, in proximity to plant bases, showed 
partial consolidation within a 20 month sampling 
interval. Further, electron microscopic analysis 
reveals intimate intergrowth of roots with Fe-oxides. 
Evidence of ferruginized roots, biofilms and other 
organic matter, analysed using energy dispersive 
spectroscopy, indicates a strong link between organic 
activity and iron cycling. This correlates to the roots’ 
ability to form micro-environments within canga 
(e.g., acid-reducing conditions) which favours Fe 
reduction and dissolution followed by oxidation and 
reprecipitation once exposed to atmospheric oxygen. 

Our current work focuses on harnessing this 
existing  biogeochemical iron cycle in order to 
promote the formation of canga in a laboratory 
setting, aiming for post-mining rehabilitation of iron 
ore sites by promoting the recreation of these unique 
ferruginous duricrusts and the ecosystem it supports. 
 
[1] Dorr (1964). Supergene iron ores of Minas 
Gerais, Brazil. Economic Geology 59, 1203-1240. 
[2] Monteiro, Vasconcelos, Farley, Spier & Mello 
(2014). (U–Th)/He geochronology of goethite and the 
origin and evolution of cangas. Geochimica et 
Cosmochimica Acta 131, 267-289. 
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In oxic soils and sediments ferrous iron is usually 

oxidised and precipitated in the presence of dissolved 
organic matter to form nanoparticulate and poorly 
crystalline iron(III) (hydr)oxides that are coated and 
coprecipitated with organic carbon (OC). This 
phenomenon has a profound effect on the eventual 
mobility and fate of OC and a number of 
micronutrient trace metals that are also scavenged 
from solution during iron (hydr)oxide precipitation. 
In the first instance, the factors that control the fate of 
OC in soils and sediments are only poorly understood 
but the sorption of organic molecules by reactive 
fine-grained minerals is believed to exert a strong 
influence on OC preservation [1], where at its 
simplest level by removing dissolved OC from 
porewaters and sequestering these molecules to solid 
mineral phases, microbial degradation is severely 
limited and OC life-times are duly enhanced [2]. In 
the second instance, the factors that control the fate of 
micronutrients in soils and sediments are extensively 
studied for pure iron (hydr)oxides, but the presence of 
OC as coatings and structural components significantly 
alters mineral physiochemistry and thus reactivity 
towards trace metals [3]. Micronutrient concentrations 
and isotopic compositions in soils and sediments are 
therefore often difficult to explain and predict. As such 
the molecular-level interaction of iron and carbon, 
through often coupled sorption and redox processes, 
exerts a first order control on OC preservation and 
micronutrient bioavailability that is still only poorly 
understood. Here we present new results, including 
scanning-transmission X-ray microscopy (STXM) 
and X-ray absorption spectroscopy (XAS), from an 
on-going study to determine the role of iron 
(hydr)oxides in the coupled cycling of iron, carbon 
and micronutrient trace metals. We will focus on the 
molecular mechanisms of carbon and metal sorption 
with iron-organic (hydr)oxides, and show that the 
precise sorption mechanisms are crucial to 
understanding the behaviour of OC and micronutrient 
metals during diagenesis. 

[1] Keil et al., 1994, Nature 370, p549. [2] Keil & 
Mayer 2014, Treatise on Geochemistry v2, V12. [3] 
Moon & Peacock 2013, Geochim. Cosmochim. Acta 
104, p148. 
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Many metal and metalloid concentrations in 

groundwater are regulated by drinking water 
maximum contaminant levels (MCL).  CO2-brine-
rock reactions have been shown to release As, Pb, Fe, 
Mn, Cr etc. from CO2 storage site cores and wellbore 
cement, in some cases above MCL’s. This is of 
concern if CO2 or gas-charged brine migrates through 
formations, faults or wellbores to access fresh water 
aquifers [1]. However, during CO2 injection field 
trials initially elevated dissolved metals often 
subsequently decrease [2].  Understanding the 
behaviour of potential contaminants in storage site 
systems is important for evaluating risk. 

Fig. 1:As and Pb (μg/kg) with 100 ppm SO2-CO2 
or CO2-brine reaction of Precipice shale baffle and 
Hutton Sandstone. 
      

   CO2 storage in the low salinity Precipice 
Sandstone, Surat Basin, Australia, is in a feasibility 
study.  Industrial CO2 streams may contain impurities 
such as SOX, NOX and O2.  In CO2-brine or CO2-
SO2±O2-brine reactions with reservoir and cap-rock 
cores, dissolved Fe, Mn, had a partly mineralogical 
control.  However the controls on Pb, As, Ni, Cr, U, 
Mo etc. were less clear.  With co-injected SO2±O2, 
several metal concentrations subsequently decreased 
(Fig. 1) by co-sequestration or adsorption on 
precipitated minerals.  In some cases Fe, Pb, Mn, and 
As exceeded MCL’s remaining elevated. Sources, 
mobilisation, and fate will be evaluated with core 
analyses, experiments and geochemical modelling. 

[1] Karamalidis et al., (2013) EST, 47, 322-329. 
[2] Kharaka et al., (2010) EES 60, 273-284. 
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Gold concentrations in gold deposits are several 

orders of magnitude higher than in aqueous ore-
forming fluids, and five orders of magnitude higher 
than in typical crustal rocks. Gold deposit formation 
therefore requires concentration of gold from large 
volumes of fluid or rock at some point during 
transport or deposition. Microstructural analysis of 
alteration around gold grains increasingly shows that 
the alteration intimately associated with gold is 
incompatible with large fluid volumes. 
Nanoparticulate suspensions, or colloids, present an 
alternative transport medium to the aqueous ionic 
gold complexes that are typically considered to have 
formed gold deposits. Whilst colloidal transport of 
gold and silica is observed in epithermal gold 
systems, and nanoparticulate gold is present in most 
deposit types, colloidal transport is rarely considered 
in orogenic gold systems. We present the first direct 
evidence that large, high economic grade, orogenic 
gold deposits form from gold nanoparticles. 

Electron backscatter diffraction (EBSD) of gold 
grain aggregates from Plutonic Gold Mine shows 
micron-scale domains of orientation variation within 
the grains. These domains are comprised of 100 nm 
nanoparticles of gold that have a strong 
crystallographic preferred orientation. In between the 
gold nanoparticles are zoned nanoparticles of 
platinum-iron alloy. The large gold aggregates also 
contain 10 micron-scale inclusions of euhedral 
calcium-aluminium silicate. Nanoscale chemical 
maps show that the inclusions contain silica and gold 
nanoparticles The silica and gold nanoparticles in the 
silicate inclusions indicate that the two phases were 
transported together with the silica stabilised colloids 
stable at temperatures in excess of 350°C. Given the 
large quantities of gold that can be transported in 
relatively small volumes of colloid, this result means 
that fluid fluxes and formation timescales of orogenic 
gold deposits may be greatly overestimated. 
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Gold deposits are often the loci of multiple 
generations of fluid flow. Changing bulk rock and 
fluid compositions lead to a progressively changing 
assemblage of stable minerals. This paragenetic 
evolution is often accomplished by epitaxial 
replacement of one phase by another. In the Junction 
Deposit, Western Australia, the metamorphic albite-
actinolite-chlorite greenstone assemblage has been 
replaced, during early-stage K-CO2-S metasomatism, 
by calcite and biotite with sulphidation of igneous 
magnetite. Detailed petrography shows that gold is 
associated with a second stage of replacement where 
biotite breaks down to muscovite and chlorite. Calcite 
is replaced by heterogeneous nucleation  of siderite 
and dolomite along twin planes. We demonstrate that, 
despite apparent open space growth textures, 
dolomite grew by solid state replacement of the 
calcite. Nucleation was localised on chemical 
heterogeneities within the calcite taking advantage of 
lattice strain around Fe-enriched calcite patches. 

Elsewhere in the same sample, ilmenite is 
breaking down to anatase and rutile during the 
siderite/dolomite forming event. Despite lack of 
crystallographic correspondence between Ti-bearing 
phases, the dolomite that infills porosity generated 
during the reaction has nucleated epitaxially on the 
relic ilmenite. This highlights the potential 
importance of surface processes during metamorphic 
and alteration reactions. Finally, gold is mineralised 
in zones of biotite breakdown to muscovite. Detailed 
analysis of the mica and gold crystallogrpahy shows 
that the distribution of gold orientations is not 
statitically random. The orientations of gold {111} 
planes is subparallel to that of the mica (001) planes 
as is observed during industrial chemical vapour 
deposition processes. This highlights the utility of 
examining gold crystallography to understand fully 
deposition mechansims in gold deposits. Whilst the 
previous examples show that surface processes are 
important for undrestanding mineral reactions, the 
localisation of gold mineralisation on mica highlghts 
the economic importance of understanding the role of 
surface chemistry processes in the crust.  
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The life-preserving role of deep cratonic keels 

beneath Earth’s oldest continental crust is clear and 
undisputed. In contrast, considerable debate revolves 
around the origin of these deep, rheologically stiff 
mantle roots.  We review the evidence for melting 
environment and tectonic setting of these peridotites, 
examining the possible role played by lateral collision 
and shortening. 

 Ca-Al and Cr-Al bulk rock relations of the 
least metasomatically altered, most depleted mantle 
xenoliths clearly indicate relatively shallow (~5 GPa) 
melt depletion, a result consistent with mildly 
incompatible trace elements.  These compositions are 
most like peridotites produced in modern-day 
subduction settings or as highly refractory cumulates. 
Depletion stratigraphy (defined by olivine Mg# 
versus depth) within cratonic roots sampled by 
mantle xenoliths broadly define profiles that can be 
explained either as single -stage adiabatic melting 
profiles at Archean mantle potential temperatures or 
stacked profiles of such residues.  

New geodynamical modeling of the compression 
of lithospheric sections of craton-like mantle 
composition and rheology illustrate the possibility of 
creating deep highly depleted mantle keels with 
optimal stability at circa 200 to 250 km thickness – 
the typical thickness of cratonic mantle lithosphere 
observed for the past billion years, This scenario is 
also a mechanism for i) incorporating highly 
refractory ultramafic rocks that may have been 
produced as shallow-level cumulates in the 
Eoarchean into the mantle root and ii) generating the 
often extensive thick ultra-depleted zones in cratonic 
keels, with the more fertile, less strong section 
removed by thermo-mechanical erosion. 

Such a model produces cratonic keels comprising 
peridotites of multiple origins  and a wide spectrum 
of Archean ages, juxtaposed in potentially complex 
ways – all features observed in cratonic mantle roots. 
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Polycyclic aromatic hydrocarbons (PAHs) are a 
class of persistent organic pollutants that contain two 
or more fused benzene rings. PAHs are generated by 
thermal maturation of sedimentary organic matter, by 
incomplete combustion of biomass and fossil fuels, 
and by diagenesis of biogenic precursors. Because 
some PAHs are carcinogens, the distribution of these 
compounds in the environment is of significant 
academic and societal interest, particularly in 
urbanized settings with multiple sources of PAHs. 

This study focuses on investigation of PAHs in 
sediments in the tidal River Thames. We used a 
combination of molecular ratios and compound-
specific carbon isotope (δ13C) data to determine the 
sources of these pollutants. We analyzed 26 samples 
representing the uppermost (0-10 cm) section from 26 
cores taken between Richmond and Thames Barrier 
along the River Thames within the city limits of 
London. Additionally, we analyzed 24 samples at 
different depths (max. 1 m) from 3 cores. Molecular 
characterization (compound identification and 
concentrations) of PAHs was achieved using gas 
chromatography-mass spectrometry (GC-MS) and 
δ13C values of individual PAHs were determined 
using a gas chromatograph/combustion/isotope ratio 
mass spectrometer (GC/C/IRMS). 

Our molecular ratio data based on phenanthrene, 
anthracene, fluoranthene, and pyrene 
(Phen/(Phen+Anth) vs. Flrt/(Flrt+Pyr)) and 
benz[a]anthracene, chrysene, indeno[1,2,3-cd]pyrene, 
and benzo[ghi]perylene (BaA/(BaA+Chry) vs. 
IP/(IP+BghiP)) suggested several potential sources of 
PAHs: the predominance of coal combustion and coal 
tar material, with an addition of gasoline component. 
However, δ13C values for phenanthrene, fluoranthene, 
benz[a]anthracene, and chrysene showed that PAHs 
are sourced primarily by coal tar, thus providing a 
more precise identificaiton of provenance. This study 
demonstrates the usefulness of an integrated approach 
whereby molecular characterization is used in 
conjunction with stable carbon isotopes for PAH 
source apportionment in an urban settings. 
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The abiotic formation of oligopeptides is 

mandatory to the emergence of enzymatic activity 
and the first metabolic pathways of life. As a 
dehydration reaction, polymerization is unfavorable 
in water but is favoured by hydrothermal conditions, 
i.e. under lower water activity [1-3]. However, high 
temperature also tends to degrade amino acids and 
often leads to the dominant formation of the cyclic 
dimer diketopiperazine, i.e. a dead-end product for 
the synthesis of longer linear peptides. Hence it is 
crucial to understand the parameters that control the 
stability of amino acids and the yield of the 
polymerization reaction. The latter can be evaluated 
as the ratio of linear to cyclic dimers. This study 
focused on the evolution of a glycine solution under 
high pressure and high temperature, up to 300°C and 
3 GPa. Experiments were conducted in an externally 
heated diamond anvil cell and analysed in situ using 
high resolution Raman spectroscopy. Four 
experiments were carried out at 200°C and between 
100 and 400 MPa, for 7 to 20 hours. Upon heating, 
the pressurized samples produced up to 10 mol% of 
linear diglycine against 1 mol% of cyclic dimer. 
Those products remained stable afterwards, even after 
quenching. Thermal degradation was small or 
negligible. To our knowledge, such a high ratio in 
favour of the linear polymer has not yet been 
described. Further exploration of the pressure-
temperature landscape showed that below 400 MPa, 
temperature activated polymerization but also 
significantly enhanced the degradation of the 
monomers whilst pressure in excess of 1 GPa 
stabilized the starting glycine and inhibited further 
reactions. This experimental work supports the 
hypothesis that primitive deep hydrothermal 
environments in the fractured bedrock could have 
witnessed the formation of polypeptides and 
contributed to the emergence of life. 

 
[1] Imai et al. (1999), Science 283, 831-833. [2] 

Futamura and Fujioka (2007), Journal of Materials 
Science 43, 2442-2446. [3] Lemke et al. (2009), 
Astrobiology 9, 141-146. 
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The Prony hydrothermal field (PHF) is located at 

the southern end of New Caledonia mainland on a 
serpentinized peridotitic substratum. Low 
temperature (up to 40°C) high pH (up to 11) waters 
of meteoric origin discharge in the lagoon at springs 
either underwater, on land (Kaoris) or uncovered at 
low tide (Bain des Japonais, BdJ). Detailed mapping 
and extensive sampling (water, gas and concretion) of 
the PHF have been carried out since 2005 [1], 
especially during the 2011 HYDROPRONY cruise 
[2]. Mixing of the hyperalkaline Ca-OH type waters 
with seawater [3] as well as organomineralization 
processes [4] lead to the formation of a field of Ca-
carbonates and brucite needles among which the 
famous 38m-high Aiguille de Prony. Gas bubbles 
sampled at BdJ and Kaoris are dominated by nitrogen 
and enriched in methane and hydrogen [3]. The 
archaeal diversity is limited and dominated by few 
uncultured Methanosarcinales [7,8]. Conversely 
bacterial communities are more diverse, abundant and 
mainly composed of Chloroflexi, Deinococcus-
Thermus, Firmicutes and Proteobacteria [7]. New 
alkaliphilic bacterial species, representing unique 
anaerobes reported from serpentinite-hosted 
environments, have been isolated [5,6]. A 6-year 
investigation revealed the stability of these 
indigenous communities [8]. The Prony Bay 
hydrothermal system is a unique, easily accessible, 
environment at the interface between continental and 
marine settings that allows studying mineral-biota 
interactions at hyperalkaline conditions.  
 
[1] Pelletier et al. (2006), IRD Nouméa Report (70) : 
44 p., [2] Pelletier et al. (2011), 
http://dx.doi.org/10.17600/ 11100060 ; [3]  Monnin et 
al. (2014), Biogeosciences, 11(20): 5687-5706; [4]  
Pisapia et al. (submitted), Front. Microbiol.; [5]  Ben 
Aissa, F. et al., (2015) Extremophiles, 19(1), 183-
188; [6]  Mei et al (2014), Int. J. Hydrogen Energ. 
39(34): 19465–19473; [7]  Quemeneur et al (2014), 
Env. Microb. Reports, 6(6): 665-674; [8]  Postec et 
al. (2015), Front.  Microbiol,, 6.  
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In soils and sediments, contaminant dynamics are 
coupled closely to their interactions with iron and 
manganese oxides. These solid phases typically occur 
as nanoparticles that bear significant structural 
disorder and are admixed with microbial biomass. 
Layer-type MnO2 produced by bacteria and fungi 
display high sorption capacities for trace and 
contaminant metals and contribute to oxidative 
transformation of organic and inorganic pollutants. 
The precipitation of iron oxides under circumneutral 
pH environments in hyporheic and riparian zones can 
also be induced through bacterial activity, leading to 
the formation of highly disordered nanaoparticles that 
are embedded in an organic matrix and have large 
sorption capacities for trace metals and metalloids.  
Given their high reactivity, along with the ease and 
low-cost of synthesis, these biogenic minerals have 
the potential to be implemented as adsorbents in 
engineered systems and water treatment. 

In this talk, we present our recent work on 
contaminant uptake by biogenic and Fe and Mn 
oxides, highlighting aspects of their surface chemistry 
that can be assessed through the study of chemically 
generated abiotic minerals alone or in composite 
biomass-mineral assemblages. We exploit 
synchrotron-based X-ray absorption and X-ray 
scattering methods to analyse samples under steady-
state and dynamic conditions, providing basic 
knowledge of these mineral systems that can be 
harnessed for technological applications.    
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The Archean domains are composed of tonalite-

trondhjemite-granodiorite (TTG) gneisses, diorites 
and granites, and supracrustal successions 
(commonly greenstone belts) of greenschist facies 
(upper crust) to granulite facies (lower crust). The 
majority of the Archean domains in the Eastern North 
China craton was built at 2600–2500 Ma, and 
generally suffered high-amphibolite to granulite 
facies metamorphism with anti-clockwise P-T-paths 
at ~2480 Ma. Although the >2600 Ma rocks (even 
~3800 Ma rocks in Anshan area) distribute mostly as 
minor relic bodies/lens in the 2600-2500 Ma-
dominated crust, there are several regions with 
significant ~2700 Ma crust. And the marginal regions 
of this craton were overprinted by a ~1950–1800 Ma 
metamorphism up to high-pressure granulite facies 
with clockwise P-T-paths. The supracrustal rocks 
occur as relic bodies with varied scales up to 
kilometers intruded by the TTG gneisses-dominated 
plutons, which cover 70-80 % of the Archean 
domains. This typical structural architecture of the 
lower continental crust is distinctly different from the 
typical dome-and-keel structure in some other 
cratons, which likely formed under significant 
vertical tectonism. Based on the spatial-temporal 
architecture of the Archean domains of the Eastern 
North China craton, we propose that the craton can be 
divided into four blocks, i.e., the Lushan-Jiaobei, 
Zhongtiao-Taishan, Liaonan-Qingyuan and Wutai-
Zunhua blocks. The chemistry of these Neoarchean 
blocks approves a horizontal growth of crust; 
however, the presence of mafic rocks from primitive 
mantle and the strong anatexis producing voluminous 
plutonic rocks in the high-grade domains may 
indicate the co-existing of vertical growth of the 
crust. The four blocks may be the crust of arc-like 
terrains produced by the Archean-style subduction, 
i.e., a mantle-wedge-weak ‘hot’ flat subduction with 
significant mantle upwelling under the arc crust, and 
the exhumation of the Archean domains from varied 
crustal levels may be resulted from their 
amalgamation at ~2480 Ma. 
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The karst region of Southwest China is one of the 

largest karst areas in the world. Karst Critical Zone 
has a ground and underground dual-hydrogeological 
structure, which impact special rainfall - runoff 
process and soil erosion process and paths. Surface 
runoff and soil loss on the karst hill slopes were very 
small, the highest annual surface runoff coefficients 
at limestone slopes were less than 5%, and annual 
soil loss was less than 50 Mg km-2. Most rainfall 
water was infiltrated into underground through 
limestone fissures and fractures, while little was in 
the form of surface runoff. The 137Cs technique was 
used to date the sediment deposits in six karst 
depressions, to estimate average surface erosion rates 
on slopes from their catchments. The estimates of soil 
loss rates obtained from this study evidenced 
considerable variability. A value of 1.0 t km-2 year-1 
was obtained for a catchment under original dense 
karst forest, but the erosion rates ranged between 19.3 
t km-2 year-1 and  48.7 t km-2 year-1 in four catchments 
under secondary forest or grasses, where the original 
forest cover had been removed in the Ming and Qing 
dynasties, several hundred years ago. The highest rate 
of 1643 t km-2 year-1 was obtained for a catchment 
underlain by clayey carbonate rocks, where the soil 
cover was thicker and more extensive than in the 
other catchments and extensive land reclamation for 
cultivation. Compared to the non - karst areas, the 
paths of soil loss in karst area are very complicated, 
including the surface erosion, bank erosion and 
underground soil loss (mainly through fissures and 
fractures of rocks). Sediment source of karst 
catchment is composed by the surface erosion (from 
karst slope), bank erosion (from channel banks) and 
soil underground loss (from the carbonate rock 
fissures or factures). when catchment less than 0.5 
km2，slope soil loss slight，sediment source mainly 
came from bank erosion and soil underground loss; as 
the catchment area increase，the proportion of bank 
erosion and soil underground loss increased. 
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The Early Eocene carbon cycle was repeatedly 
perturbed by transient hyperthermal events 
characterized by negative carbon isotope excursions 
(CIE’s), global warming, and deep-sea carbonate 
dissolution. They range in size from the Paleocene-
Eocene Thermal Maximum (PETM, ~56 Ma, a >2‰ 
CIE lasting ~150,000 years) to smaller (<1‰ CIE) 
orbitally-paced events throughout the Early Eocene 
Climatic Optimum (50-53Ma). Enhanced weathering 
of terrestrial silicate rocks under elevated surface 
temperatures is thought to provide a significant 
negative feedback on global warming during these 
events which drives their terminations and leads to 
their transient nature. The elevated weathering of 
silicate rocks necessary to sequester masses of carbon 
consistent with estimates for hyperthermal carbon 
release should also liberate a significant (relative to 
background levels) quantity of dissolved silica to the 
oceans. Due to the relatively short residence time of 
Si in the oceans (<20,000 years), this elevated Si 
delivery would likely be taken up by siliceous 
organisms and buried as opal within tens of 
thousands of years following each hyperthermal. We 
present a new deep-sea record (IODP Site U1409) 
spanning the Lower Eocene that contains silica-rich 
facies (porcellanite, chert) with coincident benthic 
CIE’s marking at least the two largest of these events 
(the PETM and ETM2). Sedimentology and high-
resolution X-ray fluorescence scanning also indicates 
numerous peaks in silica abundance occuring 
throughout the early Eocene as well. Forthcoming 
benthic stable isotope records over such siliceous 
intervals will allow us to test the hypothesis that these 
similar silica-rich facies correspond to the younger 
hyperthermals. 
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The Catalina Schist contains a spectacular, km-

scale amphibolite facies mélange zone, thought to be 
part of a Cretaceous convergent margin plate 
interface. In this setting, mafic and ultramafic blocks 
ranging from cms up to 100s of m in diameter are 
surrounded by finer-grained matrix that is derived 
from the blocks. All blocks throughout the mélange 
contain assemblages consistent with upper 
amphibolite-facies conditions, suggesting fomation 
over a relatively restricted range of depths and 
temperatures. This apparent uniformity contrasts with 
other mélanges, such as the Franciscan Complex, 
where rocks with highly variable peak metamorphic 
grade suggest extensive mixing of materials along the 
subduction interface. This mixing has been ascribed 
to flow of material within relatively low viscosity 
matrix. The Zr content of rutiles in 26 blocks and 1 
matrix sample from the amphibolite facies of the 
Catalina Schist were measured to determine peak 
metamorphic temperatures, identify whether these 
temperatures were different among blocks (within 
error), and whether the spatial distribution of 
temperatures throughout the mélange was systematic 
or random. Resolvably different Zr contents, between 
290 and 720 (±10-40) ppm, are found among the 
blocks, corresponding to different peak metamorphic 
temperatures of 650 to 730 (±3-15) °C at an assumed 
pressure of 1 GPa. These results are broadly 
consistent with previous thermobarometric estimates. 
No systematic distribution of temperatures was 
found, however. Material flow within the Catalina 
Schist mélange was likely chaotic, but appears to 
have occurred on a relatively restricted scale. 
Progressive metamorphism of mélange matrix is 
expected to produce rheologically stiffer matrix 
minerals (e.g., amphiboles and pyroxenes) at the 
expense of weaker matrix minerals (e.g., sheet 
silicates), affecting the overall rheological behavior 
of the mélange, and dictating the scale of flow. The 
Catalina Schist amphibolite facies appears to provide 
a snapshot of hot stiff portions of a subduction 
interface, likely representative of rheological 
behavior at depths approaching the subarc. 
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The restricted geological record on crust-forming 

processes during Earth’s early history provides a 
controversy on how and when continental crust was 
formed. Since Precambrian peaks of crustal formation 
coincide in time with regional high-temperature 
granulite facies metamorphism and assembly of 
supercontinents, ultra-hot orogeny associated with 
proto-continental plates convergence might set up 
mechanism(s) for efficient magmatic activity 
necessary for crustal growth.  

Using a 2D coupled petrothermomechanical 
numerical model with mantle temperatures 150oC 
higher than the modern temperature we show that 
convergence of two relatively thin and fertile proto-
continental lithospheric plates creates orogenic-scale 
thick continental crust with temperatures 700-1100oC 
at the bottom and with melt-depleted mаntle roots in 
a timescale of tens of millions of years. The model 
successfully reproduces an ultra-hot accretionary 
orogen with low to submarin topography. The orogen 
is underplated by invaded hot asthenospheric mantle 
and spreads with plate tectonic rates due to the 
delamination of the lithospheric mantle.The modeled 
orogeny provides significant net crustal growth and 
creates new continental crust with a large variety of 
rock types, including newly formed metabasic and 
metasedimentary rocks, including disintegrated 
blocks of earlier crust, and products of partial 
melting.  

The proposed delamination-driven model for a 
ultra-hot Precambrian orogeny can accurately be 
applied to explain generation of melt-depleted 
mantle, thick crust with strong granite-greenstone 
terranes affinities, ultrahigh temperature granulites 
and series of TTG-like low and middle pressure 
granitoids.  

This work was supported by RSCF (grant 14-17-
00581 to OGS and ALP) and NRF Grant 81040 to 
DDvR.  
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The island of Timor lies just north of Australia 

within the Banda Arc. Current models describe Timor 
as part of the accretionary product of young arc-
continent collision between the Asian and Australian 
plates.  As such its geology consists of a mix of both 
plates in complex association. Ultramafic bodies can 
be found outcropping across Timor Island and have 
been attributed to either a supra-subduction zone 
(SSZ) ophiolitic or sub-continental lithospheric 
mantle origin. A lack of geochemical data, together 
with enigmatic structural field relationships, has led 
to controversy surrounding their origins and tectonic 
significance.  

Peridotite bodies dispersed across the northern 
coast of Timor were successfully mapped and 
sampled during a 2015 field mapping season in 
Timor-Leste’s exclave district of Oecusse. Primary 
objectives were to determine the relationship of the 
Oecusse ultramafic bodies with 1) other ultramafic 
bodies throughout the rest of Timor and 2) the 
Oecusse pillow volcanics thrust sheet. Further, the 
study aims to provide additional data in determining 
an environment of origin for these rocks.  

Using a combination of structural, petrographic 
and geochemical analysis, this study presents a new 
wide-ranging dataset towards this goal. By comparing 
new bulk-rock and mineral major and minor element 
chemistry with previous studies, the geochemical 
expression of mantle processes in a convergent 
margin environment are explored. 
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Large Igneous Provinces (LIPs) represent the 
geologically abrupt eruption or crustal accumulation 
of millions of cubic kilometers of (chiefly) basaltic 
material. Radiometric dating indicates that many LIPs 
appear to coincide with times of mass extinction 
and/or major environmental change. However, a 
conclusive indicator for LIP volcanism in the 
sedimentary record remains desirable. Mercury (Hg) 
has previously shown promise as a sedimentary tracer 
for volcanic acivity, in particular for the end-Permian 
extinction and Toarcian Ocean Anoxic Event. 
Emitted as an inert, trace gas from volcanoes in the 
modern, mercury has an atmospheric residence time 
of 1–2 years, allowing it to be globally distributed 
before being deposited to sediments. 

This study presents new data comparing multiple 
sedimentary Hg records of two similar LIPs: the end-
Triassic Central Atlantic Magmatic Province 
(CAMP), and the end-Cretaceous Deccan Traps. Both 
were emplaced subaerially, at low latitudes, and 
coincided with major mass-extinction events. 
Multiple excursions in Hg concentrations are 
observed in latest-Triassic sediments, potentially 
indicative of an episodic emplacement of CAMP, 
which is supported by geological evidence. 
Contrastingly, we find no Hg excursions in latest 
Cretaceous sediments, despite previous studies 
indicating that Deccan volcanism commenced 
300kyrs prior to the KPg boundary. It is proposed 
that the Hg excursions observed from records of the 
end-Triassic (and other events) were caused by 
release of thermogenic Hg following intrusion of 
organic sediments by LIP magmas, whereas the 
Deccan Traps did not intrude organic sediments and 
could not have produced thermogenic mercury. These 
new data reinforce previous hypotheses that most 
volatile output associated with LIPs was thermogenic, 
rather than magmatic. 
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River corridors (RC) represent an integral part of 
river systems and can, depending on hydrology and 
geomorphology, act both as a source of sink for 
riverine carbon (C). Increased intensity or 
precipitation will augment river discharges and lead 
to erosion liberating sediment-bound, terrestrial C 
into the aqueous system [1]. Such aqueous organic C 
is more bioavailable than sediment bound C and can 
be readily transformed into the greenhouse gas CO2 
[2]. We hypothesized that amount and bioavailability 
of this RC carbon depends on land cover (agricultural 
vs. forested) and distance from the stream (stream 
bank vs. far stream) and use a 5th order stream in 
Vermont (USA) to test this hypothesis. Four 
representative land covers were sampled with depth 
including spatial and temporal replicates in summer 
2015, analysed for total and water extractable organic 
C and % respired C using incubations. Preliminary 
results indicate that the agricultural site contained the 
most total C but the forested site produced more 
WEOC. Fluvial erosion and deposition impacted near 
stream areas were generally low in C. Bioavailability 
normalized to C content was similar for all land 
covers. These results indicate that C characteristics 
vary with land cover, a metric that can be readily 
derived from remote sensing data allowing for 
assessment at greater spatial scales. 
 
[1] Guilbert, et al. (2015) Geophysical Research 
Letters, 42, 1888-1893. [2] Aitkenhead-Peterson, et 
al. (2003) Aquatic Ecosystems. 25-70. 
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The success of the SIMS technique in the 

Geosciences field relies on its performance in terms 
of: 1) in-situ analysis of any solid flat polished 
surface; 2) great sensitivity which is mandatory for 
high precision measurements or to achieve low 
detection limits; 3) elemental as well as isotopic 
information ranging from low mass (H) to high mass 
species (U and above); 4) high spatial resolution from 
tens of microns down to sub-micron scale.       

The IMS 1280-HR is a large geometry magnetic 
sector ion microprobe delivering unequalled 
analytical performance for a wide range of 
applications: tracking geological processes using 
stable isotopes, dating minerals, determining the 
content of trace elements, screening and analyzing 
large numbers of particles...  

High density cesium or oxygen primary ion beam 
bombardment combined with optimized transmission 
allow high precision stable isotope studies and 
analysis of trace elements at high sensitivity (e.g. 
mandatory for Pb analyses in Zircon). The 
multicollector system ensures ultimate reproducibility 
for stable isotope ratio measurements and 
significantly increases the throughput of the 
instrument by reducing the total acquisition time. 
Thanks to its superior imaging capabilities, the IMS 
1280-HR is capable of mapping the distribution of 
major, minor and trace elements or isotopes at sub-
micron lateral resolution. 

Tenth of permil isotopic ratio reproducibility can 
be routinely obtained on the IMS 1280-HR for 
multicollection analyses using multiple Faraday Cups 
ion detectors together with typically a few nA of 
primary current. Using FCs has nevertheless the 
drawback that it is not possible to achieve low count 
rate i.e. single ion counting. EM detectors (electron 
multipliers) work in a direct pulse counting mode, but 
when working with the high count rate, required to 
obtain sufficient statistics in reasonable time, aging of 
the EMs is known to limit the isotopic ratio 
reproducibility. 

We implemented an iterative real-time control of 
the EM high voltage (HV) for automatically re-
adjusting the EM HV before each isotopic ratio 
measurement, thus minimizing the effect of EM 
aging on reproducibility. We demonstrate that 0.2-0.3 
permil isotopic reproducibility (1σ) is readily 
achievable on the IMS 1280-HR in automated mode, 
working with EM detectors and count rates up to the 
1E6 counts/sec. 
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Soils developed on tropical volcanic islands are 

highly depleted due to intensive chemical weathering, 
and mineral nutrients from exogenous inputs play an 
important role in sustaining soil fertility and 
productivity [1]. Sr and U-series isotopes are 
excellent tracers to identify the origin of atmospheric 
inputs into soils and to determine rates and timescales 
of soil formation [2, 3]. In this study, we analyzed 
major element concentrations, mineralogy, and Sr 
and U-series isotope ratios from three thick (8-12m), 
highly depleted soil profiles in Bras-David, 
Moustique Petit-Bourg, and Deshaies watersheds in 
Basse-Terre in French Guadeloupe to identify and 
quantify key soil formation processes. We also 
conducted Sr and U-series isotope analysis in 
sequential extraction fractions in soils to determine 
atmospheric input sources. Adjacent rivers were also 
studied for major element concentrations and U and 
Sr isotope ratios.  

Results have shown a significant depletion of U, 
Sr, and major elements in the deep profile attributed 
to rapid chemical weathering. The upper soil profiles 
(3-4 m to the surface) all show addition of elements 
such as Ca, Mg, U, and Sr due to atmospheric dust. Sr 
and U-series isotope ratios of the top soils and 
sequential extraction fractions confirm that the 
sources of the dust are from the Saharan dessert, 
through long distance transport across the Atlantic 
Ocean [4]. Our study highlights that dusts and marine 
aerosols play important roles in element cycles and 
nutrient sources in the highly depleted surface soils of 
tropical oceanic islands. 

 
[1] Clergue, et al. (2015) Chem. Geol., 414, 28-41. 
[2] Pett-Ridge et al. (2009) Geochim. Chosmochim. 
Acta, 73, 25-43. [3] Derry & Chadwick (2007) 
Elements, 3, 333-338. [4] Kumar et al. (2014) Atm. 
Environ., 82, 130-143. 
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Zambales Ophiolite, located in west-central 

Luzon, the Philippines, is the type supra-subduction 
ophiolite of the Western Pacific. Thus, it is an ideal 
place to test the “subduction initiation” rule [1]. 
Studies have shown that it is composed of two 
distinct mantle-crust sequences – the 45 Ma Coto 
Block with transitional MORB affinity and 44-43 Ma 
Acoje Block with island arc characteristics [2,3,4,5].  

Based on observations in the vicinity of Barlo 
Mine, two volcanic lithofacies are recognized in the 
Acoje Block upper crustal section. A lower bulbous 
boninitic pillow lava unit is overlain by  an andesitic 
upper unit consisting of submarine explosive 
eruptives including scoria and spatter deposits 
marginal to a fissure vent, moderately welded 
agglutinates interbedded with pahoehoe lava flows, 
breccias and feeder dikes. Transitional boninites 
(after Beccaluva and Serri, 1988) from the Zambales 
Ophiolite are hypohyaline and highly phyric. 
Phenocryst assemblage include olivine usually 
replaced by calcite, zeolite and clay minerals, 
subhedral-euhedral augite (Mg#=81-91) with 
oscillatory and sector zoning, and rare corroded 
enstatite (Mg#=84-89) with reverse zoning. Spinel 
(XCr=0.6-0.7) with melt inclusions occurs near 
phenocryst/microphenocryst margins. Crystallization 
order is sp+ol+cpx+opx. Groundmass consists of 
<0.3mm long plagioclase microlites with swallow-tail 
terminations and spherulitic clinopyroxene. With 
MgO = 11-14 wt%, TiO2 = 0.2 wt% and SiO2 = 48-50 
wt%, transitional boninites from the Zambales 
Ophiolite are characterized as high-Ca, low-Si 
subtype. In contrast, the upper explosive volcanic unit  
consists of aphyric arc tholeiites with sparse pyroxene 
microphenocrysts in a trachytic groundmass 
consisting of plagioclase microlites and magnetite. 

Coupled with intense petrological studies of the 
IBM forearc, geophysical studies of the West 
Philippine Basin and Luzon, the presence of a 
transitional boninite-tholeiite suite in the Acoje Block 
vis-à-vis the transitional MORB of the Coto Block 
[3,4] calls for a re-evaluation of the backarc-arc pair 
[2] and backarc [5] models for the Zambales 
Ophiolite. 

 
[1] Whattam and Stern (2012) Contrib Miner Petrol 
162 1031-1045. [2] Hawkins and Evans (1983) AGU 
Geophysical Monograph 27 124-138. [3] Geary et al., 
(1989) Tectonophysics 168 43-63. [4]	  Yumul et al., 
(1990) J. Geol. Soc. Phil. 45 69-100. [5] Encarnacion 
et al., (1993) J. Geophys. Res. 98 19991-20004. 
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Evaluation of the mixing process in aquifers is of 
primary importance when assessing attenuation of 
pollutants. In aquifers different hydraulic and 
chemical properties can increase mixing and 
spreading of the transported species. Mixing 
processes control biogeochemical transformations 
such as precipitation/dissolution reactions or 
degradation reactions that are fast compared to mass 
transfer processes. Reactions are local phenomena 
that fluctuate at the pore scale, but predictions are 
often made at much larger scales. However, aquifer 
heterogeities are found at all scales and generates 
flow heterogeneities which creates complex 
concentration distributions that enhances mixing.In 
order to assess the impact of spatial flow 
heterogeneities at pore scale we study concentration 
profiles, gradients and reaction rates using a random 
walk particle tracking (RWPT) method and kernel 
density estimators to reconstruct concentrations and 
gradients in two setups. First, we focus on a 
irreversible bimolecular reaction A + B � C under 
homogeneous flow to distinguish phenomena of 
incomplete mixing of reactants from finite-size 
sampling effects. Second, we analise a fast reversible 
bimolecular chemical reaction A + B = C in a laminar 
Poiseuille flow reactor to determine the difference 
between local and global reaction rates caused by the 
incomplete mixing under flowheterogeneities. 
Simulation results for the first setup differ from the 
analytical so-lution of the continuum scale advection-
dispersion-reaction equation studied by Gramling et 
al. (2002), which results in an overstimation quantity 
of reaction product (C). In the second setup, results 
show that actual reaction rates are bigger than the 
obtained from artificiallymixing the system by 
averaging the concentration verticall 
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Biomineralization is a set of highly conservative 

mechanisms that result from long-term evolutionary 
processes, leading to mineralization by organisms. As 
a consequence, recent biologically controlled 
biominerals share common properties, ranging from 
uniform particle sizes at nanoscale to a higher-order 
assembly into hierarchical structures that provide 
unique morphologies and mechanical properties. The 
identification of these properties in fossils would aid 
in determining whether preserved biomineralized 
structures are primary or diagenetic products. The 
aim of this talk is to present different conceptual 
approaches and methodologies to identify primary 
biomineral structures using examples from fossilized 
eggshells, corals, and arthropods. Overall, finding 
such primary structures in fossils contributes to a 
better understanding of the geological processes and 
biological adaptation to past environmental changes, 
while also offering a new perspective on the 
fundamental mechanisms underlying 
biomineralization.  
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Cyclic changes in total solar insolation (TSI) 
during the Holocene are known to have strong effects 
on climate such as Bond events [1, 2] and related 
changes in the South America monsoon system [3], 
although the physical mechanisms linking both are 
yet unclear [3-4]. However, it is largely unknown if 
and how changes in TSI affect the climate sytem of 
the southern-most Southern Hemisphere. Here we 
show that aquatic productivity proxies derived from 
sediments of a lake at the south Atlantic coast (53 °S) 
reveal strong dependency on cyclic changes in TSI 
throughout the Holocene.  

We used principal component analysis (PCA) to 
extract climate-dependent chemical signals from 
Fourier Transform Infrared Spectroscopy (FTIR) 
data, which allows us to evaluate the influence of TSI 
variations on aquatic productivity and catchment 
erosion. 

Productivity changes in the past ~9 kyrs years 
show periodicity of ~220 years coherent with the 
time series of the cosmogenic nuclide 10Be, but 
correspondance with periodicity of Bond events 
(~1500 years) was only observed until ~ 3000 yrs BP. 
However, periodical changes in precipitation, as 
indicated by fluxes of mineral matter from the 
catchment, resemble those of Bond events during 
most of the past ~ 10 kyrs suggesting ~1500 years 
periodicity in shifts of the Southern Westerly Wind 
belt (SWW) controlled by solar output. 

 
[1] Bond et al., Science. 278, 1257 (1997). 
[2] Bond et al., Science. 294, 2130 (2001). 
[3] Stríkis et al., Geology. 39, 1075 (2011). 
[4] Baker et al., Nature. 409, 698 (2001). 
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Dispersion models are used in response to an 

accidental release of radionuclides of the atmosphere, 
to infer mitigation actions, and complement field 
measurements for the assessment of short and long 
term environmental and sanitary impacts. However, 
the predictions of these models are subject to 
important uncertainties, especially due to input data, 
such as meteorological fields or source term 
(Korsakissok et al., 2013, Girard et al., 2014).  

In the framework of the SAKURA project, an 
MRI-IRSN collaboration, a meteorological ensemble 
of 20 members designed by MRI (Sekiyama et al. 
2015), designed to reduce the meteorological 
uncertainty in the Fukushima case, was used with 
IRSN’s atmospheric dispersion models.  

First, it was necessary to assess the quality of the 
ensembles for our purpose, to ensure that their spread 
was representative of the uncertainty of 
meteorological fields by using meteorological 
observations. Then, the uncertainty was propagated 
through atmospheric dispersion models. The 
underlying question is whether small uncertainties in 
meteorological fields can produce large differences in 
atmospheric dispersion results. In the case of the 
Fukushima accident, gamma dose rates, air activities 
and deposition data were available. Based on these 
data, selection criteria for the ensemble members 
were designed. Finally, the total uncertainty, 
including source term and model parameterization, 
was propagated through the model. Results were 
compared with the meteorological-induced 
uncertainty, and between another set of 
meteorological data retrieved from ECMWF. 
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The mixing of magmas is a common 

phenomenon in explosive eruptions. Concentration 
variance is a useful metric of this process and its 
decay (CVD) with time is an inevitable consequence 
during the progress of magma mixing. In order to 
calibrate this petrological/volcanological clock we 
have performed a time-series of high temperature 
experiments of magma mixing. Experiments were 
performed on mixing volcanic melts using a high-
temperature (1,200  °C) centrifuge furnace. The initial 
compositions of end-members were an alkali basalt 
and a phonolite from the Campi Flegrei volcanic 
system (Italy). The centrifugal force exerted by 
rotation has accelerated the injection of the basalt into 
the phonolite triggering widespread mixing at the 
interface between the two melts generating mixing 
patterns that are topologically similar to those 
observed in natural rock samples. The chemical 
variability triggered by the mixing process was 
quantified monitoring the variation of major and trace 
elements. Results demonstrate that compositional 
variance decays exponentially with time. With this 
calibration the CVD rate (CVD-R) becomes a new 
geochronometer for the time lapse from initiation of 
mixing to eruption. The resultant novel technique is 
fully independent of the typically unknown advective 
history of mixing – a notorious uncertainty which 
plagues the application of many diffusional analyses 
of magmatic history. Using the calibrated CVD-R 
technique we have obtained mingling-to-eruption 
times for three explosive volcanic eruptions from 
Campi Flegrei (Italy) in the range of tens of minutes. 
These in turn imply ascent velocities of 5-8 meters 
per second. We anticipate the routine application of 
the CVD-R geochronometer to the eruptive products 
of active volcanoes in future in order to constrain 
typical “mixing to eruption” time lapses such that 
monitoring activities can be targeted at relevant 
timescales and signals during volcanic unrest. 
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Constraining the amount of water in 

differentiated planetary interiors has seen renewed 
interest following recent detection of water in Mars, 
Moon and HED samples [e.g., 1-3]. The majority of 
these are meteorites, which are all affected by shock 
processes [4]. And yet the effect of shock on H 
mobility in meteorite phases has only been addressed 
in two experimental studies on serpentinites and 
amphiboles [5-7]. Although these are found in 
carbonaceous chondrites and rare amphibole has been 
observed in Martian meteorites [e.g., 8,9], meteorites 
are mainly composed of the nominally anhydrous 
minerals olivine, pyroxene (px) and plagioclase. 
These can incorporate trace amounts of water as H in 
their lattice defects. Here we present an exploratory 
study of the effect of shock on H in pyroxenes to 
decipher whether water could have been disturbed by 
shock in Martian meteorites.  

Clinopyroxene (cpx) and orthopyroxene (opx) 
hand-picked grains from terrestrial peridotite 
xenoliths were used as meteorite mineral analogues. 
Two experimental setups were explored in the 
Experimental Impact Laboratory at NASA-JSC: the 
flat-plate accelerator at ~ 20 and 40 GPa, and the 
vertical gun, reaching maximum peak pressures of 
10-20 GPa. Analyses of water were performed by 
FTIR. Two experiments were also conducted with the 
vertical gun on dehydrated px to verify the lack of 
water addition by the experimental setup. No change 
in water content was observed in the px prior and 
after shock in the vertical gun experiments. This is 
likely due to the biased choice, so far, of the least 
shocked grains from the retrieved shocked px pieces. 
The opx used in the flat-plate experiment, however, 
experienced loss of water. The material shocked in 
the flat-plate experiments is characterized by the 
formation of veins of glass of px and Al-rich silicate 
composition (where the water may have diffused to) 
and metal (melted from the sample holder) at the 
boundaries of the crushed px. 
[1] Boctor et al. 2003 GCA, 67, 3971-3989; [2] Saal 
et al. 2008 Nature, 454, 192-196; [3] Sarafian et al. 
2014 Science, 346, 623-626; [4] Stöffler et al. 1988 
in Meteorites and the early solar system 165-202; [5] 
Tyburczy et al. 1990 EPSL, 98, 245-260; [6,7] 
Minitti et al. 2008 EPSL, 266, 288-302 & 46-60; [8] 
Bass 1971 GCA, 35, 139-147; [9] Floran et al. 1978 
GCA, 42, 1213-1229.  
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Ultramafic cumulate rocks incorporate relatively 

high abundances of compatible elements, including 
the highly siderophile elements (HSE). We utilize a 
suite of cumulate xenoliths from Piton de la 
Fournaise, La Réunion (Indian Ocean), to examine 
the mantle source composition of the Réunion hotspot 
using HSE abundances and Os isotopes. Dunite and 
wherlite xenoliths and associated lavas from the Piton 
de la Fournaise volcanic complex span a range of 
MgO contents (46 to 7 wt.%), yet exhibit remarkably 
homogenous 187Os/188Os (0.1324 ± 0.0014, 2σ), 
indistinguishable from measurements in previous 
studies [1,2]. Many of the xenoliths also have 
primitive upper-mantle (PUM) normalized HSE 
patterns with elevated Ru and Pd (Primitive upper 
mantle-normalized Ru/Ir and Pd/Pt of 0.8-6.3 and 
0.5-32, respectively). These patterns are not the result 
of partial melting or differentiation, but rather require 
a primary magma with similar relative enrichments. 
Some highly olivine-phyric (>40 modal % olivine) 
Piton de la Fournaise lavas also preserve these 
relative Ru and Pd enrichments.  

The estimate of HSE abundances in PUM 
indicates high Ru/Ir and Pd/Pt values relative to 
carbonaceous, ordinary and enstatite chondrite 
meteorite groups [1]. Thus, the existence of cumulate 
rocks with even more fractionated HSE patterns 
relative to PUM suggests that the Réunion hotspot 
samples a yet-unrecognized mantle source. These 
HSE patterns may arise from sampling of a mantle 
source that experienced limited late accretion (<0.2 
percent by mass) compared with PUM (0.5-0.8 
percent), possibly involving impactors that were 
distinct from present-day chondrites, or limited core-
mantle interactions. Given the remarkably 
homogenous Os, Pb, and noble-gas isotopic 
signatures of Réunion, which plot near the 
convergence point of isotopic data for many hotspots, 
such a conclusion provides evidence for an early 
differentiated and subsequently isolated mantle 
domain that may be partially sampled by some ocean 
island basalts. 

 
[1] Schiano P., et al. (2012) Contrib. Min. Pet., 
164(5), 805-820. [2] Gannoun A., et al. (2015) 
Geochim. Cosmochim. Ac., 166, 312-326. [3] Becker 
H., et al. (2006) Geochim. Cosmochim. Ac.,, 70, 
4528-4550. 
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For fractures in carbonate rocks, permeability can 
increase significantly when reactive flows cause 
mineral dissolution. Calcite is soluble, fast-reacting, 
and often sufficiently abundant that its dissolution 
leads to substantial changes in void volume. We 
investigated reaction-induced permeability changes in 
fractured limestones exposed to high-pressure CO2-
saturated brines. For experiments with a fractured 
core of Indiana Limestone, which is pure calcite, 
positive feedback produced channelization, causing 
higher than expected permeability [1]. For a fractured 
core of Amherstburg Limestone, which includes less 
reactive minerals, complex reaction patterns emerged 
[2]. Modeling studies accounted for 2D reactive 
transport [3] coupled with elastic deformation [4]. 
For the Indiana Limestone simulation, the 
permeability is initially limited by unreacted 
downstream apertures until a channel emerges and 
permeability increases rapidly. For simulations of the 
Eagle Ford shale, which contains bedding layers of 
nonreactive minerals, initially the unbuffered acid 
quickly flows downstream, but the absence of 
channels produces no drastic increase in permeability. 
This study demonstrates that mineral heterogeneity 
and spatial patterns of minerals are key to prediction 
of reaction-induced permeability evolution. 

 
 
[1] Deng, H. et al. (2015) Environ. Sci. Technol. 49, 
10226-10234. [2] Ellis, B.R. et al. (2011) Greenhouse 
Gas. Sci. Technol 1, 248-260. [3] Deng, H. (2015) 
PhD Dissertation, Princeton Univ. [4] Pyrak-Nolte, 
Morris (2000). Int. J. Rock. Mech. Min. Sci., 37, 245-
262.  
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The HP metamorphic serpentinised peridotites of 

Erro-Tobbio (Italy) offer a unique possibility to study 
fluid-rock interactions in subducted ultrabasic rocks 
that reached 550-650°C at 2-2.5 GPa. They contain 
metamorphic olivine + Ti-clinohumite in both the 
rock matrix and veins cutting the rock foliation, 
interpreted to represent partial serpentinite 
dehydration fluid pathways [1,2] being variably 
retrogressed as e.g., indicated by chrysotile/lizardite 
mesh textures in vein olivine in strongly altered 
samples. This study in progress aims to constraining 
the origin of fluid(s) and the scale(s) of fluid-rock 
interaction based on major to trace element 
systematics including halogens employing detailed 
bulk rock (nanoparticulate pressed powder pellet LA-
ICP-MS [3] and ion chromatography / liquid ICP-MS 
analysis), and in situ mineral analysis, with an 
emphasis on major to trace element data including 
fluid tracers such as B, As and Sb.  

Petrographic observations indicate a multiphase 
evolution of the HP veins with possibly two 
generations of diopside growth and different stages of 
retrograde serpentinisation, whereas serpentinite 
hosts have remained largely unaffected by 
retrogression. Bulk serpentinite and vein data reveal 
prominent increases in Cl, Br, I, and F concentrations 
relative to primitive mantle, indicating their seawater 
derivation. Bulk veins are enriched in heavy halogens 
relative to light ones in comparison to host 
serpentinites. These patterns indicate either halogen 
element fractionation upon partial serpentinite 
dehydration or imperfect equilibration of vein fluids 
with host rocks upon fluid infiltration, or a 
combination thereof. In-situ mineral data shall 
elucidate which of these processes predominates and 
how prominently the chemical effect of retrogression 
affects bulk rock data, when trying to attain original 
fluid compositions and identify fluid migration 
pathways. 
 
[1] Scambelluri et al. (1995) Geology, 23, 459-462. 
[2] John et al. (2011) Earth Planet Sci Lett 308, 65-
76. [3] Peters and Pettke (2016) GGR, accepted 
pending revision. 
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Earth likely accreted from planetesimals that had 
variable mass-independent oxygen isotope 
compositions [1]. According to their W isotope 
compositions, some Archean rocks may have tapped 
a mantle source that had remained isolated from the 
last <2% of accreting materials [e.g. 2]. In search of a 
pre-late accretion signature in the oxygen isotope 
record, we analysed 18O/16O and 17O/16O in olivine 
from ~3.0 Ga peridotite lenses, possibly of cumulate 
origin, from the Fiskefjord region, SW Greenland [3]. 
Olivine from Cenozoic mantle xenoliths and basalts 
were analysed as reference for the post-Archean 
mantle. To improve interlaboratory comparison of the 
data with respect to the non-linearity effects of 
different mass spectrometers, we report our 
measurements relative to O2 extracted by fluorination 
from IAEA water standards VSMOW2 and SLAP2, 
using a normalization scheme similar to [4] but 
relative to a reference line with slope λ = 0.5305 and 
zero intercept. The Δ’17OVSMOW2-SLAP2 of olivine of 
most of the Fiskefjord samples is indistinguishable 
from the average value of post-Archean samples 
(Δ’17OVSMOW2-SLAP2 = -51 ± 8 ppm 1σ; n=11), in good 
agreement with earlier data on the >3.81 Ga 
Ujaragssuit Nunât instrusion [5] and data by [6] on 
samples from the Ancient Gneiss complex. If these 
rocks or their presursors indeed sampled a pre-late 
veneer mantle source, the presence of the following 
components during late accrretion can be excluded: 
>0.2% CO, CV, CM, CR chondrites, >0.7-0.9% 
ordinary chondrites. Interestingly, some of the 
Fiskefjord peridotites have olivine with up to ~20 
ppm higher Δ’17OVSMOW2-SLAP2 and ~0.3‰ lower 
δ18OVSMOW2-SLAP2 that inversely correlates with Y/Ho 
in the bulk rocks. Amphibole in these samples 
displays elevated Cl/F relative to mantle amphibole,  
suggesting a possible sea water origin of their 
halogens. We suggest that the parental magmas of 
some of the Fiskefjord peridotites were enriched in a 
hydrothermally altered mafic crustal component, 
supporting a possible origin in a hydrous arc-related 
setting [3].    [1] Kaib & Cowan 2015 Icarus 252 
161-174 [2] Willbold et al. 2015 EPSL 419 168-177 
[3] Szilas et al. 2015 GeoResj 7 22-34 [4] 
Schoenemann et al. 2013, RCM 27.5 582-590 [5] 
Peters et al. 2015 Goldschmidt 2469 [6] Rumble et al. 
2013 G3 14.6 1929-1939  
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The Chinese Loess Plateau (CLP), located in the 
northern part of China, consists of thick (>100m) 
wind-deposited dust accumulations, known as loess. 
It is regarded as one of the best continental 
paleoclimate archives, as glacial-interglacial cycles 
have been stored in a sequence of alternating layers 
of loess and paleosols. Changes in the bulk organic 
carbon isotopic composition δ13C throughout these 
loess-paleosol sequences has revealed shifts in the 
relative occurrence of C3 and C4 vegetation in the 
past, with increased abundance of C4 vegetation 
during interglacial periods. Although increased 
temperatures generally lead to an expansion of C4 
vegetation, increased humidity has an opposite effect, 
as does pCO2. In spite of this contradiction, the 
absence of independent air temperature, precipitation, 
and vegetation records prevents identification of the 
drivers of past vegetation change in this region. 

Here we present combined records of changes in 
continental air temperature, monsoon precpitation, 
and vegetation type during the past 200,000 years 
based on the occurrence, distribution, and isotopic 
value (δ13C and δ2H) of plant waxes and soil 
microbial membrane lipids (brGDGTs) stored in the 
Lingtai section of the CLP. Our multi-proxy record 
indicates that fluctuations in plant wax-δ13C are 
relatively small (<2‰) given that end-member plant 
wax-δ13C values for C3 and C4 vegetation on the CPL 
differ by over 10‰. We, therefore, interpret our plant 
wax-δ13C as a reflection of differences in water-use 
efficiency between C3 woody vegetation dominating 
during interglacials and shrub-dominated vegetation 
during interglacials. Comparison with precipitation 
(plant wax-δ2H) and temperature (brGDGT) proxy 
records reveals that simultaneous shifts in monsoon 
precipitation and growth-season temperature have 
indeed induced changes in vegetation type rather than 
large variations in C3-C4 vegetation on the southern 
CLP across glacial-interglacial transitions. 
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Modelling the formation and evolution of the 

deepest parts of the Earth through time requires the 
densities of solids and melts to be constrained. 
Indeed, the density contrast between solid and liquid 
silicate phases at high pressures controls the 
entrainment or settlement of matter in the lowermost 
mantle and possible deep magma ocean formation. 
To constrain the density contrast between crystal and 
amorphous silicates, we have adapted the X-ray 
absorption method to the diamond anvil cell to enable 
density measurements of silicate glasses to be made 
to unprecedented conditions of high pressure [1]. We 
have consequently determined the densities of SiO2 
and MgSiO3 glasses up to 90 and 127 GPa, 
respectively. Our density values for MgSiO3 glass are 
considerably higher than those previously derived 
from Brillouin spectroscopy [2] but validate recent ab 
initio simulations [3]. At the core–mantle boundary 
(CMB) pressure, the density of MgSiO3 glass is 
approximately the same as that of MgSiO3 
bridgmanite. Taking into account the partitioning of 
iron into the melt, we conclude that melts are denser 
than the surrounding solid phases in the lowermost 
mantle and that melts will be trapped above the CMB 
[1].  
 
[1] Petitgirard S. et al., 2015. PNAS 112, 14186-
14190. [2] Sanchez-Valle C. and Bass J.D., 2010. 
EPSL 295, 523-530. [3] Ghosh et al., 2014. Am.Min. 
99, 1304-1314.   
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The ultra-slow spreading Gakkel Ridge has two 

well separated magmatic regions, the West Volcanic 
Zone (WVZ) and the East Volcanic Zone (EVZ). 
Radiogenic isotope (He, Pb, Nd, Sr) and trace 
element studies have shown that MORBs in the WVZ 
are similar to the basalts of the Southern Hemisphere 
“Dupal” isotopic province, while basalts in the east 
resemble the NorthAtlantic/Pacific domain of the 
upper mantle [1, 2]. We present heavy noble gas data 
on vesiculated glasses along the ridge and mantle 
source compositions that show clear differenes 
between the two regions. Multi-step crushing 
extraction of volatiles from a single sample allows us 
to study volatile fractionation during magma 
degassing, mixing of atmospheric and mantle derived 
volatiles, to identify samples with only two apparent 
mixing components, and to determine the heavy 
noble gas source composition of such samples. 

We confirm that the WVZ displays a wider range 
of 4He/3He ratios with higher values than observed in 
the EVZ. [1]. The more radiogenic He is associated 
with more nucleogenic Ne, lower estimated 
40Ar/36ArE and surprisingly low129Xe/130XeE ratio of 
the mantle. Component analysis of fission derived Xe 
isotope data yields a MORB-like (low) ratio of Pu to 
U derived 136Xe, precluding sampling of an ancient 
volatile rich reservoir along the ridge. The 
systematically less radiogenic heavy noble gas 
signature of the mantle beneath WVZ may indicate 
the presence of subduction related metasomatizing 
fluids with atmospheric heavy noble gases. This is 
consistent with [1] who suggested that delaminated 
SCLM from the Spitzbergen could be sampled along 
the WVZ of the Gakkel ridge. Additionally, we 
estimated the 128Xe/130XeE ratio of the MORB source 
using the excess 128Xe/130Xe and 129Xe/130Xe ratios (w. 
res. to the atmosphere) we observed in all of our 
samples erupted at the extreme depths of the Gakkel. 
The simple difference from the chondritic value 
predicts that ~87% to 92% of the Xe is from 
atmosphere recycled back into the upper mantle. 

 
[1] Goldstein (2008) Nature 453, 89-93. [2] 

Graham (2009) AGU abstract, #V31F-051F-05. 
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A study concerning the U transfer to flora grown 

within a uranium ore deposit was conducted on the 
Crucea mine (the East Carpathians, Romania). The 
bioaccumulation of U in the spontaneous flora 
resulted in the removal of this metal from the soil and 
reduces the risk to the environment. 
Phytostabilization is attractive to reduce 
bioavailability and offsite migration of contaminants. 
Unlike other phytoremediative techniques, the goal of 
phytostabilization is not to remove metal 
contaminants from a site, but rather to stabilize them 
and reduce the risk to human health and the 
environment. The increased concentration of uranium 
in the surfaced soils is related to dispersion of this 
element from wastes. 

As regards the uranium assimilations processes 
by the vegetation growing up in the investigated area 
we find the follows: 
-The fir Abies alba and the spruce Picea excelsa were 
found to have a high uptake capacities of uranium; 

-Urtica dioica, Oryopteris filix-mas, Holoshoenus 
vulgaris and Xanthium spinosum don’t have a 
uranium retaining capacities. From the investigating 
plants from the spontaneous flora only Cardaria 
draba have a higher retaining capacity; 

-It was interesting the Rubus ideaeus and 
Vaccinium myrtillus shrubs situation who has edible 
fruits and which through U concentrations in different 
parts represent a peril for the health of common 
persons. The fact that they concentrate 6% of the 
uranium from the soil in fruits matches them 
dangerous for humans. As a matter of fact, Vaccinium 
myrtillus has the greatest capacity of concentrating 
the uranium, after the conifers, having an 
accumulation factor for U of 137.38; 
-Fragaria vesta concentrate also uranium in the 
fruits, in a greater proportion than the Rubus ideaeus. 
All those plants grown within mining dumps are 
tolerant to U contamination. It apparently blocked 
and/or “stored” U particularly in root cells and 
diminishing the quantity of mobile natural heavy 
radionuclides. Ones of them could be used for the 
regreening of sites with moderate heavy/radioactive 
metal pollution. 
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The timescales over which an explosive 
stratovolcano switches from low-to-moderate 
explosive activity to cataclysmic Plinian eruption are 
fundamental in understading the eruptive behaviour 
and thus contibuting to volcanic hazard assessment. 
Popocatépetl volcano in Mexico ranks high both in 
term of explosivity and threatend population (> 20 
million, including Mexico City). It has had at least 
five major Plinian eruptions in the last 23 ky. These 
highly explosive events punctuate periods of 
quiscence and interplininan activity with effusive and 
Vulcanian eruptions – a pattern shown by many arc 
volcanoes.  

El Fraile lavas erupted between 23 and 14 ky BP, 
prior to the Pumice with Andesite (PwA) Plinian 
eruption, the most powerful eruption at Popocatépetl. 
Macroscopic evidence of magma mingling are 
abundant both at El Fraile, with red and black lavas, 
and in the PwA, which shows mingled deposits and 
banded pumices. However, each eruptive sequence is 
very homogenous in term of whole rock major and 
trace elements and Sr and Nd isotope signature. El 
Fraile lavas are andesites and dacites with a narrow 
range of Sr and Nd isotope compositions. The PwA 
sequence is more mafic (basalt-andesite) with more 
variable Sr isotope ratios and lower εNd. All samples 
have similar paragenesis (phenocrysts of plagioclase, 
ortho- and clinopyroxene ± amphibole). A complex 
population of pyroxenes textures is found in both 
eruptive events, namely: (i) single banded pyroxene 
with evolved cores and rims and mafic bands (El 
Fraile Mg-v 64-86, PwA Mg-v 73-86), and (ii) mafic 
and patchy cores surrounded by evolved rims. These 
pyroxene textures testify pulsatory intrusion of new 
mafic magma carrying mafic crystals and/or 
antecrysts. We applied the NIDIS chronometry 
(Bugatti et al., Gold. Abst. 2015 n 417) to suitable 
ortho- and clinopyroxene to constrain the timescale of 
refilling events at El Fraile and PwA. An order of 
magnitude difference in timescales between 
interplinian and Plinian events is evident. El Fraile 
interplinian activity points to a rapid/short magma 
resident time (days/months) similar to the present-day 
activity, whereas the building up of the PwA Plinian 
eruption occurred over longer magma storage 
timescales (tens of years).   
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A primary motivation for investigating volcanic 

systems is developing the ability to predict eruptions 
and mitigate disaster for vulnerable populations. 
Robust model-data fusion techniques must be 
developed to tackle the problem of combining 
multiple, disparate volcano monitoring datasets with 
increasingly sophisticated numerical models. In this 
investigation, we present a sequential data 
assimilation framework to combine multiple datasets 
with dynamic models using the Ensemble Kalman 
Filter (EnKF). The goal of this investigation is to test 
the EnKF as a potential sequential data assimilation 
technique for forecasting volcanic unrest. We adapt 
the EnKF to assimilate GPS and InSAR data into 
viscoelastic, time-forward, finite element models of 
an evolving magma system. The numerical tests of 
the EnKF provide a proof of concept for using the 
EnKF to assimilate multiple datasets for investigating 
volcanic activity and the comparison of spatially 
limited, but temporally dense, GPS data to temporally 
limited InSAR observations for evaluating magma 
chamber dynamics during periods of volcanic unrest. 
Results indicate that the temporally dense 
information provided by three-component GPS 
observations results in faster convergence and more 
accurate model predictions than single-component 
line of sight (LOS) deformation from InSAR. 
However, most importantly, the EnKF is able to 
swiftly respond to data updates by changing the 
model forecast trajectory to match incoming 
observations. This initial study demonstrates a great 
potential for utilizing the EnKF for multiple dataset 
assimilation to assess volcanic unrest and provide 
model forecasts of active systems. The development 
of these new techniques provides: (1) a framework 
for future applications of rapid data assimilation and 
model development during volcanic crises; (2) a 
mechanism for hind-casting to investigate previous 
volcanic eruptions, including potential eruption 
triggering mechanisms and precursors; and (3) a 
method for optimizing survey designs for future data 
collection campaigns at active volcanic systems. 

Gregg, P. M., and J. C. Pettijohn (2016), A multi-data 
stream assimilation framework for the assessment 
of volcanic unrest, JVGR, 
doi:10.1016/j.jvolgeores.2015.11.008. 
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Of the isotopically distinctive mantle domains, 

the so-called HIMU source is the most extreme and 
its genesis continues to be debated. Here we report 
extreme U enrichment at unchanged Th 
concentrations in oceanic serpentinites, representing 
altered depleted peridotite. The U-enrichment from 
seawater has resulted in 206Pb/204Pb as high as 56, 
spectacular for samples drilled from a modern passive 
margin. By contrast, 208Pb/204Pb has remained 
unchanged. Similar but less extreme features are 
found in 1.9 billion years old altered oceanic crust 
(AOC). 

These U/Th/Pb systematics are relevant to models 
of the HIMU source. Forward modelling 
demonstrates that convecting mantle, metasomatised 
by deep fluids derived from subducted AOC and 
serpentinites evolves to the HIMU Pb isotope 
signature, while satisfying experimental and 
empirical constraints on subduction zone element 
processing. Over time, the net U addition from 
subducted serpentinite to convecting mantle has 
become expressed as the second terrestrial Pb 
paradox. By contrast, the traditional genetic model – 
recycled oceanic crust residues as the HIMU source - 
can only satisfy uranogenic Pb isotope systematics 
but is irreconcilable with observed 208Pb/204Pb.  
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Stimulated by exudates and root decay, 
rhizosphere organisms control the critical pathways 
that move C from root tissue to mineral surfaces, and 
ultimately regulate how soil C is sequestered and 
stabilized. Yet we have a poor understanding of how 
roots affect the molecular ecology of microbial 
decomposers, and how this translates into altered 
rates of organic matter breakdown. We have 
examined the effects of live and dead roots on 
decomposition in a grassland soil and quantified 
characteristics of relevant bacterial and fungal 
communities using gene arrays, transcriptomics, 
isotope tracing and proteomics. The presence of live 
roots consistently suppressed rates of dead root litter 
decomposition and significantly altered the 
abundance, composition and functional potential of 
microbial communities. Plant-influenced soils had 
relatively more genes involved in low molecular 
weight compound degradation (e.g. polysaccharides) 
whereas unplanted soil microbes had more 
macromolecule degradation genes. Higher 
abundances of proV and proW genes (glycine betaine 
transport) in planted soils suggest microbes 
experience more severe water stress in planted soils. 
RNA-seq and stable isotope probing analysis showed 
that living roots in the presence of decaying root 
material had differential effects on soil food webs and 
organisms participating in co-metabolism of exudates 
and decaying biomass. We found significant 
differences between the microbial community 
composition associated with different mineral types 
for both bacteria and fungi, and nanoscale secondary 
ion mass spectrometry (NanoSIMS) imaging of these 
minerals suggests fungal hyphae may be moving C 
directly from roots to mineral surfaces. In sum, we 
find microbial functional potential is the primary 
factor driving rhizosphere litter decomposition and 
that microbial functional capacities differ in 
rhizosphere versus bulk soils. 
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Molybdenum (Mo) isotopes have been widely 

used to evaluate paleoredox conditions in the oceans, 
but they also may prove a useful tracer of weathering, 
redox, nutrient cycling, and atmospheric inputs in 
Earth’s Critical Zone. Mo is a redox sensitive trace 
metal and an essential micronutrient for microbial 
and plant nitrogen assimilation.  Soil Mo abundance 
and isotopic composition has been investigated as a 
function of climate and age along well-constrained 
soil climosequences on 10 kyr and 400 kyr basalt lava 
flows in Hawaii, as well as in basalt and sandstone 
derived soils in the Oregon Coast Range, 
volcaniclastic and quartz diorite-derived soils in the 
Luquillo Mountains of Puerto Rico, and a transect of 
23 sites across the Amazon basin. We consistently 
find positive correlations between soil organic matter 
content and soil Mo content, Mo availability, and 
δ98Mo values. Mo mobility and δ98Mo was measured 
before, during, and after artificially induced 
reduction-oxidation experiments, in both colloidal 
and dissolved phases.  Mo in soils is often 
substantially augmented by additions from 
precipitation, and potentially anthropogenic inputs of 
Mo, modulating the bioavailability of Mo as a 
micronutrient as well as the δ98Mo values of Mo 
fluxes within and from soil. 
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This talk is dedicated to probing the microscopic 

organization of silica-water interfaces including 
electrolytes by first principles DFT-based molecular 
dynamics simulations (DFT-MD).  

Ions from electrolytic solutions play key roles on 
interfacial water/mineral interfaces: their adsorption 
typically drives pollutant transport in groundwater, 
mineral dissolution, clay swelling, and electrolytes 
can strongly affect the binding of organic molecules 
because of competitive interactions.  

We will present our DFT-MD simulations of 
electrolytic quartz-water interfaces (KCl, NaCl, NaI) 
in order to unravel the structural properties of these 
electrolytes at the interface between the quartz 
surface and liquid water. We provide some 
understanding on how the chemical properties and 
reactivity of the interface can be modified by the 
presence of the electrolytes. Vibrational spectra at 
these interfaces (IR, Raman and SFG) are calculated 
from the trajectories in order to relate structural 
properties to vibrational signatures, and make a direct 
link to experiments. Vibrational signatures are 
interpreted in relation with the microscopic structure 
of interfacial water molecules and electrolytes. The 
acido-basic characters of the quartz surface sites are 
also investigated once the aqueous surface is in 
contact with the electrolytes.  

Some of the works presented here are done in 
collaboration with Prof M. Sulpizi (Johannes 
Gutenberg University, Mainz, Germany) 
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A field investigation was made along the Seine 
River watershed from upstream to downstream Paris 
city to survey the occurrence of two engineered 
nanoparticles (NPs): CeO2 and TiO2. single particle 
Inductively Coupled Plasma-Mass Spectroscopy 
(spICPMS) [1] and Field Gun Emission-Scanning 
Electron Microscopy (FEG-SEM) were applied on 
the river water samples to detect and characterize 
these NPs. 

In the Seine River water, Ce and Ti particle 
number concentrations increase from upstream to 
downstream of Paris city. The highest particle 
number concentration was found in the Marne River, 
a tributary of the Seine River, with 
1.60 x 106 part mL-1 and 6.00 x 106 part mL-1 for Ce 
and Ti, respectively. This influences the NPs 
concentrations measured downstream the Marne and 
Seine rivers confluence, where it increases up to 
1.40 x 106 part mL-1 and 4.70 x 106 part mL-1 for Ce 
and Ti, respectively. Another increase was observed 
11 km downstream the Paris city, near a waste water 
treatment plant (Bougival) where 1.20 x 106 Ce-
bearing part mL-1 and 4.60 x 106 Ti-bearing part mL-1 

were detected. 
FEG-SEM imaging confirmed the occurrence of 

both Ti- and Ce-bearing particles, with sizes ranging 
from 0.2 to 5 µm in the suspended matter isolated 
from the water samples.  

[1] Mitrano et al. (2012), Environmental 
Toxicology and Chemistry 31, 115-121. 
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 The economic and societal impacts of nano-
materials are enormous. However, releasing such 
materials in the environment could be detrimental to 
human health and the ecological biosphere. However, 
the low concentration of engineered nanoparticles 
(ENPs) expected in the environment make them 
difficult to be detected and quantified in such 
complex matrices. In addition, their removal from 
wastewater remains uncontrolled yet and poorly 
described in the literature. 

In the present study, we assessed the potential of 
two granular activated carbons (AC, mineral and 
coconut based), and one activated fabric (AF, mineral 
based), to concentrate one of the most intensively 
produced nanoparticle in the world (TiO2NPs). Both 
sorption kinetics and isotherms were performed. 
TiO2NPs were put in interaction with each ACs and 
AF (S/L = 1/10) in a Ca(NO3)2 solution (ionic 
strength of 10 mM, pH 8), to mimic the Seine river 
water chemistry. 

Kinetically, the minerals AC and AF displayed 
sorption properties faster than coconut based AC, 
with more than 60% and 26%, resp., of TiO2NPs 
adsorbed after 3h of interaction. Conversely, the 
coconut based AC was able to sorb larger amounts of 
TiO2NPs at equilibrium than mineral based AC and 
AF. 

One strategy that emerges from the findings of 
this study would be to take advantage of these 
trapping properties to preconcentrate nanoparticles in 
natural or to remove them from contaminated 
wastewaters. 
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The Phan Si Pan uplift area of NW Vietnam is a 
part of the Archean to Paleoproterozoic Yangtze 
Block (Southwest China) which was displaced during 
the India-Eurasia collision along the Ailaoshan-Red 
River Fault shear zone and adjacent structures (i.e. 
Song Da zone). This area is of particular interest to 
geologist because it has been at the forefront of the 
debate regarding extrusion tectonics associated with 
the India-Eurasia collision. This study is focused on 
Eocene and Early Oligocene granitic plutons in Phan 
Si Pan uplift area, NW Vietnam. The Eocene rocks 
are alkalic ferroan A1-type granites with U/Pb age 49 
± 0.9 Ma. The trace element ratio of this granite are 
similar to the spatially associated Late Permian 
Emeishan A1-type granites (Th/Nb=0.2, Th/Ta = 2.5, 
Nb/U = 24, Nb/La =1.2, Sr/Y=1). The εNd(t) values 
range from -2.5 to -1.4 and indicate the rocks are 
moderately enriched. However, the peralkaline nature 
of the rocks suggest a non-crustal source. It is 
possible that the Eocene rocks are derived by partial 
melting of underplated Emeishan large igneous 
province rocks. The Early Oligocene granite is 
characterized as alkali-calcic to calc-alkalic 
magnesian peraluminous within-plate granite with 
U/Pb ages of 31.3 ± 0.4 to 34 ± 1 Ma. The Early 
Oligocene granite has negative εNd(t) values (-8.7 to -
2.6), ISr values ranging from 0.7058 to 0.7076 and 
prominent negative anomalies of Ta-Nb suggesting 
derivation from a crustal source. The Phan Si Pan 
uplift was neither a subduction zone nor an arc 
environment, during the Early Oligocene thus the 
granite may have formed as the result of partial 
melting of the lower crust by the upwelling of 
asthenosphere. The thinner and reworked Yangtze 
crust after Early Oligocene magmatism may be one 
of reasons for Ailaoshan-Red River Fault movement. 
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Microbial induced carbonate precipitation 
(MICP) has been confirmed to effectively reinforce 
granular soil by employing biological processes. 
Biological denitrification is one of these processes, in 
which the microbes use nitrate to oxidize organic 
matter and produce nitrogen gas and inorganic 
carbon, which results in precipitation of calcium 
carbonate in the presence of calcium ions. 
Accordingly, MICP via denitrification may stabilize 
the soil in multiple ways. Besides the strengthening 
effect of calcium carbonate precipitate crystals, the 
induced gas phase may enhance the undrained 
response as the compressible gas may dampen 
dynamic loads on the soil. The effectiveness of this 
method has been investigated on different sand types 
using the triaxial test set-up, at different pressure 
conditions. During the reaction phase, the water 
displacement into the back pressure controller was 
used to monitor gas production. After reaction 
samples were flushed from bottom to top at a 
constant head difference. The flow rate was measured 
to determine permeability. Results of these 
experiments showed that the volume of produced gas 
strongly depend on the pressure conditions. The gas 
storage capacity ranged from 22 to 40% of the total 
pore volume, depending on grain size. At a pore 
pressure of 1 bar, the gas storage capacity was 
exceeded before the reaction was completed and 
excess gas escaped to the back pressure controller. 
Gas which remained inside the sample was easily 
removed during flushing, and the permeability was 
hardly affected. At higher pore pressure or smaller 
grain size, the gas phase was well distributed and 
resulted in a decrease of the permeability after the 
treatment by 50 to 300%. The drained shear strength 
of a single batch treatment was not significantly 
improved, indicating that the amount of calcium 
carbonate precipitation was not sufficient and 
suggesting multiple treatments are required to bear an 
increase of strength. Upon undranied loading the 
small strain stiffness was significantly improved, but 
the peak undrained strength was reduced. The results 
indicate that controlling the gas formation is 
important in order to optimize this method for field 
applications. 
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Cherts of the 3.4 Ga old Strelley Pool Formation 
(WA) preserve a variety of microfossils of different 
morphologies and texture-specific C- and S-isotope 
compositions, which have been attributed to different 
microbial metabolisms. To better understand the 
biogeochemistry of these proposed microbial 
metabolisms, we performed multi-technique imaging 
and tomography analysis of similar microfossils 
using a state-of-the-art scanning hard X-ray 
nanoprobe [1]. This provides data by which to 
characterize the morphology, cell-wall structure, 
chemical composition and specific organo-metallic 
bounding of individual microfossils embedded in 
cherts, in situ, and at (sub)µm-scale resolution in 2D 
and 3D. This approach allows us to tie physiological 
inference from trace metal distribution patterns 
directly to fossil biomass, highlighting the interplay 
between microbial metabolisms and bio-availability 
of trace metals. We found that As is linked to 
microfossil carbonaceous walls and that Fe, Cr and 
Zn are either partitioned in the microfossil hollow 
interiors or in the surrounding cherty matrix. These 
data are best explained by the occurrence of a 
complete metabolic As cycle, extending the 
geological record of As-based metabolisms back 
more than by 750 Ma. Alternatively, this trace metal 
distributions may be recording a metabolic As 
detoxification process, potentially mediated by 
sulfate-reduction and/or elemental sulfur-
disproportionation pathways. 
 [1] Somogyi et al (2015), J. Synchrot. Radiat. 22, 
1118-1129. 
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The widths of crustal-scale shear zones are poorly 
defined in the lower crust. In the middle-upper crust, 
shear strain is often localized into relatively thin 
(metre scale) anastomosing fault cores that make up a 
fault zone. However, the distribution of strain is 
harder to map in the lower crust where localization is 
less intense and healing is accelerated. The Lower 
Fish River Onseepkans Thrust (LFROT) is a high-
strain zone that was active in the Mesoproterozoic 
(~1.1 Ga) that juxtaposes higher grade rocks to the 
northeast (T = ~780°C), next to lower grade rocks to 
the southwest (T = <700°C). In the study area, the 
high strain zone has a steeply dipping foliation 
striking NW to NE with an obliquely dipping 
lineation that generally plunges ~40° to the NE. 
Macroscopic shear sense indicators show 
predominantly sinistral, west-side up, east-side down 
oblique shear sense. Initial pseudosection work has 
placed the temperature during faulting at ~700°C and 
500 MPa. Within the shear zone, anastomosing seams 
of biotite-sillimanite-garnet schist envelope 
quartzofeldspathic gneisses, that in turn contain 
foliated amphibolite boudins, indicating that the 
schists are weak relative to the other units. The seams 
of schist range in width from ~1-50 metres. Shear 
strain was predominantly accommodated by 
deformation in the pelitic biotite schist, as evidenced 
by snowball garnets and asymmetrical 
porphyroclasts. Evidence of shear strain is ambiguous 
in the other units, where microstructures are 
predominantly symmetrical. The macroscopic 
morphology of the LFROT bears many similarities 
to, and may be analogous to, the anastomosing fault 
zones in the middle-upper crust, and attests to strain 
localization in the deep crust. 
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Calcite precipitation by bacteria (via ureolysis) 

has considerable potential for sealing porosity in 
rock, thus preventing fluid flow.  This process has 
potential for inhibiting the transport of contaminants 
in subsurface systems, such as in contaminated 
aquifers or from geological disposal facilities for 
nuclear waste and CO2.   

To obtain data to underpin field trials, 
experiments were undertaken at the bench scale in the 
laboratory.  First, batch reaction experiments were 
undertaken to explore the performance of the 
bacteria, Sporosarcina pasteurii, under aerobic and 
anaerobic groundwater conditions.  Results indicated 
this organism was able to precipitate calcite equally 
well under both aerobic and anaerobic conditions, 
highlighting its suitability for subsurface biogrouting 
technologies.  Flow through biogrouting experiments 
in sand columns and sandstone were then performed, 
examining the extent and distribution of the filled 
pore space as a function of varying injection 
strategies.  A staged injection strategy alternating 
between injections of bacteria and reactants (CaCl2 
and urea). provided the best results.  Field trials led 
by University of Birmingham were undertaken in 
fractured rock (dacite) in a quarry in Leicestershire, 
UK.  This resulted in precipitation of a large mass of 
calcite with a significant reduction in the 
transmissivity of a single fracture over an area of 
several m2. 

 



Goldschmidt Conference Abstracts 

 

2500 

Morphology and polymorphism 
of calcium carbonate 

precipitated from different 
calcium sources via enzyme 

induced carbonate precipitation 
Y. J. PHUA*,  ANJA RØYNE 

Department of Physics, University of Oslo, 0316  
Oslo, Norway 

(*correspondence: y.j.phua@fys.uio.no) 
 

Enzyme induced carbonate precipitation (EICP) 
is a biomineralisation process, in which plant-derived 
urease enzyme is used to hydrolyse urea and 
precipitate calcium carbonate (CaCO3). In this study, 
plant-derived urease from common jack bean 
(Canavalia ensiformis) was used to precipitate 
CaCO3 via EICP. Three different calcium sources 
were used, i.e. calcium chloride (CaCl2), calcium 
lactate and dissolved chalk solution that was prepared 
by dissolving chalk in lactic acid.  

Real-time monitoring of the CaCO3 precipitation 
and crystal growth was performed for up to 72h using 
an optical microscope. Structure and morphologies of 
the CaCO3 crystals were further characterised via 
Raman spectroscopy and scanning electron 
microscopy. Different morphologies of CaCO3 
crystals were observed. The sample with CaCl2 was 
dominated by calcite crystals of typical rhombohedral 
morphology. Spherical shape calcite as shown in 
Figure 1 was observed in  the sample containing 
lactate. 

Similar EICP systems were applied to consolidate 
sand grains. Morphology and structure of the 
precipitated CaCO3 can have a substantial impact on 
binding efficiency and properties of the final 
consolidated product. Mechanical properties of the 
consolidated sand were evaluated through 
compression test. X-Ray diffraction analysis was 
performed to identify different crystals formed in the 
sample. This study is vital to give a better 
understanding of the relationship between different 
calcium sources and morphologies of the precipitated 
CaCO3 by visualising the process, and their effects on 
the consolidation efficiency. 

 
 

 
 
 

 
 
 
 
Figure 1: Spherical shape calcite from the sample 
with calcium lactate 
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Organic matter (OM) and hydrated minerals 
found in chondrites are the remnants of organic and 
water reservoirs present in the protoplanetary disk 4.6 
billion years ago. These components show systematic 
but variable enrichments in D, the heavy isotope of 
hydrogen, comparing to the Sun. Although at least a 
part of these enrichments argues for low temperature 
ion-molecule reactions in the protoplanetary disk or 
in the molecular cloud, it is unclear how these 
isotopic signatures might have been modified by 
chemical reactions or isotope exchanges occurring on 
the asteroidal parent body [1]. 

In situ measurements of hydrogen isotope 
compositions at the micrometer-scale in a large pool 
of chondrites can help to trace the interactions 
between OM and water on asteroids. We thus 
measured the D/H and C/H ratios in the fine-grained 
matrices of different carbonaceous chondrites (CCs) 
at the scale of some micrometers by using SIMS 
IMS-1280HR at Hokkaido University. Depending on 
the position of the primary beam on the matrix, the 
D/H and C/H ratios vary as a function of the relative 
amount of OM to hydrated minerals. Positive 
correlations between theses ratios are found in the 
matrices of the CI Orgueil, of the CR Renazzo and of 
a set of CM chondrites (Murchison, Mighei, Murray 
and Cold-Bokkeveld). These correlations imply that 
the H budget in the matrices of these CCs results 
from the mixture of D-rich OM and D-poor hydrated 
silicates. Using the zero intercept of the correlations, 
we estimated the water D/H compositions in the 
different chondrites [2]. 

The D/H ratios obtained in these CCs are 
compared with isotopic measurements in the 
insoluble OM [3, 4 and this study] and bulk 
measurements in CC chondrites [1]. In CM 
chondrites, the initially D-poor water seems to be 
locally enriched in D by a reaction with a minute 
amount of a D-rich component initially associated 
with the refractory insoluble OM.  
 
References: [1] Alexander et al. 2012, Science. 337, 
721–3 [2] Piani et al. 2015, EPSL 415, 154–164 [3] 
Remusat et al. 2010, Astrophys. J. 713, 1048–1058 
[4] Alexander et al. 2007, GCA 71, 4380–4403. 
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The Equatorial Pacific is one of the largest 

oceanic source of CO2 to the atmosphere today. This 
is because biological productivity and the associated 
fixation of carbon on the sea surface does not 
efficiently balance the physical efflux of CO2 via 
upwelling of subsurface waters. The dearth of 
biologically available iron, an important 
micronutrient has widely been held responsible for 
the inefficiency of the biological carbon pump in the 
Eastern Equatorial Pacific (EEP) Ocean. As a 
corrolary, it has been proposed that increased dust-
borne Fe supply during glacial stages would enhance 
nitrate consumption and carbon fixation, and could 
therefore contribute to the drawdown of atmospheric 
CO2 at these times. Recent works based on 
productivity and nitrate utilisation proxies however 
have cast doubt on the alledged effect of iron supply 
on CO2 efflux in the EEP. However,  key information 
on Fe fertilisation history and nitrate & silicic acid 
cycling are still missing in this region. Here we 
present a comprehensive reconstruction of nitrate and 
silicic acid cycling, Fe availability, upwelling 
dynamics, subsurface circulation and biogenic 
accumulation in the EEP in order to determine the 
relative importance of upwelling, iron availability and 
ocean  circulation on the EEP CO2 source over the 
last deglaciation. We show that biological 
productivity increased during the last glacial period 
due to iron fertilisation. Despite decreasing Fe supply 
during the deglaciation, organic carbon export 
remained high due to high biological productivity 
sustained by the injection of nutrient-rich water, 
probably from the Southern Ocean, into the 
equatorial undercurrent. Moreover, our records 
suggest that during the deglaciation the biological 
carbon pump was not more efficient that today and 
therefore the EEP  contributed to the deglacial 
increase in atmospheric CO2. 
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Among the anthropogenic perturbations, 
atmospheric acid depositions have impacted, 
sometimes deeply, the biogeochemical cycles of 
many elements implying acidification of stream, soils 
and forest declines. The small granitic Strengbach 
watershed (80ha) has been monitored for 
meteorological, hydrological and geochemical 
parameters since 1985 in order to better understand 
the relationships between acid atmospheric deposition 
and forest decline. Open field precipitation (OFP) 
was measured in clearings, and throughfalls under 
spruce (TF-S) and beech (TF-B) plots. 
The annual water fluxes are different between OFP 
and TFs because of interception process, which is two 
times higher under spruce than under beeche. The 
concentrations of elements mainly or partly coming 
from atmospheric dry deposits (Na, Cl, Ca, Mg, SO4, 
NH4) are notably higher in TF-S than in TF-B. The 
long-term monitoring (3 decades) of atmospheric 
inputs allows us to identify some significant temporal 
trends (pH, conductivity, sulphate, Cl, NO3, Ca, Mg, 
K), which could not be detected on shorter time 
periods. 

The decreases of anthropogenic SO2 and NOx (H 
precursors) emissions observed since the 80’s in the 
Northern hemisphere resulted in a significant 
decrease of acidity and sulphate concentration in OFP 
and TF, even if a slight increase in sulphate 
concentrations was recorded during the period 2000-
05. This latter can be related to the worldwide 
emissions pattern (link with Asia emissions), 
underlining the influence of Long Range 
Transboundary Air Pollution (LRTAP). Spruce 
needles efficiently trap dry deposition which 
accentuates throughfall acidity leading to soil 
acidification and then to nutrient leaching in soils and 
forest decline. On the opposite, beech leaves are able 
to neutralize part of the atmospheric protons, which 
minimizes the negative effects of acid rain. This 
study underlines the importance of long-term records 
of both OFP and TF in forested ecosystems to 
accurately evaluate the inputs of elements to soils, 
and among them essential nutrient elements.  
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Dioritic magmas are a link between mafic and 
felsic magma evolution. In oceanic crust and in mafic 
intrusions they are the most evolved rocks, whereas 
in upper crustal granitic batholiths they constitute the 
primitive end members. As such they have the 
potential to record detailed processes of continental 
crust evolution from basaltic to overall andesitic 
composition. 

Here, we compare trace element and isotope 
compositions of zircon from (1) oceanic crust (IODP 
Hole 735B), (2) monzodioritic intrusions within a 
late-collisional setting (Niemcza Zone, ca. 340 Ma 
Variscan orogeny) and  (3) quartz dioritic intrusions 
within a post-colllisional setting (Gęsiniec Intrusion, 
ca. 300 Ma episode of post-collisional extension in 
Europe). 

The nature of the mantle source is depleted and 
not variable in oceanic ridges as shown by zircon 
with ɛHf of ~15 units. ɛHf in continental zircon 
ranges from -5 to 0, consistent with enriched mantle 
source or crustal contamination. δ18O mostly overlaps 
between oceanic and continental zircon, suggesting 
that contamination by upper crustal weathered 
material is limited. In terms of trace elements, 
continental diorites have higher U, Th contents, Th/U 
ratios, and Eu anomaly while having lower Yb/Gd 
ratios. Such difference suggestss that continental 
diorites could likely be the first melts derived from 
lower crustal cumulates, whileoceanic zircon 
crystallized in second stage melts formed after 
MORBs were already extracted from oceanic 
cumulates. 
 Acknowledgments: reaserch funded by the Polish 
National Science Centre (UMO- 2013/09/B/ST10/ 
00032). 
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A discrepancy of ~20 km exists between the 

thermal definition of the lithosphere –asthenosphere 
boundary (LAB) – intersection between the 
conductive and convective geotherm – and the 
seismic definition, which fixes this limit at the top of 
the low velocity zone (LVZ). The seismic and electric 
properties of the LVZ are commonly explained by 
small fraction of melts located at the base of the 
lithosphere, but the existence of these melts is highly 
dependent on the volatile content of the residual 
mantle after MORB extraction.  

Mantle xenoliths and xenocrysts with a 
metasomatic imprint in petit-spot lavas provide the 
first direct evidence that metasomatic processes 
unrelated to plume activity affect the deep part of the 
oceanic lithosphere. In particular mantle xenoliths 
preserve cpx and opx trace elements patterns typical 
for metasomatized garnet-peridotite suggesting an 
equilibration depth higher than about 70 km, i.e. 
within the area currently associated to the seismic 
LVZ. Our results suggest that the base of the 
lithosphere could be metasomatized and the LAB 
does not necessarily represent an impermeable barrier 
for melt percolation. The presence of melt and 
metasomatic cumulates will modify the rheology and 
the seismic properties of the base of the lithospheric 
mantle. We hypothesize that some of the geophysical 
anomalies observed at the LAB could represent 
metasomatized lithosphere rather than asthenosphere 
LVZ as usually assumed. 
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Cenozoic volcanism in SW Japan is characterized 

by sporadic eruptions of alkaline basalts and 
voluminous emplacement of  dacite magmas in a 
close spatial proximity. Dacites show adakitic 
composition (high Sr/Y and LREE/HREE [1]) and is 
attributed to melting to the young (~17 Ma) 
subducting slab of the Philippine Sea Plate (PHS). 
However, it is still uncertain the origin and temporal 
relationship between basalt and adakite  activities. 

The authors conduced a geochronological and 
geo-chemical analyses on adakites in SW Japan 
(Aonoyama, Oe-Takayama, Sambe, and 
Wakurayama). The K-Ar ages indicate the activity of 
adakites ranges from 2 Ma to Holocene era. Newly 
obtained data reveal that adakitic activity (~0.9 Ma) 
occurred in Wakurayama area, that was significantly 
younger age than previously considered, ~5 Ma [2]. 
The activities of adakites in recent 2 Myrs seem to 
coincide well in time with the eruption of adjacent 
alkaline basalts (e.g., Abu, Yokota). Such magmatic 
bimodality could be explained by the interaction of 
upwelling hot mantle and subducting slab of PHS [3]. 

Enrichment in Pb, Sr, and Li, and depletion in 
Nb, Ta, P, and Ti in adakites are consistent with the 
derivation of magma source from the sub-arc mantle. 
Double-spike Pb isotopic data defines a positive 
linear trend [4], suggesting the involvement of two 
major magma sources; PHS slab as unradiogenic end-
member, and the subducting sediment as the other. 
Minor involvement of a third component is 
recognized in some adakites with higher 207Pb/204Pb at 
a given 206Pb/204Pb. The contribution of this source is 
also found in closely associated alkaline basalts 
(Daikonjima), and could be interpreted as the local 
mantle. 

Our results suggest that the slab melting to 
produce adakitic magma was induced by the 
interaction of subducting slab and hot buoyant 
mantle. Such interaction could occur at slab tears or 
toes. Low-velocity anomalies has been reported in a 
tear of PHS [5], seemingly consistent with the 
inference. 
 

[1] Defand & Drummond (1990) Nature, 347, 662-
665. [2] Morris et al. (1990) J. Southeast Asian Earth 
Sci., 4, 125-131. [3] Feineman et al. (2013) Geochem. 
Geophys. Geosyst., 14, 3009-3031. [4] Pineda-
Velasco et al. (2015)  Geochem. Geophys. 
Geosyst., 16, 2848-2852. [5] Huang et al. (2013) J.l 
of Asian Earth Sci., 75, 82-94. 
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An increasing number of Hadean zircons have 

been discovered in China, which provide an 
important opportunity to unravel the nature and 
evolution of the early Earth. However, most of them 
were found as detrital or xenocrystic grains in the 
Phanerozoic orogenic belts, thus the source of the 
Hadean materials in China remain enigmatic. Four 
garnet-free felsic granulite xenoliths entrained by the 
Mesozoic Xinyang volcanic rocks in the southern 
North China Craton (NCC) were selected for zircon 
U-Pb dating and Lu-Hf isotope analysis, as well as 
whole-rock major- and trace elements. Their 
petrography and geochemical composition reveal that 
the xenoliths are of igneous origin. The magmatic 
zircons yield formation ages including 3.5-3.6 Ga and 
ca 2.1 Ga. The 3.5-3.6 Ga zircons have widely 
variable εHf(t) of -7.8 to +4.0 and Tcrust of 3.5-4.3 Ga, 
whereas the ca 2.1 Ga grains give largely negative 
εHf(t) (-29.0 to -26.2) and Hadean model ages 
(Tcrust=4.4-4.5 Ga). The metamorphic zircons from 
the studied xenoliths give two thermal episodes at 
2.73 Ga and 1.61-2.35 Ga. These results suggest that 
the Hadean crustal components may exist in the 
southern NCC, and subsequently suffered the 
complex modification in the Paleoarchean- 
Paleoproterozoic. Combined with the published data, 
the Hf crustal model ages of zircons from the NCC 
(peak at ca 4.0 Ga) are older than those from the 
South China Craton (peak at ca 3.8 Ga). This means 
that there is much more likelihood of finding more 
Hadean terrestrial crust in the NCC, than in the South 
China Craton. Moreover, the Xinyang area in the 
southern NCC is prospective for further finds of 
Hadean zircons in China. 
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The increasing number of studies on the 
determination of natural methane in groundwater 
from shale gas areas offers a unique opportunity for 
refining the quantification of natural and 
anthropogenic methane emissions on land. Here we 
report methane fluxes computed from four potential 
sources in the St. Lawrence Lowlands, Québec 
(Canada), where the Utica shales are a potential target 
for the industry. Methane emissions can be caused by 
1) groundwater degassing by human abstraction; 2) 
groundwater discharge along springs or rivers; 3) 
migration to the surface by microseepage. In areas 
where shale gas is extracted by hydraulic fracturing, 
methane emissions can also be related to 4) the 
degassing of flowback waters during recovery. A 
methane survey in 130 private and municipal wells 
tapping groundwater from the regional fractured 
Ordovivian aquifer showed concentrations from 0.6 
to 45.9 x 103 µg L-1, with a regional median value of 
86 µg L-1. This is the most methanogenic aquifer 
among those studied for methane emissions in North 
America (0.76-9 µg L-1; internal bibliographic 
review), except for the exploited areas of the 
Marcellus (700 µg L-1) and Bartnett (5996 µg L-1) 
shales.  

Methane fluxes related to groundwater discharge 
in the St. Lawrence Lowlands (2.5 x 10-4 to 9.5 x 10-3 
Tg yr-1) surpass those of microseepage (4.1 x 10-6 to 
7.1 x 10-5 Tg yr-1) and human abstraction (6.6 x 10-6 
to 2.5 x 10-4 Tg yr-1). Yet, methane emitted by human 
abstraction in the St. Lawrence Lowlands is up to 
300% higher than that emitted by the six major 
aquifers of the United Kingdom [1] where methane 
concentrations are ca. 60 times lower. 

Exploitation of the Utica shales over a 10- to 20-
year horizon would emit from 2.55 x 10-3 to 1.62 x 
10-2 Tg yr-1, an estimate that amounts to one third to 
45 times the methane flux emitted from groundwater 
discharge.  

 
[1] Gooddy & Darling (2005) Sci. Total Environ. 
339, 117-126. 
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Diamonds are metasomatic minerals formed 
through processes of either reduction or oxidation of 
C-bearing fluids and melts that occur over a large 
range of depths in the mantle and extends through 
time. Zoning is common in diamonds, which may 
reflect these processes during their growth. For this 
reason, carbon isotopes require to be studied at 
micron- or even nanoscale to unravel the complexity 
of diamond formation and understand the origin and 
fate of carbon in the mantle. Carbon isotopes can be 
measured using SIMS with a spatial resolution of 15–
30 μm and a precision of 0.1. NanoSIMS 
measurements are still lacking of precision and 
results could be strongly affected by matrix effects on 
the chosen standards.  

Here, we present results of δ13C raster 
measurements (1x1µm) carried out in EM mode on 
three FIB foils of an alluvial diamond containing a 
carbonate inclusion from the Juina field, Brazil. 
Previous studies suggested that this diamond contains 
recycled carbon and that carbonate might derive from 
subducted material [1]. Carbon isotopic analyses on 
14 areas were corrected for detector dead time, Quasi 
Simultaneous Arrival (QSA) effect and instrumental 
mass fractionation (IMF). Three standards were used: 
carbonado GM02, a natural Ia and one synthetic IIa 
diamond both used for diamond anvil cell 
experiments. Isotopic analyses of carbon by mass 
spectrometry at IPGP on Ia and IIa stds were 
consistent with NanoSIMS results within 
uncertainties. Average δ13C of -5±2.3‰ is typical of 
diamonds of peridotitic paragenesis [2] and in the 
range of “mantle” carbon. Measured δ13C values are 
also consistent with a few carbon isotopic data 
obtained in Juina diamonds containing carbonate 
inclusions [e.g., 3]. 
[1] Wirth et al. (2009) Earth Planet. Sci. Lett. 286, 
292-303. [2] Cartigny et al. (2014) Annu. Rev. Earth 
Sci. 42, 699-732. 
[3] Bulanova et al. (2010) Contrib. Mineral. Petrol. 
160, 489-510. 
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The conduit dynamics at open vent mafic 

volcanoes is marked by separate two-phase (gas-
melt) flow dynamics. Separate two-phase flow allows 
for gas segregation and is driven by the rise and 
interaction of gas bubbles within the melt. It 
generates peculiar flow patterns (i.e. bubbly, slug, 
churn and annular). Separate two-phase flows are 
also strongly affected by both the melt and gas 
properties and the conduit diameter and geometry; 
more specifically these parameters controls not only 
the average properties of flow in the conduit but also 
the stability of bubbly, slug, churn and annular flows. 
Each flow pattern controls the magma bubble size 
and spatial distributions, flow characteristics, and 
hence the dynamics of outgassing, eruption style and 
magma properties. Regardless of the deep magmatic 
input, each pattern is also marked by definite 
periodicities resulting in oscillations of the conduit 
flow (pressure, flow rates), and magma (vesicularity 
and distribution) properties, which, in turn, control 
the eruption style and fragmentation dynamics. 

The quantification of these periodicities and their 
interpretation in terms of conduit properties and 
dynamics is of fundamental relevance not only to 
quantify conduit flow, but it has also great potential 
for the interpretation of geophysical and geochemical 
monitoring signals. We compare experimental results 
and theoretical models to define stability and 
properties of flow patterns during outgassing and 
eruptions of mafic magmas, quantify characteristic 
oscillations of the condut properties (pressure, bubble 
fraction), their speed of propagation and variations 
with magma rheology. Finally, we discuss our results 
in terms of expected outgassing patterns at open vent 
volcanoes and the interpretation of conduit dynamics 
in Hawaiian and Strombolian eruptions.   
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Geochemical proxies measured on the biogenic 
and authigenic phases of marine sediment cores are 
powerful tools for reconstructing past water mass 
source and chemical composition. However, these 
proxies are often ambiguous for reconstructing 
physical oceanographic parameters such as deep 
water advection speed and direction.  The dispersion 
of fine detrital sediment passively traces deep water 
advection.  Circulation pathways can be reconstructed 
through time if the sources of marine sediments are 
geochemically constrained.  Furthermore, integrated 
current strength may also be deduced from the 
distance a given grain size was advected from its 
source.  We will present initial results of a new 
approach to constrain past deep ocean circulation 
based on the advection of detrital sediment particles 
of different grain sizes whose source is constrained 
by Nd isotopes.  

We have initially worked in the North Atlantic 
because it hosts a strong geostrophic Deep Western 
Boundary Current (DWBC) that transports 
terrigenous sediments from sources with distinct and 
well-constrained geochemistry. We have separated 
marine sediment into discrete grain size fractions, 
which are confirmed using granulometry and 
scanning-electron microscopy.  We have measured 
Nd isotopes and magnetic mineralogy on these grain 
size fractions, and used them to “unmix” Atlantic 
bulk sediment into distinct sediment sources which 
contributed sediment to each core location. For the 
Holocene samples, the finest grainsizes are derived 
from Iceland and are transported great distances 
along the DWBC, while the coarser fractions are 
locally derived.  Preliminary reconstructions for the 
Last Glacial Maximum and deglacial time-slices 
places new constraints on changes in sediment 
sources through time, as well as the circulation 
pathways of deep ocean currents during critical 
climate intervals. 
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In the northwestern corner of the Nain mélange 

(Central Iran) there is an outcrop ~600 m-long where 
peridotites are associated with an intrusion of gabbro. 
Gabbro contains variable amounts of hornblende (5-
22 modal %). The contact between gabbro and 
peridotite is transitional. The gabbro grades to 
peridotite via olivine (ol) gabbro, wehrlite, troctolite 
and dunite. Wehrlite mostly appears as discontinuous 
layers or lenses inside ol-gabbro and contains 6-10% 
plagioclase. Along the border with peridotite, ol-
gabbro turns into troctolite by an increase in modal 
content of olivine. Cumulus olivine forms clots or 
thin layers of dunite in troctolites. The complete 
section is frequently crosscut by thin dikes (several 
centimeters wide) of hornblende-bearing pyroxenites. 

Although, modal composition changes abruptly 
over the described sections. Major-element 
chemistry, however, shows limited variations. 
Minerals such as spinel and clinopyroxene, which are 
main petrological indicators, show highly restricted 
and residual chemistry. The restricted chemical 
variation of the minerals over the transitional zone 
strongly suggests that magmatic differentiation 
played only a minor role in the formation of the 
transition zone forming-rocks. It is strongly suggested 
that these rocks are products of reaction between melt 
and peridotite, which is harzburgitic in composition. 
However, the chemistry of minerals from the reaction 
zone is incomparable with similar transition zones 
reported from abyssal settings. Relatively depleted 
chemistry of spinels (Cr# =(Cr/(Cr + Al)) = 0.54-0.67 
and TiO2 = 0.25-1.10 wt%) and clinopyroxenes 
(Cr2O3 = 0.39-1.27 wt% and TiO2 = 0.05-0.37 wt%), 
in particular their low Ti content, suggests that the 
reactant melt had a composition typical for 
subducion-related melts. This is in agreement with 
the hydrous composition of gabbro. Therefore, we 
suggest a subduction related setting for the Nain 
ophiolite. 
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The climate of the Last Interglacial (LIG; about 

125,000 years ago) was substantially warmer than 
today and is often argued that it can be used as a 
possible equivalent for warmer future climate 
conditions caused by anthropogenic climate change. 

This study is focusing on the shape and evolution 
of the Greenland Ice Sheet (GrIS) during the LIG. 
The GrIS interacts strongly with the surrounding 
environment and with a thickness of several thousand 
meters it also has the potential to modify atmospheric 
circulation. It is therefore important to know how the 
GrIS evolved in the past to better understand its 
behaviour and use this knowledge to improve future 
predictions for climate dynamics and global sea level 
rise. 

The GrIS was the focus of many studies in the 
past. The most recent assessment report of the 
Intergovernmental Panel on Climate Change (IPCC 
AR5) discusses several of these studies in context of 
the contribution to sea level rise from the GrIS during 
the LIG. The report also identifies the big differences 
between these studies in terms of GrIS extent and the 
resulting sea level rise. 

To model the dynamics of the GrIS the Ice Sheet 
System Model (ISSM) is used. The model results are 
constraint using  proxy data derived from deep ice-
cores of the GrIS. In addition a more exhaustive 
review of previous work on the GrIS during the LIG 
is given. The smallest extents of the GIS simulated by 
various authors are shown and summarized. A focus 
is thereby given to the methods used to calculate the 
surface mass balance. A hypothesis of the present 
work is that the varying results of the previous studies 
can largely be explained due to the various methods 
used to calculate the surface mass balance. 
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Over the past decade, there has been a surge in 
the amount of metal isotope data collected from 
Precambrian sedimentary rocks with the aim of 
tracking Earth’s protracted oxygenation. This work 
has been essential in moving forward our views of 
marine and atmospheric evolution. Typically, 
however, these studies have focused on single isotope 
systems, often within a single sedimentary facies. We 
will present case studies in which records compiled 
from multiple metal isotope systems in multiple 
facies provide a coherent view of ambient redox state. 
Specifically, we will present work from paleosols and 
sedimentary rocks from the ca. 2.9 Ga Pongola 
Supergroup where a multi-proxy approach provides 
strong evidence for the rise of oxygenic 
photosynthesis almost half a billon years before the 
Great Oxidation Event.  

Secondarily, we will focus, more broadly, on 
addressing whether metal isotope proxies (foremost 
U and Cr isotopes) applied to different sedimentary 
facies (e.g., shales vs. carbonates) yield a consistent 
signal, and whether we can discern clear temporal 
trends through the Precambrian. We will highlight 
cases where proxy records from different facies 
appear to yield conflicting results.  Although some 
apparent discrepancies can be resolved by 
considering the influence of disparate depositional 
environments, we will highlight certain conflicts in 
need of resolution. Addressing apparent 
contradictions within proxy records will, in the 
future, be an essential step to ensure that metal 
isotopes can continue to shape our view of Earth’s 
redox history. 
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Rare earth element (REE) distributions and 

patterns are being used extensively in geology and 
geochemistry.  In this study we highlight their value 
as tracers for marine biogeochemical dynamics in a 
changing climate, in particular regarding issues such 
as acidification, deoxygenation and seawater-
sediment interactions. In order to fully exploit REEs 
as process tracers in the ocean we have extended the 
original REE dataset of Byrne & Sholkovitz [1] by 
collating historical measurements with new data 
measured as part of the GEOTRACES program. We 
discuss the spatial distribution of the main REE 
patterns and examine correlations between REEs and 
traditional hydrographic tracers. Building on this we 
selected examples illustrating how a growing global 
REEs dataset can be exploited to investigate and 
quantify a variety of physical and biogeochemical 
processes. As a first example [2], we show how the 
global dataset can be used to define a nearly 
ubiquitous and statistically significant mid-depth 
Dy/Er minimum and discuss possible sources of the 
low Dy/Er signal, leading to a hypothesis about the 
applicabilityof REEs as specific ocean circulation 
tracers. We then demonstrate how the global REE 
dataset can be used to quantify the influence of water 
mass advection on dissolved REE concentrations [3] 
and explain how advection needs to be invoked to 
interpret REE sections while at the same highlighting 
the role of seawater-sediment interactions and 
hydrothermal scavenging.  
 
[1] Byrne & Sholkovitz (1996) Ch. 158: Marine 
chemistry and geochemistry of the lanthanides. In 
Handbook on the Physics and Chemistry of Rare 
Earths, vol. 23, Eds: Gschneider and Eyring. [2] 
Osborne et al. (2015) Mar Chem 177, 172-183. [3] 
Zheng et al. (2016) GCA 177, 217-237. 
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As of this writing, eighteen volcanoes are in a 
state of eruption or unrest; seventeen of those are on a 
convergent plate margin. The eruption of basalt to 
andesite at arc volcanoes is the most common global 
event, and yet little is understood of what controls 
their eruptive vigor. The obvious driver of explosivity 
is the volatile fuel, with H2O being the most abundant 
species. This plenary talk will present data on the 
parental abundances of H2O, and its degassing rate, as 
recorded in melt inclusions and chemical diffusion 
profiles in crystals and melt. The last fifteen years 
have seen intensive study of magmatic volatiles 
through the analysis of melt inclusions trapped 
largely in olivine crystals from airfall deposits. The 
unexpected observation is the uniformity in the water 
concentration of parental arc magmas: 4 +/ -1 wt% 
H2O (n~60 volcanoes) [1]. Given the 4-5 orders of 
magnitude in eruptive intensity that produced these 
deposits, it does not seem likely that such a small 
range in H2O is the driving factor. Instead, magma 
decompression rate may affect explosive behavior 
through its control on bubble-melt separation, bubble-
crystal nucleation, and/or magma supply rate. Several 
chronometers have been developed over the past 
years that capture the minutes-to-hours of magma 
decompression prior to explosive eruption using the 
diffusion of H2O in and through olivine, 
clinopyroxene and melt. The greatest uncertainty in 
this approach lies in the diffusivity of water through 
olivine and cpx, which varies by 5 orders of 
magnitude depending on the site occupancy of the 
hydrogen and abundance of other cations [2]. The 
simultaneous application of multiple chronometers to 
the same eruptions provides permissible diffusivities, 
and demonstrates that water diffusion through olivine 
and cpx phenocrysts occurs at the rates comparable to 
the fastest measured in the laboratory, generally 
associated with exchange between Fe3+ and H+. 
Although this is bad news for the preservation of 
primary water in nominally anhydrous minerals, it is 
good news for eruptive chronometers. The 
application of diffusion chronometry to several 
eruptions thus far demonstrates a relationship 
between decompression rate and eruptive vigor, with 
magma ascending in minutes from 5-10 km depth 
magma storage regions in VEI 4-5 eruptions. 

 
[1] Plank, et al. (2013), EPSL 364, 168-179.  
[2] Ferriss, Plank, Walker (2016) CMP, in press. 
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The Armorican belt is part of the western 

European Variscan belt. Although the region was one 
of the world leader producers of antimony at the 
beginning of the 20th century, the geological controls 
behind these deposits remain badly constrained. Here 
we present a spatial statistical analysis of the Sb-
mineralisation, together with geophysical and 
geological data [1]. Results show that the Sb-
mineralisation is spatially associated with strong 
positive gravity and magnetic anomalies which must 
be linked to the presence of mafic/ultramafic bodies 
at depth. This spatial link is further supported by the 
numerous outcropping occurrences of dolerite dykes 
and sills close to the Sb-deposits and sometimes 
hosting the mineralisation. This mafic magmatism, 
dated by in-situ U-Pb analyses on apatite at ca. 360 
Ma, appears as a regional-scale event at the 
Devonian-Carboniferous boundary. In addition, new 
data suggests that mafic magmatism may have 
probably played a role in the early distribution or 
redistribution processes of metal stock in the 
subsequent history of the antimony in the Variscan 
Armorican belt. 
 
[1] Pochon et al. (2016). Terra Nova, doi: 
10.1111/ter.12201 
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Speleothems are produced by the slow 
accumulation of calcium carbonate produced by the 
passage of dripping water containing Ca and CO2 in 
sufficient amount to precipitate CaCO3. 

The speleothem sample studied here comes from 
the Tertiary Mechta cave in the Thezeran karstic 
system, near lake Baikal, Eastern Siberia, and is the 
same specimen as the one described in Devès et al. 
(2012). It is a calcitic/aragonitic laminated corallite 
speleothem with presence of dissolution voids filled 
by amorphous opal. The material in this sample has a 
range in uranium contents from several ppm up to 
1000 ppm U. 

First attempts at dating the sample using thermal 
ionisation mass spectrometry U/Th-series gave results 
within error of secular radioactive equilibrium, thus 
suggesting an age out of the range attainable by this 
technique (>500 Ka, Devès et al 2012). We have 
obtained preliminary U-Pb data from laser ablation 
(193nm, Photon-Machines G2) coupled to an Attom 
HR-ICP-MS on different CaCO3 laminas and opal 
zones that suggest an age of ca. 4.2 Ma for the whole 
sample, thus confirming the previously published 
U/Th-series results. Age differences between zones of 
pure CaCO3 and opal-rich ones may be ascribed to 
carbonate deposition age and replacement by silica-
rich fluids (diagenesis) ages. More laser ablation and 
ID-TIMS U-Pb ages will be produced for these zones, 
identified from imaging by scanning electron 
microscopy.  
 
Reference: Devès, Perroux, Bacquart, Plaisir, Rose, 
Jaillet, Ghaleb, Ortega and Maire, (2012) Chemical 
Geology 294-295, p. 190-202.  
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A full use of stable metal and metalloid isotope 

composition in igneous rocks petrogenetic studies 
requires a correct understanding of the meaning of 
these new isotopic tracers. Since the finding made a 
decade ago that magmatic differentiation leads to 
measurable and systematic stable iron isotope 
fractionation, this area of geochemistry has been 
rapidly expanding. Whereas further studies confirmed 
the trend uncovered, additional interpretations were 
provided. Besides a possible redox effect linked with 
magma degassing that would lead to a residual 
granitic liquid enriched in heavy Fe isotopes, 
fractional crystallization and/or thermal diffusion 
were proposed as alternative explanations. 

This isotope effect was further tackled through 
the examination of the stable isotope variations of 
other metals and metalloids on the same igneous 
suites. It was found that Li, Cu, Mg, Zn and Si show 
specific isotopic trends through differentiation. Such 
contrasted isotopic fractionation behaviours are likely 
related to the specific mineral hosts of the element of 
interest, to its position in the structure of silicic melts, 
and as to whether it is redox sensitive or can be easily 
mobilised by fluids exsolved in the course of a 
magmatic body evolution. 

The case of silicon is particularly interesting. 
Whereas there is a general trend of increasingly 
heavy Si isotope signature with igneous 
differentiation, recent work has shown that these Si 
isotope variations cannot be interpreted in terms of 
simple fractional crystallization or magma mixing as 
with Fe isotopes. Compilations made at the planetary 
scale reveal that, besides a source effect for anatectic 
leucogranites and possibly andesites, those Si isotope 
trends are not so much influenced by the cumulative 
nature of the rock under consideration. In fact, and 
whereas recent atomistic computations show the 
influence of some metal cations in mineral structures 
on partition functions, the behaviour of silicon stable 
isotopes in igneous rocks is likely to be driven by a 
parameter that relates to the mean interatomic 
distance between Si and O atoms. This could be 
summarized as a relationship between Si isotope 
compositions and the polymerization degree of the 
silicic melts and minerals in which silicon is locked. 
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   Mineral weathering at the Earth’s surface 
provides nutrients for higher plants and generates 
element mass fluxes to rivers and oceans. An 
increasing number of studies highlight the importance 
of fungi in weathering processes. However, 
difference between the mass fluxes generated by 
biotically mediated weathering and the abiotic 
weathering are still poorly understood.  

    During weathering, metal stable isotopes are 
fractionated by both inorganic geochemical processes 
(early stage of dissolution, secondary mineral 
formation, etc) and biological processes (during 
uptake and translocation) [1]. To decipher the impact 
of abiotic and biotic processes associated with fungal 
weathering, we designed laboratory batch 
experiments. We chose the rock-inhabiting 
ascomycete Knufia petricola as a model fungal 
species, a solution with high glucose, K, N, P, Na and 
S as a nutrient source and the mineral olivine [(Mg, 
Fe)2SiO4]  as a host rock.   

    Our results show that the presence of fungi K. 
Petricola enhances the release rate of both Mg and Si 
from the dissolving olivine when compared to abiotic 
control experiments. The steady state biotic 
dissolution rate was 1.2×10-11 mol/m2/s, which is 15% 
higher than the abiotic rate. However, the δ26Mg of 
the solution for both abiotic and biotic experiments 
was identical to the dissolving olivine after 30 days of 
experiment, consistent with kinetic models on abiotic 
olivine dissolution [2]. This has important 
implications for the application of Mg isotopes in 
weathering studies, as our result indicate that for both 
biotic and abiotic dissolution, the dissolved δ26Mg 
constrain to the source rock signature at steady state. 
 
[1] von Blanckenburg, F., et al. (2009). 
"Fractionation of metal stable isotopes by higher 
plants." Elements 5(6): 5.  
[2] Maher, K., et al. (2016). "A spatially resolved 
surface kinetic model for forsterite dissolution. 
"Geochimica et Cosmochimica Acta 174: 313-334. 
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 Four xenoliths consisting mainly of olivine and 

phlogopite were found in Udachnaya pipe (Siberia). 
In addition to these, studied xenoliths contain small 
amounts of sulphide minerals and the following: 1) 
UV681-11 - lherzolitic garnet, pyroxenes; 2) UV736-
11 - amphibole; 3) UV709-11, UV659-11 - ilmenite, 
clinopyroxene. In addition to large matrix flakes, fine 
grains of phlogopite were found as inclusions in 
amphibole and sulfide, interstitial grains between the 
matrix minerals, and in the rims of garnet UV681-11. 
Mg# of olivine varies widely from 82 to 93 (in 
UV681-11). 

 

 Fig.1 Сompositions of phlogopites from "mica-
rocks". The fields of different paragenetic types of 
phlogopite inclusions in diamonds, taken from work 
[1], are present on the chart: H – harzburgite-dunite, 
L – lherzolite, E –tclogite. 
 
The compositions of fine grain phlogopites are 
located in the field of phlogopite inclusions in 
diamonds from harzburgite-dunite paragenesis. 
Matrix phlogopites from UV681-11 (with lherzolitic 
minerals) and UV736-11 (with amphibole) are in the 
same field. Points of matrix compositions of 
phlogopites from two other samples (with ilmenite) 
lie between fields of phlogopite inclusions in 
diamonds from lherzolitic and eclogite paragenetic 
types, representing, apparently, a some special type 
of mantle metasomatism.  
 
[1] Sobolev et al. (2009) Russian Geology and 
Geophysics, 50 (12), 1588-1606 
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It has been widely believed that nearly all-

skeletal elements of echinoderms are single crystals . 
In order to achieve a curved complex structure with 
micrometer-size radius of curvature, devoid of facets, 
a special crystallization mechanism is required. In the 
specific case of the brittle star (O. Wendtii, of the 
phylum Echinodermata), it was found that the arm 
plates crystallize from an un-ordered amorphous 
precursor phase in a "mold", taking its shape .  

We focused on studying the crystallography of 
the intricately shaped calcite plates, using EBSD and 
sub-micron scanning synchrotron diffractometry to 
show the plates are indeed single crystals. Results 
clearly show that the lenses and the stereom beneath 
are one millimeter-sized single crystal. Although this 
has been suggested previously using x-ray diffraction, 
never before has it been demonstrated with such 
detail. 

Additionally, HRTEM measurements show 
nanometric intracrystalline inclusions. High-
resolution synchrotron powder diffraction 
measurements, together with thermal and chemical 
analysis such as TGA, DSC and MS are used to 
hypothesize about the nature of these inclusions. The 
studied crystals exhibit very different behavior than 
what is commonly known about biogenic calcite, due 
to the presence of something other than organic 
molecules. We will show that this nanostructure has 
significant implications on the function of these 
lenses.   
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Biominerals formed by animals provide skeletal 

support, and many other functions. They were 
previously shown to grow by aggregation of 
amorphous nanoparticles [1], but never to grow ion-
by-ion from solution, which is a common growth 
mechanism for abiotic crystals. We analyze vaterite 
(CaCO3) multi-crystalline spicules from the solitary 
tunicate Herdmania momus, with Polarization-
dependent Imaging Contrast (PIC)-mapping [2], 
scanning and aberration-corrected transmission 
electron microscopies. Quantitative PIC-mapping 
data measured 0°-30° angle spreads between 
immediately adjacent crystals. There are no organic 
layers at the interface between crystals, hence a new, 
unknown growth mechanism must be invoked, with 
crystal nucleation constrained within 30°. Two 
observations are consistent with crystal growth from 
solution: vaterite microcrystals express crystal faces, 
and are smooth at the nanoscale after cryo-fracture 
[3]. 

The observation of 30° angle spreads, lack of 
interfacial organic layers, and smooth fracture figures 
broadens the range of known biomineralization 
mechanisms and may inspire novel synthetic crystal 
growth strategies. Spherulitic [4] growth from 
solution is one possible mechanism consistent with 
all these observations. 

 
[1] De Yoreo et al. (2015) Science 349. [2] Gilbert et 
al. (2011) Proc. Natl. Acad. Sci. 108, 11350-11355. 
[3] Pokroy et al. (2015) Chem. Mater. 27, 6516–
6523. [4] Shtukenberg et al. (2011) Chem. Rev. 112, 
1805-1838. 
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Carbonatites represents a potential economic 
resource of HSE (e.g., Phalaborwa, South Africa; 
Ipanema, Brazil [1]), but they can also provide 
insights into HSE fractionation in Earth’s upper 
mantle during the production of CO2-rich magmas. 
However, the existing data on HSE distribution in 
carbonatites are sparse [2]. 
 We present the first HSE abundances, paralleled 
by 187Os/188Os ratios for the suite of carbonatites and 
associated alkaline rocks (syenite, monzonite, 
pyroxenite) from Samalpatti and Sevattur, Tamil 
Nadu region, India, with an age of ~770 Ma [3]. The 
HSE concentration and Os isotopic ratios were 
determined by standard methods involving 
decomposition in Carius Tubes, separation of Os by 
CHCl3 and Ir, Ru, Pd, Pt isolation by anion exchange 
chromatography, following decarbonation with HCl. 

 Preliminary results indicate that the 
carbonatites and alkaline rocks have indistinguishable 
and very low HSE contents in the range of 1–41 ppt 
Os, <50 ppt Ir and Ru, and elevated contents of Pt (up 
to 811 ppt) and Pd (up to ~1800 ppt) while Re 
exhibits the highest contents in carbonatites (up to 1 
ppb). The HSE patterns are characterized by steep 
enrichment of Pd–Re over Os–Ir–Ru (PdN/IrN=~3–
64). Such values, in combination with highly 
radiogenic present-day 187Os/188Os ratios between 
~1.2 and ~5.9, indicate most likely derivation of the 
suite by melting of continental crust. 
Supported by The Czech Science Foundation (15-
08583S). 

 
[1] Fonza (2006) Platinum metals Rev. 50, 134-142  
[2] Xu et al. (2008) Lithos 105, 201-207 
[3] Kumar et al. (1998) GCA 62, 515-523 
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Background and motivation 

Crystal formation in biological systems is 
fascinating and has attracted many researchers over 
the passed several decades.  One of the most 
intriguing characteristics of such biogenic crystals is 
the presence of intracrystalline organic molecules 
within single crystal hosts.[1, 2] Such molecules have 
been proved to become well incorporated into the 
lattice of the inorganic crystal host and exert 
systematic anisotropic lattice distortions as well as 
distinctive/unique microstructures.[3, 4] Having been 
mainly demonstrated within the calcium carbonate 
system we have been performing bio-inspired studies 
of synthetically incorporating molecules within other 
crystalline systems such as semiconductors.[5]  

Results and Discussion 
Herein we report that we can induce similar 

lattice distortions in vitro by growing semiconductor 
crystals of Cu2O from aqueous solution in the 
presence of different amino acids. Utilizing the 
dedicated high-resolution synchrotron powder 
diffraction allowed to extract structural information 
with the highest precision and analyze the 
microstructure evolution produced by incorporation 
of amino acids. In addition, in-situ heat treatments at 
elevated temperatures were carried out to investigate 
the temperature-generated relaxation of the lattice 
strains and the activation energy of relaxation.  

However the paramount importance of this 
study is that Cu2O semiconductor crystals not only 
allow for the incorporation of organic molecules but 
also prove the prevalence of bio-inspired band gap 
engineering phenomenon.  For several specific amino 
acids the induced lattice strains were accompanied by 
pronounced (up to 16%) changes in the band gap of 
the Cu2O host. Considering the significant effect of 
intracrystalline molecules on semiconductor 
properties the present work provides a step forward in 
generalization of a novel approach to band gap 
engineering of semiconductor crystals and may lead 
to discovering a new kind of bio-inspired 
semiconducting materials for future technological 
applications. 
 
[1] Yoreo&Dove (2004) Science 306, 1301-1302. [2] 
Berman et al (1988) Nature 331, 546-548. [3] Pokroy 
at al (2006)   Advanced Materials 18, 2363. [4] 
Pokroy at al (2006) J Struct Biol 153, 145-150. [5] 
Brif et al (2013) Advanced Materials 26, 477–481. 
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Modern knowledge of nanoscience includes a lot 
of carbon nanostructures synthesis methods. 
Nevertheless (a) magmatic silicate medium and (b) 
long duration (more than 2 days) are unusual in any 
technology. These parameters as well as low 
temperature (500-700°C) and carbon precursor are 
common in geological environment. Only small 
number of natural carbon nanostructures are known 
[1,2,3] and some of them [2] are listed at fig.1. Well-
known ″man-made″ MWCNT [4 and others] and 
natural multilayer carbon micro- and nanotubes are 
very similar in morphology and in diameter 
dimension. The main feature of the natural carbon 
nanostructure architecture is formation of micro-
nanotubes and carbon cones within amoeba-like 
graphite granules.  

Fig.1: Left -  MWCNT; in the center – cone; on right 
- amoeba-like graphite granule.  In the section of 
granule from top to bottom are the several layers of 
graphene – porous carbon – cones and MWCNT -  
porous carbon - several layers of graphene. 
 
[1] Jaszczak et al. (2007) Canad. Miner. 
45, 379-389. [2] Ponomarchuk et al. 
(2013) Bul. of the Russ. Acad. Sci. 
Phys. 77, 203–206. [3] Ryabov et al. 
2012 Doklady Earth Science 446, 1193–
1196. [4] Carbon Nanotubes: Ed.  
Endo&Iijima& Dresselhaus (1997).   
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Subduction zones modulate the chemical 
evolution of the Earth's mantle. Water and volatile 
elements in the subducting lithosphere are released as 
fluids into the mantle wedge and this process is 
widely considered to result in the oxidation of the 
sub-arc mantle [1]. However, the chemical 
composition and speciation of the fluids released 
from the subducting slab remains poorly constrained. 
In particular, it is unclear what the role of slab fluids 
is with respect to sulphur or the economically-
important transition metals and chalcophile elements. 
Here we used zinc stable isotopes (δ66Zn) in 
subducted Alpine serpentinites to decipher the 
chemical properties of slab-derived fluids. We 
showed that the progressive decrease in serpentinite 
δ66Zn with increasing prograde metamorphic grade is 
correlated with a decrease in sulphur content. As 
theory predicts that Zn-SO4

2- complexes 
preferentially incorporate isotopically heavy Zn [2], 
our δ66Zn serpentinite record provides direct evidence 
for the release of SO4

2--rich fluids during subduction-
related serpentinite dehydration. As one mole of SO4

2- 
can oxidize 8 moles of Fe2+, sulphate-rich fluids are a 
powerful mantle wedge oxidizing agent [3]. We 
further demonstrate that these sulphate-rich fluids 
constitute efficient vectors for transition metal and 
chalcophile element transfer to the sub-arc mantle 
[4]. Zinc isotopes are thus a powerful tool that can be 
used to trace the release of oxidised sulphate-rich 
slab-derived fluids into to the mantle wedge and to 
identify their pathways. 
 
 
[1] Evans et al. (2012) Geology 40, 783-786. [2] 
Black et al. (2011) Geochimica et Cosmochimica 
Acta 75, 769-783. [3] Kelley and Cottrell (2009) 
Science 325, 605. [4] Bouilhol et al. (2012) The 
Canadian Mineralogist 50, 1291-1304. 



Goldschmidt Conference Abstracts 

 

2528 

Nucleosynthetic Mo isotope 
anomalies in iron meteorites – 

evidence for thermal processing 
G.M. POOLE1* AND M. REHKÄMPER1 

1 ESE, Imperial College London, United Kingdom 
(*correspondence: g.poole11@imperial.ac.uk) 

 
Over the last few years, nucleosynthetic isotope 

anomalies have been identified in bulk meteorites for 
a number of more refractory elements, including Ba, 
Cr, Ni, Ti and Zr. In contrast, other refractory 
elements have shown no such effects (e.g., Os, Hf). 
Recently, it has been proposed that thermal 
processing of material in the solar nebula is 
responsible for the normal and anomalous isotope 
compositions [e.g., 1, 2]. In particular, it has been 
argued that ‘light’ and ‘heavy’ r-process isotopes 
originate from distinct nucleosynthetic sources, 
which generate host phases that have different 
susceptibilities to thermal processing [3]. 

To inform the debate, we have investigated 
nucleosynthetic Mo isotope anomalies in an extensive 
range of iron meteorites to produce the largest dataset 
available to date, with a precision that is improved in 
comparison to previous studies [4, 5].  

Systematic nucleosynthetic Mo isotope anomalies 
were observed in almost all iron meteorites. All 
magmatic irons were found to display deficits in s-
process Mo isotopes, whereby the anomalies vary 
between groups. Only meteorites of the non-
magmatic IAB/IIICD complex have terrestrial Mo 
isotopic composition. These results are in good 
agreement with the recent high-precision study of [5].  

Comparison of our data with published results for 
other elements (e.g., Ru, Ba, Zr, Os, Hf, Ti) reveals 
that the Mo isotopic heterogeneity is in accord with 
the decoupling of ‘light’ and ‘heavy’ r-process 
nuclides. The improved precision of our data for irons 
furthermore allows, for the first time, the resolution 
of decoupled p- and r-process Mo isotope effects. 
Significantly, integration of the chondrite data of [5] 
with our results for irons suggests that both the 
magnitude of the Mo isotope anomaly and the extent 
of p-, r-process decoupling, are related to heliocentric 
distance. This new line of evidence provides 
additional support for models, which infer that 
thermal processing plays a key role in generating the 
nucleosynthetic isotope effects that are observed for 
‘lighter’ refractory elements in meteorite parent 
bodies. 

 
 [1] Burkhardt et al. (2012) EPSL 357, 298-307. [2] 
Akram et al. (2015) GCA 165, 44-500. [3] Akram et 
al. (2013) ApJ 777, 169-180. [4] Dauphas et al. 
(2002) ApJ 565, 640-644. [5] Burkhardt et al. (2011) 
EPSL 312, 390-400.  
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During a 27 days groundwater pumping test in a 
drinking water production area, we continuously 
measured dissolved (noble) gas concentrations to 
determine groundwater origin. Additionally, we took 
water samples for laboratory based noble gas 
analysis for  3H-3He groundwater dating.  

At the study site in northern Switzerland 
groundwater is artificially recharged by infiltrating 
water from the river Rhine on an excavated system 
of channels and ponds into the underlying aquifer. 

Groundwater modelling let us assume that 
intensive pumping of a drinking water well leads to 
an inflow of older (e.g., 4He-rich') water from the 
underlying fractured rocks. These fractured systems 
are suspected to hydraulically connect nearby old 
landfill sites with drinking water wells. Therefore, 
contaminants from the waste disposal sites can enter 
the drinking water production by intensive pumping 
for a longer period of time. During the experiment, 
only water from a single well was continuously 
abstracted while other wells in the direct vicinity of 
the pumped well were not operated. The pumped 
well is known to lie above a highly fracture zone.  

First results show that the water of the pumped 
well has     a higher share of old water compared to 
neighbouring wells. However, this mixing ratio does 
not significantly change for the duration of the 
pumping test. Hence, intensive pumping does not 
increase the inflow of deep and potentially 
contaminated groundwater.  

Our study examples how continuous (noble) gas 
analysis in the field can contribute to an improved 
water management in artificially recharged 
groundwaters. 
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Motivation 
In the last ten thousand years, Vesuvius volcano 

produced several Plinian eruptions. The Pomici di 
Avellino (Avellino eruption) occurred around 3,900 
years BP and heavily impacted human settlements in 
the region during the Early Bronze Age. Previous 
field studies characterized Avellino eruption in terms 
of its eruption dynamics, volumes and intensities. The 
eruption consisted of three main phases: opening, 
magmatic Plinian, and phreatomagmatic. 

Results 
Here we focus on the EU3 unit associated to the 

climax of the magmatic phase. The estimated 
maximum column height of this phase was around 31 
km and its bulk volume around 1 km3.  

We present the first estimation of the Total Grain-
Size Distribution (TGSD) of the tephra fallout unit 
EU3. The TGSD was calculated using the Voronoi 
tessellation method with 9 samples collected from the 
slope of the volcano (~ 5 km) up to Albania (~ 450 
km). A sensitivity study on the influence of the tephra 
distribution, number of samples, and their locations 
was also carried out. The TGSD shows a bi-modal 
lognormal distribution with a coarser mode at Phi ~ 0 
and a finer mode at Phi ~ 6. The reconstructed TGSD 
is consistent with other TGSD of Plinian and Sub-
plinian deposits, such as that associated to the AD 
472 (Pollena) Sub-plinian eruption. 

The reconstructed TGSD and the available field 
observations are used to constrain a tephra dispersal 
model, allowing us to refine the estimation of the 
eruption source parameters and the tephra loading 
associated with the EU3 unit. Our results can be used 
to assess the dispersal of similar Plinian eruptions 
that could impact the region in case of renewal 
activity of Vesuvius volcano. 
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The area under investigation and methodology 
Central Brazil is a fertile ground for base metal 

deposits associated with meta volcano-sedimentary 
sequences. However the region has been subjected to 
intense lateritization resulting in a regolith cover (20-
30 m) that has been altered by reworking and erosion 
significantly impacting the interpretation of 
geochemical surveys [1]. Therefore regolith mapping 
(esc: 1:100.000) coupled with regolith orientation 
surveys over the Chapada (Cu-Mo-Au) and 
Palmeirópolis (Zn-Pb-Cu) deposits have been 
conducted in order to understand regolith evolution 
and guide geochemical exploration procedures. 

 Regolith mapping was based on SRTM data and 
airbourne gamaspectrometric surveys. Regolith 
sampling was conducted in soil traverses, drill hole 
cores and pits. Analitical procedures included 
conventional and partial digests with ICP-MS finish 
aiming to extracted loosely bound metals associated 
with iron oxy-hydroxides [2]. 

Results 
The regolith units identified fits into residual, 

erosional and transported domains [3]. Geochemical 
samples, consisting of saprolite, ferruginous 
duricrusts, latossol and lateritic lag allowed an 
appreciation of the dispersion patterns. Geochemical 
response is dependent on the regolith regime. Lag 
sample has proven to be an effective sample media 
while the latosol over ferruginous duricrusts is 
generally metal depleted. The dispersion patterns 
obtained from the partial digests are not significant 
probably due to  the residual nature of the regolith 
over the deposit areas. 

 
[1] Porto, C.G. & Hale, M. (1995) Gold 
Redistribution in the Stone Line Lateritic Profile of 
the Posse Deposit. Econ. Geol. 90 308-321. [2] Benn, 
C. & Porto. C.G. (2005) Geochemical dispersion in 
the lateritic regolith of the Chapada Cu-Mo-Au 
Deposit, Central Brazil. Abst Inter. Geoch. Explor. 
Symp Perth, Austr. [3] Anand, R.R. & Butt, C.R.M 
(2010) A guide for mineral exploration through the 
regolith in the Yilgarn craton, Australian Journal of 
Earth Sciences 57 1015–1114. 
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 Not many studies deal with the uptake of non-

nutrient elements by plants. Hence, the processes 
controlling the uptake of these elements and their 
sequestration in different plant organs are not well 
understood. Research about soil-to-plant transfer-
factors (TF) of nutrients combined with non-nutrients 
could provide a powerful tool to gain a much broader 
understanding of elemental uptake. Non-nutrient 
trace elements are usually transferred into plants, 
although they are not required for plant growth and 
only taken up by membrane proteins that evolved for 
chemically similar ions of nutrient elements [1]. The 
ratios at which non-nutrients and nutrients are passing 
through the soil-root barrier could provide valuable 
information for agriculture. 

We will present a multivariate statistical approach 
on a data set of over 800 physiological TFs of 
different plants grown on different soils with different 
pollutant levels [2]. In order to avoid spurious 
correlations among main and trace elements and their 
TFs, the statistical methods discussed are based on 
the analysis of log-ratios [3]. Linear discriminant 
analysis is used to study the differences between 
groups of samples [4]. The challenge is to choose in a 
data set of 45 elements, which ratios of 
concentrations or TFs provide information about e.g. 
uptake/synergism, competition/antagonism, 
sequestration within the plant, etc. 

Two examples of how a statistical approach can 
be used are discussed. 1) The log ratios of TFs of 
some trace elements show a correlation with the TFs 
of other elements, like Ca and Sr, Rb and Cs, La with 
all other REE and Nb, etc. Deviations from the 
general correlation within element pairs of TFs give 
hints at differences in soil parameters or in the 
cultivars or ecotypes of a certain plant species. 2) Log 
ratios of TFs of elements which are not correlated to 
any nutrient element may provide information e.g. 
about the underlying lithofacies/soil conditions. 
 
[1] Zhao et al. (2010) Annu. Rev. Plant Biol. 61, 535-
59. [2] Sauer & Ruppert (2013) Bioenergy production 
as an option for polluted soils - A non-
phytoremediation approach. In Ruppert et al. (eds), p. 
425-444, Springer. [3] Chayes (1960)  J. Geophys. 
Res. 65, 4185-419. [4] Pawlowsky-Glahn & 
Buccianti (eds.) (2011), Wiley & Sons. 
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Apatite (Ca5(PO4)3(OH, F, Cl)) is an ubiquitous 
accessory mineral found in many types of rocks and 
environments. This mineral has several key features 
for the characterization and/or the dating of fluid 
circulation or magmatism responsible for the 
emplacement of mineralization: 

1. It often incorporates uranium during its 
crystallization. This makes it an excellent candidate 
for U-Pb dating. Moreover, apatite can also be dated 
by the fission tracks and (U-Th)/He methods. 
Therefore the same mineral can bring information on 
the age of the mineralization and its exhumation 
history. 

2. Apatite is an excellent trap for the P, F, Cl, 
OH, but also for Rare Earth Elements (REE) [1]. 

3. This mineral can easily react in the presence of 
brines, or aqueous fluids containing CO2, HCl, H2SO4 
and/or F [2]. 

4. In many ore deposit, the crystallization of 
apatite is contemporaneous with mineralization 
processes [3]. 

5. Its closure temperature with respect to the U-
Pb system (375-550°C) gives it a peculiar role for 
dating hydrothermal events [4]. 

Accordingly, apatite is, a priori, an excellent 
proxy for obtaining extensive information about 
mineralizing fluids and/or fertile magmas 
(temperatures, compositions and ages or durations of 
the events), information that is essential for 
establishing a metallogenic model. 

We will present a comprehensive set of CL 
imaging, EPMA analyses, SIMS stable isotopes and 
U-Pb dating on apatite from several ore deposits in 
order to assess the potential of this mineral for the 
study of ore deposits. 

 
[1] O’Really & Griffin & (2000). Lithos, 53, 217-

232. [2] Pan & Fleet (2002). Rev in Mineral and 
Geochem, 48, 13-49. [3] Nyström & Henriquez 
(1994). Econ. Geol. 89, 820–839. [4] Blackburn et al. 
(2011). Contrib. Miner. Petrol. 162, 479–500.  
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Introduction 
Sakurajima is an active volcano in Kyushu, 

Japan. Emissions such as ash and sulphur dioxide are 
known to impact lives and livelihood and 
improvements in the modelling are important for 
acute crises and long-term planning [1, 2]. Here, a set 
of source parameters (composition, eruption rate, 
duration) were determined using observational data 
and a series of high-resolution modelling cases were 
carried out to test the model sensitivity. 

Observations and Modelling 
The Sakurajima Observatory employs a high-

resolution network of 59 tephrameters in the 
Kagoshima prefecture [3]. A database with 
characteristics for every eruption is maintained by the 
Japanese Meteorological Agency. The WRF model is 
an atmospheric model with “online” chemistry 
calculations. Interactions between emissions and the 
atmosphere and fine-scale meteorological circulation 
are resolved in real time, leading to more accurate 
predictions [2]. Here we use 2 domains, with the 
finest (δx=500 m) centred over the Kagoshima 
prefecture. 

Preliminary Results and Conclusions 
All source parameters affect the final distribution 

of volcanic emissions, but the plume height and grain 
size distribution were seen to have considerable 
impact. The model does not currently include ash 
aggregation, so an increase in the duration or eruptive 
rate led to an approximately linear response. Low-
resolution simulations are widely used due to the 
limited computational time required, but results 
indicate that high-resolution simulations with 
accurate source parameters can increase fidelity of 
results and should be considered, especially for long-
term planning. 

 
[1] Shinkura et al. (1999) J. Epidemiol. 9, 344-349. 
[2] Stuefer et al. (2013) Geosci. Model Dev. 6, 457-
468. [3] Tajima et al. (2015) Nippon Koei Technical 
Forum, 23, 39-46.  
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Various biomaterials (e.g. bone collagen) have 

been analyzed for stable isotopes (especially δ13C and 
δ15N) in order to study paleodiet.  Curatorial concerns 
over the destruction of archival material during 
analysis (albeit small amounts of material) and/or 
legislation such as NAGPRA in the US that protect 
cultural remains has increasingly restricted the use of 
these primary biomaterials.  The use of dental 
calculus, a secondary or "add-on" biomaterial, 
alleviates some of these concerns, and has been 
proposed as an alternative isotope proxy to study 
paleodiet [1].  The isotopic fidelity of dental calculus 
has been questioned [2], although a quality control 
criterion of calculus C/N atomic ratio < 12 has been 
proposed [3].  This study investigated the occurrence 
of organic-C and carbonate-C fractions in dental 
calculus for Greenlandic Inuit and medieval sites in 
the United Kingdom.  Calculus was analyzed for bulk 
compositions, and organic-C fraction compositions 
after removal of carbonate by fumigation with HCl. 

Results to date show a range of bulk C (2.8 to 9.7 
wt%, mean 5.2 wt%) and N (0.4 to 2.1 wt%, mean 
0.8 wt%) concentrations.  Approximately 90% of the 
total C is present as organic-C, and all of the N is 
associated with the organic-C fraction.  Mean C/N 
atomic ratios are 7.4 (bulk) and 6.4 (organic-C 
fraction).  Values of δ13Corganic are 0.5 to 3.0‰ (mean 
1.6‰) lighter than δ13Cbulk.  Results suggest the 
potential use of dental calculus for organic-δ13C vs. 
carbonate-δ13C analyses, and/or as an additional 
technique to investigate possible sample diagenesis. 

 
[1] Scott & Poulson (2012) J. Archaeol. Sci. 39, 
1388-1393. [2] Salazar-García et al. (2014) J. 
Archaeol. Sci. 47, 70-77. [3] Eerkens et al. (2014) J. 
Archaeol. Sci. 52, 64-71. 
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According to experimental studies the partition 

coefficient of radium between soil and soil water 
sounds a “key parameter” for the transfer to the 
vegetation. However no clear correlation has been 
established up to now between transfer of radium and 
any soil phases able to trap radium such as Fe-Mn-Al 
oxides, organic matter and clays. Some authors report 
the strong affinity of radium for clay minerals. On the 
other hand Thiry et al. (2008) show an association of 
radium with Fe-Al hydroxides rather than with 
exchangeable soil fraction and Greeman et al. (1999) 
observe that radium is mainly associated with organic 
fraction and that no relation occurs with clay. Before 
any nuclear operations, the radiological background 
in soils was measured in the vicinity of Andra 
underground research laboratory (URL) ) of Bure, N-
E of France. Thus in addition to 226Ra, main U-decay 
products namely 238U, 234U and 230Th were determined 
by TIMS, allowing us to compare the repartition of 
radium with other radionuclides in soil profiles and 
their potential transfer to the vegetation.  

The variations of activity and activity ratios in 
soils show that 230Th and 238U, more mobile than 
226Ra, undergo leaching whereas 226Ra accumulates in 
soils. Especially the variations of 226Ra activity in 
soils from site to site are correlated with clay content 
implying that phases from the finest soil fraction are 
able to trap radium. Contrary to soil, 226Ra/238U and 
226Ra/230Th recorded by litters suggest that those 
latters are strongly depleted in 226Ra. These 
preliminary data are consitent with a fractionation of 
radium at the soil/vegetation interface with respect to 
uranium and thorium.  
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Sedimentary-chemical reserves after porphyry 
deposits are most important copper producer in the 
world, with about 27% of the world's copper reserves. 
The Deh Madan deposit is one of the main examples 
of sedimentary Cu deposits in Iran. Deh Madan 
deposit located in Ardal region in Charmahal-
Bakhtiari province, Iran.  In order to geochemical 
studies, collected samples were analyzed using 
Inductively Coupled plasma Mass Spectroscopy 
(ICP-MS) method at the Lab West Analytical 
Laboratories in the Australia. Geochemical data show 
that SiO2, Fe2O3, CaO and MgO have the high 
concentrations. The most important trace elements in 
the studied samples are: Cu = 68057.6 ppm, As = 
137.7 ppm, Co= 119.2 ppm, Ba = 71 ppm, Sr = 36.40 
ppm, Ni = 26.8 ppm and Ag = 13.54 ppm. Calculated 
correlation coefficients of elements show that copper 
(Cu) have a specific correlation with Ag (0.85), As 
(0.6) and Cd (0.6). These data confirms that there is 
negative correlation between Cu with Ba, Co and Al. 
In addition, investigation of (Sc/Th)/(Cr/Th) and 
(Sc)/( Th/Sc) showed that Felsic and Mafic igneous 
material mixture affect Deh Madan sediments. In 
order to study of Oxidation- Reduction conditions in 
the area, Ni/Co, V/Cr, V/(V+Ni) and Mo/ (Ni/Co) 
were used. The obtained data indicate Oxidation 
conditions in Deh Madan district. The geochemical 
results represent negative Ce and Eu anomalies, 
LREE enrichment relative to HREE and an upward 
concavity in MREE values (fig. 1). Comparing REE 
pattern of Nachanga deposit [1] with Deh Madan 
pattern show that the study area features are 
analogous to that of central African Zambian belt 
sedimentary copper deposits. The Ce negative 
anomaly is due to the presence of organic matter 
during metals deposition in Deh Madan region. 
Finally, The absence of similar behavior in 
bioessential elements pattern, indicate low activity of 
organism such as bacteria in metals deposition in the 
area [2].  

 

 [1] Roberts et al (2009) Zambian Copperbelt Miner 
Deposita. 44, 881–891 [2] Zarasvandi, A et al (2009) 
Chemie der Erde. 73, 495-508 
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Slamet Volcano is Quarternary Stratovolcano that 

located in Central Java Province, Indonesia. 
Volcanostratigraphy of Slamet volcano are divided 
into two stages, Old Slamet (Basalt and Andesite) and 
Young Slamet (Basaltic Andesite), [1]. Althought 
many geological studies of Slamet Volcano have 
been presented by some researches, magmatic 
evolution of each stages is still unclear. This study 
focusing on Young Slamet products. These products 
comprise medium-K series of basaltic andesite to 
andesite with high 87Sr/86Sr (0,705019-0,705478) and 
low 143Nd/144Nd (0,512794-0,512807). Our study 
show that magma evolution beneath Slamet Volcano 
is attributed to magma mixing and assimilation with 
Australian Granitic Rock (Fig. 1a) and Java Sediment 
(Fig 1b). 

 
  
 
 
 
 
 
 
 
 
  
 
 
 

 
Figure 1: Sr/Nd isotopic mixing model, (a) with 
Australian Granitic rock, (b) with Java Sediment. 
 
[1]Vukadinovic & Sutawidjaja (1995), Journal of 
Southeast Asia Earth Sience, vol 1, p. 135-164	  

(a) (b
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The majority of the solar system abundances are 

based on meteoritic values [1–4]. Direct measurement 
of solar abundances could verify this approach and 
improve our understanding of the formation and 
evolution of the solar system. Genesis mission 
already provided valuable information on solar wind 
(SW) abundances for O, N, noble gases and several 
other elements. Here we estimate a feasibility of 
measurements of iodine and bromine in the Genesis 
collectors using neutron induced conversions: 
127I(n,γβ)128Xe, 79Br(n,γβ)80Kr and 81Br(n,γβ)82Kr. 
Our exploratory analysis of neutron irradiated 
Aluminum on Sapphire collector (AloS) [5] 
demonstrated high terrestrial I and Br contents 
throughout the target material, making it unsuitable 
for SW I and Br analyses.  Since then we analyzed 
Silicon on Sapphire (SoS) and Sapphire (SAP) 
collectors.  To remove surface terrestrial halogen 
contamination all SW collectors were cleaned 
following protocol developed for AloS. The samples 
were sealed in fused quartz ampoules under vacuum 
and irradiated to thermal neutron fluence of ∼ 2×1019 
n/cm2.  Xe and Kr were extracted by laser ablation 
and analyzed using 8-multiplier Noblesse mass 
spectrometer (NU-Instruments).  Special care was 
taken to avoid change-of-charge effect caused by 
residual 40Ar. 

Table 1. 80Kr (×1000 atoms/cm2) in Genesis SW 
collectors. 

Based on Kr data (Table1), SAP collectors are most 
suitable for the detection of solar halogens. The 
experiment with flown SAP Genesis collector is 
currently under way. 

Supported by NASA grant NNX13AD14G. 
[1] Anders & Ebihara (1982) GCA 46:2363–2380. [2] 
Anders & Grevesse (1989) GCA 53:197– 214. [3] 
Cameron (1973) Space Sci Rev 15:121–146. [4] 
Lodders (2010) in: Principles and Perspectives in 
Cosmochem. 379–417. [5] Pravdivtseva et al. (2011) 
74th Met. Soc. Meeting, A5509. 

SW target Total Blank Br-derived 
AloS [5]   3720 84 3636 
SoS 300 60   240 
SAP, back side  510 16   494 
SAP, front side       13.2    12.6          0.6 
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Mafic and ultramafic rocks host major Cr, PGE, 

V, Ti, Ni and Cu deposits. Giant magmatic systems 
contain the largest of these deposits such as the Ni-
Cu-PGE ores in the Siberian Noril’sk sills feeding 
flood basalts and the Bushveld layered complex. 
These large magmatic systems have great potential 
for new discoveries as occurred recently in the 
Bushveld with the Flat Reef. Many of these deposits 
are polymetallic with PGE collecting with Ni and Cu 
sulphides sometimes all associated with chromite and 
V occurs with Ti in magnetites at higher stratigraphic 
levels. If the grade is sufficient then small deposits 
have potential to be economic too.   

PGE have just been discovered in high level 
magnetites in the Nuasahi complex in Orissa state, 
India. This complex also contains PGE with base 
metal sulphides in breccias and thick layers of 
chromite. Thus PGE at one level may be indicative of 
more mineralisation elsewhere in a complex. This 
knowledge can be applied to other similar complexes 
around the world, where known occurrences of PGE 
should inspire exploration at different stratigraphic 
levels.  

Small scale studies of mineralogy using 3D 
computed tomography, EBSD, LA-ICPMS and 
isotopes are now possible and help us to understand 
the processes of formation of these deposits as well as 
having the potential to help in the design of mineral 
processing of these ores.  

Recently there has been much interest in the role 
of semi-metals in these ores. Arsenic for example can 
act as an early collector of PGE during crystallisation 
of Ni and Cu ores as in the Sudbury igneous complex 
[1] and elements such as Se and Te that are collected 
in these ores have a critical element status and in the 
low carbon economy may be valuable by products 
from these ores.   

Ultramafic rocks are the major source of Cr, 
PGE, V, Ti, Ni and Cu all of which may be 
redistributed by natural processes, for example 
forming PGE placer deposits or Ti-rich ilmenite 
beach sands but they are also being redistributed by 
mining resulting in concentrations in cities leading to 
the potential for urban mining and sustainable 
supplies.    

[1] Dare et al. (2010) Min Dep. 45, 765-793. 
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Inter-aquifer leakage can be an important 

component of groundwater flow with relevance to 
groundwater resource evaluation and extraction 
industries including ore extraction and 
unconventional gas. The presence of secondary 
permeability features or preferential pathways 
through an aquitard can increase the rate of fluid 
movement causing enhanced inter-aquifer leakage 
and can be identified by variations from expected 
environmental tracer behaviour.  
Inter-aquifer leakage and recharge in a regional 
sedimentary basin were investigated in an arid 
environment using an integrated approach.  
The methodology incorporated geological, 
hydrogeological and hydrochemical information in 
the basin to determine the likelihood and location of 
inter-aquifer leakage. The suite of environmental 
tracers and isotopes used included δ18O, δ2H, 14C, 
36Cl, 87Sr/86Sr, He and U isotopes. Of particular 
benefit was the analysis of hydraulic heads and 
environmental tracers at bore couplets, comprising 
bores above and below an aquitard within a localised 
geographical area.  
The methodology was successful in investigating 
inter-aquifer leakage and recharge in the western 
margin of the Great Artesian Basin, South Australia. 
There is evidence for inter-aquifer leakage in the 
centre of the basin ~40 km along a regional flow 
path. This was identified by a slight draw-down in the 
upper aquifer during pumping in the lower aquifer. 
By combining tracer based dating techniques (e.g. 
4He) with the analysis of reactive tracers (e.g. 
87Sr/86Sr) in bore couplets, we were able to identify 
changes in groundwater residence time and isotopic 
signals in response to rapid water movement from 
one aquifer to another.  
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Volatile lithophile element abundances are 
depleted in the different planetary materials to 
various degrees [1]. The origin of these depletions is 
still debated. 

Stable isotopes of moderately volatile elements 
such as Zn can be used to understand the origin of 
volatile element depletions. Samples with significant 
volatile element depletions, including the Moon and 
terrestrial impact rocks, display heavy Zn isotope 
compositions (i.e. enrichment of 66Zn vs. 64Zn), 
consitent with Zn isotope fractionation during 
evaporation [2, 3]. However, [4] found a negative 
correlation between δ66Zn and 1/Zn among CI, CM, 
CO, and CV chondrites, opposite to what would be 
expected if evaporation caused the Zn abundance 
variations among chondrite groups. 

We have analyzed the Zn isotope composition of 
an extended range of carbonaceous chondrites: CI 
(4), CM (4), CO (4), CV (3), CB (2), CH (2), CK (4), 
and CR (1). Bulk samples define a negative 
correlation in plots of δ66Zn vs Mg/Zn and Ca/Zn, 
further confirming that Zn abundance variations 
between carbonaceous chondrites are not due to 
evaporation, but rather due to nebular processes. The 
exceptions are CB and CH, which display Zn 
systematics consistent with a collisional formation 
mechanism that created an enrichment in heavy Zn 
isotopes relative to the trend defined by CI-CR.  

In addition, we present Zn isotope analyses of 
chondrite components, including chondrules from 
Allende (CV3) and Mokoia (CV3), as well as an 
aliquot of Allende matrix. All chondrules exhibit 
light Zn isotope enrichments (~500 ppm on 
66Zn/64Zn) relative to the bulk, showing that the Zn 
depletion observed in chondrules is not due to 
evaporation. Sequential leaching experiments in 
several un-equilibrated ordinary chondrites show 
sulfides are isotopically heavy compared to silicates 
and the bulk meteorite. We suggest sulfide removal 
from either chondrules or their precursors was the 
mechanism responsible for the light Zn isotope 
enrichments in chondrules. 

 
References: [1] O'Neill, H.S.C. & Palme, H. 

2008. PTRS A 366. [2] Moynier, F. et al. 2009. EPSL 
277. [3] Day, J. & Moynier, F. 2014. PTRS A 372. 
[4] Luck, J.M., et al. 2005. GCA 69. 
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The Derwent River Catchment is Tasmania’s 

most populated river basin, covers a fifth of 
Tasmania’s land surface and supplies potable water to 
the densest population centres in the state. Despite 
considerable progress in managing point-source 
effluent discharges to the Derwent, there has been a 
gradual increase in nutrient concentrations, resulting 
in unexpected benthic blue-green algal blooms in the 
river and filamentous algal blooms in the upper 
estuary, starting in the the summer of 2014/15. 
Increased stressors such as land use change, 
urbanisation, and this year’s elevated temperatures 
and reduced river flows owing to the worsening El 
Niño and Indian Ocean Dipole signals, are 
challenging the state of the Derwent River. 

The Derwent River watershed consists of distinct 
sub-catchments whose tributaries are influenced by 
various factors including hydro-regulation for power 
generation, geology (karst), agricultural use such as 
dairy farming, fish farming, and waste water 
treatment plant effluents. Here we use hydrometric, 
hydrochemical and isotopic data to identify nutrient 
contributions to the upper Derwent River before it 
enters the estuary. Monthly sampling of 14 sites 
including main tributaries and sites along the River 
Derwent has been conducted since September 2015, 
and samples have been analysed for the major ion 
chemistry (Cl, SO4, NO3, PO4, HCO3, NH4, Na, K, 
Ca, Mg), water isotopes (δ18O, δ2H), and isotopic 
fingerprinting of nutrients (δ15N-NO3, δ18O-NO3, 
δ34S-SO4). Our results reveal the biogeochemical 
linkages to nutrient loading in the Derwent River 
Catchment and help inform best practice management 
to mitigate pollution. 
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Over the next two decades coal seam gas (CSG) 

production in Australia will require the management 
of large quantities of production water. For some sites 
the most viable option is to treat the water to a high 
standard via reverse osmosis (RO) and to inject it into 
deep aquifers. In this study we use reactive transport 
modeling to integrate the results from a multi-scale 
hydrogeological and geochemical characterization, 
and to analyze a series of short-term push-pull 
experiments with the aim to better understand and 
predict long-term water quality evolution and the 
risks for mobilizing geogenic arsenic. 
 

Three sequential push-pull tests with varying 
injectant compositions were undertaken in the 
Precipice aquifer near Condabri (Queensland) over a 
period of 250 days. A maximum arsenite 
concentration of 180 ppb was reached during one of 
the recovery phases. The highest concentration was 
observed in the test that used aerobic water, while de-
oxygenation of the injectant lowered As 
concentrations significantly. The lowest As 
concentrations were observed when the injectant was 
de-oxygenated and acid-amended. The study provides 
evidence that pyrite oxidation and associated co-
release of arsenic and desorption are the main 
mechanisms to potentially cause elevated dissolved 
As concentrations, depending on the implemented 
injectant pre-treatment. Predictive modeling was used 
to study and minimise arsenic mobilisation during 
large-scale injection of CSG product water.  
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IODP Expedition 352 provides the first in situ 
crustal stratigraphy of subduction initiation and 
evolution beginning in the Eocene (c. 52Ma) by 
drilling the inner trench wall of the Bonin Forearc. 
Four Sites were drilled with total penetration into 
igneous basement of c. 1200m. The two sites nearest 
to the trench recovered forearc basalts (FAB), 
representative of nascent volcanism during 
subduction initiation, whilst the two sites furthest 
from the trench yielded boninites of likely slightly 
younger age. Presently, some 50 representative 
samples have been analysed for Sr-Pb-Nd-Hf 
isotopes. Uppermost boninite units have the highest 
87Sr/86Sr and 206Pb/204Pb ratios and lowest 143Nd/144Nd 
and 176Hf/177Hf ratios. Forearc basalts have strikingly 
similar isotopic characteristics to Indian MORB, with 
evidence for weak involvement of slab-derived fluids. 
This observation, together with sheeted intrusions at 
the base of FAB dominated sites, supports models 
where sea-floor spreading takes place immediately 
following subduction initiation in response to slab 
rollback. A subduction component with high Pb/Nd 
and Hf/Nd relative to the mantle wedge is identified. 
Overall, radiogenic isotope stratigraphy traces the 
progressive influence of the embryonic subduction 
zone on magma genesis. 
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In our recent works we use molecular simulation 

methods to describe layered materials intercalated 
with organic species, especially those materials where 
the level of disorder prevents their description by 
direct experimental methods. Here, we will present 
Zn2Al/Mg2Al - Layered Double Hydroxides (LDH) 
intercalated with Pravastatin anions and Sr-
phenylphosphonate intercalated with 1,2-alkanediols.   

LDHs are very interesting matrices which to be 
explored as drug nanocarriers due to their 
biocompatibility and stability. The anionic forms of 
bioactive drugs can be intercalated into interlayer to 
store them and preserve drug decomposition. 
Intercalation of pravastatin drug into LDH was 
performed in [1] by co-precipitation method. 

Metal phosphonates represent group of 
compounds playing an important role in the design of 
two-dimensional inorganic-organic hybrid materials. 
The applicability of the layered phosphonates can be 
increased by intercalation of commercially 
interesting, for instance optically or pharmaceutically 
active molecules. We present influence of 
intercalated 1,2 alkanediol on changes in structural 
arrangement of Sr phenylphospohonate. 

The study was supported by the Charles 
University in Prague, project GA UK No. 294215 and 
by the Czech Science Foundation, grant number 14-
13368S. 

 
[1] CUNHA et al. (2012), Chem. Mater., vol. 24, 
1415−1425. 
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The δ18O value of the bioapatite phosphate group 

is widely used to estimate paleotemperatures using 
conodonts, fish and mammal teeth or to reveal the 
thermophysiology of extinct species [1,2]. The 
phosphate group is usually extracted through 
precipitation of Ag3PO4, then converted to CO at high 
temperature and analysed on an Isotope Ratio Mass 
Spectrometer [3]. However, the chemical procedures 
used to extract Ag3PO4 and the normalisation 
methods used to convert raw δ18O values to 
VSMOW-SLAP scale significantly differ among 
laboratories. In this interlaboratory comparison, 
involving six laboratories, we tested the significance 
of methodical differences, analysing large fossil shark 
teeth samples and different aliquots of unofficial 
isotope standards NBS120b and NBS120c. New 
results (~400 analyses) confirm that the differences in 
chemical procedures do not have a significant impact 
on the final δ18O values and that all different 
NBS120c aliquots are indistinguishable. In contrast, 
the δ18O value calculated for a sample can be up to 
1.7‰ different, depending on the choice of the 
normalisation method and standards selection (δ18O 
of NBS120c varied from 21.7 to 22.9‰, and 
NBS120b from 21.1 to 22.7‰). The values at the 
lower ends of these ranges are obtained after 
normalisation using Ag3PO4 laboratory standards 
[3,4] while values at the upper ranges are obtained 
using benzoic acids, official reference materials 
(IAEA601 and 602). This study confirms the critical 
importance of the consistency in normalisation 
procedures and standards selection.  
[1] Kohn & Cerling (2002) Rev. Mineral. and 
Geochem. 48, 455-488. [2] Bernard et al. (2010) 
Science 270, 1379-1382. [3] Vennemann et al. (2002) 
Chem. Geol. 185, 321-336. [4] Halas et al. (2011). 
Rapid Comm. Mass Spectr. 25, 579-584 
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Water is continuously transported into the deep 
mantle by subducting oceanic plates, while it partly 
reaches the mantle transition zone at depths between 
410 km and 660 km. Here, wadsleyite and 
ringwoodite are the dominant constituents, which are 
high-pressure polymorphs of olivine [(Mg,Fe)2SiO4]. 
Wadsleyite and ringwoodite can incorporate up to 3 
wt.% of water within their crystal structures. The 
hydrogen incorporates to exchange with Mg2+, Fe2+ or 
Si4+ in their structures. This exchanging mechanism 
significantly affects on physical properties of 
wadsleyite and ringwoodite such as seismic wave 
velocities and electrical conductivities. In order to 
interpret the geophysical observations of the 
transition zone it is essential to understand the 
hydration mechanism of them.  

In this study, we aimed to elucidate the atomistic 
hydration mechanism of ringwoodite using pulsed 
neutron diffraction. Deuterated ringwoodite was 
synthesized by using the Kawai-type cell. Starting 
materials were San Carlos olivine 
[(Mg0.91,Fe0.09)2SiO4] powder and D2O water. These 
reagents were sealed into the Au capsule, which was 
compressed to 19 GPa and then heated at 1300°C for 
5 min. Up to 45 mg of homogenous powder of 
deuterated ringwoodite was successfully synthesized 
by each single run. The run products were identified 
to be ringwoodite with refined lattice parameter by 
X-ray diffractometry. Deuteration of the ringwoodite 
was revealed by Raman spectroscopy measurements. 
Deuterated ringwoodite of 66 mg was prepared from 
the two run products and used for neutron diffraction 
at BL-19 (TAKUMI) at the J-PARC. The neutron 
diffraction pattern was analyzed by using the Z-
Rietveld code [1] to determine the position and site 
occupancies of deuterium atom in the ringwoodite 
structure. It was demonstrated that deuterium 
exchanges with both Mg2+, Fe2+ (M site) and Si4+  (T 
site) simultaneously [2].   
[1] Oishi et al., (2009), Nucl. Instrum. Meth. A, 600(1), 94–
96. 
[2] Purevjav et al., (2014) Geophys. Res. Lett., 41, 6718-
6724. 
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The formation of calcite and aragonite has been 

earlier suggested to be induced by the transformation 
of precursor phases, like amorphous CaCO3. The 
mechanisms of this (trans)formation as well as the 
effect of the prevailing physicochemical conditions 
on the final product (e.g. pH, temperature and 
aqueous complexation) are not fully elucidated.  

In the present study the (trans)formation of 
calcium carbonate has been studied in the 
temperature range from 6 to 25 °C under pHstat 
conditions (8.3 ±0.1). CaCO3 precipitation was 
induced by titration of a 0.6 M (Ca,Mg)Cl2 solution 
with distinct Mg/Ca ratios (1/4 and 1/8) into a 1 M 
NaHCO3 solution. The pathway of CaCO3 formation 
was monitored by in situ Raman spectroscopy as well 
as by continuous sampling and analyzing of 
precipiates and reactive solutions.  

The results reveal two pathways of calcium 
carbonate formation depending on the temperature 
and initial Mg/Ca ratio: (i) in experiments conducted 
with a Mg/Ca ratio of 1/4 at T ≤ 12°C as well as in 
experiments with a Mg/Ca ratio of 1/8 at T ≤ 18°C, 
amorphous CaCO3 (ACC) with ~2 mol% Mg was 
present for a few minutes (< 5 min) before it 
transforms to ikaite (CaCO3·6H2O). To our 
knowledge this is the first time, where ikaite was 
verified to be formed at ambient T of up to 18°C. 
Subsequently ikaite transforms to aragonite in a 
second reaction step. In contrast in experiments 
conducted with a Mg/Ca ratio of 1/4 at ≥ 18°C, ACC 
with ~10 mol% Mg is present for about 36 min 
before it transforms to Mg-rich calcite (~16 mol% 
Mg). The in situ Raman results revealed that the 
transformation of Mg-ACC to Mg-calcite was a rapid 
process (~ 8 min), whereas the transformation of 
ikaite to aragonite was comparently slow (~ 2h). In 
the latter case the formation of calcite is likely 
inhibited by the slow release of Ca2+ and CO3

2- ions 
into the Mg-rich reactive solution during ikaite 
dissolution, which induced elevated apparent Mg/Ca 
ratios. Our data clearly show that aragonite vs calcite 
formation is not only simply controlled by Mg/Ca 
ratio of the solutions, but particularily at low 
temperatures by coupled reactions via the occurrence 
of transition phases. 
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The verification of the CTBT (Comprehensive 

Nuclear Test Ban Treaty) relies on analytical tools for 
the identification and localisation of clandestine 
nuclear test explosions. Ar-37 (T1/2 35 days) 
measured in soil air is proposed as such an indicator. 
To distinguish between the natural cosmogenic 
background and a suspicious signal a sound 
understanding of production, emanation and transport 
of Ar-37 is needed 1. For gas transport studies in the 
soil Rn-222 (T1/2: 3.8 days) has been proven to be a 
useful tool. In this study, Ar-37 and Rn-222 measured 
in the soil at a field site in Switzerland are used to 
deconvolute the relevant gas transport processes and 
to separate them from production2 and emanation of 
Ar-37 and Rn-222. The roles of environmental 
forcings are assessed by means of statistical analyses 
and numerical modelling using the NUFT code3. The 
cosmogenic production and emanation rates of Ar-37 
are constrained by onsite- and laboratory irradiation 
experiments. Our results emphasise the importance of 
water both for emanation and transport of Ar-37 and 
Rn-222 in the soil column. 
 
1 Riedmann, R. & Purtschert, R. Natural Ar-37 
Concentrations in Soil Air: Implications for 
Monitoring Underground Nuclear Explosions. 
Environmental Science and Technology 45, 8656-
8664, (2011). 2 Johnson, C. et. al. Examination of 
radioargon production by cosmic neutron 
interactions. Journal of Environmental Radioactivity 
140, 123-129, (2015). 3 Guillon, S. et al. Alteration 
of natural Ar-37 activity concentration in the 
subsurface by gas transport and water infiltration. 
Journal of Environmental Radioactivity in press 
(2016). 
 



Goldschmidt Conference Abstracts 

 

2551 

Fluid-rock interaction: 
Revisiting the problem of 
mineral replacement and 

density change in open and 
closed systems 

*ANDREW PUTNIS1,2, STEPHEN CENTRELLA2 & 
HÅKON AUSTRHEIM3 

1The Institute for Geoscience Research (TIGeR), 
Curtin University, Perth, Australia  

2Institut für Mineralogie, University of Münster, 
Münster, Germany 
(centrellastephen@gmail.com) 

3PGP, Department of Geosciences, University of 
Oslo, Norway (h.o.austrheim@geo.uio.no) 

(*correspondence: andrew.putnis@curtin.edu.au) 
 
At temperatures and pressures where hydrous 
minerals are stable, the interaction between aqueous 
fluids and dry rocks leads to hydration and 
carbonation reactions that in most cases reduce the 
rock density. How a density change can be 
accommodated during the replacement of one mineral 
assemblage by another is a critical issue and the 
debate on whether metamorphism and metasomatism 
preserves rock volume has been discussed for over a 
century. The consequences of hydration reactions 
may be stress generation, rock fracturing and mass 
loss to the fluid, depending on whether the system is 
“open” or “closed” and on what spatial scale. The 
problem will be discussed in terms of the possible 
feedbacks between stress generation, fracturing and 
deformation, and mass loss. Examples [1] will be 
given from studies of the hydration of granulites 
during the Caledonian Orogeny in the Bergen Arcs, 
Norway from which a compelling case can be made 
for large fluid-rock ratios and significant mass 
transfer. 
 
 [1] Centrella S., Austrheim H. and Putnis A. 
Coupled mass transfer through a fluid phase and 
volume preservation during hydration of granulite: 
An example from the Bergen Arcs, Norway. Lithos, 
236,237, 245-255 (2015) 
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When minerals are out of equilibrium with 

aqueous fluids, reactions take place in an attempt to 
reach a new equilibrium. Commonly in the Earth, 
dissolution at a mineral-fluid interface initiates a 
coupled reaction involving dissolution and 
precipitation8. This is a ubiquitous reaction during 
rock alteration processes. When rock-forming 
minerals such as feldspars, olivine, pyroxenes are in 
contact with aqueous fluids (typically NaCl-rich) 
resultant new phases are formed and elements present 
in the parent mineral are released to the fluid and 
therefore mobilized for transport elsewhere. This has 
been shown in a number of systems such as the 
albitization of feldspars9, when a Ca-bearing 
plagioclase is replaced by albite (NaAlSi3O8). 
However during this reaction not only is Ca released 
to the fluid but other minor elements, such as Mg, Pb, 
rare earth elements, amongst others, are almost totally 
mobilized and removed in solution. This interface-
coupled dissolution-precipitation reaction has many 
implications for the redistributon of elements in the 
crust of the Earth10. It is also of note that albitization 
often occurs in areas of high mineralization, such as 
in the Curnamona Province in S. Australia (Au-Cu 
and Ag-Pb-Zn deposits) and the Bamble District of S. 
Norway. Atomic force microscopy (AFM) has been 
used to image these reactions at a nanoscale, 
especially at the calcite-fluid interface, such as the 
formation of apatite from phosphate-bearing 
solutions, and the sequestration of toxic elements, 
including, Se and As.  

 

8Ruiz-Agudo E., Putnis C.V., Putnis A. (2014) 
Chemical Geology, 383, 132-146. 9Hövelmann J., 
Putnis A., Geisler T., Schmidt B.C., Golla-Schindler 
U. (2010) Contrib. Min. and Pet. 159, 43-59.0Putnis 
C.V. and Ruiz-Agudo E. (2013) Elements, 9, 177-
182. 
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Soil carbon makes up a substantial part of the 
global carbon cycle and black carbon (BC – produced 
from incomplete combustion of biomass) is a sizeable 
fraction of soil carbon.  Soil BC cycling is still poorly 
understood – very old BC is observed in soils, 
suggesting recalcitrance, yet in modern short term 
studies BC seems to break down rapidly. Climate 
change is predicted to increase the frequency of fire 
outbreak which will increase global production of 
BC. As up to 80% of BC produced in wildfires can 
remain local, increased fire frequency will cause 
significant perturbations to soil BC accumulation. 
This leaves us with a need to understand what 
controls BC landscape movement, in order to 
estimate how the soil BC reservoir will change.  

The accumulation of BC in soils is a function 
both of production rates and factors effecting storage 
and losses. One large issue is that the low effective 
density (approaching 0.3 g/cm3) of BC particles may 
play a primary role in BC stability and landscape 
mobility. BC may be expected to erode in any 
rainstorm subsequent to a burn, inflating estimates of 
its degradability, yet some BC does make it into the 
soil, remaining for centuries.  If BC pores were filled 
with minerals, making it more dense, or ingrown with 
root and hyphal anchors, then BC might be protected 
from erosion. Consequently, how quickly BC is 
mixed deeper into the soil column is likely a primary 
controller on BC accumulation. Additionally as the 
litter layer builds back up again, BC will be capped 
belowground, protected from erosional forces and re-
combustion in subsequent fires as it is progressively 
mixed deeper into the soil column.  

We have taken advantage of a fire 
chronosequence in the Pine Barrens of New Jersey to 
investigate how density of BC particles changes over 
time, and how an increase in fire frequency will 
affect soil BC storage and movement down the soil 
column. Different plots have variable fire return rates, 
but a similar plant history and soil quality. The area is 
typified by highly sandy, acidic soils, allowing us to 
measure the effect of fire frequency on BC storage 
and mixing without the complication of secondary 
soil minerals. We have collected a series of soil cores 
throughout the chronosequence, and are picking 
macro BC particles to define the density changes of 
BC that has been stored from previous fires. We 
hypothesize that increases in fire frequency will 
increase BC soil stocks up to a point, and then begin 
decreasing with increasing frequency, due to 
insufficient time allowed for particle mixing, and that 
particles deeper in the soil column will have greater 
bioaccumulation than shallower particles. These 
changes in particle density should relate directly to 
particle mixing and therefore storage. 
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The biological reduction of nitrate is due in part 

to low dissolved oxygen concentrations and the 
presence of organic carbon.  In reduced soils and 
sediments, iron(II) can promote nitrate reduction as 
well.  This overall process contains elements of 
biological and abiotic pathways which interact in a 
complex fashion.  Here we report nitrate-dependent 
iron(II) oxidation in surface soil microcosms 
preincubated for 28 d to reduce all microbially 
reducible soil iron(III) to iron(II).  Addition of nitrate 
to reduced soil slurries resulted in immediate 
dissolved iron(II) oxidation with concurrent  nitrate 
reduction.  Nitrite and nitrous oxide were identified 
as reaction products and there was a negligible 
change in ammonium levels.  One potential source of 
iron in this system is derived from phyllosilicate 
minerals based on x-ray diffraction and Fourier 
Transform infrared spectroscopy.  Surprisingly, 
dissolved manganese(II) was also removed from 
solution during nitrate reduction.  Additional batch 
experiments were performed by adding ferrozine to 
block reactivity of iron(II) and assess the contribution 
of organic carbon and manganese(II) to nitrate 
reduction.  Our work indicates that despite the greater 
abundance of soil organic carbon when compared 
with total iron and manganese in this surface soil, 
these latter inorganic elements contribute greatly to 
nitrate reduction. 
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Shewanella oneidensis MR-1, a dissimilatory 

metal reducing bacterium, has been shown to reduce 
inorganic divalent mercury [Hg(II)] at low 
concentrations (< 0.3 μM) [1], however, the electron 
transport process for Hg(II) reduction to elemental 
mercury [Hg(0)]  during anaerobic respiration of MR-
1 was unclear. MR-1 secretes flavin mononucleotide 
(FMN) and riboflavin for extracellular electron 
transfer [2, 3]. The possibility of soluble Hg(II) 
reduction by secreted flavins was investigated using 
riboflavin as a model mediator, in the presence or 
absence of goethite. The highest reduction rate of 
Hg(II) by MR-1 was observed with riboflavin and 
goethite: 0.35±0.01 pmol min-1 mg protein-1. The 
addition of ferrozine to block electron shuttling by 
biogenic Fe(II) dropped Hg(II) reduction rate to 
0.21±0.02 pmol min-1 mg protein-1, in the same 
experimental conditions. When riboflavin was not 
present in the reaction medium, the Hg(II) reduction 
rate declined to 0.06±0.03 pmol min-1 mg protein-1. 
Further investigation using preincubated cells to 
accumulate endogenous flavins revealed that Hg(II) 
reduction rate by wild type MR-1 strain was 
significantly higher than that of Δbfe mutant lacking 
the ability to export flavins (64.8±8.4 vs 32.7±15.4 
pmol min-1 mg protein-1). The overall results 

demonstrate that using flavins as an electron 
mediator, MR-1 can effectively reduce soluble 
Hg(II). This electron shuttling could be an important 
process of Hg detoxification in subsurface 
environments where dissolution of humic substances 
is limited. 

 
[1] Wiatrowski et al. (2006) Environ. Sci. Technol. 
40, 6690–6696. [2] von Canstein et al. (2008) Appl. 
Environ. Microbiol. 74, 615–623. [3] Marsili et al. 
(2008) Proc. Natl. Acad. Sci. U.S.A. 105, 3968–3973. 
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In the last two years, SO2 emissions were reduced 
by ~20% in the North China. Strong El Niño 
occurred in 2015, leading to a warmer and more 
humid, but more polluted winter. The two factors are 
expected to greatly affect cloud condensation nuclei 
(CCN) activity of atmospheric aerosols, which were 
investigated by comparing measurements made in 
winter 2015 and in winter 2013 at a semi-urban site 
of Qingdao in the North China. Concentrations of 
CCN during a heating period from 29 November to 
29 December2015 were 0.4±0.3(mean ± standard 
deviation), 0.8±0.4, 1.7±0.7, 5.0±1.5, 9.0±2.6 in unit 
of ×103cm-3at super-saturation (SS) of 0.05%, 0.1%, 
0.2%, 0.4% and 0.6%, respectively. The 
corresponding CCN activities were 0.02±0.02, 
0.04±0.03, 0.09±0.06, 0.26±0.13, 0.45±0.21, 
respectively. The frequency to observe SO2-rich 
plumes significantly reduced relative to the 
observations in winter 2013.However, the CCN 
activities of aerosols in SO2-rich plumes were larger 
in 2015at SS of 0.2%, 0.4% and 0.6% than those in 
2013 because of the existence of larger dominant 
particle mode at 136±47 nm. 

A wet-haze pollution event lasted for six days on 
20-26 December due to a weak weather system 
caused by El Niño. During the event, concentrations 
of CCN were 0.8±0.3, 1.3±0.4, 2.4±0.5, 5.8±0.9, 
10±1.6 in unite of ×103 cm-3 at SS of 0.05%, 0.1%, 
0.2%, 0.4% and 0.6%, respectively. The ARs at most 
SS were larger than those at lower SS and the 
difference gradually narrowed down with increasing 
SS. However, the AR values at SS<0.04% both in 
wet-haze and dry haze events in 2015 were smaller 
than those in 2013. The complicated results were 
discussed in terms several factors to determine the 
AR values. 
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Bentonite is an important pre-selected mineral 
soil as buffer/backfill material for high level 
radioactive waste repository in China, it is of great 
importance to study the sorption and diffusion 
behavior of key radionuclides in bentonite for the 
safety assessment of the potential repository. In this 
work, the sorption behavior of iodine on bentonite 
was investigated,and the influence of pH, 
temperature, solid - liquid ratio were studied. The 
sorption results of iodine on bentonite at different pH 
and background electrolyte concentration was shown 
in Figure 1. 
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Figure 1: Sorption of iodine on bentonite as a 

function of pH and background electrolyte 
concentration.  
(Solid-liquid rate: 50g/L; temperature: 
T=25±1℃.) 

Results and discussion 
Iodine showed strong adsorption on bentonite 

under high acidic conditions at pH 1~4,maybe due to 
the sandwich structure of protonated bentonite.While 
with the decrease of H+ concentration,the sorption 
was weakened at pH 4~12.It was speculated that the 
different adsorption behavior of iodine on bentonite 
at different electrolyte concentrations, may be related 
to the formation of bentonite colloid under different 
electrolyte concentration conditions. 
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Selenium (Se) could be used to trace the 
biogeochemical cycling, and also be regarded as the 
powerful proxy for paleo-ocean and evolution of 
atmosphere, based on its multiple valences and six 
stable isotopes. The content and isotopic composition 
of Se in modern oxic seawater could be impacted by 
the adsorption of ferromanganese oxides, however, 
the study on isotopic fractionations during adsorption 
of Se on iron oxides is very lacking. Furthermore, 
previous study has observed that different isotopic 
varition during Se species adsorption on iron oxides, 
but they didn’t explain this disparity [1]. In this study, 
the mechanisms of isotope fractionation during Se 
adsorption on iron oxides were tried to be elucidated 
at molecular level using XAFS technique. The XAFS 
results showed that inner-sphere and outer-sphere 
complexes can be formed in the case of the 
adsorption of Se(IV) and Se(VI) on iron oxide, 
respectively. This could be the reason for that Se(IV) 
isotopic fractionation is larger than Se(VI), which 
observed in Mitchell’s study[1] and ours. This 
explanation has been proved to be reasonable for 
molybdenum adsorption to iron and manganese 
oxides in recent research [2], in which larger isotopic 
fractionation caused by the structure change from 
tetrahedral to octahedral inner-sphere during Mo 
adsorption on manganese oxide. These results 
indicate that the mechanisms for isotopic 
fractionations can be well revealed on the basis of 
their structural information obtained by XAFS 
technique.   

The work was supported by the National Natural 
Science Foundation of China (41303099), CAS 
“Light of West China” Program, and Natural Science 
Foundation of Guizhou Province, China 
([2013]2287). 
[1] Kashiwabara et al. (2011). 
Geochim.Cosmochim.Acta 75, 5762-5784. [2] 
Mitchell et al. (2013). Chem.Geol. 342, 21-28. 
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The major consequences of the discovery of 

planetary scale isotopic anomalies include: (1) new 
models for the formation of the Solar Sytem are 
needed that accommodate initial isotopic 
heterogeneity; (2) the validity of chondrites as the 
basic building blocks of the Earth is challenged. 
Planet-scale isotopic anomalies can be roughly 
devided into two groups: iron-group elements (Ti, Cr, 
Ni, and Ca), and intermediate to heavy elements (Sr, 
Zr, Mo, Ru, Ba and Nd). Most meteorites show 
different levels of deficits in the s-process component 
in the Sr-Nd mass range, with C-chondrites showing 
the largest deficits. For heavier nuclides (Hf, W and 
Os), no planet-scale isotopic anomalies have been 
detected for most meteorites. In the mass range from 
Sr to Os, the degree of s-deficit in C-chondrites 
generally decreases with increasing atomic number.  
Iron group elements show correlated anomalies with 
one another in neutron-rich isotopes, with  C-, O- and 
E-chondrites, respectively, demonstrating positive, 
negative and no anomalies compared to Earth. At 
least two nucleosynthetic production events are 
needed to explain the two distinct types of 
nucleosynthetic patterns. Given previous suggestions 
that the production of light and heavy r-process 
nuclides may be decoupled, we propose that one 
major contributor to the Solar nebula is an L-event 
supernova injection event that brought more light r-
process nuclides (e.g. Sr, Zr, Mo and Ru) than heavy 
r-process nuclides. The injected material was 
gradually, but imperfectly, mixed with the inner Solar 
System material. The other major nucleosynthetic 
event is a SN II/AGB event that brought the neutron-
rich nuclides into the Solar System just shortly before 
nebula collapse. The carrier phases of many isotopic 
anomalies have extreme isotopic signatures, so only 
very small amounts of these materials are needed to 
explain the extremely small levels of bulk meteorite 
isotopic anomalies depending on the mass proportion 
of newly synthesized to preexisting nebular 
abundances for a given element. The Earth could 
have accreted from inner solar materials shielded 
from these “salting”events. 
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By means of the methods of natural degassing 

and vacuum water-heating degassing, step by step 
degasification on gas field water from gas pools of 
coal-formed and sapropelic gases in Sichuan Basin. 
Comparative studies had been carried out on methane 
carbon isotope composition between water-released 
gas and free gas. It is found that, no matter what kind 
of gas pools, the δ13C1 from gas field water is 
obviously less negative than that of free gas. Step by 
step degassing studies show that the δ13C1 value of 
gas from gas field water became less and less 
negative as the gas released from water gradually. It 
indicates that the gas field water has obvious 
fractionation on methane carbon isotope composition. 
The water soluble gas resource in the world are very 
rich. In the process of gas accumulation, if the 
reservoir experienced substantial tectonic uplift, 
much gas may release from the water and then the 
free gas pool may propobly formed, or the released 
gas can mix with the gas in existing gas pool, so that 
the δ13C1 in the gas reservoir will become less 
negative, such as the Weiyuan gas and Anyue gas 
fields in Sichuan Basin. Along the direction of 
formation water migration, the gases release from 
water gradually, and the δ13C1 value in gas reservoir 
may have less negative trend along water migration 
direction, such as Hetianhe gas field in Tarim Basin.  
In Hetianhe gas field, the gas field water migrated 
from east to west which made the  δ13C1 value less 
negative in the west part than the east. In addition, if 
the δ13C1 value is obviously less negative in some 
pools, it may show that the gas in these pools has 
mixed with considerable water-released gas from 
formation water. 
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In 2015, 137Cs hourly air concentrations retrieved 

from filter tapes of air quality monitoring sites in 
Japan became public [1]. At certain location, these 
measurements can be compared to other ones already 
available: hourly gamma dose rate [2] and 
meteorological data from the AMEDAS monitoring 
network which provides rain-gauges, rain radars and 
visibility detection (fog). This combined analysis 
brings new perspectives on the understanding of wet 
deposition and allows discussing the influence of 
several factors: scavenging of plumes in altitude, 
impact of light rains in particular before some 
rainfalls, 137Cs contribution to gamma dose rate in 
airborne plumes. 
 
[1] Tsuruta, H., Oura, Y., Ebihara, M., Ohara, T. et 
Nakajima, T. (2014). Sci. Rep. 4. [2] IAEA (2012): 
Fukushima monitoring data base 
https://iec.iaea.org/fmd/search_by_dataset.aspx 
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The evolution of mycorrhizal fungi in partnership 

with early land plants over 410 million years ago led 
to the greening of the continents by plants of 
increasing biomass, rooting depth, nutrient demand 
and capacity to alter soil minerals, culminating in 
modern forested ecosystems. The co-evolution of tree 
rooting systems initially with arbuscular mycorrhizal 
fungi, and later with ectomycorrhizal fungi, is 
thought to constitute one of the most important biotic 
feedbacks on the geochemical carbon cycle to emerge 
during the Phanerozoic, accelerating land-to-ocean 
transfers of calcium. This concept fundamentally 
rests on the intensifying effect of trees and their root-
associating mycorrhizal fungal partners on mineral 
weathering processes to meet mineral nutrient 
demands.  

Here I synthesise experimental and field evidence 
linking the evolution of land plants and their 
mycorrhizal fungal partners to a mechanistic 
framework of plant-driven mineral weathering in the 
“mycorrhizosphere” at the interface between mineral 
grains and growing root and fungal hyphal tips.  This 
is underpinned by the unifying concept that delivery 
of  photosynthate carbon-energy belowground via 
roots and mycorrhizal fungal partners into the 
mycorrhizosphere drives plant-soil interactions and 
biologically mediated weathering.  Evidence will be 
presented to address the following hypotheses that 
follow from this unifying concept: (1) as plants 
evolved in stature, biomass, and rooting depth, their 
mycorrhizal fungal partnerships received increasing 
amounts of plant photosynthate; (2) this enabled 
intensification of plant-driven fungal weathering of 
rocks to release growth-limiting nutrients; (3) in turn, 
this is likely to have increased land-to-ocean export 
of calcium and phosphorus and enhanced ocean 
carbonate precipitation affecting the global carbon 
cycle and biosphere-geosphere-ocean-atmosphere 
interactions over the past 410 Ma.  Our findings 
support an over-arching hypothesis that evolution has 
selected plant and mycorrhizal partnerships that have 
intensified mineral weathering and altered global 
biogeochemical cycles. 
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The Nu Perspective IS is a stable isotope ratio 
mass spectrometer designed to measure the multiple 
isotopologues of carbon dioxide at masses 44 to 49, 
oxygen at masses 32 to 36 and many other species of 
gas. Modifications to the ion source allow the 
‘resolving power’ (m/δm) of the instrument to be 
increased without the sacrifice in sensitivity found 
with the use of narrowed slits. This ‘medium 
resolution’ can resolve isobaric interferences while 
maintaining the large ion currents necessary for 
precise clumped isotope analysis. For example, 
applying the system to oxygen at mass 36, 18O18O can 
be separated from 1H35Cl and 36Ar, allowing precise 
measurements of 18O18O without argon corrections. 
Results for oxygen analysis as well as other 
applications of the system will be presented. 
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Technogenic magnetic particles (TMP) are a 

component of industial dusts arose during high 
temperature technological processes. They are 
emitted to the atmosphere and then deposited on the 
soil, plant and building surfaces. Previous studies 
revealed that TMP are characterized by an affinity for 
other soil components (e.g. heavy metals). 

The main objective of the research was 
identification of iron and manganese forms (mainly 
oxides and hydroxides) occurring in TMP. For the 
purpose of the study standards of Fe and Mn oxides, 
hydroxides and carbonates (natural Fe and Mn 
minerals, as much as specpure) were applied. 
Standard samples were subjected to magnetic 
(magnetic susceptibility measurements, temperature 
dependence of magnetic susceptibility) and 
mineralogical (scanning electron microscopy, 
electron microprobe X-ray analysis and powder X-
ray diffraction) analyses. 

Following Fe and Mn oxides, hydroxides and 
carbonates were investigated: magnetite, goethite, 
hematite, pyrolusite, rhodochrosite, groutite, jacobsite 
and hausmannite. Preliminary results indicated 
distinction between magnetic and mineral properties 
of the iron and manganese standards. While 
thermomagnetic curves of magnetite, hematite and 
goethite confirmed literature data, very promising and 
interesting results were found for Mn-containing 
minerals. Temperature curve of pyrolusite has a 
gentle course with decreasing magnetic susceptibility 
up to 640 °C, then rapidly increases and keeps rising 
during cooling to the room temperature. Whereas, in 
case of rhodochrosite magnetic susceptibility also 
decrease during heating and increase during cooling. 
However, around 350-400 °C increase is very large 
with peak in maximal value of susceptibility. 
Afterwards, the cooling curve has gentle dropping 
course. 
Currently, analyses concerning identification of Fe 
and Mn forms in TMP are under way. 

 
The research project received funding from the 

National Science Center of Poland on the basis of the 
decision number DEC-2013/09/B/ST10/02227. 
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Thallium has only two isotopes, 203Tl and 205Tl. 
Considering the small relative mass difference (<1%), 
fractionation might not be expected. However, with 
two valences possible and anticipated bonding 
disparities between sulfides and silicates, Tl isotope 
fractionation between coexisting minerals may in fact 
be non-trivial.  Indeed, terrestrial samples have 
revealed an overall variability of more than 3‰, 
equivalent to 30ε, with some of the largest 
fractionations seen in hydrothermal environments. 
Despite these data, the specifics of thallium 
geochemical variability and isotope systematics are 
essentially unexplored at present. This study presents 
new Tl concentration and isotope composition data 
between coexisting minerals from a variety of 
igneous and hydrothermal systems to better 
understand the partitioning of Tl between mineral 
phases at a range of scales. 

A suite of rocks from various hydrothermal and 
ore-forming settings were examined, encompassing a 
variety of geologic environments and global 
localities. These include epithermal gold, pegmatites, 
and granites, among others. Coexisting minerals from 
samples were analyzed, focusing on K+-bearing 
phases such as micas and feldspar, and sulfides such 
as pyrite, chalcopyrite, and pyrrhotite. Over 150 
minerals were analyzed for Tl concentrations, and 
from those, so far, over 75 have been analyzed for Tl 
isotopes. Solution Tl concentration and isotopic data 
from pure Tl fractions obtained by anion-exchange 
chromatography were collected on a Micromass 
Isoprobe MC-ICP-MS. A typical crustal whole rock 
Tl concentration averages 0.7 ppm; samples here 
display Tl concentrations that vary by more than 
three orders of magnitude, from 0.2 ppm to nearly 
200 ppm, with up to 5x enrichment in mica versus 
coexisting K-feldspar.  

Additionally, isotopic values from this study vary 
significantly, with greater than 10ε variability. ε205Tl 
ranges from -7.8 to +5.1, a significant deviation from 
the value of ε205Tl = -2.1 ± 0.3 reported for average 
continental crust. Preliminary evidence suggests Tl 
variability is primarily governed by the partitioning 
of Tl+ into K+-bearing phases, with limited 
chalcophile behavior at low sulfidation states. This 
discernable fractionation (> 4ε205Tl) between 
coexisting minerals demonstrates the complex 
geochemical behavior of Tl within a variety of 
geologic settings at multiple scales. 
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The clumped isotope application requires precise 
and accurate measurements of rare isotopologues on 
small sample sizes. The 253 Plus is a further 
development of the successful MAT253 mass 
spectro-meter, which has been the instrument of 
choice since clumped isotope science developed.  

Careful ion optical design investigations led to 
reshaping of the magnet which significantly 
improved peak shapes. Building on the experience of 
the MAT253 the surfaces of the gas inlet system and 
the ion source are machined to minimize scrambling 
and isotope exchange effects. All along the ion 
optical path special care has been taken to minimize 
any scattering, which could disturb the analytical 
baseline and possibly affect Δ47-CO2 linearity effect. 
A Faraday cup between mass positions in the 
collector array is introduced to monitor the baseline 
during analysis.  A new software workflow, LIDI 
(Long Integration Dual Inlet), is integrated into 
ISODAT to support higher productivity, reduced 
sample consumption, improved sample utilization 
and hence increased sensitivity. The LIDI workflow 
allows analysis of smaller samples to enable high 
resolution studies. 

High-gain 1013 ohm amplifier technology is 
integrated into the 253Plus, to further reduce the 
amplifier noise by a factor of 3. These instrumental 
improvements will push the boundaries for clumped 
isotope applications as well as for GC-IRMS where 
sensitivity, precision, stability and low noise are key 
features for high precision measurements.    

 
. 



Goldschmidt Conference Abstracts 

 

2567 

Multiproxy Characterization of 
Sedimentary Biomarker 
Archives using Ultrahigh 

Resolution Mass Spectrometry  
JAGOŠ R. RADOVIĆ*, RENZO C. SILVA, STEPHEN 

R. LARTER, THOMAS B.P. OLDENBURG 
PRG, Department of Geoscience, University of 

Calgary, 2500 University Drive NW, Calgary, 
AB, Canada (*correspondence: 
Jagos.Radovic@ucalgary.ca) 

 
In order to better understand paleoenvironmental 

molecular proxies in marine sediments, and the 
changes in their compositions and distributions 
caused by complex processes (e.g. source organism 
dynamics, component degradation and diagenesis, 
etc.), more comprehensive, multiproxy approaches 
are needed. Herein, we demonstrate a novel ultrahigh 
resolution mass spectrometry approach that relies on 
in-house developed algorithms and analytical tools 
for rapid identification and visualization of thousands 
of species detected in marine sediments [1,2]. Such 
complex sets of biomarkers, ranging from 150 to 
1500 Da, can be assessed from microgram quantities 
of whole sediment extract after a 12-minute analysis. 
Putatively identified classes of sedimentary 
biomarkers include chlorophyll and carotenoid 
pigments, ether lipids (branched and isoprenoid 
glycerol dialkyl glycerol tetraethers, GDGTs), their 
diagenetic products, and some novel and/or 
unexpected species. We also observed tentative 
compound groups of still unknown specific molecular 
structure, but with clear potential geochemical 
relevance (e.g. sphingolipids). Compositional 
variations along the sediment core profile are 
explored and applicability of ultrahigh resolution 
mass spectrometry data for calculation of common 
paleoenviromental indices, e.g. TEXL86 or BIT is 
evaluated.  

 
[1] Radovic et al. (2016) Anal. Chem., 88 (2), 1128–
1137.  
[2] Radović et al. (in press) Rapid Commun. Mass 
Spectrom., DOI: 10.1002/rcm.7556. 
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Overturning circulation plays a key role in setting 
the climate and nutrient regimes of the high latitude 
oceans, as well as CO2 exchange between the deep 
ocean and the atmosphere.  Today the North Atlantic 
and North Pacific have notably different circulation 
regimes, with vigorous deepwater formation in the 
Atlantic and only limited intermediate water 
formation in the Pacific.  This is also reflected in the 
biogeochemistry of these basins, with low nutrient 
concentrations in the North Atlantic due to input of 
oligotrophic subtropical waters, and high nutrient 
concentrations in the North Pacific due to upwelling 
of nutrient-rich deepwater. 

During the last glacial maximum (LGM) it is 
generally thought that deepwater formation in the 
North Atlantic shoaled to intermediate depths.  
However, there is less concensus on the LGM 
circulation of the North Pacific, with some authors 
suggesting more stratified conditions [1], while others 
suggest stronger ventilation [2] that possibly 
extended to local deepwater formation during 
Heinrich Stadial 1 [3].   

Here we compile geochemical tracers for ocean 
ventilation, export productivity, salinity, and 
temperature, to examine the glacial circulation state 
of the North Pacific and its control on productivity 
and climate.  These data suggest better ventilated 
intermediate waters, an increase in surface ocean 
salinity and temperature, and a decrease in 
productivity at the LGM compared to the Holocene.  
This is consistent with an increase in overturning 
circulation, which would act to bring in warm, salty, 
and nutrient-poor waters from the subtropics and 
transform these to intermediate waters, analogous to a 
shallower version of the modern North Atlantic.  Our 
interpretation is supported by results from a simple 
box model, which highlight the importance of lateral 
exchange between subtropical and subpolar waters in 
controlling high latitude productivity and climate.   

 
[1] Haug, G. H. & Sigman, D. M. Nat. Geo. 2, 91–92 
(2009).  [2] Keigwin, L. D. Paleoceanog. 13, 323–
339 (1998).  [3] Rae, J.W. B. et al. Paleoceanog. 29, 
645–667 (2014). 
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Microbes are per definition small organisms and 

are specialists in adapting to changing environmental 
conditions. Thus they successfully conquer almost all 
kinds of environments even the harshest and most 
forbidden ones. One reason for that is, nature is very 
creative in the development of effective survival 
strategies. The various interaction mechanisms of 
microbes with radionuclides are therefor a good 
example. In general, microbes can not only inactivate 
reactive oxygen species formed by radiolysis of water 
or the Fenton reaction, but also detoxify the radio-
metals themselves. First of all microbes are able to 
immobilize radio-metals by sorption, accumulation, 
mineralization or reduction. Furthermore, they can 
also mobilize metals by complexation or oxidation.  

With regard to a molecular understanding of the 
microbe-  uranium interaction and its possible 
application for the precautionary radiation protection 
and/or bio-remediation, sorption, accumulation and 
mineralization of uranium by living bacteria, fungi 
and algae were investigated. Interestingly, the 
different groups of organisms show significant 
differences in the interaction with uranium proved by 
different spectroscopic methods combined with 
electron microscopy. While the gram-positive 
bacterium Lysinibacillus sphaericus binds uranium 
via carboxyl and phosphate groups and subsequently 
forms meta-autunite like minerals outside the cell [1], 
the alga Chlorella vulgaris first binds uranium via 
same functional groups but afterwards desorbs the 
uranium by the secretion of complexing bio-ligands 
[2]. In contrast, the fungus Schizophyllum commune 
binds uranium at low concentrations (1 mg/L) outside 
the cell via organic phosphates but accumulates it 
inside the cell at higher uranium concentrations 
(100 mg/L) by forming inorganic phosphates [3]. Due 
to their high uranium resistance and high 
accumulation rates a fungal-based concept for the 
immobilization of released radionuclides was 
developed and is currently investigated. 

 
[1] Merroun et al. (2005), Appl. Environ. Microbiol. 
71(9), 5532-5543. [2]  Vogel et. al (2010), Sci. Total 
Environ. 409, 384-395. [3] Günther et al. (2014), 
Biometals 27,775-785. 
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Results of an annealing study, carried out in 

upper mantle conditions (T=1400-1500°C, P=6 GPa), 
of fluid/melt microinclusions in natural diamonds of 
cubic habit from Internationalnaya (Yakutia) are 
presented.  

It is established that the long annealing (t = 20 
hours) at T =1400ºC have no signs of the 
transformation in microinclusions. In the FTIR 
spectra after the subsequent high-pressure annealing 
at T=1500ºC and t=20 hours a distinct changes in the 
phase composition of microinclusions are observed. 
These changes are fixed in the bands corresponding 
to the vibrations of carbonate phases (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
Figure 1: FTIR spectra of cubic diamond before (1) 
and after (2) annealing. 
 

Probably the microinclusions partly melted 
during annealing at 1500°C and there was subsequent 
dissolution of dolomite in carbonate-silicate melt 
(homogenization). The obtained experimental data 
allow to evaluate homogenization temperature of 
microinclusons between 1400 and 1500ºC. Because 
there are evidences for existence of melt in natural 
diamond crystallization, the formation of cubic 
diamonds of Internationalnaya could occur at 
sufficiently high temperatures, not lower 1400ºC. 

This work is supported by the Russian Science 
Foundation under grant №14-27-00054. 
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The present study was undertaken to examine 

whether the organic matter (OM) is responsible for 
arsenic (As) mobilization in soil-water-plant system 
and how much the water regimes offer to control the 
problem. A pot experiment was set at the net house of 
the Department of Soil Science, Bangladesh 
Agricultural University (BAU), Mymensingh. Two 
water regimes (CF - continuous flooding and AWD - 
alternate wetting drying), two As treatments (0 and 
20 mg/kg) and four OM amendments (0%, 0.25%, 
0.5% and 5.0% w/w) were used to form treatment 
combinations for the experiment. The soil As in the 
initial soil was 3.73±0.01 mg/kg. Forty eight pots 
were prepared with 10 kg soil to accommodate 16 
treatment combinations with 3 replications. A popular 
rice cultivar in Bangladesh, BRRI dhan28 was used 
as a test crop. Results showed that organic matter 
amendment in As contaminated soil had adverse 
effects on the growth and yield parameters of rice and 
plants in the 20 mg/kg As treated pots amended with 
5% OM failed to produce grains while at same As 
contamination amended with 0 – 0.5% OM, grain 
production reduced with increasing OM levels. Water 
management didn’t have any significant role. Arsenic 
along with P, Mn, Zn, Cu, Mo, Ni, Co, Se, Cr, Cd, Pb 
concentration in rice grain was analysed using ICP-
MS (Agilent 7500c, Japan) at the University of 
Aberdeen, UK following standard method. Organic 
matter plays an important role in As mobilization in 
soil as well as plant uptake. Arsenic concentration in 
rice was the lowest in As control pots (0.225 mg/kg) 
and increased to 0.614 mg/kg in 20 mg/kg As treated 
pots amended with 0.5% OM while at the same As 
contamination level where OM was not added the As 
concentration in grain was 0.498 mg/kg and increased 
with increasing levels of OM amendment. Arsenic 
was found as a limiting factor for some nutrients in 
rice like P, Mn, Zn, Mo and Ni lowering their 
concentration to a significant level threatening plant 
as well as human nutrition. Threrefore, we need to 
rethink before fertilizing As contaminated soils with 
OM. 
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The radioactive cesium that has been released 

during the Fukushima Daiichi Nuclear Power Plant 
accident deposited in soil with rainfall, and moved to 
the least-mobile soil-phase. The chemical interaction 
between soil and cesium (Cs) has thus become 
stronger with time, and water-only washing technique 
proved less-efficient in releasing Cs from the soil. We 
have evaluated a technique for the decontamination 
of Cs-contaminated soils using aminopolycarboxylate 
chelant (APC) and other chemicals as additive to the 
washing solution.    

We have used both artificial-contaminated soil 
and real-contaminated soils from the Namie-machi, 
Fukushima. The artificial samples were prepared with 
133Cs using the Red clay, Leaf mold and Andosol soil-
types, which represents the typical Japan-origin soils 
available at play-yards, forests and farmlands, to 
study the effect of extraction variables. The APCs 
(e.g. EDTA, NTA, IDA, DTPA, HIDS, EDDS, 
MGDA, GLDA) and NH4Cl were used among the 
additives. The water-mixtures with chemical-
additives (50 mM each) were applied to the Cs-
contaminated soils at a ratio of 10:1. The 
concentration of 133Cs or 137Cs in washing solutions 
was determined using the graphite furnace atomic 
absorption spectrometer or the gamma-ray 
spectrometer. 

 The washing treatment of Cs-contaminated soils 
with APC-spiked solution induced the release of clay-
mineral-bound-Cs by dissolving the corresponding 
adsorption layer. The extraction variables, such as  
pH, APC-types, additions of multiple-extractant in 
mixtures, etc. were studied. The washing solution 
containing HIDS performed better than those with 
other APCs in releasing Cs from the soil-solid phase. 
The release rate of Cs was further enhanced when 
NH4Cl was added to the solution containing HIDS, 
which might be attributable to the ion-exchange 
reaction between the ammonium ions in solution and 
the cesium-ions due to the similarity in ion-sizes. The 
washing solutions containing HIDS and NH4Cl were 
used to remove 60% of the soil-bound-Cs from the 
contaminated Fukushima soil.  
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The evaporation process over ocean is primary 

source of water vapor in the hydrological cycle of 
southern ocean. Part of this water vapour reaches 
land, while rest rain over the ocean. Much of the data 
available on precipitation and water vapor isotopic 
composition are over land area, with limited 
observation available from the oceanic area.  Stable 
isotope ratios in precipitation provide valuable means 
to understand the process of evaporation and 
transport of water vapor. This is further extended in 
the study of past changes in climate studying the 
isotopic composition of ice core. In this study we 
present latitudinal variability of water vapor and 
rainwater isotopic composition and compared it with 
factors like physical condition of sea surface water 
from near equator (1°S) to the polar front (56°S) 
during the summer time  expedition of the year 2013. 
The water vapor and rainwater isotopes showed a 
sharp drop in heavier isotopes progressively moving 
southward from the tropical regions (i.e. >30°S), 
which follows the pattern recorded in the surface 
ocean water isotopic composition. From the tropics to 
the southern latitudes, the water vapor δ18O varied 
between -11.8‰ to -14.7‰ while δD variation ranges 
between -77.7‰ to -122.2‰. Using the available 
data we estimated the expected water vapor isotopic 
composition under kinetic as well as equilibrium 
process. Our observation suggests that the water 
vapor isotopic compositions are in equilibrium with 
the sea water in majority of cases. In exceptional 
situation where trajectory of air parcel originated 
from the continental region, our observation recorded 
large abundances of lighter isotopes in the vapor. The 
deduced rainwater composition adopting equilibrium 
model showed a consistent pattern with observed 
values at the tropical region, while role of kinetic 
process become dominant on progressive shift 
towards the southern latitudes. Here we will draw 
comparison of our observation with other data 
available in the literature over the oceanic region 
together with isotope model data. 
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Abstract: An attempt has been made to study the 

isotopic and chemical characteristics of the Mansar 
lake, a natural lake located in the Western Himalayan 
foothill of Jammu and Kashmir, India to understand 
the hydrodynamics of Mansar Lake. The local 
precipitation, groundwater (springs and open well) 
and the lake water samples from different depth were 
collected and analysed for δ18O, δ2H and major ions. 
The depthwise variation of temperature, pH, 
electrical conductivity, dissolved oxygen, hardness, 
alkalinity, δ18O and δ2H show that lake water mixes 
completely during the months of January and 
February and remains stratified in the remaining 
months. The δ18O of lake water varied from +1 ‰ to 
+4 ‰ in epilimnion part and +1.1 ‰ to +2.6 ‰ in 
hypolimnion zone. The weighted mean average of 
δ18O of rainwater was -6.8 ‰ and average 
groundwater δ18O -5.3‰. The slope of meteoric 
water line developed for lake is 4.7, which is less 
than the Global Meteoric Water Line, indicate 
evaporative enrichment of lake water. The d-excess 
values for the lake water are observed in range of -
15‰ and 0 ‰. The enrichment of lake waterδ18O and 
less d excess clearly reveals that lake water has 
undergone significant evaporative fractionation. The 
evaporative enrichment implies that residence time of 
lake water is more due less inflow and outflow. The 
enrichment of δ18O of hypolimnion zone water 
reveals insignificant interaction between lake and 
groundwater. 

Chemical analysis of lake water reveals that the; 
Ca and Mg account 70% to 85% of the cations and 
HCO3 accounts for 77% to 91% of the total anion, 
and equivalent ratio of Ca:Mg varies from 0.45 to 
6.4. The average (Ca+Mg)/HCO3 equivalent ratio of 
1.04, major contribution of (Ca+Mg) to total cations 
and high (Ca+Mg)/(Na+K) ratio indicate that, 
weathering of calcareous sandstone and mudstone of 
the Siwalik group is the primary source of major ions 
in the water. Phosphate concentration more than 0.03 
mg/l shows that the lake has been entered into 
eutrophic stage. Chemical and isotopic data reveals 
that source of lake water is local precipitation 
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The formation of carbonate minerals is 

responsible for some of the most spectacular natural 
sceneries on Earth. Coral reefs, the Dolomites and the 
Nullabor in Australia (limestone) are just a few 
examples of incredible landscapes which are 
primarily composed of calcium and magnesium 
carbonate minerals. For many decades scientists have 
tried to gain a molecular understanding of the 
processes underpinning the formation the formation 
of these minerals at various conditions and in 
different environments. These conditions range from 
“simple” homogeneous nucleation to supercritical 
conditions (geosequestration) and biological systems 
(biomineralisation). 

In recent years a new picture of the early stages 
of the nucleation process, which contrasts with the 
classical nucleation theory, has started to emerge. In 
the case of calcium carbonate, the existence of stable 
pre-nucleation clusters [1] and of a liquid-liquid 
separation [2] have been proposed to explain 
experimental results obtained with Analytical Ultra-
Centrifugation and TEM. However, direct imaging of 
these phases is below the resolution of current 
experimental techniques. In parallel to these studies, 
computer simulations [2,3] have been used to provide 
supporting evidence for the existence and stability of 
pre-nucleation clusters. 

In this work we present new results obtained by 
employing a recently improved model to describe 
calcium carbonate in water [4]. In particular, we focus 
on the early stages of molecular aggregation, from 
ion-pairs to small clusters and we attempt to unravel 
the thermodynamics of formation of such clusters. 

  
[1] Gebauer et al. (2008) Science 322, 1819.  
[2] Wallace et al., (2013) Science 341, 885.  
[3] Demichelis et al. (2011) Nature Commun. 2, 590.  
[4] Raiteri et al. (2015) J. Chem. Phys. C 119, 24447. 
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The boron chemistry of foraminiferal shells 

provides valuable information on the carbonate 
chemistry of the ambient seawater at the time of 
calcification. While the isotopic composition of boron 
in biogenic carbonates (δ11B) is a relatively reliable 
recorder of seawater pH [1], the B/Ca ratio is a far 
less established tool for reconstructing seawater 
carbonate chemistry. Recent studies suggest that the 
boron incorporation into the calcite lattice of 
planktonic foraminifera does not simply follow 
chemical equilibrium reactions, but is additionally 
influenced by symbiont photosynthesis [2], salinity 
[3,4], and may be even predominantly controlled by 
[PO4

3-] [4]. 
Here we will present new B/Ca and δ11B data of 

the planktonic foraminifer species Globigerina 
bulloides, Globigerinoides ruber, Globigerinoides 
sacculifer and Orbulina universa collected from 
widely distributed surface sediments in the Atlantic 
and Indian Oceans, and the Red Sea. First results 
suggest that the best correlations are found between 
B/Ca and the ratio between borate and bicarbonate 
([B(OH)4

-]/[HCO3
-]) and dissolved inorganic carbon 

([B(OH)4
-]/DIC), respectively. This is in close 

agreement with observations from culture studies 
[5,6], suggesting that the borate species compete with 
[HCO3

-] and DIC, respectively, for inclusion into the 
calcite lattice. On the contrary, our preliminary data 
show a negative trend of B/Ca with [PO4

3-], 
contrasting recent observations made for G. ruber 
also based on field samples [4]. Understanding the 
mechanisms controlling boron incorporation into 
planktonic foraminiferal calcite remains a challenging 
task. 

 
[1] Hemming and Hanson (1992), Geochim. 

Cosmochim. Acta 56, 537-543. [2] Babila et al. 
(2014), EPSL 404, 67-76. Allen et al. (2011), EPSL 
309, 291-301. [4] Henehan et al. (2015), G-cubed 16, 
1052-1069. [5] Allen et al. (2012), EPSL 351-352, 
270-280. [6] Kaczmarek et al. (2015), Biogeosciences 
12, 1753-1763.  
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Elucidation of the role of the marine carbon cycle 

in the glacial-interglacial cycles of CO2 is vital to our 
understanding of the key feedbacks operating in the 
present-day Earth system. Since 1997, global 
chlorophyll-a concentration on the ocean surface has 
been measured by satellite and used to estimate 
primary productivity, which is the driving factor in 
the marine carbon cycle. Many efforts have been 
made to estimate primary productivity in the past, but 
the different proxy availables only provide partial 
insights on past ocean carbon fluxes. One of the most 
informative approaches relies on the estimation of 
surface ocean nitrogen utilization using nitogen 
isotopes, but it is constrained by diagenetic processes. 

In this study we evaluate the use of sedimentary 
chlorins, diagenetic derivatives of chlorophyll, as a 
proxy for both primary productivity and nutrient 
utlization. This chlorin proxy is directly produced by 
primary producers, as chlorophyll is the primary 
compound used in photosynthesis. Moreover, as 
chlorins have 4 nitrogen atoms, they can provide 
information on nitrogen utilization by measuring 
d15N in sedimentary chlorins. Hence, we can obtain 
complementary information on carbon cycle 
processes at the ocean surface from the same proxy, 
which simplifies the interpretation of palaeorecords. 

To validate, calibrate and constrain the chlorin 
approach we have compiled a suite of surface marine 
sediments, and the pigment concentrations and d15N 
data are compared to  satellite (Seawifs), field and 
Earth system models data on primary productivity 
and nitrate d15N. The correlation between these 
sediment and modern data indicate that indeed 
primary productivity is the most important factor in 
determining sedimentary chlorin concentrations and 
in driving chlorin isotopic signatures.  
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 The final phase of amalgamation of the 

Gondwana supercontinent witnessed collision of 
continental blocks along transcrustal shear/suture 
zones. Two major shear/suture zones were identified 
in southern India: the Palghat-Cauvery Shear Zone in 
the north and the Achankovil Shear Zone (ACSZ) in 
the south. A peculiar sub-alkaline to alkaline olivine 
absent gabbroic plug (1.5 km by 0.5 km) trending 
ENE-WSW, bounded by a strike slip fault plane 
trending NNW-SSE has been mapped in ACSZ. 
Systematic mineralogical and geochemical studies 
were performed on this gabbroic intrusion to 
understand its petrogenesis and tectonic 
significances. The gabbro is mesocratic, medium-to 
coarse-grained and has a megaophitic texture. The 
rock contains plagioclase, clinopyroxene, calcic- and 
sodic-calcic amphibole and ilmenite with accessories 
of apatite, calcite and phlogopite. Textures indicate 
subvolcanic emplacement and are probably of 
moderate pressure crystallization conditions. The 
samples show metaluminous and high-K calc-alkaline 
signatures. They have very low Mg# and are depleted 
in Ni and Cr. The rocks are characterized by high 
abundances of large ion lithophile (LIL) elements 
such as Ba, Rb and Sr and high field strength (HFS) 
elements such as Zr, Nb and Ta. Chondrite 
normalized rare earth element (REE) patterns show 
LREE enrichment with a slight positive Eu anomaly. 
The primitive mantle normalized trace and REE 
patterns reveal absence of strong negative Nb-Ta-Ti 
anomalies. The trace and rare earth element 
compositions of major silicate phases and bulk rock 
reveal magma/melt sources from an enriched mantle. 
The data are plotted very close to the field of alkaline 
basalt on Nb/Y vs Zr/TiO2 binary diagram. The 
enrichment of Fe, Ti and P in this gabbro might be a 
primary feature related to the source composition. 
The bulk rock data together with data of 
clinopyroxene and amphibole when plotted in 
discrimination diagrams show intra-plate/rift-related 
tectonic environment of magma genesis. We consider 
that this rift-related intra-plate origin of alkaline 
igneous activity in ACSZ is a manifestation of 
magmatism associated with continental rifting. South 
India forming an unambiguous section of East 
Gondwana continent has a vital role in the renovation 
of this mega continent.  
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The present study demonstrates the change of 

pore size distribution (PSD) due to oxidation of 
pumice tuff, a potential host rock for low and 
intermediate level radioactive wastes, and its possible 
consequences to adsorption of cesium on it. Batch 
study was carried out with both pumice tuff blocks 
and powdered samples to determine adsorption 
coefficient, Kd, at different pH, ionic strength and 
initial nuclide concentration of stable cesium (133Cs). 
Mercury Intrusion Porosimetry and Scanning 
Electron Microscopic analysis before and after batch 
experiment showed that the pore area has 
significantly reduced in oxidized tuff though the 
porosity remains similar as fresh part. Both fresh and 
oxidized tuffs have similar PSD with most of the pore 
sizes range between 10˗0.6 µm. Although, large 
fraction of pores in oxidized tuff are accumulated in 
the narrower range of 3.9 to 9.5 µm. As individual, 
6.6 and 7.9 µm size pores comprise most of the pore 
areas in oxidized tuff. The average pore area greatly 
varies from ~4.6 m2/g in fresh tuff to ~2.5 m2/g in 
oxidized tuff indicating inaccessibility of smaller size 
pores in oxidized part.  

With relation to water-rock interaction, less than 
3.3 µm size pores exhibited a tendency to increase 
with the decrease in ionic strength, opposite to pores 
larger than 3.3 µm size, regardless of pH, initial 
nuclide concentration or oxidation. Moreover, as a 
result of increased amount of 0.33-0.033 µm size 
pores after the aging period, pore area of the fresh 
tuff increased from ~4.6 to ~7.5 m2/g. These may 
have significant effect to the adsorption mechanism 
of cesium on pumice tuff. 
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The “aragonite” and “calcite” seas concept in the 
Phanerozoic [1] is linked to oscillations in seawater 
composition and carbonate mineral polymorphism. In 
this context, the stabilization of aragonite has been 
demonstrated to be affected by the seawater Mg/Ca 
ratio, and lately, SO4 [2]. Recently temperature has 
also been suggested as an important factor controlling 
CaCO3 mineralogy [3], yet the link between 
temperature and seawater composition in modern and 
past oceans is still poorly constrained. Here we 
experimentally investigated CaCO3 precipitation in 
seawater at 5-35°C in constant addition experiments 
and at variable Mg/Ca and SO4 contents spanning 
Phanerozoic ocean chemical conditions. Our results 
show that: (a) temperature has only a minor effect on 
the primary calcium carbonate mineralogy, since 
calcite, aragonite and vaterite predominance (>50%) 
fields were equivalent at all temperatures; (b) 
temperature does however, have a major effect on 
size and morphology of the crystals formed (c) the 
calcite-aragonite coexistence field is much narrower 
than recently proposed [3]. We also observe that the 
relative proportion of aragonite in the calcite-
aragonite coexistence field increases with 
temperature, likely a consequence of the elevated 
temperature dependent precipitation rate of aragonite 
relative to calcite. Combining literature data [e.g., 2] 
with our new results revealed that in the Phanerozoic, 
the time periods where calcite precipitation 
predominated are far shorter than previously 
predicted from the rock record. Most likely inter-
transformations between primary aragonite and more 
stable calcite lead to the observations in Phanerozoic 
samples.  Our results clearly suggest that throughout 
Earth’s history an additional parameter other than 
temperature, Mg/Ca and SO4 (e.g., pCO2, or dissolved 
organics) must have played a more dominant role in 
regulating the secular oscillations in seawater 
compositions and thus prevalent CaCO3 polymorphs 
mineralogy. 
 
[1] Holt et al., 2014 GCA 134: 317-334; [2] Bots et 
al.,  2011 Geology 39:331-334; [3] Balthasar & 
Cusack 2015. Geology 43:99-102. 
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The Mars Science Laboratory rover, Curiosity, 
landed at Gale crater in August 2012 and has been 
investigating a sequence of dominantly 
fluviolacustrine sediments deposited 3.6-3.2 billion 
years ago [1]. Curiosity collects quantitative 
mineralogical data with the CheMin XRD/XRF 
instrument and quantitative chemical data with the 
APXS and ChemCam instruments. These datasets 
show stratigraphic mineralogical and geochemical 
variability that suggest a complex aqueous history. 

The Murray Formation, primarily composed of 
fine-laminated mudstone, has been studied in detail 
since the arrival at the Pahrump Hills in September 
2014. CheMin data from four samples show variable 
amounts of iron oxides, phyllosilicates, sulfates, 
amorphous and crystalline silica, and mafic silicate 
minerals. Geochemical data throughout the section 
show that there is significant variability in Zn, Ni, 
and Mn concentrations. Mineralogical and 
geochemical trends with stratigraphy suggest one of 
possibly several aqueous episodes involved alteration 
in an open system under acidic pH, though other 
working hypotheses may explain these and other 
trends. Data from the Murray Fm contrast with those 
collected from the Sheepbed mudstone located ~60 m 
below the base of the Murray Fm, which showed 
evidence for diagenesis in a closed system at 
circumneutral pH [2-4]. Ca-sulfates filled late-stage 
veins in both mudstones. 

[1] Grotzinger et al. (2015) Science, 350. [2] 
McLennan et al. (2014) Science, 343. [3] Vaniman et 
al. (2014) Science, 343. [4] Bristow et al. (2015) Am. 
Mineral., 100. 
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We present new high-precision U-Th data for U 
metal CRM 112-A, and give examples of application 
of the U-Th chronometer to modern marine 
carbonates. All measurements were carried out on a 
ThermoScientific Neptune Plus MC-ICPMS 
equipped with a jet interface and a DSN-100 
desolvation system yielding an overall ion effiency of 
2-3%. U samples and bracketing std CRM 112-A 
were spiked with reference material IRMM-3636a to 
correct for mass bias and yield drift of the SEM. 
Additional corrections were applied for tailing and 
hydride generation. For Th determinations, 229Th-
spiked samples were bracketed against IRMM-3636a, 
and special attention was given to maximise washout 
of 230Th between samples. [230Th]/[238U] and 
[234U]/[238U] data were calculated using decay 
constants and reference values given in (1), i.e., 
[230Th]/[238U] = 1.00458 for Harwell Uraninite 
HU-1; and δ234U = -38.5‰ for CRM112-A (2). 
Analytical uncertainty for δ234U was ~0.6‰; 
whereas errors on [230Th]/[238U] were mostly 
derived from 230Th counting statistics and 
blank/washout corrections. Final ages were then 
calculated using Isoplot 4.15 (2). 

Our previous determination of CRM112-A in 
2005 yielded a production (Th separation) age of 
1938±3 years (3). We remeasured the age more 
precisely at UWA in May 2014 as 1937±0.4; and 
again in Dec 2015 as 1937±0.4. Notably, the 
calculated time difference between our last two 
determinations is accurate to within 15 days. These 
measurements are significantly more precise than 
previously reported and indicate its utility as a 
modern dating standard. 

The above protocol has also been utilised to date 
‘modern’ coral and sclerosponge samples. Following 
(3,4), we determine [230Th]/[232Th]init by analysing 
either layer-counted annual bands from Porites coral 
cores, or an outer rim sclerosponge sample of known 
collection age. This leads to estimations of 
[230Th]/[232Th]init ranging between 1 and 2.5, well 
within the range of typical seawater values. We find 
that calculated vs stratigraphic age for the ‘modern’ 
corals agree to within several years whereas 
sclerosponge uncertainties can be signifcantly larger 
(10-20 years) due to higher indigenous 232Th, 
indicating that the major uncertainty remains the 
determination of initial [230Th]/[232Th]. 

 (1) Cheng H. et al., EPSL 371-372, 82-91 (2013). 
(2) Ludwig K., USGS open file report (1991). (3) 
McCulloch M.T. et al., Austral. J. Earth Sci. 55, 955 
(2008). (4) Rosenheim B.E. et al., GCA 71 (2007). 
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The generally accepted interpretation of the 

isotopic and trace-element systematics of enriched- or 
EM-type ocean island basalts (OIB) is that their 
plume source incorporates a recycled component 
derived from the continental crust or its deeply 
subducted sediments. Inclusions of hydrous 
ringwoodite in ultradeep diamonds [1] suggest that 
the mantle transition zone (MTZ) is variably “water-
rich” with a bulk H2O content of ~1 wt%.  If “wet 
spots” in the MTZ are associated with subduction, 
then any deeply subducted sediments are likely to 
respond to localized hydrous fluids, whether 
internally- or externally-derived, by undergoing 
partial melting, since their solidus is dramatically 
reduced in the presence of water. This scenario has 
been investigated in a series of “layered” experiments 
in the multi-anvil apparatus at ~ 23 GPa, with a layer 
of primitive mantle (KLB-1) on top of a layer of 
water-bearing “continental” sediment. At 
temperatures above ~1400-1500°C, a hydrous, Fe- 
and alkali-rich, Si- and Al-poor partial melt forms in 
the sediment, in equilibrium with stishovite + NAL-
phase (“new aluminous phase”). These melts are 
highly-enriched in incompatible elements (e.g., K, 
Ba, Sr, REE, U and Th), and can easily migrate into 
the overlying layer of peridotite, metasomatizing the 
initial assemblage of (Mg-Fe) perovskite + 
ferropericlase to wustite-free Al-rich (Mg,Fe) 
perovskitite.   

 
[1] Pearson, D.G. et al. (2014) Nature 507, 221-224.  
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This study focuses on adsorption of soluble 

organic acids on a sedimentary rock (Callovo-
Oxfordian), which is investigated by the French 
radioactive waste management agency (Andra, Cigéo 
project). The objective is to improve our 
understanding on adsorption mechanisms on a 
material displaying various phases (clayey minerals, 
tectosilicates, carbonates, natural organic matter). 
Indeed, adsorption might occur simultaneously on 
clayey minerals (by cation bridging), on oxides (by 
electrostatic interaction), on organic matter (by 
hydrophobic interaction) and on all these phases by 
ligand exchange or van der waals interactions. 

In order to determine which solid phase drives 
adsorption, different experiments were prepared. The 
first series used the raw and sound clay rock. The 
second series was obtained after carbonates 
dissolution. The third series was the smallest 
granulometric fraction (<2µm). The chosen 
separation method of mineral phases minimized 
chemical perturbation, avoiding solvent extraction, 
oxygen, or temperature. Adsorption-desorption 
experiments were carried out on the three materials 
with radioactive tracers of selected organic acids. 
Results showed unexpected differences between 
similar carboxylic acids. Acetate and adipate which 
are representative of the sole carboxylic function 
displayed a low adsorption, specifically on clays. 
Phthalate displayed an increased adsorption on clay 
phase despite its anionic nature. A different 
behaviour was found for oxalate and citrate with a 
much higher adsorption on minor phases and 
desorption hysteresis. 

Therefore, adsorption data of several 
anthropogenic organic acids on specific phases of a 
heterogeneous sedimentary rock were gathered. This 
work demonstrated the interest to perform 
measurements on various molecules in order to 
evidence useful links between physicochemical 
properties and adsorption. It also highlighted 
differences between a reducing deep-geological 
media and oxidized sub-surface rocks. The results 
will be discussed with emphasis on classifying 
soluble organic acids fate in geological disposals, 
landfill leachates or water treatment processes. 
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Ol Doinyo Lengai is a unique volcano producing 

natrocarbonatite lava, rich in rare sodium carbonate 
nyerereite, Na2Ca(CO3)2. Nyerereite also attracted a 
lot of attention as an inclusion phase in mantle 
minerals, probably linked to the deep carbonatite 
magmatism [1]. 

We measured Raman spectra of nyerereite from 
Ol Doinyo Lengai up to 7 GPa using a diamond anvil 
cell and silicone oil as a quasi-hydrostatic pressure-
transmitting medium. The main Raman doublet of 
ν1(CO3

2–) (1078 and 1087 cm–1 at ambient pressure) 
demonstrates ~3 cm–1/GPa blue shift with pressure 

(Fig. 1). 
Figure 1: Pressure-induced Raman shift of ν1(CO3

2–) 
nyerereite doublet. 
 

The obtained data demonstrates an absence of 
pressure-induced phase transformations in nyerereite 
up to 7 GPa, and give a calibration for residual 
pressure measurements in nyerereite-containing 
inclusions. 

The study was supported by the grants of RSF 
(#15-17-30012), Russian Ministry of Education and 
Science (#14.B25.31.0032), and RFBR (#15-55-
45070). 

 
[1] Kaminsky et al. (2009) Min. Mag. 73, 797–

816. 
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The dramatic changes from the cold and dry last 
glacial to warm and wet Holocene period brought 
changes in the Indian summer monsoon (ISM) and 
ensuing hydrology and terrestrial erosion in 
peninsular India. In this study, we determined the 
seawater neodymium isotopes (εNd) using Andaman 
Sea sediments reflecting such changes in hydrology 
and erosion of the past 24,000 years. Sediments from 
the piston core RC12-344, which was retrieved from 
the lower slope of the northern Andaman Sea, were 
used for the study. The new εNd data were used as a 
proxy for the terrestrial input into the Andaman Sea 
by the Irrawaddy-Salween and Sittoung (ISS) rivers.  
 

We identify 4 major changes in neodymium 
isotopes (εNd): (1) a gradual increase in εNd during the 
deglacial period (22 - 18 ka) suggesting a decrease in 
the ISS discharge, (2) a relatively stable radiogenic 
seawater εNd between 17.2 ka and 8.8 ka, which is 
explained by a period of reduced outflow, (3) a rapid 
transition from more to less radiogenic εNd during the 
early-mid Holocene, which is interpreted as the 
wettest period with the highest ISS discharge, and (4) 
a decrease with a stable εNd values in the mid-late 
Holocene. One of the interesting findings of our study 
is the lag between the εNd and planktonic foram δ18O 
values at the onset of the early Holocene. The 
Andaman Sea εNd data are the first seawater εNd with 
the highest temporal resolution from the northern 
Indian Ocean. The data suggest dramatic changes in 
the continental erosion and intensity of the ISM. Our 
εNd data shed further light on the regional changes in 
Indo-Asian monsoon when compared with other 
existing decadal to millennial-scale paleo-ISM proxy 
records from India and northeast China. 
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The discovery of perchlorates on Mars is relevant 

for human exploration both in terms of in situ 
resource utilization and the potential human health 
effects [1]. Like lunar dust exposure during Apollo 
missions, human contact with Mars dust is expected 
in future Mars missions. Physiological risks 
associated with human exposure to Mars dust ranges 
from respiratory to abrasive affects, and warrants 
detailed characterization. In this paper, we present an 
approach to characterize the potential toxic effects 
that perchlorate-rich Mars dusts may have on future 
human explorers.  

Utilizing a model similar to that used to establish 
the current NASA permissible exposure limit for 
astronauts to lunar dust, we propose the formation of 
a Mars Perchlorate Toxicity Assessment Group 
(MAPTAG), specifically charged to establish a 
permissible exposure limit for astronauts to Mars 
perchlorate. Ideally, MAPTAG would be modelled 
after actual Lunar dust exposure levels by Apollo 
astronauts, assuming that Martian dust is the main 
vector by which astronauts would be exposed to 
perchlorate. Perchlorate rich Mars simulants with a 
composition that is agreed upon by the scientific 
community could be used in a variety of studies that 
characterize the links between dust particle size, 
chemical reactivity, and their effects in biological 
systems. Similar to the studies performed by the 
Lunar Airborne Dust Toxisity Assessment Group, 
MAPTAG would perform laboratory investigations 
that use cellular assays, intratracheal instillation 
techniques, and or inhallation technologies to expose 
tissue cultures and model organisms to Mars-like, 
perchlorate-rich dusts or simulants. Biological 
responsiveness would be quantified, and would drive 
engineering and operational solutions designed to 
reduce human physiological risks associated with 
exposure to the perchlorate-rich dusts on Mars. 
 
[1] Davila et al (2013) Intl Journal Astrobiology, vol 
12., issue 4, pp. 321-325. 
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A fundamental tenet of conventional models for 

the deposition of banded iron formations (BIFs) is 
that fine-grained hematite (so-called dusty hematite) 
represents relict ferric oxide/hydroxide precipitates. 
However, this premise has never been proven. In a 
study of BIFs of the 2.63-2.45 Ga Hamersley Group, 
Australia, we find BIFs show progressive stages of in 
situ alteration from green chert, containing iron-
silicate nanoparticles, to red chert with abundant 
hematite dust. Transmission electron microscopy in 
the transition zone between green and red chert 
reveals that dusty hematite formed after partial 
dissolution of iron-silicate nanoparticles and 
precipitation of iron oxides in resulting cavities (Fig. 
1). These observations suggest that hematite dust in 
these samples is not the dehydration product of the 
original seawater precipitate but the end-product of 
post-depositional oxidation. If these results are 
corroborated in BIFs elsewhere, it follows that 
hematite dust is not a reliable proxy for 
palaeoenvironmental conditions or biological 
processes in early Precambrian seawater. Our results 
support a hypothesis for the origin of BIFs involving 
iron-silicate precipitation followed by post-
depositional growth of iron oxides.  
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Self-potential signals are measurable at the 

ground surface above ore bodies and have been used 
to locate or characterize mineral deposits and 
contaminant plumes. These self-potential signatures 
are attributed to electric fields generated by 
electrochemical and electrokinetic processes that are 
driven by redox anomalies in the subsurface. The 
electrochemical source of the potential is attributed to 
the background gradient of the redox potential in the 
formations surrounding the ore body. Water-rock 
interactions in response to the infiltration of rainwater 
and diffusive oxygen ingress generally lead to a 
transition from oxidizing conditions near the ground 
surface to reducing conditions at depth. If a metallic 
conductive ore body is present in this transition zone, 
an upward flow of electrons in the ore body 
establishes self-potential signals [1]. Electrokinetic 
processes such as molecular diffusion and 
electromigration contribute to the movement of 
aqueous species and the generation of an electric 
potential field, at the same time causing geochemical 
alterations in the vicinity of the ore body.  

 
Reactive transport codes are capable of modelling 

a wide range of biogeochemical processes in the 
environment and also provide a versatile basis for 
applications in economic geology. MIN3P, a fully 
coupled 3D reactive transport code [2], was extended 
by integrating Nernst-Planck and Gauss-Ampère 
equations to simulate the development of self-
potential signatures associated with a reactive buried 
metallic body. The process-based model links self-
potential signals to electrochemical transport and 
provides a reactive transport modeling framework for 
the mechanistic forward modeling of self-potential 
signals and associated geochemical signatures. 

 
[1] Sato & Mooney (1960) Geophysics 25, 226–249. 
[2] Mayer et al. (2002), Water Resour. Res. 38, 13-1–
13-21. 
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Arsenic (As) contamination in groundwater poses 

serious environmental and human health risks. The 
transformation of arsenite (AsIII), into less mobile and 
less toxic arsenate (AsV) enhance As sequestration 
from groundwater and reduces the risk [1]. 
Manganese (Mn) oxide minerals are known to 
oxidize AsIII to AsV. Mn-oxides commonly occur as 
coatings and fine-grained aggregates of poorly-
crystalline mineral phases in the natural environment. 
The oxidation process by Mn-oxides can be very 
rapid, compared to the direct oxidation of aqueous 
AsIII by molecular oxygen [2]. 

A number of mechanisms for AsIII oxidation by 
Mn-oxides have been suggested in the literature 
[3,4,5], of which most are complex and involve 
several simultaneous reactions. There is a general 
agreement that the first step in oxidation is adsorption 
of AsIII onto either MnIV or MnIII sites on Mn-oxide 
surfaces. This is followed by oxidation of sorbed AsIII 
by either electron transfer or substitution [4]. The rate 
of oxidation reaction could differ between MnIV and 
MnIII sites. Mn+2 ions are also produced in the 
oxidation step from the reductive dissoluton of 
MnIV/III oxides. Both, Mn+2 and AsV, could remain 
sorbed or form precipitates on the surface and 
passivate the surface sites, thereby inhibiting further 
AsIII oxidation. Other ions, e.g., Fe+2 and phosphate, 
are also known to passivate Mn-oxide surface sites 
[1,6]. 

In this study, we have reviewed and translated 
previously proposed conceptual models into a 
process-based numerical model and evaluated the 
model against measured data [1]. 

 
[1] Wu, Y., et al. (2015) J. of Colloid and Interface 
Science 457, 319-328. [2] Eary, L.E., et al. (1990) 
ACS Symposium Series 416, 379-396. [3] Scott, M.J. 
and Morgan, J.J., (1995) ES&T 29(8), 1898-1905. [4] 
Nesbitt, H. W., et al. (1998) GCA 62(12), 2097-2110. 
[5] Ying, S. C., et al. (2012) GCA 96(0), 294-303. [6] 
Parikh, S.J., et al. (2010) ES&T 44(10), 3772-3778. 
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Sediments are complex systems that play an 

important role in the cycling of metals, nutrients, and 
carbon. They have typically high microbial 
productivity that is disturbed by the presence of 
burrowing macro- and micro-invertebrate populations 
and benthic plants, which induce heterogeneity. 
Obtaining representative measurements of pore water 
solute concentrations in heterogeneous sediments 
remains a major challenge, especially with 
conventional coring techniques that provide one-
dimensional profiles at cm-resolution and often 
require a mixing step as part of the sample 
processing. However, the development and 
application of inexpensive, thin-film passive samplers 
that measure two-dimensional, high-resolution 
distributions of pore water solutes have facilitated 
investigation of this spatial heterogeneity within 
sediments and the role such heterogeneity plays in 
biogeochemical processes. The DET (diffusive 
equilibration in a thin film) and DGT (diffusive 
gradients in a thin film) measure iron(II) and 
sulphide, respectively, and can be combined in a way 
that has been particularly useful for obtaining co-
distributions of the major biogeochemical zones 
(iron(III)-reduction in the sub-oxic, sulphate-
reduction in the anoxic zone) in coastal sediments. 
Our study has attempted to observe the degree of 
heterogeneity present in various benthic habitats 
(seagrass, mangrove and mudbanks) and to establish 
whether these techniques can be used to describe a 
‘typical’ biogeochemical distribution. 
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Methane with a biogenic stable isotope signature 

and associated with groundwater recharge has been 
found in numerous coal seams globally.1 The spatial 
distribution of  biogenic gas within basins is likely 
related to sterilisation and then re-innoculation of 
coal seams, as well as groundwater salinity. We 
conducted batch experiments with a microbial 
community sourced from a Bowen Basin 
(Queensland, Australia) underground coal mine2 and 
pure cultures of methanogens to determine the effect 
of coal on growth with methanogenic substrates, 
either a headspace of H2/CO2 (80:20) or acetate (10 
mM) in the medium.  

With a complete microbial community, 
acetoclastic methanogenesis was stimulated by the 
presence of coal, suggesting a syntrophic 
methanogen-bacteria partnership was important. In 
the presence of a low concentration of coal (1 g into 
25 ml medium), methane production by 
Methanococcus sp. was slightly inhibited at the start 
of growth whereas methane production by 
Methanosarcina barkeri was not affected. In contrast, 
at a 1:1 volumetric ratio of coal to medium, methane 
production in both pure cultures was completely 
inhibited. Using a scanning electron microscope, cells 
were observed to be associated with clay particles in 
the coal, particularly in the Methanococcus sp. 
culture. Bitumens adsorbed to the clay particles and 
the dissolution of hydrocarbons into the medium may 
be responsible for the inhibition of methanogenesis. 

This experiment demonstrates that the laboratory 
conditions of coal-microbe batch experiments may be 
under estimating the inhibitory effect of coal. If 
inhibition of microbial growth is occurring in coal 
seams, the removal of inhibitory compounds by 
groundwater recharge may allow for increased 
biogenic methane production from coal.   
 
[1] Golding, Boreham & Esterle (2013), International 
Journal of Coal Geology 120, 24-40. 
[2] Raudsepp, Gagen, Evans, Tyson, Golding & 
Southam (2016), Geobiology 14, 163-175. 
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Urban fine particulates (PM2.5) are mainly 

composed of carbon (C), nitrogen (N) and sulphur (S) 
and result from secondary atmospheric processes (gas 
to particle conversions). Thus their stable isotopic 
characterization can provide important clues about 
their sources, transformations, transport pathways, 
and removal mechanism. The alarming conditions of 
PM2.5 concentrations in metro-cities like Delhi 
necessitate investigating the seasonal variations in 
major constituents with varying meteorological 
conditions. The PM2.5 particles collected from New 
Delhi (28.63°N, 77.17°E) between Sept 2014 and 
May 2015 were analysed to get elemental mass 
concentrations of TC, TN, TS and stable isotopes 
ratio δ13C, δ15N and δ34S. 

It is found that mass concentration of [TC] was 
maximum in November probably due to the biomass 
burning but on the contrary, both [TN] and [TS] were 
maximum in January possibly due to the gas to 
particle conversions in cold conditions. Average δ13C 
of ambient PM2.5 size particulates in post-monsoon, 
winter and summer is found as -26.01±0.80‰,  -
25.73±1.39‰ and -24.79±2.02‰ respectively. In 
post  monsoon the average value of δ13C of PM2.5 
shows presence of carbonaceous material produced 
by C-3 biomass crop residue burnings and in winter it 
is due to fossil fuel combustion. δ15N average value 
of winter (7.32±6.61‰) is in close agreement with 
δ15N values of bio-fuel burning emissions(burning of 
animal dung, coal with average δ15N values ~8‰). 
We observed that the δ34S average value of study 
period is 3.63±1.53‰ which is in close agreement 
with the urban pollution (coal and fossil fuel). 
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Authorised discharges of effluents from storage 

ponds and spent fuel reprocessing activities at the 
Sellafield site have been made to the Irish Sea since 
1952 [1]. As a result, actinides and fission products 
have accumulated in nearby intertidal sediments. To 
date, the majority of studies conducted with 
Sellafield-contaminated materials have focused on 
ascertaining radionuclide distribution profiles and 
matching these to discharge histories, where available 
[2, 3]. The importance of biogeochemical controls on 
actinide transport and fate [4] has not been evaluated. 

Here, we have used column separation techniques 
coupled with radiometric analysis, magnetic sector 
ICP-MS, and AMS to quantify actinide (Am, U, Np, 
Pu) and fission product (Cs) distribution at two 
locations impacted by the Sellafield discharges. 
Major element and nutrient distribution in the 
sediment and porewater was also analysed via XRF, 
ICP-MS, and IC.  

The results suggest that radionuclide distribution 
is largely independent of the ambient redox-related 
processes, despite robust redox stratification with 
depth. Interestingly, the maximum Pu and Np signal 
coincides with low Fe concentrations, and indicates a 
decoupling of the normal geochemical controls 
suggested to govern the behaviour of these actinides 
[e.g. 4]. Together, this work provides an insight into 
the long-term stability of actinide and fission product 
elements in the environment and has relevance to 
radioactive waste disposal (e.g. geological disposal) 
and contaminated land management (e.g. 
Fukushima). 
 
[1] Gray et al. (1995) J. Rad. Prot 15, 99-131. [2] 
MacKenzie & Scott (1993) Env. Geochem. Health 
15, 173-184. [3] Marsden et al. (2006) Sedimentology 
53, 237-248. [4] Brookshaw et al. (2012) Min. Mag. 
76, 777-806. 
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Calcitic tests of foraminifera lie in marine 

sediments for up to 100s of millions of years before 
being analysed for isotopic or trace element 
chemistry for use in palaeoclimatic reconstructions. 
Paleoproxy records are inherently problematic, due to 
vital effects, which can be overcome by using 
species-specific calibrations [1], and diagenesis. 
Samples collected from the Ontong Java Plateau, 
Pacific, have been previously described as poorly 
preserved and so have formed the basis of other 
studies on diagenesis [2]. Here we study Globorotalia 
tumida from a depth transect across the lysocline 
using synchrotron X-ray computed tomography 
(sXCT) and electron microprobe analysis (EMPA) to 
reevaluate the nature of diagenesis in this area [3].  

Using phase contrast sXCT we observed 
dissolution of higher-Mg calcite chambers with 
depth. We also observed a thickening of structurally-
different crust with depth, found to be chemically 
distinct using EMPA. From both the sXCT and 
EMPA we infer that the crusts observed are a 
diagenetic feature, driven by the simultaneous 
dissolution of the original foraminiferal test, and 
precipitation of a secondary crust. Here we show that 
two simultaneous diagenetic alteration process are 
occurring with significant impacts for palaeoproxies 
and palaeoclimatic reconstructions.  

 
[1] Elderfield et al. (2006) EPSL 250, 633-649. 
[2] Brown and Elderfield (1996) 

Paleoceanography 5, 543-551. 
[3] Branson et al. (2015) Paleoceanography 30, 

1490-1502. 
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Early subduction dynamics were explored by 
analyzing fresh glasses from an intact volcanic 
reference section drilled during IODP Expedition 352 
to the Bonin fore-arc. The oldest lavas are “fore-arc 
basalts” (FAB), with compositions reminiscent of 
MORB, but with several peculiarities consistent with 
a different geodynamic origin. Major element 
compositions are consistent with extensive melting at 
high T, and final mantle equilibration at low-P. FAB 
from Sites U1440 and U1441 have exceedingly 
depleted incompatible trace element compositions 
compared to MORB, including relatively fugitive 
elements such as Cs, Rb, and U. Nevertheless, water 
and Cl concentrations are relatively high compared 
with depleted MORB, indicating that magma genesis 
might have involved subducted fluids. The youngest 
lavas atop Sites U1439 and U1442 are “high-Si 
boninites” (HSB), with extraordinarily depleted Ti 
and middle REE concentrations, high water (1.6 to 
2.3 wt %) and extreme ratios between fluid soluble 
trace elements (e.g. Rb) and Ti. Lavas underlying 
HSB at these two sites have compositions that are 
transitional between FAB and HSB. The transition is 
progressive but non-linear with decreasing depth. 
FAB appear largely to have been generated by 
decompression melting during near-trench sea-floor 
spreading, perhaps with an assist from unusually 
solute-poor fluids from the nascent subducting slab. 
Melting to generate boninites involved a transition to 
shallower flux melting involving fluids and perhaps 
melts derived over a broad range of pressures from 
the subducting slab.  
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U–Pb data from deformed zircon may lie on 

discordia whose intercepts coincide with deformation 
events, the timing of which are known independently. 
However, in many cases such ages cannot be 
constrained. Extracting deformation ages from zircon 
requires a knowledge of the mechanisms underlying 
trace element migration associated with different 
types of microstructure. Atom probe microscopy 
provides 3D, (sub)nanometre resolution, 
compositional information that provides critical 
insights into the nature of these mechanisms. Here, 
we present CL, EBSD, TKD, SEM ToF-SIMs, 
SHRIMP and atom probe data from different 
microstructures, preserved in a single zircon that 
formed during the ~1.17 Ga Stac Fada bolide impact. 
The zircon grain preserves complex trace element 
distributions in a range of microstructures that 
developed during this single, very high-strain rate 
event. Substitutional and interstitial ions have a 
tendancy to show similar distributions, indicating 
coupling between different mobility mechanisms. We 
interpret the rapid formation and migration of oxygen 
vacancies and dislocations into low energy 
configurations to be responsible for substitutional and 
interstitial ion migration. However, differences in 
trace element mobility associated with primary 
growth zoning in the zircon represents a subtle 
compositional control on trace element mobility by 
these mechanisms. The results provide a framework 
for understanding trace element migration during 
deformation and provide a context for targeting 
isotopically reset U–Pb domains to yield better 
constraints on the timing of zircon deformation 
events. 
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The pressure–temperature characteristics of water 

are unusual: for example, one familiar oddity is the 
fact that ice (Ih) is less dense than water. Very recent 
findings, reported in the physics literature, indicate 
that further exotic behaviour occurs in water itself. A 
liquid–liquid transition, from a low- to high-density 
structure, occurs in water upon compression. The 
pressure- and temperature-dependence of this 
transition is uncertain, but our preliminary results 
indicate that it coincides with the conditions 
experienced by pore fluids in sediments, 
hydrothermal fluids in the crust, and may also take 
place at depth within subduction zones. Yet the 
existence of this liquid–liquid transition in geofluids 
has not yet been assimilated, or even considered, by 
the geoscience community. Here, we explore how the 
liquid-liquid phase transition (LLPT) of water 
influences water-mineral interactions in the near- and 
sub-surface of Earth. Our results indcate that it 
prevents simple extrapolation of thermodynamic 
properties such as mineral solubility (which 
determines fluid chemistry) from low- to high-
pressure and temperature conditions, a commonly 
adopted approach. Using diamond anvil cell 
techniques coupled with Raman spectroscopy, we 
have made the first quantitative in situ observations 
of mineral–aqueous solution systems through the 
pressures and temperatures of the LLPT to reveal the 
influence of this transition on geofluids and the 
consequent stability of minerals in Earth’s interior. 
Extending this approach would enable the LLPT to 
be incorporated into thermodynamic models of 
geofluids and mineral solubility in diagenetic and 
metamorphic processes within sediments and 
subduction zones. Our results also bear on mineral-
fluid interactions during  oil/gas extraction and 
carbon capture and storage. 
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With the advancement of both isotope-enabled 
climate models and our understanding of water 
isotope proxies, the hydrological cycle is becoming 
an increasingly important focus of paleoclimate 
studies. Of particular interest are periods of warmth 
and reduced ice cover such as the middle Miocene [1] 
or the Pliocene [2], where exploring changes in 
hydrodynamics can constrain fundamental questions 
around the climate system. 
 

Wood fossils and terrestrial sediments in the late 
Neogene (3-14 Mya) Sirius Group in the 
Transantarctic Mountains provide a unique insight 
into Antarctic palaeoclimate during a period of 
Antarctic ice sheet retreat. We use plant compound 
isotopes (δ18O) to reconstruct precipitation isotopes, 
suggesting that ancient precipitation was ~8‰ 
enriched relative to the modern. This result is 
consistent with reconstructed Antarctic summer 
paleotemperatures of 5 °C and implies increased 
moisture delivery to the continent with a shorter 
vapour transport pathway relative to the modern. We 
then present data from atmospheric tracer 
experiments using isotope-enabled general circulation 
model (HadCM3) to explore in detail changes in 
moisture source and atmospheric circulation during a 
vital period of Antarctic climate history. 
 
[1] Feakins et al (2012), Nature Geoscience 5(8), 
557-560 
[2] Tindall & Haywood (2015), Paleoceanography 
30, 1183-1201 
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The heavy metal lead (Pb) is a frequently 

occurring element in geothermal brines. It was found 
to precipitate from saline fluids predominantly as 
laurionite (PbOHCl) forming one of the most 
dominant scaling minerals identified at the 
geothermal site Groß Schönebeck (Germany). 
Laurionite is a little known mineral in that was hardly 
found in natural environments so far. In this study, its 
formation conditions were investigated between 25 
and 133 °C by adding, various amounts of NaOH to 
solutions containing 3 M NaCl, 1 M CaCl2, and 10 
mM Pb(NO3)2. The formed precipitates were 
analyzed by X-ray diffraction and scanning electron 
microscopy. Laurionite had formed as the 
predominant mineral in nearly all experiments. 
Experimental results showed the same trends as 
equilibrium calculations performed with the code 
PhreeqC and the database “geodat”. Results indicate 
that the formation of laurionite from geothermal, Pb-
bearing saline brine is very probable with the pH 
value as the main controlling parameter for its 
formation. It can be assumed that laurionite plays an 
important role in geothermal systems not only by 
removing Pb from the brine but also by buffering the 
pH- value to neutral values.  
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In order to ascertain current climate variability, it 

is imperative to study and reconstruct past climate 
using a variety of methods. Recently, focus has been 
on long chain alkyl diols, which have been reported 
in a wide range of environments and hold promise for 
the reconstruction of sea surface temperatures [1] and 
productivity/upwelling [2]. However the impact of 
diagenesis on the distribution of these diols is poorly 
constraint.  

Here, the impact of oxic degradation on long 
chain alkyl diols is being studied by a yearlong 
aerobic incubation of freeze-dried biomass of the diol 
synthesizing alga Nannochloropsis oculata in sea 
water.  

During the first 35 degradation days, 
polyunsaturated fatty acids were rapidly degraded, 
while saturated fatty acids and α- and β-hydroxy fatty 
acids remained stable. Sterols and phytol decreased 
slightly in abundance over this period.  

The C30 1,15 and C32 1,15 diols were the most 
abundant diols, with only minor amounts of C28 1,13 
and C30 1,13 diols in the initial biomass. A significant 
increase in diol concentration was apparent over the 
course of incubation, pointing to a release of diols, 
possibly from macromolecular material. The long 
chain diol index, calculated from the relative 
abundances of C28 1,13, C30 1,13 and C30 1,15 diols 
[2], remained stable throughout the first 35 
degradation days. This suggests an insignificant 
impact of oxic degradation on long chain diol 
distributions during short term exposure to oxygen. 
 
[1] Rampen et al. (2012) Geochim. Cosmochim. Acta 
84, 204-216.  
[2] Rampen et al. (2008) Earth Planet. Sci. Lett. 276, 
207-213.  
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The biomethylation of arsenic (As) influences its 

toxicity, mobility, and fate in soil and aquatic 
environments.  There is particular interest in the 
methylation dynamics of As in rice paddy soils, since 
methylated As species are translocated to and 
accumulate in rice grains to a greater extent than 
inorganic As [1].  Despite the importance of 
methylated As species in anoxic paddy systems, few 
studies probe As methylation by anaerobic 
microorganisms or investigate the impact of soil 
biogeochemical variables on methylation rates, and 
the distribution of methylated species [2]. 

In this contribution, we characterize As 
methylation by the spore-forming and sulfate-
reducing bacterium (SRB) Desulfotomaculum 
acetoxidans, which is commonly found in anaerobic 
soil systems including rice paddies, and which has the 
arsenite S-adenosylmethionine methyltransferase 
(arsM) gene required for enzymatic As methylation.  
D. acetoxidans was grown with inorganic arsenite 
concentrations ranging from 0 – 25 µM to span a 
range of environmentally-relevant As concentrations.  
Aqueous and volatile As species were measured with 
HPLC-ICP-MS, and the expression of the arsM gene 
was characterized through reverse transcription 
quantitative PCR. 

D. acetoxidans methylated up to 5% of the As 
present in the medium over six days, and the fraction 
of methylated As increased as a function of total As 
in the medium.   Trimethylarsine oxide was the 
primary methylated product, and smaller amounts of 
monomethylarsonic acid were also formed.  
Dimethylarsinic acid was not detected. The effect of 
varying total As concentrations on arsM expression 
will also be discussed.   

This work shows that SRB can contribute to As 
methylation in anoxic environments and underscores 
the potential importance of methylated species in 
paddy soils. 

 
[1] Zhao et al. (2013).  Environ. Sci. Technol. 47, 
3957 - 3966  
[2] Wang et al. (2015).  FEMS Microbiology Letters 
362, 1-8 
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Bentonite will be used in many radioactive waste 

disposal repository concepts. Most bentonites are 
quarried from surficial deposits and these have been 
investigated in detail in order to develop conceptual 
models for various processes expected to occur 
during repository evolution. However, especially in 
the case of deep geological disposal (few hundreds to 
1000 m depths), bentonite based materials will be 
subjected to natural hydrostatic pressures. Saturation 
process dictates the type and rate of many 
geochemical processes taking place in the bentonite. 
Full saturation is assumed in most reposioty designs 
as a long-term condition for the bentonite. However, 
the period before full saturation can be very long 
when the decay heat of the waste affects near-field 
conditions, especially in cases where the host rock is 
relatively dry.  

Highly compacted bentonite, pellets and 
bentonite mixtures (all potential EBS materials) have 
different properties (e.g. density, porosity, hydraulic 
and thermal conductivity). Compositional variation 
(smectite content vs. accessory minerals) can also be 
found in in situ bentonites (at large depth range). By 
looking at these bentonite occurrences at repository 
relevant depth some open questions can be answered: 

1. What is the natural saturation state of 
bentonites and how it varies as a function of 
local geology?  

2. Natural bentonites seem to be closed/half 
closed systems – what implications does this 
have on the mixing tank type of safety 
assessment? 

3. Are safety case assumptions too 
conservative? And can furher studies help in 
conceptualisation of bentonite-water 
processes so that they would be more 
realistic? 

For repository projects realistic assessment is not 
only safety relevant but also allows optimisation of, 
for example, waste package spacing. This is especialy 
important to those programmes (such as in Japan) 
where the repository ‘footprint’ has to be purchased 
as closer spacing of canisters could cut this 
significant cost drastically. 
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 The Acasta Gneiss Complex dominantly 
comprises meta-igneous rocks that record magmatic 
U-Pb zircon ages between 4.02−3.4 Ga [1–4]. Of 
particular significance is the 4.02 Ga Idiwhaa 
tonalitic gneiss (ITG), a mappable, relatively well-
preserved tonalitic suite that contains abundant 
primary igneous 4.02 Ga zircons.  This suite 
represents the world’s oldest known zircon-bearing 
igneous rock unit, allowing for combined isotopic 
analysis of zircons in the context of their parental 
whole rock [5]. 

Unlike typical Archean tonalite-trondhjemite-
granodiorite magmatic rocks, the well-preserved 
meta-igneous ITG is characterized by chemical 
features that indicate evolution dominated by 
shallow-level fractionation processes involving 
plagioclase.  Zircons from the ITG document primary 
crystallization at 4.019 ± 1.8 Ma and occur as two 
chemically distinct phases of igneous growth with a 
marked decrease in δ18O from +5.6 ‰ to +4.7 ‰.  
This drop in δ18O can be explained by late-stage 
assimilation of hydrothermally altered crust [5].  
Despite the difference in δ18O values, Hf-isotope 
compositions of these two phases of zircon are 
indistiguishable, with initial εHf values (normalized 
to chondrite at 4020 Ma) of approximately -2.   

Flat chondrite-normalized rare-earth-element 
patterns within the Idiwhaa unit suggest the low δ18O 
assimilant was not Hadean TTG-like crust, while the 
-2 εHf value in both phases of zircon growth 
indicates interaction with an early-formed enriched 
reservoir, potentially ancient mafic crust.  Ongoing 
measurements of whole-rock radioisotope tracer 
signals (142-143Nd, 207-206Pb, 87Sr) will help define the 
source of the ITG and its significance for the 
evolution of the early Earth.   

 
[1] Bowring & Williams, (1999) Cont. Min. Petro. 
134, 3-16.  [2] Stern & Bleeker, (1999) Geosci Can 
25, 28-31.  [3] Iizuka et al., (2007) Precambrian 
Research 153, 179-208. [4] Reimink et al. (in review) 
Precambrian Research. [5] Reimink et al. (2014) 
Nature Geoscience 7, 529–533 
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The evolution of oxygenic photosynthesis created 

a niche with dramatic potential to transform net 
energy flow through Earth’s biosphere, and 
ultimately led to the secular oxygenation of the entire 
ocean-atmosphere system. However, in sunlit 
environments more primitive forms of 
photosynthesis, involving reduced species such as 
Fe2+ and H2, would have competed with Earth’s 
nascent oxygenic biosphere for essential nutrients in 
surface aqueous environments [1, 2]. Here, we 
suggest that this competitive landscape among early 
photosynthetic life would have stifled the 
proliferation of oxygenic phototrophs and delayed the 
oxygenation of Earth’s ocean-atmosphere system for 
long timescales. By incorporating experimentally 
obtained growth parameters from a recently isolated 
pelagic photoferrotroph into a competitive model for 
surface ocean photosynthesis, we show that 
anoxygenic phototrophs represent a very effective 
bottleneck on nutrient flow to likely cyanobacterial 
niches when the ocean interior is reducing. However, 
our model also predicts that such a nutrient throttle on 
oxygenic productivity may have ultimately 
represented a positive feedback on biospheric 
oxygenation once a critical Fe/P threshold was 
reached in the deep sea. 

 
[1] Johnston et al. (2009) PNAS, 106, 16925-16929. 
[2] Jones et al. (2015) Geology, 43, 135-138. 
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The macronutrient phosphorus (P) is essential for 

terrestrial life, and is conventionally considered to be 
the element that ultimately limits primary 
productivity in the oceans on geologic timescales. 
Given its centrality in biochemistry and importance in 
fueling marine biogeochemical cycles, there has been 
a sustained effort to reconstruct the dynamics of 
Earth’s P cycle through time. However, many aspects 
of P cycle evolution remain obscure, in large part due 
to a lack of empirical constraints. Here, we present a 
new compilation of P abundances in fine-grained, 
marine siliciclastic rocks from nearly 8,000 
individual samples. Our database provides evidence 
for inhibition of authigenic P burial in shallow marine 
environments through most of the last 3.5 billion 
years. We suggest that this inhibition was linked to 
extreme nutrient P limitation that resulted in an 
unusual, non-Redfieldian elemental stoichiometry in 
marine primary producers. We then place our record 
into a quantitative biogeochemical framework and 
find that a combination of enhanced P scavenging in 
an anoxic, iron-rich ocean and a nutrient-based 
bistability in atmospheric O2 levels would have 
created an exceptionally stable low-oxygen world for 
much of Earth’s history. However, a fundamental 
shift in the P cycle occurred in the late Precambrian 
(between 800-635 Ma), roughly coincident with a 
previously inferred shift in marine redox state and the 
initial emergence of complex multicellular life. 
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The possibility of using Os isotopes in 

hydrogenous marine sediments to track glacial-
interglacial variations has been debated for nearly 20 
years, with some studies showing excursions to less 
radiogenic values during glacial intervals [1-5] while 
others do not [6-7]. Several of these earlier studies 
may have been affected by factors such as basin 
isolation, detrital sediment input and low 
sedimentation rates, potentially biasing the measured 
Os isotopic compositions of the sediments relative to 
that of contemporaneous seawater. To clarify this 
issue, we have undertaken an Os isotopic study of 
organic-rich sediments from ODP Leg 175, Site 
1084, located in the Benguela Upwelling System off 
the Namibian coast. As this is an open ocean site with 
a high sedimentation rate and minimal detrital input, 
the Os isotopic signature of the sediments should 
closely reflect that of ambiant seawater.  

Re-Os analyses of ~40 samples ranging in age up 
to 220 ka were performed, and the age model was 
constrained by new oxygen isotope analyses on 
benthic forams. Measured Re and Os concentrations 
were 58-155 ppb and 0.191-0.648 ppb, respectively. 
The 187Os/188Os data yield a surprising, bimodal 
result.  Unlike in most [1-5], but not all [7], previous 
studies, an excursion to less radiogenic values is not 
observed during the glacial interval MIS 2, with 
187Os/188Os remaining nearly constant at 1.042 ±0.008 
(1σ), a value close to that of modern seawater [8].  In 
contrast, during MIS 6, a marked decrease in 
187Os/188Os is observed, as has been reported 
elsewhere. In addition, a minor excursion to lower 
187Os/188Os occurred from 50 to 70 ka, temporally 
coincident with a similar excursion observed in the 
Cariaco basin that was previously assumed to be a 
local feature [4]. Possible explanations of these 
unexpected results are currently being explored.   

 
[1] Oxburgh (1998) EPSL 159, 181-191 [2] Dalai et al. 

(2005) Chem. Geol. 220, 303-314 [3] Williams & Turekian 
(2004) EPSL 228, 379-389 [4] Oxburgh et al. (2007) EPSL 
263, 246-258 [5] Burton et al. (2010) EPSL 295, 58-68 [6] 
Dalai & Ravizza (2010) GCA 74, 4332-4345 [7] Paquay & 
Ravizza (2012) EPSL 349-350, 126-138. [8] Levasseur et al. 
(1998) Science 282, 272-274. 
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The D/H ratio of chondritic insoluble organic 
matter (IOM) exhibits variations between and within 
chondrites and shows heterogeneities down to the 
molecular scale [1,2,3]. The D/H can be used as a 
tracer of the IOM synthesis and evolution. However, 
it remains encrypted by the superimposition of 
various processes occurring during the complex 
history of chondrites. The investigation of the origins 
of these heterogeneities may reveal how the IOM and 
its precursors were formed. 

With the exception of the Abee chondrite [4], 
IOM exhibits significant D-enrichment that cannot be 
produced by isotope exchange at equilibrium with 
molecular H2 in the protosolar disk. The large D/H of 
IOM may result from cold chemistry (T<100K) in the 
interstellar medium, the parent molecular cloud or the 
protosolar disk [1,3]. Irradiation in the protosolar disk 
at 300 K could also induce significant isotopic 
fractionation [5] and may be responsible for the 
observed intramolecular heterogeneities [6]. 
However, it remains ineffective to produce the 
extreme D-enrichments observed in ordinary 
chondrites (OC) [1] and in micron-sized “hot spots” 
observed in some carbonaceous chondrites (CC) [3]. 
Additional processes are thus required. 

Interestingly, while IOM in OC appears to bear a 
thermally stable D-rich component [7], the D-rich hot 
spots in CC, which may be related to organic radicals, 
are destroyed with increasing thermal treatment [3]. 
This could point to different organic precursors 
having distinct birthplace. The observed variations 
between the different classes of chondrites [1] may 
then arise from heterogeneous associations of 
different organic precursors formed in the 
insterstellar medium, the molecular cloud or the 
protosolar disk, which subsequently evolved on the 
parent body. 

[1] Alexander et al. 2010 GCA, 74, 4417–4437. 
[2] Remusat et al. 2006 EPSL, 243, 15-25. [3] 
Remusat et al. 2009 ApJ, 698, 2087-2092. [4] 
Remusat et al. 2012 GCA, 96, 319-335. [5] Le 
Guillou et al. 2013 Icarus, 226, 101-110. [6] Laurent 
et al. 2015 Nat. Comm., 6, 8567. [7] Remusat et al. 
2016 EPSL, 435, 36-44. 
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Monomethylmercury, a potent neurotoxic form of 

mercury, is predominantly produced by anaerobic 
microbial activities in aquatic systems. In arctic and 
sub-arctic areas, which are exposed to the thawing 
permafrost, the rate of mercury methylation could 
increase due to the rise of microbial activities. 

The originality of this work is the evaluation of 
the contribution of different microbial compartments 
(biofilms, suspended matters, surface sediments) on 
the potential methylation rates in subarctic 
thermokarst ponds (Nunavik, Quebec) and in 
temperate ponds (Lorraine, France). Samples were 
incubated for seven days with a spike of 199Hg2+ and 
were analyzed for 199CH3Hg+ by GC-ICP-MS. 

The potential methylation rates determined were 
of the same order of magnitude in subarctic 
thermokarst ponds and in temperate ponds. However, 
the microbial communities in surface sediments 
emerged as the main contributor in mercury 
methylation. Iron-reducing and sulfate-reducing 
bacteria were identified as active methylators by 
combining the analysis of hgcA gene diversity with a 
metabolic approach (use of specific inhibitors). In the 
microbial biofilm compartment, green rust (FeII-FeIII 
phase) can be biogenerated and thus would compete 
with the formation of monomethylmercury. 
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Of the mechanisms by which the ocean loses 

biologically available nitrogen (“fixed N”), 
conversion to N2 in coastal sediments appears to 
dominate. Due to the disappearance of continental 
shelves, coastal sedimentary N loss has been 
hypothesized to decrease during ice ages. This 
change may have driven a compensating decrease in 
N fixation, the greatest source of the ocean’s fixed N. 
Here we reconstruct N fixation changes in the South 
China Sea over the last 860 kyr (8 glacial cycles) 
using the δ15N of foraminifera-bound N (FB-δ15N). 
FB-δ15N is higher during glacials and lower during 
interglacials, suggesting an increase in N fixation in 
the interglacials. Time series analysis indicates that N 
fixation varied more strongly with sea level than with 
any other potential influence. This finding is best 
explained by strong coupling of South China Sea N 
fixation to ice age reductions in N loss along the 
western Pacific margin due to the disappearance of 
currently extensive continental shelves, including the 
nearby Sunda shelf. If this applied globally, then the 
ice age ocean hosted lower rates of fixed N input and 
loss, a longer residence time for fixed N, and less 
biogeochemically dynamic ocean margins. 
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In order to decipher the controls on rare earth 

elements in ferromanganese crusts, we construct a 
conceptual model composed of five stages to describe 
the enrichment process of La and Ce: (1) Diffusion in 
seawater and sorption; (2) Equilibrium between 
sorption and desorption; (3) Diffusion in pore water 
of crusts; (4) Phosphatization, the incorporation of 
phosphate; and (5) Diffusion in the phosphatized 
crust layers. Based on a systematic analysis, we 
suggest that seven factors control the La 
concentration in Fe-Mn crusts including mineral 
concentration (MnO2+FeOOH), element ratios 
(Mn/Fe), distribution coefficient of REY between 
seawater and ferromanganese oxides (iKS), 
concentration of free hydrated REY ions in seawater 
[M3+], temperature (T) and pH (pH) both of which are 
capable of changing the iKS, and the incorporation of 
phosphate during phosphatization. The seven 
controls on Ce concentration in Fe-Mn crusts include 
mineral concentration (MnO2+FeOOH), diffusivity 
of REY in seawater (Dsw), temperature (T) which is 
capable of changing the Dsw, concentration gradient 
of free hydrated Ce ions in seawater (dρ/dx ), 
growth rate of ferromanganese crusts (GR), specific 
surface area (Ssp), and the incorporation of phosphate. 
Our analyses on the ferromanganese crusts from the 
Magellan seamounts suggest that the La3+ 
concentration in seawater is a major control of the 
concentration of La in Fe-Mn crusts in this area. Our 
analyses further indicate that variations of 
paleoseawater T, GR, Ssp, and subsidence and 
migration of the host seamounts cannot fully explain 
the temporal variation of Ce concentrations in Fe-Mn 
crusts from the Magellan seamounts, and that 
seawater Ce3+ concentration is the key controlling 
factor. 
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The North Qaidam is an Early Paleozoic 
continental-type ultrahigh-pressure metamorphic belt 
in NW China, mainly composed of para- and ortho-
gneisses and minor eclogites, garnet peridotite, 
pyroxenite and granulites. Recently, numbers studies 
identified concurrent 1.0-0.9 Ga magmatic and 
metamorphic event in the para- and ortho- gneisses 
and thus the North Qaidam was regarded as a 
fragment of Rodinia supercontinent in Proterozoic. 
However, up to now, no evidence for the existence of 
pre-Rodinia ocean was found. 

The Yuka talc-bearing eclogite occurs as a big 
lentoid body in granitic gneisses. It mainly consists of 
garnet, omphacite, phengite, quartz, rutile, kyanite, 
talc and clinozoisite. Geochemistry data show that it 
has relatively low Ti (0.49-0.54 wt%), Na2O (1.56-
2.31 wt%), K2O (0.08-0.19 wt%) contents and high 
Mg numbers (~65). It contains low abundances of 
REE (19.32-21.39 ppm, ~5.4-6.0×chondrite) and 
displays slightly LREE-depleted rare earth element 
patterns with slightly positive Eu anormalies 
(δEu=1.15-1.19). In primitive mantle normalized 
spiderdiagram, it shows left slope smooth patterns 
with strong enrichment of Sr. 

Cathodeluminescence images show that zircons 
separated from the eclogite exihibit clear core-rim 
structure. The cores are typical magmatic origin with 
oscillatory internal structure and high Th/U ratios 
(0.34-1.35) while the rims are eclogite facies 
metamorphic origin with patchy zonation, flat HREE 
patterns withou Eu anomalies and low Th/U ratios 
(0.01-0.09). LA-ICP-MS U-Pb dating obtained 
protolith age of 1239-1292 Ma from the core and 
eclogite facies metamorphic age of 437±2 Ma from 
the rim. Zircon Lu-Hf analyses on the cores show that 
their εHf (t) values are similar with the 
contemporaneous depleted mantle, indicating that the 
protolith of the Yuka talc-bearing eclogite was 
derived from depleted mantle without continental 
crust contamination. 

All the characters suggest that the protolith of the 
talc-bearing eclogite was a fragment of the pre-
Rodinia ocean and it emplaced in the active 
continental margin of Qaidam block during 
Grenvillian orogenesis and underwent continental 
subduction in early paleozoic. 
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Crystal nucleation and growth are the main 

processes which control the chemical precipitation of 
minerals. One of the main obstacles remaining for 
reaching a theoretical basis for the entire precipitation 
process is the absence of a theoretical coupling 
between both processes. While nucleation is defined 
by the formation of a new phase in the solution, 
crystal growth is mainly defined as the growth of 
existing nuclei, which is mainly a surface controlled 
mechanism. The unknown surface area of the 
growing nuclei limits the quantification of the growth 
process.  

Most studies concentrate separately on nucleation 
and crystal growth processes. In order to link both 
processes, we conducted a series of batch 
experiments, in which gypsum nucleation was 
followed by crystal growth. A wide range of batch 
reactors made of different material, and various 
stirring devices and speeds were used. 

The induction time of gypsum nucleation and the 
following rate of crystal growth were calculated for 
each experiment. The induction time was found to be 
a function of the reactor material, while the rates of 
crystal growth, which varied over 3 order of 
magnitude, were strongly affected by the stirring 
speed and its mode. 

The observed changes in SO4
-2 with time, due to 

combined nucleation and crystal growth, were fitted 
using a forward model that uses simple rate laws for 
nucleation and crystal growth of gypsum.  
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Calcium-aluminum-rich inclusions (CAIs) are 

commonly interpreted as the earliest formed 
condensates in the solar nebula. The isotopic 
composition of these refractory inclusions 
consequently provides us with information about the 
earliest sampled reservoir of the Solar System. 
Relative to inner Solar System planetary bodies, 
normal (non-FUN) CAIs display homogeneous 
excesses in isotopes created by the r-process of 
nucleosynthesis in the elements Sr, Zr, Mo, Ru, Ba 
(i.e. A<140) [1-4] and deficits in r-process isotopes 
of Nd, Sm, Gd, Dy, Er, Yb (i.e. A>140) [4-7]. 
Interestingly, for A>176, the case is less clear. 
Variable r-excesses exist in fine-grained CAIs for W, 
but seem to be minor to absent in coarse-grained 
inclusions [8]. Additionally, previous studies have 
yielded ambiguous results regarding the consistency 
and magnitude of non-radiogenic Hf isotopic 
compositions in CAIs [9-10], and thus, the 
nucleosynthetic signatures in CAIs remain poorly 
understood for A>176.  

In this study, we present non-radiogenic Hf 
isotope data of CAIs to further examine their 
observed isotopic character. After purification of Hf 
from the sample matrix [11], Hf isotope compositions 
were measured by MC-ICPMS in Münster. The 
external reproducibility of our method was assessed 
by repeated analyses of BCR-2 and BHVO-2 
terrestrial basalts, yielding 4 and 7 ppm (2SD) for 
178Hf and 180Hf, respectively. The Hf isotopic 
compositions of the CAIs studied here are 
indistinguishable from one another, yet distinct from 
terrestrial standards, supporting an isotopically 
homogeneous CAI-forming region. Using the 
nucleosynthetic model of [12], the average Hf 
isotopic composition of CAIs is consistent with a 
deficit in r-process material relative to the Earth. This 
r-deficit is of similar magnitude as previously 
observed for Er and Yb [7] and may reflect a 
tendency of decreasing r-process anomalies with 
increasing mass. 
 
[1] Hans et al. (2013) EPSL 374, 204. [2] Moynier et 
al. (2012) ApJ 785, 45. [3] Burkhardt et al. (2011) 
EPSL 312, 390. [4] Brennecka et al. (2013) PNAS 
110, 17241. [5] Brennecka et al. (2014) 45th LPSC, 
#2280. [6] Shollenberger et al. (2015) 46th LPSC, 
#2593. [7] Shollenberger et al. (2016) 47th LPSC, 
#1964. [8] Kruijer et al. (2014) EPSL 403, 317. [9] 
Sprung et al. (2010) EPSL 295, 1. [10] Akram et al. 
(2013) ApJ 777, 169. [11] Bast et al. (2015) JAAS 30, 
2323. [12] Bisterzo et al. (2011) Mon. Not. R. Astron. 
Soc. 418, 284. 
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The naturally occurring radionuclide tracers, 

234Th-238U and 210Po-210Pb  pairs, were measured in 
the Bay of Bengal and the Indian Ocean along a N - S 
transect from 20 °N to 25 °S during 2014 as a part of 
the Indian GEOTRACES program to evaluate export 
variability of organic carbon in the Euphotic zone. 
Seawater profiles for total (dissolved + particulate) 
activities of 234Th and 210Po-210Pb were measured at 
13 and 7 stations, respectively. Particulate organic 
matter was collected at 200 m depth and measured for 
organic carbon and activity of 234Th, 210Po and 210Pb.     

Chlorophyll peaks were found between 50 - 100 
m depth except at a station where MLD is deep (150 
m).    Its concentration varied between 0.5 – 3.9 mg 
m-3 at all stations and the peak value occurred at 20 
°N in the Bay of Bengal.  Oxygen profiles revealed 
that the water column was hypoxic to anoxic at 
depths were 234Th was released.  Excess of 234Th 
immediately below the surface deficit are indicative 
of particle remineralization by heterotrophic bacteria 
and zooplankton. In general, 234Th was released in the 
water column below the chlorophyll peak (150 m).  
In the Southern Bay of Bengal, in addition to 
microbial degradation of organic matter, 234Th was 
also released from waters below 300 m (3.86 – 3.59 
dpm L-1), possibly due to episodic export events 
and/or intrusion of high saline seawater to the Bay of 
Bengal at 300 m depth, thus transporting POC from 
regions of high export.  POC measured at 200 m 
depth ranged from 0.45 – 1.78 µM L-1 and organic 
carbon export varied from ~0 to 9.4 mmol m-2 d-1; 
maximum POC and organic carbon export occurred 
at 2 °N.  Though northern Bay of Bengal showed 
more POC (0.65 – 0.93 µM L-1), most of the carbon 
was utilized at the sub-surface depths by microbes 
and no significant amount was exported to the 
bottom. 

Profiles of 210Po - 210Pb measured concurrently at 
alternate stations showed high 210Pb (19.82 dpm 100 
kg-1) in surface waters of northern Bay of Bengal (18 
°N).  210Po based organic carbon export varied from 
~0 to 14.1 mmol m-2 d-1. High organic carbon export 
(14.1 mmol m-2 d-1) at 18 °N was not captured by 
234Th:238U disequilibrium technique due to high 
riverine sediment flux, whereas the high value of 6.3 
mmol m-2 d-1 at 2 °N was in agreement.   
Considerably less POC export flux was found at other 
stations. 
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 The Amazon Basin accounts for 15-20% of 

the global freshwater discharge and hosts tributaries 
that cover a wide range of physiochemical conditions. 
Here we present results from a detailed study of 
multiple transition metals and their isotopes for the 
dissolved pool of the Amazon River system, 
including different fractions of that pool: dissolved 
(<0.45um), colloidal (<0.45µm, >1kDa), and “truly 
dissolved” (<1kDa). Major physiochemical features 
such as pH, alkalinity, suspended sediment load, 
TOC, cation and anion concnetraions allow us to 
distinguish between the three main river 
classifications: “black water,” “white water,” and 
“clear water,” in common with previous studies. [e.g. 
1].  

 Molybdenum concentrations vary from 
0.92 – 4.07nM while isotope values are homogeneous 
among tributaries, size fractions, and seasons with 
δ98Mo at +0.96 ± 0.29‰, in agreement with earlier 
findings that the dissolved riverine δ98Mo is heavier 
than continental rocks, and that δ98Mo is inversely 
correlated with concentrations. Copper concentrations 
and isotopic signatures are heterogeneous between 
tributary, season, and size fraction, with 
concentrations ranging from 3.8 to 25.4nM and δ65Cu 
from +0.36 to +1.62‰. However, despite this 
variation, all δ65Cu values are heavy relative to 
continental crust, as found previously for world rivers 
[3]. Iron concentrations from all tributaries and 
seasons are significantly higher in the colloidal 
fraction, consistent with previous studies [4].  δ56Fe 
values range from -0.59 to +0.83‰, with heavier 
values associated with the colloidal fraction.      
 Understanding the fate of these elements in 
various physiochemical environments has important 
implications for terrestrial inputs to the oceans, and 
thus the global oceanic mass balance of the transition 
metals and their isotopes. 
 
[1] Gibbs, R.J. (1972) Geochim. Cosmochim. Acta 
36, 1061-1066. [2] Archer, C. and Vance, D. (2008) 
Nature Geoscience 1, 597-600. [3] Vance, D. et al. 
(2008) EPSL, 274, 204-213. [4] Mulholland, D. et al. 
(2015), Geochim. Cosmochim. Acta 150, 142-159. 
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More than 250 sources of saline waters (2000 to 

16600 mg/kg Cl), CH4-rich gases and occasional oil 
seeps are discharged from springs, mud volcanoes 
and gas vents along a 500 km length of the subaerial 
accretionary prism in the East Coast of the North 
Island, from about -37.5o to -41.3o latitude, 80 to 100 
km from the subduction margin. Discharge areas, 
occupying <0.005 to 10 ha, vary in width from 25 km 
in the south to 75 to 100 km in the north and centre. 
All fluid discharges are cold except for three isolated 
hot spring systems in the central and northern blocks 
where surface temperatures vary from warm to 69oC 
and flow rates from low to 540 L/a. The most recent 
field measurements indicate a total flow rate of at 
least 200 x 108L/a for cold saline aqueous solutions, 
compared to 4 x 108L/a in the two main hot springs. 
The ratio of gas:aqueous solutions varies widely from 
1.5 to 200. The springs and gas vents emerge from a 
thick sequence of Cretaceous to Pleistocene 
sedimentary formations. Based on chemical and 
isotopic compositions, gassy saline aqueous 
discharges consist of subducted waters derived 
mainly from (1) clay water of hydration (<50%), (2) 
seawater that had interacted at varying degrees with 
organic-rich marine sediments/formations at depth 
and/or volcanic material over a wide range of 
temperatures, (3) water of hydration from basalt and 
(4) recent groundwater. Only the northernmost 
springs appear to be affected by fluids from shallow 
serpentinization. Gases and aqueous solutions along 
the length of the forearc have equilibrated at about 
100oC + 25oC (median values), near the smectite-illite 
transition, at depths of about 5 to 6 km based on 
general geothermal gradients in the region. Saline 
waters with similar origins emerge at high elevations, 
along the axial ranges west of the forearc, albeit 
modified by higher temperatures, mixing with larger 
volumes of meteoric water and more intense 
interaction with rock. Fluid components can be 
correlated with differences in mass flow and 
structural grain across the accretionary prism. There 
is a general increase in estimated deep temperatures 
with flow rates but a decrease with excess Cl relative 
to seawater.  The mantle component in gaseous 
solutions generally increases with the amount of clay 
water of hydration in the aqueous solutions.. 
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In hydrothermal systems, heat acts either as a 
driving force for fluid convection and rock leaching, 
as a control for fluid phase changes or separation 
and/or as a trigger to form a magmatic volatile phase 
that would carry and concentrate mineral-forming 
elements to shallower depths. A complexing fluid 
mediates the release of elements from molten rock or 
a protolith and the transportation and precipitation of 
elements e.g., silica, alkali cations, B, Au and Ag as 
minerals or mineraloids. Apart from focusing fluid 
flow, crustal structures constrain the hydrological 
characteristics and fluid pressures of a hydrothermal 
system and restrict the occurrences of mineral 
precipitates and halos of rock alteration. In 
geothermal systems these three interrelated factors 
and their effects are observable and are often 
measurable, providing well-defined physical and 
hydrological parameters that can be related to specific 
alteration minerals, mineral assemblages and mineral 
morphologies. Thus knowledge of how mineral 
alteration forms within a restricted set of measured 
parameters such as temperature, fluid flow rates, 
permeability and  fluid chemical and isotopic 
compositions allows the long-term fate of a 
geothermal well or system to be predicted; and in so 
doing, enable the evaluation of the past hydrothermal 
history and extent of an analogous ore deposit. 
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The Lakhshak pluton is a part of Zahedan-

Saravan granitoid belt from the Sistan suture zone 
represented an episode of Cenezoic magmatism in 
Eastern Iran. The Lakhshak pluton comprises mainly 
of plagioclase, K-feldspar, quartz, hornblende, and 
biotite and subordinate zircon, titanite, allanite and 
opaque. It is granodiorite in composition with SiO2 
content from 64.4 to 67.4 wt% and represents 
granular texture. Zircon and titanite U–Pb dating 
from two samples from the pluton yield an age of 
29.80±0.048 Ma, interpreted as age of crystallization 
of granodiorite pluton. The Lakhshak pluton was cut 
by a numerous dykes of monzodiorite and 
granodiorite. Dykes consist about 20 to 30 
percentages of the pluton with NE-SW strike. They 
mainly comprise of plagioclase, quartz, sanidine, 
hornblende, biotite and subordinate titanite, opaque, 
zircon and show porphyry texture. Titanite U-Pb 
dating yields an age of 28.9 ±0.11 Ma for 
monzodiorite and 28.11 ±0.69 Ma for granodiorite 
dykes. These ages are confirmed with field studies as 
dykes do not show chilled margin suggesting the 
pluton rocks were still warm during dyke 
emplacements. Dykes also exhibit excellent evidence 
for magma mixing and mingling textures such as 
quartz ocelli, acicular and mixed apatite 
morphologies and mafic clots indicating that magma 
mingling and mixing played a key role during the 
evolution of dyke parent magmas. The Lakhshak 
rocks plot in volcanic arc and post collisional 
granites. Moreover, the termination of marine 
sedimentation in the Sistan suture zone by middle 
Eocene time and the beginning of important folding 
in the Sefidabeh basin at this time are interpreted to 
be the result of the collision of the Lut block with the 
Neh-Ratuk subduction complex. Thus, it seems that 
the parent magmas of the study  rocks were formed 
during the subduction of the last part of Sistan 
oceanic lithosphere beneath Afghan block and the 
begging of Lut and Afghan collision. 
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Five Cr-rich pyrope grains (INT-241, -269, -70, -

289, and -263) collected from a heavy mineral 
concentrate of the Internatsionalnaya pipe (Mirnyi 
field) record remarkable chemical zoning of major- 
and trace-elements. Аll investigated pyropes contain 
tabular-shaped inclusions of  chromian spinel (up to 
100 µm in size). 

EPMA elemental mappings and BSE images 
show a distinct core-rim texture; the rims are 
significantly enriched in Ca and depleted in Mg in 
contrast to the cores. In pyropes INT-241, -269, -263 
the rims are also enriched in Fe. Trace element-
zoning is less pronounced, with a more gradual 
increase of trace element composition from core to 
rim according to profiles made across the pyrope 
grains; notably HREEs in the rims are an one order of 
magnitude higher than those in the cores. Inclusions 
of chromian spinel in INT-70, -263, -289 contain 
~50-55 wt % Cr2O3. In contrast, chromian spinels in 
the rims of INT-241 and -269 show unusual 
compositions with ~22-32 wt% Cr2O3, ~50-57% FeO, 
and ~4-5 wt % TiO2.  

Obtained data suggest that the investigated Cr-
rich pyropes underwent metasomatic chemical 
modification during a mantle metasomatic event, just 
prior to a timing of kimberlite eruption of the 
Internatsionalnaya pipe. Remarkable chemical zoning 
of pyropes, together with trace-element enrichment in 
the rims and unusual compositions of chromian spinel 
in the rims provide direct evidence of interaction 
between pyrope and deep metasomatic fluid/melt 
enriched in Fe, Ti and other incompatible elements. 
Our observation also confirms the metasomatic origin 
of Cr-rich pyrope garnets in the SCLM of the 
Siberian craton [1]. 

This work was supported by RFBR#16-05-01052, 
President of the Russian Federation (MK-
4534.2016.5), RSF #16-17-10193, and JSPS 
KAKENHI# 26610163. 

[1] Malkovets et al. (2007) Geology 35, 339–342. 
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Carbon (δ13C) and hydrogen (δD) stable isotope 

ratios have been widely used to identify the source of 
CH4 as well as to admeasure the relative contribution 
of different microbial methanogenic pathways. 
However, owing to the significant overlaps in the 
δ13C and δD values of methane from different origins, 
a clear source identification remains challenging.  

To better understand what factors control isotope 
fractionation during microbial methanogenesis, we 
performed a series of culturing experiments during 
which a hyperthermophilic, hydrogenotrophic 
methanogen species Methanocaldococcus 
bathoardescens was grown in an open (to gas) system 
flow reactor.  Methane isotopologue ratios (among 
12CH4, 13CH4, 12CH3D and 13CH3D) were measured 
using tunable laser direct absorption spectroscopy, 
and the 13C/12C ratio of CO2 and the D/H ratios of H2 
and H2O were measured by conventional isotope ratio 
mass spectrometry.   

Our results confirm the previous observation of 
increased 13C/12C fractionation during stationary 
phase, compared to exponential growth phase, 
approaching close to a range expected for the 
thermodynamic equilibrium for CO2 and CH4 [1]. In 
contrast, D/H fractionation is larger than that 
expected at equilibrium with respect to H2O, and 
∆13CH3D values (a metric that quantifies the 
deviation of 13CH3D abundance from the expected 
statistical value [2]) are negative.  These observations 
indicate kinetic control on the fractionation of 
12CH3D and 13CH3D isotopologues.  In particular, 
negative Δ13CH3D values yield no apparent clumped 
isotopologue temperature.  

The observed decoupling among 13CH4, 12CH3D 
and 13CH3D fractionations can be used to locate the 
isotope sensitive and rate limiting steps in the 
hydrogenotrophic methanogenesis pathway. This 
model can be used to correlate various environmental 
parameters with isotopic signatures observed in 
nature.  

 
[1] Botz et al. (1996) Org. Geochem. 25, 255-262. [2] 
Wang et al. (2015) Science 348, 428-431. 
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Small amounts of H2O and CO2 are predicted by 

petrological models to produce small degree melting 
in mantle regions where the geophysical signals of 
the lithosphere-asthenosphere boundary (LAB) is 
scrutinized. However, mantle melt dynamics cannot 
be  described as a petrological process alone, since 
the melt migrates in response to density contrasts 
with the surrounding solid mantle that, in turns, can 
undergo compaction. We simulate these coupled 
dynamics of mantle melting and conclude that they 
lead to episodic melt focusing that explain most 
geophysical observations so far attributed to the 
LAB. The magnitude of the LAB geophysical signal 
must be related to up-welling motion in the 
asthenosphere implying that up-welling is common 
but not a universal rule since several regions display a 
very weak or no LAB signal. 
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Platinum group element (PGE) abundances & Os-

isotope compositions determined for magmas of 
Earth, the Moon, Mars, & asteroidal bodies place 
important constraints on planetary evolution & these 
data are fundamental to our understanding of the 
addition of material to planetary mantles following 
core formation [1-3]. The absolute abundances & 
chondritic relative proportions of PGEs reported for 
Earth’s mantle, & the mantles of other planetary 
bodies, are widely considered to be inconsistent with 
core formation alone. PGEs, therefore, place critical 
constraints on protracted accretion of broadly 
chondritic materials to planetary mantles [1-5]. 
However, existing planetary PGE data have largely 
focused on whole-rock investigations. New methods 
enabling quantitative determination of mineral-scale 
PGE-abundances & Os-isotope compositions in 
meteorite materials allow partitioning behaviour to be 
determined & can also trace post-crystallisation 
contamination by impactor material. Thus, a mineral-
scale approach is crucial to advancing our 
understanding of planetary PGE behaviour & refining 
accretion theories. 

Our new petrographic & compositional data 
pertain to metals in several distinct portions of 
coarse-grained angrites NWA 4590, NWA 4801, 
NWA 8535, & diogenites NWA 5480, NWA 7284, 
NWA 7831, NWA 7977. These observations are 
supported by Os-isotope data ± PGE-abundances for 
Fe-Ni metals (generally ≤50 μm kamacite) obtained 
using pioneering sampling procedures on wafers 
(≤150 μm depth). Crucially, our new grain-scale data 
are compared to previous measurements for multiple 
powder fractions of many of the studied angrites & 
diogenites [1-2,5], thereby providing a means of 
quantitatively assessing this new mineral-scale 
approach. Importantly, texturally distinct kamacite 
associations were identified & examples of all 
petrographic groups of these metals were sampled. 
These innovative protocols enable, for the first time, 
texturally-controlled mineral-scale Os-isotope studies 
of differentiated achondrites; a vital investigation to 
constrain magmatic PGE partitioning leading us to re-
evaluate existing theories concerning parent body 
origins & evolution. 
 
[1]Dale et al., 2012, Science, 336, 72-75. [2]Day et 
al., 2012, Nat.GeoSci., 5, 614-617. [3]Brandon et al., 
2012, GCA, 76, 206-235. [4]Walker, 2009, Chemie 
der Erde, 69, 101-125. [5]Riches et al., 2012, GCA, 
353-354, 208-218 
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How is the global deep ocean ventilated? ‘It’s the 

poles, stupid’. At least, this seems a reasonable 
proposition: basins and shelves located at the highest 
latitudes will tend to form the densest waters (at least, 
seasonally), particularly in a past climate with a 
significant cryosphere. Yet the question continues to 
be posed; whether or not the global deep ocean might 
instead have at times been ventilated from the tropics 
by very warm, but highly saline waters. What would 
such a global ocean circulation look like, and how, 
through different proxies, might we identify or reject 
such a possibility? 

Here I take a deliberately abstracted and idealized 
view, generating a zoo of potential global ocean 
circulation states within an Earth system model and 
analyzing their key tracer characteristics and global 
patters, including of dissolved oxygen and carbon 
isotopes. 
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The rise and fall in diversity of branched columns 

between ~1500 and 500 Ma is a motif for stromatolite 
history. But what caused it? The protracted decline, 
from ~1.25 to 0.5 Ga, which has attracted most 
attention, has been variously attributed to increase in 
metazoan competition and reduction in seawater 
carbonate saturation state. The steeper increase in 
diversity, between ~1.5 and 1.25 Ga, remains 
enigmatic. We suggest it reflects widespread 
development of fine-grained agglutinated 
stromatolites in response to increased abundance of 
carbonate mud. Weakly lithified mats that trapped the 
mud constructed low relief columns. Their interaction 
with adjacent sediment resulted in frequent changes 
in column width, branching and bridging. This 
dynamic process generated a wide variety of 
morphotypes. These are enshrined in the large 
number of mid-late Proterozoic stromatolite taxa, 
many of which are low-relief columns. The increased 
abundance of carbonate mud that was instrumental in 
this development reflects water column ‘whiting’ 
precipitation induced by the response of 
cyanobacterial photosynthesis to decline in 
atmospheric CO2 by inducing CO2-concentrating 
mechanisms (CCM). CCM utilize bicarbonate as an 
alternative source of inorganic carbon and, as a result, 
promote CaCO3 precipitation in the water column. 
Lower CO2 levels, that triggered widespread 
‘whitings’ by ~1.45 Ga, probably reflect prolonged 
supercontinent development that commenced with 
Nuna/Columbia assembly. This critical interval in 
stromatolite development is preserved in the classic 
Jixian Section of late Paleoproterozoic to mid-
Mesoproterozoic sediments in northern China. The 
1.45 Ga Tieling Formation near Jixian is an early 
example of well-preserved fine-grained agglutinated 
stromatolites. We conclude that key features of the 
Proterozoic history of stromatolite development 
reflect interconnected extrinsic and intrinsic controls 
that link the biosphere to all elements of the 
geosphere. 



Goldschmidt Conference Abstracts 

 

2627 

Adsorption of oxalate on rutile 
to 150°C: Experimental and 

surface complexation modeling 
studies 

M.K. RIDLEY1*, M.L. MACHESKY2, D. J. 
WESOLOWSKI 3 

1Texas Tech University, Dept. of Geosciences, 
Lubbock, TX, USA, moira.ridley@ttu.edu (* 
Presenting author) 

2University of Illinois, Illinois State Water Survey, 
Champaign, IL, USA, machesky@illinois.edu  

3Oak Ridley National Laboratory, Oak Ridge, TN, 
USA, wesolowskid@ornl.gov  

 
Chemical interactions occurring at the interface 

of mineral surfaces and aqueous solutions impact a 
broad range of geochemical and environmental 
process, materials and chemical sciences, and 
technological processes. Consequently, solid-solution 
interfaces have been studied broadly, with the 
majority of studies conducted at room temperature. 
However, numerous mineral–aqueous solution 
interactions of interest in the geosciences and for 
technological applications take place at elevated 
temperatures. For rutile (α-TiO2) extensive 
experimental studies have examined the surface 
protonation and cation adsorption into the 
hydrothermal regime (10–250°C). Additionally, the 
CD-MUSIC model has been used as a framework to 
integrate molecular-scale information to rationalize 
cation adsorption to 250°C. In contrast, limited data 
are available for the adsorption of anions, specifically 
organic anions, as a function of temperature.  

This contribution will build on the hydrothermal 
cation adsorption data by presenting macroscropic pH 
titration data examining the adsorption of oxalate on 
rutile from 10 to 150°C, in NaCl media. Comparable 
to cation adsorption on rutile, oxalate increases the 
development of proton charge curves; moreover, 
oxalate adsorption is enhanced at elevated 
temperature. At all temperatures, adsorption of 
oxalate commences at pH above the pHznpc value. All 
experimental results were rationalized using a CD-
MUSIC model combination. Application of the CD-
MUSIC model considered available data providing 
coordination geometries for oxalate/bioxalate–rutile 
interactions derived from theoretical and 
spectroscopic studies. Additionally, changes in 
oxalate/bioxalate surface speciation as a function of 
pH were evaluated. The present study successfully 
extends the application of the CD-MUSIC model to 
elevated temperatures for rationalizing organic anion 
adsorption behavior. 
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Analytical techniques such as SIMS, LA-ICP-MS 

and GD-MS are state-of-the art measurement 
techniques today for high precision analysis of the 
chemical composition of solid materials with high 
spatial resolution, in research areas ranging from e.g., 
biological tissues to complex geological samples with 
micrometre-sized inclusions. 

In this contribution we present the current 
measurement capabilities of our miniature LIMS 
system with figures of merit comparable to state-of-
the-art analytical techniques, such as SIMS, LA-ICP-
MS or GD-MS. The high detection sensitivity (10 
ppb), high dynamic range of the instrument (~108) 
and the application of an femtosecond laser system (λ 
= 775 nm, τ = ~ 190 fs) for ablation and ionisation of 
sample material allow to conduct sensitive and 
quantitative measurements of the chemical 
composition of highly heterogeneous solids with high 
lateral (10–15 µm) and vertical resolution (sub-
nanometre) [1]. Studies on the chemical composition 
of layered Cu materials will be presented to 
demonstrate the high vertical depth profiling 
capabilities at sub-nanometre level [1]. The new 
measurement protocol was applied subsequently for 
the detailed chemical analysis of complex sample 
structures, including e.g., fossils of micrometre 
dimensions embedded in aragonite matrix, 
heterogeneous rock sample or Pb-Bronze alloys [2, 
3]. The high resolution depth profiling measurement 
protocol in combination with the capability to switch 
the LIMS system from ablation to desorption mode at 
desired vertical sample depth allow studies of the 
molecular composition at e.g., phase transitions, 
which is of considerable interest in various fields of 
research, including geology, chemistry and biology 
[4]. 

 
[1] Grimaudo et al. (2015) Anal. Chem. 87, 2037-
2041. [2] Tulej et al. (2015) Astrobiol. 15, 669-682. 
[3] Neubeck et al. (2015) Int. J. Astrobiol. [4] 
Moreno-García et al. (2016) Rapid Commun. Mass 
Spectrom. 
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Within bare intertidal sediments the relationship 

between benthic microalgae (BMA) and 
heterotrophic bacteria (HB) strongly governs the 
transfer, transformation, and fate of carbon (C) and 
nitrogen (N). High primary productivity by BMA 
results in organic matter with a high C/N ratio. In low 
nutrient settings, this leads to intense competition 
between BMA and HB for available nutrients and 
retention of both C and N within the sediment. This 
relationship may be altered, however, by increased 
inputs of anthropogenic nutrients to otherwise 
oligotrophic estuarine environments. We used an in 
situ pulse of rare stable isotopes (13C and 15N), 
combined with compound-specific isotope analysis of 
bacterial and algal biomarkers (amino acids and fatty 
acids), to investigate the effects of increased nutrient 
loading (N, P) on the fate and processing of C and N 
in intertidal sediments over 10 days. Nutrient 
amendments were established for individual core 
incubations in separate chambers as 2X, 5X and 10X 
assuming a 1X concentration of NH4 at 6uML-1 and P 
at 5uML-1. We anticipate that increased availability of 
dissolved inorganic nitrogen will cause the 
decoupling of the relationship between BMA and 
HB, resulting in less tightly retained N within the 
sediments as substrates with higher C/N ratio are 
utilized less completely. Reduced utilization of 
organic matter is likely to increase migration of label 
both to the water column and throughout all sediment 
depths indicating a reduction in the potential for 
intertidal sands to process and retain organic matter.     
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The oxygen fugacity (fO2) of the sub-arc mantle 

has controlled the availability of ore-forming 
elements to magmatic arcs and the speciation of 
volcanic gases emitted into the atmosphere since the 
onset of plate tectonics. Fluids generated from 
dehydration of subducted lithologies transfer 
oxidation potential inherited from sea water – crust 
interaction into the mantle wedge overlying 
subducting slabs, where arc magmas are generated. 
Sulfate is considered the main oxidant in slab fluids 
and because the production of abundant sulfate in 
oceanic crust is directly tied to an oxygenated 
atmosphere, the oxidation of the mantle is considered 
to begin only ~510 Ma ago after the Great Oxidation 
Event (GOE) [1]. However, there are other redox 
sensitive elements abundant in subducted lithologies 
that are also mobile in slab fluids, such as carbon. 
The fO2 of shallow upper mantle can be high enough 
for carbonate to be stable; however, there are no data 
on the fO2 of depleted sub-arc mantle at the greater 
depths where the metasomatic alteration by slab 
fluids primarily takes place. Here we show that at 
pressure higher than ~3 GPa graphite/diamond is 
stable in depleted sub-arc mantle. As such, CO2 in 
infiltrating fluids will be reduced to graphite/diamond 
during fluid-rock interaction. This reaction provides 
an electron sink (C4+ + 4e- = C0), where each mole of 
CO2 reduced can oxidize 4 moles of ferrous iron in 
mantle silicates (e.g. CO2fluid + 4FeOsilicate = 
Cdiamond/graphite + 2Fe2O3silicate) resulting in an increase in 
fO2 of the silicate mantle. Unlike sulfate, carbonate 
precipitation in subducted lithologies does not require 
an oxygenate atmosphere, and it was already active in 
the early Archean [2]. We show that plausible CO2 
fluxes for the Precambrian Earth could have driven 
oxidation of the sub-arc mantle close to values 
recorded in modern subduction zones. Therefore, the 
arc magmatic system and associated volcanic gasses 
emitted into the atmosphere may have been more 
oxidized than previously thought during the 
Proterozoic and possibly Archean. 

[1] Evans and Tomkins 2011, EPSL 308, 401-
409[2] Nakamura and Kato 2004, GCA 68, 4595-
4618 
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The composition of the lunar core can have a 

large impact on its thermal evolution, possible early 
dynamo creation, and physical state [1]. Geochemical 
measurements have placed better constraints on the S 
and C content of the lunar mantle [2,3].  In this study 
we have carried out phase equilibrium studies of 
geochemically plausible S- and C-poor lunar core 
compositions in the Fe-Ni-S-C system, and apply 
them to the early history of the Moon.   

We chose two bulk core compositions, with 
differing S and C content based on geochemical 
analyses of S and C trapped melts in Apollo 
samples [2,3], and on the partitioning of S and C 
between metal and silicate [4,5]. This approach 
allowed calculation of core S and C contents - 90% 
Fe, 9% Ni, 0.5% C, and 0.375% S by weight; a 
second composition contained 1% each of S and C.   
Experiments were carried out from 1473K to 
1973K and 1 GPa to 5 GPa, in piston cylinder and 
multi- anvil apparatuses. Combination of the 
thermal model of [6] with our results, shows that a 
solid inner core (and therefore initiation of a 
dynamo) may have been possible in the earliest 
history of the Moon (~4.2 Ga ago), in agreement 
with [7].  Thus a volatile poor lunar core may 
explain the thermal and magnetic history of the 
Moon. [1] Wieczorek et al., (2006) RiMG 60, 221-
364. [2] Wetzel, D.T. et al. (2014) LPSC XLV, 
2238.[3] Bombardieri, D.J. et al., (2005) MaPS, 40, 
679-693. [4] Boujibar, A. et al. (2014) EPSL 391, 
42-54. [5] Chi, H. et al. (2014) GCA 139, 447-471. 
[6] Spohn, T. et al. (2001) Icarus 149, 54-65. [7] 
Garrick-Bethell, I. et al. (2009) Science 323, 356-
359. 
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Northwest Africa (NWA) 10153 is the ninth 
known specimen in the nakhlite suite of meteorites. It 
is a cumulate textured, olivine-bearing 
clinopyroxenite with minor amounts of interstitial 
plagiocase [1]. In this report, we present Sm-Nd and 
Lu-Hf isotopic data for NWA 10153, including the 
first Lu-Hf nakhlite isochron age, and correlate these 
age and isotope data with those of other nakhlites and 
discuss their petrogenesis.  

The 147Sm/144Nd and 143Nd/144Nd data of eight 
samples were measured.  Five samples, one 
pyroxene, two whole rock and two acid residues 
(pyroxene(r) and plagioclase(r)) form a linerar array 
corresponding to an age of 1419±56 Ma (MSWD 
=0.57) with an initial ε143Nd=+14.0±0.4. The µ142Nd 
for NWA 10153 is +53.2±6.6 and is lower than the 
average value of +63 for Nakhla, MIL 03346 and 
Yamato 000593[Debaille].  The 176Hf/177Hf and 
176Hf/177Hf data of four samples were also measured. 
All four fractions form a linear array corresponding 
to an age of 1360±33 Ma (MSWD=0.53) with an 
initial 176Hf/177Hf = 0.282009±16.  This is the first 
mineral Lu-Hf isochron obtained from a nakhlite, and 
is in agreement with the 147Sm-144Nd age obtained 
from the same sample aliquots.  

The isochron ages of NWA 10153 agree well 
with published nakhlite ages, suggesting that the suite 
of nakhlites are derived from the same or similar 
magmatic system. The initial isotope compositions 
and µ142Nd could suggest variable mantle sources 
within the suite of nakhlites, with NWA 10153 being 
derived from more enriched components.  
Alternatively, assimilation of crustal material during 
magma ascent and emplacement could also explain 
the more enriched initial isotope compositions. The 
latter scenario would be consistent with petrographic 
observations of late stage igneous water-bearing 
materials in NWA 10153 [1]. 
 
[1] Irving et al. (2015) MaPS, 50, A179.  
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Over the last decades, U-series disequilibria were 
successfully used to determine weathering rates in 
regoliths and soils. However, most of the studies deal 
with bulk soil samples and the mineralogical origin of 
the disequilibria observed in soils remains unclear. 
Our work therefore aims to compare the U-series 
disequilibria recorded by the primary minerals in 
granitic soils. Muscovites, perthitic feldspars (mixture 
between Na and K feldspars) and biotites were hand-
picked in four horizons of a soil profile from the 
experimental Breuil-Chenue site (France) developed 
by INRA-BEF team. The (234U/238U), (230Th/234U) and 
(226Ra/230Th) activity ratios were measured in addition 
to 232Th concentrations. 

The perthitic feldspars show a loss of U and Th 
toward the shallow horizons, concomitant to the 
major elements loss. However, (234U/238U) and 
(230Th/234U) ratios only sligthly deviate from 
radioactive equilibrium, suggesting a weathering 
process of these minerals that do not strongly 
fractionnate U isotopes and U-Th ratio. In contrast, 
both phyllosilicates (muscovite and biotite) show 
more pronounced U-series disequilibria. Several 
samples of muscovite display a significant gain of 
external U, probably promoted by the primary low U 
and Th concentrations of these minerals. Biotites 
samples show much higher U and Th concentrations 
and an especially large preferential loss of 234U. 
Additionally, we notice an unexpected preferential 
loss of Th isotopes relative to 238U, disconnected 
from the major elements evolution. These features 
suggest an incongruent leaching of U and Th 
isotopes, in contrast to perthitic feldspars. The 
analysis of the (234U/238U) ratio extracted from the 
biotite interlayer allows to propose a explanation for 
the enhance mobility of 234U. Finally, an open-system 
leaching model permits to determine mineral 
weathering rates from the measured U-series 
disequilibria.  

These results highlight that the U-series nuclides 
provide some valuable informations on the 
weathering processes and rates simultaneously 
affecting different mineral types within a soil. 
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Atom Trap Trace Analysis (ATTA) is a novel 

ultra-sensitive detection method that has been 
developed for rare krypton isotopes [1]. In 
Heidelberg, an ATTA setup has been realized for 39Ar 
(half-life 269 a) which is the only reliable dating 
isotope for water and ice in the range of 50-1000 a. 
After the successful demonstration of 39Ar dating for 
large groundwater samples of 1-2 m³ of water [2], 
current developments aim at smaller sample sizes of 
10-25 L of water or 4-10 kg of ice, which brings 39Ar 
dating of ocean water and glacier ice within reach.  

A pilot study has been conducted in the oxygen 
minimum zone of the Eastern Tropical North 
Atlantic, where three vertical profiles have been 
sampled for 39Ar analysis. Moreover, ice blocks from 
the Gorner glacier in the Swiss alps have been 
sampled for 39Ar dating to constrain the unclear age at 
different positions along the flowlines.  

The argon has been separated from the water and 
ice samples by vacuum degassing and titanium 
gettering achieving recoveries > 95% and purities > 
98%. The 39Ar analysis of the resulting argon samples 
is currently in progress.  

The sampling and purification systems developed 
in the course of the first pilot studies provide the base 
for the wide range of applications that the advent of 
39Ar-ATTA enables. 

 
[1] Jiang, et al. (2012) GCA  91, 1-6. 
[2] Ritterbusch et al. (2014) GRL 41, 6758-6764.  
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Epithermal deposits are generally known to have 
Au-Ag [1] thus in this study the importance of Ag-
bearing minerals are focused to understand the 
mineralization condition in addition to electrum. Ag-
bearing minerals were analyzed through ore 
microscopy and scanning electron microscopy with 
energy dispersive X-ray. 

As the results, several principal Ag-bearing 
minerals have been recognized, such as electrum, 
naumannite-aguilarite, selenopolybasite and 
freibergite. Ag, either as a main or supplementary 
element, is also contained in other minerals: 
aguilarite-acanthite, argyrodite, pyrargyrite, 
chalcopyrite, sphalerite and pyrite in various 
proportion (Table 1). Besides being identified as free 
grains, these minerals are often coexisted with other 
minerals in forms of simple-spotty mutual grains and 
inclusion-host minerals. Further study on 
characteristics of the ore-forming fluid will give us an 
insight of physicochemical environment of the 
mineralization.  
 

Mineral Ag Content (at.%) 
Electrum 52.75 - 85.56 

Naumannite-aguilarite 64.91-70.54 
Aguilarite-acanthite 64.02 

Argyrodite 55.68 
Selenopolybasite 48.69 - 55.23 

Pyrargyrite 40.96 - 46.09 
Freibergite 14.40 - 20.82 

Chalcopyrite 4.03 - 5.40 
Sphalerite 1.02 

Pyrite 1.85 
Table 1: Ag content in each Ag-bearing mineral. 

 
[1] Hedenquist et al. (1996), Resource Geol. Spec. 
Publ. 1.  
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It has been suggested that either the ferrous carbonate 
siderite [1], or the ferrous silicate greenalite [2,3], 
may have provided a control on the upper limits of 
Fe(II) in the early oceans. However, the potential for 
these two minerals to exist in equilibrium and the 
resultant implications for ancient seawater and 
porewater chemistry have not yet been fully 
considered. Inspired by the work of Holland [1], we 
present a thermodynamic investigation of aqueous 
systems in equilibrium with siderite and greenalite. In 
order to assess a broad set of potential paleomarine 
conditions, we vary pCO2, Fe(II)(aq), and SiO2(aq) 
concentrations across a range of conditions that could 
account for the mineralogy of Precambrian iron 
formation and chert. We also explore the application 
of equilibrium in these systems to fluxes in and out of 
porewaters as predicted by the iron shuttle hypothesis 
[4].  

Our model results re-define fields of possible 
pCO2, Fe, and Si concentrations permissible for the 
deposition of ancient chemical sedimentary units 
where both greenalite and siderite are present. Our 
results further indicate that in terms of mineral phases 
limiting Fe solubility in ancient oceans and 
porewaters, a switch between siderite and greenalite 
may occur as a function of pCO2, with siderite 
limiting Fe solubility at pCO2 above 0.05 atm 
(seawater pH ~7). However, the greenalite-siderite 
system is highly sensitive to assumptions regarding 
aqueous silica concentration, with important 
implications for the conditions under which 
Precambrian iron formation and chert were deposited.  
 
[1] Holland (1984) The Chemical Evolution of the 
Atmosphere and Oceans. Princeton University Press 
p. 1-582. [2] Tosca et al. (2015) Geol. Soc. Am. Bull. 
B31339.1.  
[3] Rasmussen et al. (2015) Geology 43: 303-306.  
[4] Fischer & Knoll (2009) Geol. Soc. Am. Bull. 121: 
222-235.  
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In this paper the phenomenon of delamination in 

unidirectional carbon-epoxy composites subjected to 
fatigue under mixed mode I/II fracture stress is 
experimentally studied. 

The fatigue test in Mixed Mode I/II is a dynamic 
test which aims to study the behavior of a material 
under constant cyclic loads and thus determine the 
optimal point of use and durability thereof under a 
combined state loads. 

The test procedure consisted of subjecting 
different specimens to efforts of dynamic fracture, 
both opening and sliding (Mixed Mode I/II), for this a 
MMB device mounted on a universal machine servo-
hydraulic test was used. All the tests were carried out 
under load control. Different levels have been tested 
in order to determine the behavior of the material 
under this mode of fracture. For the determination of 
each of the levels of stress defined applied, maximum 
and minimum loads as a percent of the critical load 
obtained from the static characterization of the 
material, using in all cases a asymmetry coefficient R 
= 0.1 and two degrees of asymmetry. 

During the execution of the tests have been 
regularly recorded the maximum and minimum loads 
and displacements applied, the number of cycles and 
crack length measured by a microscopio100x 
mounted on a mobile micrometric table. These data 
were obtained the strain energy release rate, 
maximum and minimum, y for any crack size and the 
number of cycles required to achieve a given crack 
size. 

The material used was an epoxy matrix MTM45-
1 with unidirectional fiber reinforcement IM7 carbon 
having an initial crack, at the midplane, created 
during the manufacturing process. 

With the results were obtained various curves 
representing the behavior of the material in each of 
the stages; on one side corresponding to the initiation 
of the delamination (number of cycles required for 
initiation and interlaminar crack front Gmax) and the 
other which correspond to the growth of delamination 
(propagation velocity and speed of crack growth). 
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Petit-spot volcanoes are interpreted as low-degree 

alkaline melts extracted from the base of the 
lithosphere in response to plate flexure and/or crack 
propagation. Two distinct hypotheses have been 
suggested to explain the potassic (K2O/Na2O >0.8) 
composition of petit-spot melts. The first implies that 
petit-spot lavas are associated to the melting of K- 
and trace element-rich domains located in the Low-
Velocity-Zone (LVZ). An alternative is that petit-spot 
melts acquire their specific composition by the 
interaction of low-degree melts extracted from the 
LVZ with phlogopite-rich lithologies present in the 
lower lithospheric mantle; metasomatic cumulates 
formed during an early stage of LVZ melt migration. 
This later hypothesis is supported by the presence of 
metasomatized grt- and spl- xenoliths in petit-spot 
lavas similar to metasomatized phl-bearing xenoliths 
observed in continental settings. This indicates that 
low degree melts percolate and metasomatize the 
base of the oceanic lithosphere.  

Geochemical forward modeling of metasomatic 
processes in the oceanic lithosphere quantifies the 
interaction of low degree melts from the convecting 
mantle with lithospheric peridotite and can explain 
the chemical characteristics of petit-spot lavas from 
Costa Rica and Japan. We propose that the 
composition of the lavas at the surface do not 
necessarily represents the composition of the melt 
delivered from the asthenosphere.  
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The Palaeo- to Mesoproterozoic intracratonic 
McArthur Basin comprises unmetamorphosed 
sediments from fluvial, lacustrine to shallow marine 
environments. This basin is one of the oldest 
petroleum systems in the world and has has been 
explored intensively in the past few years for oil and 
gas. 

The 1.64 Ga Barney Creek Formation (BCF) is 
considered an excellent source rock within the basin 
having also potential as a conventional reservoir rock 
and for unconventional petroleum [1]. Given the age 
of the basin the precursor of the hydrocarbons were 
algae and bacteria, which can be expressed 
petrographically by lamalginite that occurs in a 
lamela form parallel to the stratification. Other 
organic components namely solid bitumens are also 
recognized in the BCF sediments indicating that oil 
and/or gas were produced. These occur usually 
infilling fractures or intercrystal spaces. In thermal 
maturation studies the combination of petrography 
and Rock-Eval pyrolysis showed that lamalginite is 
mainly represented by kerogen Type I (higher 
Hydrogen Index value), while solid bitumens are 
mainly represented by the Type II and III kerogen, 
with Type III representing the higher reflectance solid 
bitumen. Migration of hydrocarbons within the BCF 
may be responsible for the higher values of PI 
(Production Index) and suppression of TMAX values 
where also the high reflectance solid bitumens 
occurs.  

Reflectance measurements, either in the 
lamalginite or solid bitumen phases, and rock-eval 
analysis placed the samples in the oil window passing 
to gas window. 

 
[1] Munson (2014) Northern Territory Geological 

Survey, 252pp. 
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Malabar, Gambung and Bedil are trench side 

Quaternary volcanic complex located in West Java, 
Indonesia. Although much data from previous studies 
has been reported, their detailed volcanostratigraphy 
and the process that influence the eruption are still 
unclear. Our Morphology analysis, field observation, 
petrological and geochemical studies were used to 
understand the detail of volcanostatigraphy and their 
magma evolution. Morphological characteristics were 
analyzed by areal and linear analysis using 
perspective view of DEM. Sample data from 
Malabar, Gambung, and Bedil volcanoes were 
collected as well and compared each other. From 
these data, we concluded that this volcanic complex 
have 12 lithological units, consist of lava and 
pyroclastics that have been erupted from 4 different 
vents. Petrological (petrography, analysis of minerals, 
and glass composition) and geochemical studies of 
Malabar, Gambung and Bedil lava show different An 
content of plagioclase composition, mineral 
abundance (olivine, pyroxene, hornblende, quartz), 
and textures (porphyritic, sieve, pyroxene rim, flow, 
embayment, and zoning) with range of levels SiO2  

from 58.9 - 64.0 wt.% and K2O 1,26 – 1,63 wt.% 
(medium-K series). We conclude that the eruption of 
Malabar Volcano was influenced by magma mixing 
and differentiation of magma, in Gambung Volcano 
influenced by magma differentiation, and Bedil 
Volcano influenced by differentiation and 
assimilation. 
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Coulombic interactions are important for the 

displacement of charged species in porous media not 
only under diffusion-dominated conditions but also in 
advection-dominated flow regimes [1-3].  

We investigate the propagation of pH fronts 
during multicomponent ionic transport in saturated 
porous media. By performing laboratory flow-
through experiments we illustrate the impact of 
Coulombic effects on proton transport in the presence 
of ionic admixtures [4]. Dilute solutions of 
hydrochloric acid with MgCl2 are used as tracer 
solutions to test the effect of electrochemical cross-
coupling on the migration of diffusive/dispersive pH 
fronts.  

Numerical transport simulations are carried out to 
interpret the laboratory experiments. The simulations 
are based on a multicomponent ionic formulation 
accurately capturing the Coulombic interactions 
between the transported ions in the flow-through 
system (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Multicomponent ionic transverse fluxes 
determining proton displacement. 

[1] Rolle et al. (2013), Geochim. Cosmochim. Acta 
120, 195-205. [2] Muniruzzaman et al (2014), 
Geochim. Cosmochim. Acta 141, 656-669. [3] 
Rasouli et al. (2015), Computat. Geosci. 19, 523-533. 
[4] Muniruzzaman & Rolle (2015), Water Resour. 
Res. 51, 6739-6755.  
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Nuclear geo- and cosmochronometry [1] is a new 

research field, tightly constrained by a coupled 187Re-
232Th-238U systematics [2] and developed to bridge the 
gap between nuclear astrophysics and geochronology. 
It is based upon the discovery of terrestrial signatures 
from at least two rapid (r) neutron-capture element 
processes, which plot on the astrophysical model line 
of sudden nucleosynthesis [3]. It aims at dating rocks 
by means of radioactivity, which makes it a subfield 
of nuclear chemistry. Here, for the first time the new 
method is outlined within a scientific framework of 
cosmology, astronomy, meteoritics and nuclear 
physics. Constraints on 187Re-232Th-238U nuclear geo- 
and cosmochronometry imposed by this framework 
are discussed. For educational purposes, a 
comprehensive mind map is presented. Specific 
examples are given to explain the application of the 
new method in geo- and cosmochronology, geo- and 
cosmochemistry, cosmology and solar system 
science, nuclear theory, nuclear astrophysics or stellar 
archaeology. 

 
[1] Roller (2015), Goldschmidt Conference Abstr. 25, 
2672. [2] Roller (2015), 78th Ann. Meeting Met. Soc., 
Abstr. #5041. [3] Burbidge et al. (1957)  Revs. Mod. 
Phys. 29,  547 –  650. 
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Bentonite was found to be a promising candidate 

for backfill material for nuclear waste repository due 
to its favorable chemical and physical properties 
under deep geological conditions with efficient 
radionuclide retention capacity. The sorption onto 
clay minerals plays an important role in 
immobilization/retention of radionuclides. The long 
term safety assessment of the future repository and  
the model  of migration of radionuclides in the 
geosphere require a thorough knowledge of the 
sorption processes of actinides in the presence of 
different clay minerals under various physical and 
chemical conditions. At the same time natural clays 
often contain different admixture (calcite, iron and 
titanium oxide and others) that can influence on 
sorption process.  

In this work sorption behavior of Np(V) onto 
suspended bentonite samples of different origin under 
varying experimental conditions of pH, time and 
ionic strength was studied. Various techniques, e.g. 
XRD, XRF, BET absorption, Mossbauer etc. were 
used to characterize clay minerals. Efforts have also 
been made to identify the role of different accessory 
minerals in the composite of clays which are 
responsible for Np(V) sorption. Thermodynamic 
modeling and speciation calculations for different 
species have been done for better understanding of 
experimental results.  

Dependence of Np(V) sorption on pH, time and 
ionic strength was established. Alpha-track analysis 
was used for determination of local distribution of 
neptunium on clay. Speciation of Np(V) onto studied 
clays were found using X-ray absorption 
spectrometry. 

Experimental data of Np(V) sorption onto studied 
clays samples were compared with simulated sorption 
curves using PHREEQC software and available in 
literature equilibrium constants. It was found that 
presence of iron and titania mineral strongly affects 
onto Np(V) sorption. 

 
This work was supported by the Russian Science 

Foundation (project 16-13-00049). 
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The development of robust, well-validated global 

marine paleoredox proxies for use in carbonate rocks 
would be advantageous for the reconstruction of past 
environments.  

Over the past several years, we have pursued 
validation of the 238U/235U carbonate paleoredox 
proxy using a multipronged approach including 
laboratory experiments, modern analogs, recent 
sediments, and inter-comparison of multiple 
contemporaneous records spanning the Permian-
Triassic boundary. Here, we will summarize some of 
our most important findings and present new data 
from Permian-Triassic sections—nearly all of which 
record clear 238U/235U excursions with similar 
magnitude decreasing from -0.15‰ to -0.75‰. 
Isolated sections such as Meishan show extremely 
high variability but such sections are easily identified 
and appear rare. With proper consideration of 
depositional and diagenetic conditions, 238U/235U in 
bulk carbonate sediments appears to be a reliable 
indicator of ocean paleoredox conditions. 
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The Western Series of the Late Paleozoic 

basement of south Central Chile contains a series of 
mafic and ultramafic bodies associated with a 
heterogeneous array of metasedimentary rocks 
metamorphosed under high pressure and low 
temperature conditions. The relation between host 
rock and ultramafic bodies is still poorly understood, 
in particular, there is no geochronological constraints 
on the ultramafic rocks. In order to fill this gap of 
knowledge, we present the first U-Pb SHRIMP zircon 
dating and in-situ Re-Os model ages on Os-Ir-Ru-rich 
PGMs recovered from chromite ores hosted in the 
ultramafic rocks. 

 Cathodoluminescence images (CL) show 
that most zircon grains have complex zoning and 
clear signs of recrystallization at their borders. Most 
of the analyzed zircons (n =13) yielded Paleozoic 
ages, some of them clustering at ~286 Ma (e.g., 
284±4 and 281±7 Ma) with U/Th ratios over 30. 
Rhenium-depletion model ages (TRD) on the PGMs, 
calculated relative to Enstatite Chondritic Reservoir 
[1], cluster at ~270±15 Ma. 
 Considering the uncertainity in TRD model 
age calculations, both zircons and PGMs yield 
identical peak ages. Textures of the zircons coupled 
with their high U/Th values indicate a metamorphic 
origin. This is consistent with the observation that 
many of the analysed PGM were identified in 
metamorphogenetic rims of chromite [2]. We suggest 
that zircons and PGMs crystallized during a 
metasomatic event related to the emplacement of the 
La Cabaña Massif in the metasedimentary host during 
their exhumation. 

 
[1] Walker, R.J. et al. (2002). Geochimica et 
Cosmochimica Acta, v. 66, p. 4187–4201. 
[2] González-Jiménez et al. (2016). Ore Geology 
Reviews. In Press 
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Here we characterize a maturation series from the 

Triassic Montney and Doig Formations in the 
Western Canada Sedimentary Basin (WCSB), in 
order to investigate the evolution of the source-rock 
properties and their corresponding kerogen kinetic 
parameters as a function of the thermal maturity. 
Organic petrography was used to determine the 
thermal maturity and the spatial distribution of 
organic matter particles. Rock-Eval Shale Play 
analyses were then applied to assess the presence of 
both free and sorbed hydrocarbons still contained in 
the sample as well as the hydrocarbon generation 
potential. Four kerogen samples from Montney and 
Doig Formations at different thermal maturity levels 
were finally selected for analysis of bulk-kinetic 
parameters (e.g. activation energy distribution, 
frequency factor) using programmed open-system 
pyrolysis. We also evaluated the type of 
hydrocarbons and determined the molecular 
composition of organic compounds which comprise 
the first two Rock-Eval Shale Play peaks (Sh0 & 
Sh1) obtained during the improved 
thermovaporization. TD-GC-MS-FID analyses were 
carried out on rock samples in order to characterize 
the composition of hydrocarbons represented by each 
Rock-Eval Shale Play peak. Free and sorbed low-to-
medium molecular weight aliphatic and aromatic 
hydrocarbons (<C20) are the main hydrocarbon 
components released in the temperature range 
corresponding to the Rock-Eval Sh0 parameter (100-
200°C). Medium and high-molecular weight 
hydrocarbons (C10 to C30 aromatics and saturates) are 
predominant components thermally released in the 
temperature range corresponding to the Rock-Eval 
Sh1 parameter (200-350°C). Results show both an 
increasing activation energy and loss of petroleum 
generation potential as thermal degradation proceeds.  
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The kinetics of oxidative dissolution of silver 

nanoparticles (AgNPs) by chlorine are investigated in 
this work with results showing that AgNPs are 
oxidized in the presence of chlorine at a much faster 
rate than observed in the presence of dioxygen and/or 
hydrogen peroxide. The oxidation of AgNPs by 
chlorine occurs in air-saturated solution in 
stoichiometric amounts with two moles of AgNPs 
oxidized for each mole of chlorine added. It is clear 
however that dioxygen plays an important role in 
OCl− -mediated AgNP oxidation, especially at 
lower OCl−  concentrations, with the mechanism 
shifting from stoichiometric oxidation of AgNP by 
OCl− in the presence of oxygen to catalytic removal 
of OCl− by AgNP in the absence of dioxygen. These 
results suggest that the presence of chlorine will 
mitigate AgNP toxicity by forming less-reactive 
AgCl(s) following AgNP oxidation though the 
disinfection efficiency of OCl−may not be 
significantly impacted by the presence of AgNPs 
since a chlorine-containing species is formed on 
OCl−  decay that has significant oxidizing capacity. 
Our results further suggest that the antibacterial 
efficacy of nanosilver particles embedded on fabrics 
may be negated when treated with detergents 
containing strong oxidants such as chlorine.  
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The Neoproterozoic Era (1000-541 Ma) 

witnessed the return of widespread glaciations, major 
fluctuations in geochemical proxy records, and 
numerous biological innovations associated with the 
radiation of eukaryotes that culminated with the 
emergence of Metazoans. Understanding the drivers 
and rates of change through this critical transition has 
been limited by the lack of a robust chronology. Here 
we present multiple new Re-Os geochronology data 
from Neoproterozoic sedimentary strata from China 
and North and South America that refine global 
correlation schemes and further constrain this critical 
interval of Earth history. Our new age constraints 
help define the temporal framework for events 
including the earliest evidence of eukaryotic 
biomineralization seen in the fossil record, the Bitter 
Springs carbon isotope anomaly, large-scale 
weathering perturbations associated with the 
termination of the >55 Myr Sturtian glacial epoch, 
and the “Shuram-Wonoka” carbon isotope anomaly, 
which is the largest perturbation to the carbon cycle 
recorded in the geological record.  
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Mineral formation reactions are important in a 
wide range of natural and engineered environments. 
Despite the importance of these processes, exactly 
how the building-block molecules arrange themselves 
into the highly ordered, crystalline structures known 
as minerals remains poorly understood. A detailed 
understanding of these processes is critical to enable 
accurate prediction of the size, structure and 
reactivity of environmentally and industrially 
important minerals under a range of different 
chemical conditions. 

Here we describe the use of several laboratory-
based techniques including UV-visible spectroscopy, 
low resolution proton NMR and laser Doppler 
electrophoresis to resolve mechanistic details of the 
early stages of iron(III) oxyhydroxide formation from 
iron(III) nitrate in mildly acidic aqueous solutions at 
pH 3. 

Results suggest the initial rapid (within a few 
seconds) formation of highly kinetically labile 
polymers, even in systems where the concentration of 
iron(III) is orders of magnitude below the solubility 
limit of ferrihydrite. These labile polymers appear to 
form and rearrange through a classical inner-sphere 
mechanism governed by the kinetics of exchange of 
coordinated water. 

Over longer timescales, and only at higher 
iron(III) concentrations, this is followed by formation 
of a population of kinetically highly non-labile 
species. The formation of the non-labile species 
cannot be explained by simple first or second order 
kinetics, implying that neither internal bond 
reoorganisation within the polymers or dissolution-
repolymerisation is solely responsible. Instead, we 
propose a mechanism involving collision and 
coalescence of precursor species, presumably  being 
either the kinetically-labile polymers themselves or 
derivatives of these polymers. Further work is 
required to determine the precise mechanism of the 
latter step, and relationship of these non-labile 
species with the thermodynamically stable mineral 
end-product (ferrihydrite) in these systems. 
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Sediment fingerprinting techniques are 

increasingly employed to characterize sediment 
sources and transport processes across a range of 
environmental and hydrologic conditions.  However, 
consensus on how best to apply these physical and 
biogeochemical fingerprints— particularly with 
respect to particulate organic matter (POM) sources 
and transport— remains elusive.  We used multiple 
sediment fingerprinting approaches to understand 
how individual sediment source contributions 
influence the patterns of suspended sediment particle 
characterisitics and organic matter contents observed 
across a wide range of hydrologic conditions.  
Suspended sediments collected during 16 storms 
ranging in size from small events to large hurricanes 
in the White Clay Creek sub-catchment of the 
Christina River Basin Critical Zone Observatory 
(Pennsylvania, USA) showed significant declines in 
mineral (BET) surface area, POC, and PON content 
with increasing discharge (p < 0.0001 in all cases).  
The greatest declines in BET surface area and organic 
matter content occurred during Hurricanes Sandy, 
Irene, and Tropical Storm Lee.  δ15N values of PON 
also decreased significantly with increasing discharge 
(R2=0.22, p=0.0068), suggesting additional 
contributions of PON from terrestrial plants, forest 
soils, and/or in-stream sources during higher flows.   

Results of suspended sediment fingerprint 
analyses indicated varying sediment source 
contributions along the hydrograph during individual 
storms.  However, identification of individual sources 
was highly influenced by the particular suite of 
physical and biogeochemical predictors that were 
included in the analysis, pointing to a potentially 
important limitation of the sediment fingerprinting 
approach. We will address the selection of sediment 
fingerprint predictors for POM source 
characterization and discuss some of the challenges 
facing the application of sediment fingerprinting 
techniques for understanding POM source and 
transport dynanmics at the catchment scale.         
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São Miguel is the largest easternmost island of 
the Azores archipelago in the northern Atlantic and 
possibly one of the oldest surface manifestation of the 
Azores hotspot (up to 4 Ma 1, 2). Pb isotope 
measurements by SIMS (Cameca IMS 1280) in 
olivine-hosted melt inclusions from São Miguel 
confirm the high 207Pb/204Pb and high 208Pb/204Pb for a 
given 206Pb/204Pb of their host lavas. The Pb isotope 
variations in the melt inclusions show a mixture 
between only two endmembers, a central group-like 
mantle component, similar to that beneath Graciosa 
and Faial and a radiogenic endmember and, the 
Nordeste component. F, S and Cl concentrations 
measured in the same São Miguel melt inclusions 
represent parental abundance unmodified by crustal 
assimilation, and they allow us to refine the volatile 
element composition of both components. The melt 
inclusions have F, S and Cl  concentrations ranging 
from 637±98 to 1399±10, 311±34 to 2115±56 and 
335±7 to 966±43ppm, respectively. 

Compared to F/Nd ratios measured in global 
OIBs, São Miguel melt inclusions have relatively 
high F/Nd (18 to 27) that are comparable, although 
more variable, to that of EMII melt inclusions 
(Samoa) and lower than F/Nd of HIMU melt 
inclusions (Mangaia; 20 to 41). São Miguel melt 
inclusions have an intermediate F/Nd = 23.1±3.4 
identical within error to the canonical mantle value of 
21±5. We find a global negative correlation between 
F/Nd and 207Pb/206Pb of melt inclusions from melt 
inclusions in global OIB.  

Pb-isotope compositions correlate positively with 
S concentrations which is tentatively interpreted as 
due to small sulfide blebs ponding at the bottom of 
the crust that could have been entrained by the 
magma. 

[1] Abdel-Monem et al., 1975 , Lithos, 8, 247-
254. 

[2] Moore, 1990, Bull. Volc., 52, 602-614. 
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Gas exchange fluxes of CO2 and CH4 in 

mangrove estuaries are an important component of 
the coastal carbon cycle. The highest uncertainty in 
the flux computation, however, remains in the 
estimate of the gas transfer velocity (k), which is 
system specific. 

Gas transfer velocities of CO2 (kCO2) and CH4 
(kCH4) were calculated from 215 floating chamber 
deployments in mangrove dominated estuaries in 
Australia and the Everglades, USA. High temporal 
and spatial variability of kCO2 and kCH4 was found 
(0.9 to 28.3 cm h-1), mainly controlled by current 
generated turbulence. 

 
Figure 1: Temporal variability of kCO2 and kCH4 
(normalized to the Schmidt number of 600) over a 
tidal cycle in Southern Moreton Bay, Australia. 
 

A direct comparison of measurement pairs 
showed kCH4 was on average 1.2 times higher than 
kCO2, most likely reflecting a microbubble flux, 
which contributed up to 73 % of the total CH4 flux. 
The potential for underestimating CH4 evasion rates 
due to the presence of a microbubble flux 
contribution should be considered in future CH4 flux 
studies, especially in ecosystems with high CH4 
saturation levels. 
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Understanding how degassing occurs during 
accretion and differentiation is crucial to explain the 
water budget of planetary bodies. In this context, the 
hydrogen isotopic signature of water in mantle 
minerals and melts is particularly useful to trace 
reservoirs and their interactions. Nonetheless, little is 
known on the influence of mantle processes on the 
D/H signatures of silicates. In this study, we 
performed controlled hydration/dehydration 
experiments. We explore the possibility that 
diffusion-driven fractionation could affect the D/H 
signature of partially hydrated amorphous or molten 
silicates and nominally anhydrous minerals (NAMs).  

High purity synthetic fused silica samples were 
annealed at between 200 and 1000°C at 20 mbar 
water partial pressure for 1 to 30 days. Dehydration 
of initially hydrated silica was also performed at 
1000°C for a few hours. A set of rhyolitic samples 
previously synthesized in order to study bubble 
nucleation during magma decompression was also 
analyzed. Finally a natural grossular monocrystal 
(Zillertaler Alps, Austria), partially dehydrated in air 
at 800°C for 10 hours was studied. Water content and 
speciation were measured both by Fourier-Transform 
Infra-Red and Raman spectroscopies. Isotopic 
analyses were performed with the IMS 1270 and 
1280 ion microprobes. 

The silica samples, the rhyolitic glasses and the 
grossular monocrystal exhibit typical water 
concentration profiles. In all cases, water speciation 
does not change significantly along concentration 
profiles. Concerning D/H signatures, no isotopic 
variation is detectable across amorphous silica and 
rhyolitic glasses. The situation is however very 
different in the grossular monocrystal. A strong 
isotopic gradient appears correlated to the water 
concentration profile. Our data are interpreted in 
terms of diffusion mechanisms in both amorphous 
(and molten) silicates and NAMs. Hydration, 
dehydration and magma degassing are probably not 
able to promote large diffusion-driven fractionation 
of hydrogen in amorphous silicates. Conversely, the 
diffusion of water through the structure of NAMs 
affects the overall isotopic composition of dissolved 
water. 
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Throughout the 20th century increased 

phosphorous (P) cycling has made eutrophication in 
surface waters commonplace. While agricultural P 
sources are well characterized, loadings of P to near-
road areas are poorly understood, despite the 
widespread use of P in vehicular fuels and lubricants 
and P content in asphalt. Diesel and gasoline contain 
PO4- and lubricating oils contain P-based additives, 
therefore substantial P inputs to roadside soils result 
from vehicle exhaust. This study synthesizes P 
concentration data in roadside soils across multiple 
cities, including a metropolitan-scale analysis of 
southern California and a roadside transect scale 
study of Pittsburgh, Pennsylvania. At both scales, 
total soil P increases closer to the roadside. 
Furthermore, soil molar P/Sb ratios become 
increasingly similar to literature P/Sb values for 
vehicular exhaust near the road edge. These patterns 
in soil chemistry suggest that roadside soils receive 
substantial loadings of P from the roadway. 
Specifically, preliminary results suggest that soils less 
than 30 m from the road in the Los Angeles 
Metropolitan Area have accumulated hundreds of 
kilograms of P per hectare, a substantial mass 
comparable to estimated accumulations of P in global 
agricultural soils. This P loading, together with 
substantial reactive nitrogen and metal loadings to 
these roadside areas, create a unique biogeochemical 
environment in roadside soils with important 
implications for surrounding natural systems. 
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 The fate of accidentally dispersed radionuclides 
such as 137Cs and 90Sr in the environment, such as at 
Fukushima, is initially determined by their strong and 
selective cation exchange into the interlayer spaces of 
clay minerals such as vermiculite. Contaminant 
migration is then assumed to be a problem of slow 
hydrophysical transport of clay particulates through 
watersheds.  However, on decadal time scales the 
interplay and durability of radioisotope-clay 
association is not well known.  Our team is filling this 
knowledge gap using first principles simulations to 
systematically examine the effects of the radioisotope 
transmutations 137Cs+→137Ba2+ and 
90Sr2+→90Y3+→90Zr4+ and radiation damage from 
associated β emissions on the retention of remnant 
parent isotopes in clay interlayers. For example, 
density functional theory calculations of threshold 
displacement energies show that the probability for 
137Cs and 90Sr to create Frenkel defects at octahedral 
Mg sites in vermiculite is about 20%. However, for 
90Sr, the follow-on decay of 90Y contributes a further 
probability of about 85%.  The total free energy 
increase associated with defect accumulation could 
become significant, ultimately converting the host 
crystallite locally or globally to phases with lower 
radioisotope retention.  Ongoing modeling will 
address this long-term evolution of 137Cs and 90Sr 
cation exchange capacity, an otherwise difficult task 
for experiment.  Our research will build an 
information database that should be useful for risk 
assessment, for reducing uncertainties in long-term 
projections, and for guiding management, disposal 
and treatment of contaminated soils in the Fukushima 
area. 
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 Crystal growth by assembly of small 

particles or clusters as opposed to ion-by-ion is a 
recently recognized type of growth impacting our 
understanding of natural mineralization processes, 
and holding promise for novel materials design. 
Oriented aggregation (OA) is an important case 
where larger crystals grow by the oriented self-
assembly of smaller ones. Materials and conditions 
that trigger this pathway and the enabling 
interparticle forces are poorly understood. Growth by 
OA is characterized by nanocrystals that are generally 
stable with respect to ion-by-ion dissolution or 
growth, interacting under net attraction and forces 
that tend to co-align nanocrystal lattices at short 
range. Successful attachment is predicated upon near-
perfect co-alignment.  A metastable solvent-separated 
“captured” state typically persists as particles sample 
mutual orientations until co-alignment is achieved, 
where the energy barrier to solvent expulsion and 
interparticle bonding is apparently lowest. 

 Our team is measuring and simulating the 
interaction forces between single crystal faces of 
model minerals in aqueous solution.  Dynamic force 
spectroscopy (DFS) using nanoengineered single-
crystal single-face force probes for ZnO(001)-
ZnO(001) and muscovite(001)-muscovite(001) 
reveals a rupture force that varies on the order of 
pN/nm2 with azimuthal co-alignment. Classical 
density functional theory simulations were developed 
to assess the balance of microscopic hydration, 
dispersion, electrostatic, entropic, and ion correlation 
forces underlying OA observed for anatase TiO2 
nanoparticles in acidic aqueous solution. Analysis of 
the distance dependence of various facet-specific 
interactions shows that ion correlation forces are 
responsible for face selectivity and co-alignment 
while solvent-separated; the attachment barrier is 
largely due to steric hydration forces from structured 
intervening solvent.  We continue to explore the 
molecular underpinnings of OA through systematic 
examination of ionic strength, electrolyte type, 
crystallographic face, and azimuthal orientation 
effects, and seek convergence between development 
and validation of atomic-to-mesoscale models against 
nanocrystal interaction forces measured directly in 
aqueous solution. 
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 Continental weathering plays a substantial 

role in the long-term carbon system and perhaps also 
over much shorter timescales, but its controls at large 
scale are still debated. In recent years, lithium 
isotopes have become a useful tool for tracing 
chemical weathering conditions. This study aims to 
assess modern & past weathering conditions in 
response to climate fluctuations over the last 100,000 
years in the Murrumbidgee River catchment (south-
eastern Australia). To evaluate the palaeo weathering 
environment and how the weathering signal is 
transferred from source to sink, we investigated 
sediments from the modern Murrumbidgee River 
comprehensively. Lithium isotope ratios were 
measured on the <2µm fraction of modern sediments 
collected from river banks. Data from these 
sediments give insight on the potential effect of 
lithology and assess whether δ7Li evolves during 
transport. With this understanding, we then evaluate 
the weathering regime of four palaeochannel 
deposits, with deposition ages ranging from 13ka to 
105ka.  

 Results from monolithologic catchments of 
active river channels indicate that there is no 
lithological control on lithium isotope fractionation. 
This strongly suggests that changes in sediment 
source/river pathways are not responsible for past 
δ7Li variations. Sediments from small tributaries 
show a wide range of δ7Li (from -4.58‰ to +0.96‰). 
In comparison, the main Murrumbidgee river and its 
major tributaries, display a narrower range of δ7Li 
values from -1.56‰ to -0.10‰. The large range of 
δ7Li values in the small watersheds may be attributed 
to local variabilities driven by water availability, 
catchment size and soil thickness. In contrast, larger 
tributaries integrate an average behaviour of Li 
isotopes over a larger area and we observe no 
evolution of the sediment δ7Li with distance. We will 
use lithium isotopes from four palaeochannel deposits 
to infer past weathering conditions in relation to 
climate change/variability over the last 100,000 
years.  
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Non-volcanic continental mantle degassing is 
widespread in many regions of the world 
characterized by lithospheric stretching, such as the 
European Cenozoic Rift System. Such degassing is 
associated with sparkling water springs and CO2-N2 
mofets channelized by basement faults. The noble 
gases are often used as conservative tracers of fluid 
source mixtures in these systems, and the CO2/3He 
ratio is commonly used as a CO2 discriminator 
between, mantle, carbonate and organic sources [1]. 
Because of the very constrated behaviors of CO2 and 
He in geological environments, physical, chemical 
and biological fractionation of the CO2/3He ratio may 
obliterate its original source signature, and mislead 
interpretations. 

We present here a new model describing the fluid 
phase equilibria in the system CO2-N2-CH4-O2-H2O-
NaCl-He-Ne-Ar below 200 bar and 150°C, and 
salinities up to 5M, relevant to study the partitioning 
of volatile species in shallow fluid systems. The 
model, based on the approach from [2], was extended 
to the noble gases using known solubility data from 
the literature, and validated on experimental phase 
equilibria performed in the laboratory. The model is 
succesful in predicting CO2 and noble gas solubilities 
in brines at an overall relative precision of ±10%. 

The model was used to describe the expected 
fractionation of the CO2/3He based on gas analyses 
from natural spring systems and CO2-rich aquifers 
from different European localilities. Although having 
a clear mantle contribution (3He/4He>1Ra), these 
CO2-rich gases have CO2/3He ratios that may vary 
from 108 to 1011, well different than typical MORB 
(~109). This range of variation is compatible with 
single or multiple step equilibrium of water and gas, 
without invoking any mixing with crustal or 
sedimentary CO2 sources. The CO2/3He ratio may 
instead record the degassed state of mantle CO2-rich 
water systems. 

 
 [1] Sano and Marty (1995), Chemical Geology, 119, 
265-274. [2] Soreide et Whitson (1992), Fluid Phase 
Equilibria, 77, 217-240. 
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This research evaluates the analytical capabilities 

of a field portable X-ray fluorescence spectrometer 
(pXRF) for the measurement of contaminated soil 
samples using a matrix-matched calibration. The 
calibrated pXRF generated exceptional data quality 
from the measurement of ten soil reference materials. 
Elemental recoveries improved for all 11 elements 
post-calibration with reduced measurement variation 
and detection limits in most cases. Measurement 
repeatability of reference values ranged between 0.2-
10% relative standard deviation, while the majority 
(82%) of reference recoveries were between 90-
110%. Definitive data quality, the highest of the US 
EPA's three level quality ranking, was achieved for 
15 of 19 elemental datasets. Measurement 
comparability against ICP-AES values was excellent 
for most elements (e.g. r2 0.999 for Mn and Pb, r2 

>0.995 for Cu, Zn and Cd). Parallel measurement of 
reference materials revealed ICP-AES measured Ti 
and Cr poorly when compared to pXRF. Individual 
recoveries of soil reference materials by both ICP-
AES and pXRF showed that pXRF was equivalent to 
or better than ICP-AES values for all but two 
elements (Ni, As). This study demonstrates pXRF as 
a suitable alternative to ICP-AES analysis in the 
measurement of Ti, Cr, Mn, Fe, Cu, Zn, Sr, Cd and 
Pb in contaminated soils. 
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This study evaluates the extent of metal 

contamination in Sydney residential gardens using 
data collated from a university community-science 
program: VegeSafe. Despite knowledge of industrial 
contamination amongst scientists, the general public 
remains under infromed about the potential risks of 
exposure from legacy pollution and the former use of 
leaded petrol and paints. Over 1000 samples were 
collected from front yards, drip line areas (adjacent to 
the house), back yards and vegetable gardens.  

As anticipated, the primary metal of concern was 
lead. Mean soil lead concentrations were 413 mg/kg 
(front garden), 707 mg/kg (drip line), 266 mg/kg 
(back garden) and 301 mg/kg (vegetable garden). 
Forty percent of residences exceeded the Australian 
soil health investigation level (NEPM 2013) of 300 
mg/kg for lead in one or more garden areas, while 
more importantly, acute lead contamination (>1000 
mg/kg) was identified in 15 % of Sydney residences. 
The incidence of highest soil lead contamination was 
typically, though not exclusively, greatest in the inner 
city with concentrations moving towards known 
background values of 20-30 mg/kg at 30-40 km from 
the city.  

Public engagement with the VegeSafe 
community science program resulted in useful 
outcomes—we were able to disseminate 
environmental health messages and in numerous 
cases owners replacing contaminated soil, building 
raised beds containing clean soil.  
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The Caviahue–Copahue volcanic complex 
(CCVC), located at the Argentina-Chile border, hosts 
six geothermal areas (Las Maquinitas, Las Maquinas, 
Cabañitas, Thermas Copahue, Anfiteatro, Chancho-
co). Surface manifestations are thermal springs, 
bubbling pools and fumaroles. There is consensus 
that volcanism and geothermal activity are largely 
controlled by the NNE Liquiñe-Ofqui Fault Zone, a 
major intra-arc dextral strike-slip fault system. 
However information is lacking on how this fault 
network controls fluid circulation and geochemistry 
of the CCVC geothermal system. For this purpose, 
we present noble gas and stable isotope data of 
thermal fluids collected during 2014, 2015 and 2016, 
coupled with dense self-potential (SP), CO2 
concentration and temperature (T) measurements. 

The CCVC fluids of the four geothermal areas 
around Copahue have a mantle 3He/4He signature (7-
8Ra where Ra is the air ratio of 1.382 x 10-6) and a 
crustal δ15N (up to +4.9‰), consistent with a mantle 
wegde infiltrated by slab-derived crustal materials. 
These geothermal areas also show concordant SP-
CO2 and T maxima that occur in close spatial 
relationship with the NE-striking faults. Due to their 
high vertical permeability, these NE faults serve as 
preferential pathways for fluid circulation and allow 
the formation of a high boiling-induced, vapor-
dominated zone close to the surface. The two other 
geothermal areas (from Chanco-co and Anfiteatro, 
away from the Copahue town) are associated with 
WNW-striking faults, and show low R/Ra (3.70-
5.20Ra) and local meteoric water-like H and O 
isotopic compositions. This suggests that the WNW 
faults represent low permeability pathways for the 
ascent of hydrothermal fluids, promoting the 
infiltration of meteoric water at shallow depths. 
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Boron constitutes an essential nutrient to plant 
growth with a narrow range between carency and 
toxicity levels. However, despite its recognized 
control on the B biogeochemical transfer in forest 
ecosystems, its biological cycle (soil/plant 
subsystem) is still poorly studied. 

In order to understand the controls and feddbacks 
of the boron fluxes in forest ecosystems, this study 
aims at establishing on a year basis the different 
stocks and fluxes within the soil/plant B pools. The 
beech forest ecosystem of Montiers (France) has been 
chosen beacause of the parallel biomass and 
hydrology models that will provide a strong 
framework to interpret B data. We thoroughly studied 
and compared the B biogeochemical cycle from both 
the soil mineral and aqueous pools as well as beech 
trees compartments (roots, wood, trunck, branches 
and leaves) on two of contrasted soil types: deep acid 
soil (Dystric Cambisol) and shallow calcareous soil 
(Rendzic Leptosol). 

The B inputs (atmospheric wet and dry deposits, 
soil mineral weathering) vary from 57g.ha-1.yr-1 on 
the rendisoil to 74g.ha-1.yr-1 on the alocrisoil while the 
outputs (drainage and wood exportation) range from 
33g.ha-1.yr-1 on the calcareous soil and 85g.ha-1.yr-1 
on the acidic soil. The inputs only represent 20% of 
the B cycled by vegetation and, out of the remaining 
80%, more than 40% of boron originates from the 
mineralization of organic matter with fluxes varying 
between 107g.ha-1.yr-1 and 167g.ha-1.yr-1 in the 
calcareous and acidic soil, respectively. We also 
found evidence that the biological cycle controls the 
dynamics of boron isotopes since the canopy 
exchange and the mineralization of organic matter 
tend to favour the release of the heavy isotope 11B 
while the formation of perenial biomass tend to 
favour the light isotope 10B. The B uptake by roots 
doesn’t induce any isotope fractionation. 
 We finally found that the soil type greatly 
influences the biogeochemical cycle of boron by 
modifying the stocks and fluxes of boron with 
globally higher values on the acidic soil. This is also 
observable from the B isotopic compositions which 
are systematically higher (about +5‰) in all the 
compartments of the beech tree developed on the 
rendisoil. We suggest these observations to result 
from different physiological functioning linked to a 
slight boron deficiency on the calcareous soil. 
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To better document sources and sinks of Fe 

across the well-oxygenated Canada Basin in the 
Arctic Ocean, profiles of the concentrations and 
isotopic compositions of total Fe (FeTOT), 1M HCl 
extractable Fe (FeHCl), and residual Fe (FeRES) 
remaining after the HCl extraction were determined 
in sediment cores collected at 51, 653 and 3250 m 
depth, respectively in the shelf, slope and abyssal 
portion of this basin. Concentrations of Fe associated 
to pyrite (FePY) were also determined in each of the 
cores through an operationally defined extraction 
protocol. We show that the isotopic composition of 
FeTOT is slightly lighter in shelf sediments than in 
slope and deep basin sediments. In the shelf core, 
where the degree of pyritization (i.e., 
DOP=FePY/FeHCl+FePY) progressively increases below 
the sediment-water interface reaching up to 42% at 
25 cm depth, there is no pronounced difference 
between the isotopic composition of FeTOT and those 
of FeHCl and FeRES in samples exhibiting significant 
pyrite enrichment. In contrast, the FeHCl pools in the 
slope and deep basin cores are characterized by a 
light isotope composition relative to that of FeTOT, 
undetectable or negligible concentrations of FePY, and 
much higher concentrations and inventories of FeHCl 
than in shelf sediments. These results from the Arctic 
Ocean will be discussed by comparing them with 
those of earlier studies showing that dissimilatory 
iron reduction during early diagenesis is responsible 
for producing Fe oxyhydroxides with a light isotopic 
composition relative to FeTOT, and that the efflux of 
isotopically light Fe from shelf sediments can 
eventually migrate and be deposited at greater depth.     
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We present a set of 2D numerical simulations of 
mantle convection considering grain size evolution 
and a composite visco-plastic rheology including 
diffusion and dislocation creep. A 1D 
parameterization allows us to anticipate the stress and 
grain size conditions for the present-day temperature 
profile in a convection cell, considering that phase 
transitions reset the grain size to a small value. This 
way we are able to obtain self-consistent 2D 
convection models together with non-equilibrium 
grain size for present-day conditions. This controls 
the partitioning between diffusion and dislocation 
creep. However, the internal temperature of the 
mantle is thought to have significantly evolved 
throughout the Earth's history. Using a higher internal 
temperature usually decreases both viscosity and 
internal stresses. In our case, a high temperature 
potentially increases the grain size, which tends to 
increase the viscosity: the temperature and grain size-
dependence of the viscosity are in competition. We 
study the evolution of the diffusion-dislocation 
partitioning throughout the history of the Earth. We 
report the evolution of grain size and stress over time 
in our simulations. Several complex processes are 
included in our models like grain size evolution being 
a sum of grain growth and dynamic recrystallization. 
Additionally, all our simulations consider 
thermochemical convection in a compressible mantle 
with melting producting basaltic crust and depleted 
mantle. 
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Batch Experiments 

To further confirm the biodegradation of phenol 
using bacteria immobilized in PVA–sodium alginate–
kaolin, the removal of phenol when time was 
investigated. As shown in Figure 1, phenol was 
removed more quickly from aqueous solution using 
GY2B immobilized in beads. 

Figure 1: Biodegradation of phenol by free bacteria 
and kaolin beads ; initial phenol concentration = 100 
mg/L. 

 
Results and Discussion 

Results indicated that the rate of removal of 
phenol from solution using GY2B immobilized in 
PVA-sodium alginate-kaolin was much higher than 
that of free cells. This can be explained by the fact 
that phenol was adsorbed onto the beads and further 
degraded by the cells on immobilized beads[1]. High 
biodegradation of phenol utilizing immobilized cells 
resulted from the alteration of cell permeability, 
allowing a better transfer of phenol into each cell[2]. 
In addition, the structure of the kaolin could be 
enough to maintain the biological activity of the 
entrapped cells[3].  
 
[1] Kulkarni et al. (2007), J. Environ. Manage. 85, 
496-512. [2] Manohar et al. (2001), Appl. Microbial. 
Biot. 55, 311-316. 
[3] Coradin et al. (2003), Appl. Microbial. Biot. 61, 
429-434. 
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A number of U-Th bearing accessory minerals 

have increasingly become valuable petrogenetic tools 
for their record of absolute time, trace element and 
isotopic signatures, temperature, and for their 
capacity to safeguard mineral inclusions. 
Investigation of these accessory phases, with or 
without textural context, has shed lights on countless 
geological processes including the nature and age of 
the early crust, the timing and episodic nature of 
orogenic processes and crustal growth, the duration 
of melting within the crust, the dynamic of extreme 
metamorphic settings at high temperature and 
pressure, and the precise timing and chemistry of 
volcanic and igneous systems.  

The most crucial quality of these accessory 
minerals is their capacity to record and survive 
multiple stages of their host-rock evolution. In the 
investigation of accessory minerals as petrogenetic 
tools it is thus fundamental to understand the 
behavior and robustness of these minerals during 
metamorphism and partial melting of rocks.  

This contribution will highlight recent advances 
in the micro-analysis of accessory phases and review 
their behavior during crustal processes. Special 
emphasis will be placed on the solubility of zircon 
and monazite in melts, robustness of trace element 
signatures and thermometry at extreme conditions 
and the recrystallization processes of accessory 
phases. Case studies showing the decoupling of 
isotopes and trace elements during metamorphism 
and the refractory behavior of some accessory phases 
will be presented.   
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Sulfur contents of Earth’s mantle and core are 
considered to be 200-250 ppm and 1.7-2.0 wt% 
respectively. Here we determine how these 
concentrations originated using a combined N-body 
accretion/core formation model that enables the 
evolution of mantle and core compositions for the 
terrestrial planets to be determined [1]. We assume 
that concentrations of S that became incorporated into 
planetesimals and planetary embryos of the 
protoplanetary disk after condensing in the solar 
nebula increased systematically with decreasing 
temperature and increasing heliocentric distance. 
Fully-oxidized bodies that formed beyond 6-7 AU are 
assumed to contain the full complement of S 
(corresponding to 5.35 wt% in a CI composition) 
with concentrations decreasing along a linear gradient 
towards the Sun. During each metal-silicate 
equilibration event that is associated with an 
accretional collision, the S contents of equilibrated 
metallic and silicate liquids are determined from a 
recent partitioning model [2].  

Our results show that the S concentrations of 
Earth’s mantle and core cannot be achieved through 
metal-silicate equilibration in magma oceans during 
core formation. Such equilibration results in final 
mantle and core concentrations of ∼0.75 wt% and 
∼0.36 wt% respectively. Concentrations of ∼0.75 
wt% in a deep magma ocean far exceed SCSS (sulfur 
concentrations at sulfide saturation) values [3] as 
crystallization temperatures are approached during 
cooling. Consequently, exsolution and segregation of 
FeS liquid occurred during magma ocean cooling – 
an event that led to the formation of a sulfide-rich 
layer - the Hadean matte [4]. S concentrations in 
Earth’s core and mantle are reproduced quantitatively 
by modelling FeS exsolution/segregation both as a 
single and a multistage event.  

 
[1] Rubie et al. (2015) Icarus 248, 89-108. [2] 
Boujibar et al. (2014) Earth Planet. Sci. Lett. 391, 
42-54. [3] Laurenz et al. (2016) Geochim. 
Cosmochim. Acta, submitted. [4] O’Neill (1991) GCA 
55, 1159-1172.  
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Geologically rapid sea level rise is a direct 
manifestation of periods of global warming, such as 
the last deglaciation, and is one of the most impactful 
aspects of likely future anthropogenic global climate 
change. We report here on results of an ongoing 
study of Hawaiian deglacial sea level change using 
large, continuous drowned coral reef archives to 
discover and study sea level rise records since the last 
ice age from natural climate change. Tropical coral 
reefs offer one of the best/most complete sea level 
indicators and are easily dated by radiometric 
methods to construct relative sea level (RSL). Such 
records are used in global models to understand ice-
melting and global/local sea level impacts. This phase 
of our study focuses on RSL reconstruction in the 
central Hawaiian Islands (Oahu to Lanai), especially 
of climatically important glacial melt water pulses. 
We are using submersible observations of coral 
colony morphology, and ecology coupled to 
radiometric U-series age determinations of grab 
samples from 11 submersible dives at two sites, and a 
high resolution sea bed DEM to understand the 
timing of sea level change, the magnitude of globally-
observed sea level events such as Meltwater pulse 1A 
(MWP-1A), and the impacts on coral reef accretion 
and community structure. We are using coral 
community structure on nearby modern reefs as 
analogs to reconstruct paleodepth and water 
conditions. The absolute timing of MWP-1A relative 
to the Bolling warming remain controversial, and yet 
is an important constraint on the timing and source of 
melt water during this critical time period. Current 
coral reef estimates for the start of MWP-1A vary 
over about 1.5 ka, including the Barbados record 
(13.61-14.08 ka, Peltier and Fairbanks, QSR, 2006), a 
Tahiti record (14.31-14.65 ka, Deschamps et al., 
Nature, 2012) and an age estimate inferred from the 
flooding of a now 150-m deep reef structure on the 
rapidly subsiding Big Island of Hawaii (14.62-15.45 
ka; Webster et al., Geology, 2012). While the 
amplitude of the local RSL jump will vary regionally 
in response to the locations of meltwater source(s), 
the timing at far-field sites should not vary 
significantly. We will discuss our estimate for the 
initiation and duration of this and other deglacial sea 
level events in Hawaii, our continuing efforts to 
refine them, and their implications for the ongoing 
debate regarding the role of MWP-1A in ice age 
climate change. 
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The composition of the continental crust is a first-
order observable that must be satisfied in any crust 
formation scenario. All published compositional 
estimates agree, within uncertainty, that the average 
continental crust has an ‘andesitic’ bulk 
composition1. This evolved composition requires 
operation of recycling processes (e.g., density 
foundering, relamination, chemical weathering with 
export of Mg to altered oceanic crust) that remove 
mafic to ultramafic components that are 
complementary to the present andesitic crust. 
However, seeking to understand the formation of 
continental crust from a Lyellian perspective (i.e., the 
present is the key to the past) may skew our 
understanding of crust formation processes, given 
that the majority of continental crust formed by 2.5 
Ga2. Clearly, the Archean was a critical period for 
crust formation. Many lines of evidence suggest a 
fundamental shift in the composition of continental 
crust between the Archean and younger eons. Using 
mainly trace element compositions of detrital 
terrigenous sedimentary rocks, it is well established 
that mafic to ultramafic rocks were proportionately 
more abundant in the Archean3. A recent estimate for 
MgO content of land (i.e., crust sitting above sea 
level and susceptible to chemical weathering and 
erosion) through time shows that average MgO 
changed from 15 wt.% in the mid-Archean to ~4 
wt.% at the end of the Archean4. This chemical 
transformation suggests significant crustal growth 
(through addition of granitic rocks), and a 
fundamental change in the processes of crust 
formation, which may reflect the onset of widespread 
subduction (i.e., plate tectonics) as a means of 
generating voluminous granitic magmas. Armstrong-
type models5 of constant felsic continental crust 
volume since 4 Ga appear untenable. A corollary is 
that crust formation processes prior to the mid-
Archean were likely very different from those 
operating today. This shift in crust formation 
processes may be reflected in the changing 
composition of Archean TTG, which transitioned 
from low Mg#, Ni and Cr to high Mg#, Ni and Cr 
from Early to Late Archean6, possibly reflecting slab 
melts interacting with mantle wedge in Late Archean 
TTGs. 
 
1,Rudnick & Gao, 2003, ToG; Hacker et al., 2015, 
AREPS; 2Belousova et al., 2010, Lithos; Dhuime et 
al., 2015, Nat. Geo. 3Taylor & McLennan, 1985; 
Condie, 1993; Chem. Geol.; 4Tang et al., 2016, 
Science; 5Armstrong, 1991, AJES.6 Martin & Moyen, 
2002, Geology. 



Goldschmidt Conference Abstracts 

 

2670 

Impact of wettability on two 
phase flow at the pore scale 

M. RÜCKER1, 2*,W.-B. BARTELS1, 3, S. BERG1, H. 
MAHANI1, H. OTT,3, 8, A. GEORGIADIS1, 2, N. 

BRUSSEE1, A. COORN1, H. VAN DER LINDE1, C. 
HINZ4, A. JACOB4, C. WAGNER5, S. HENKEL6, F. 

ENZMANN4, A. BONNIN7, M. STAMPANONI7, S.M. 
HASSANIZADEH3, M. BLUNT2 

1 Shell Global Solutions International B.V.  
*correspondence: maja.rucker@shell.com 
2 Earth Science and Engineering, Imperial College 

London 
3 Earth Sciences, Utrecht University 
4 Geosciences Inst., Johannes Gutenberg University, 

Mainz 
5 Math2Market GmbH 
6 Geosciences Inst., Friedrich Schiller University Jena 
7 Swiss Light Source, Paul Scherrer Institute 
8 Petroleum Engineering, Montanuniversität Leoben 
 

Flow behaviour during immiscible displacement 
in porous rock is significantly influenced by the 
wetting properties of the chemically heterogeneous 
rock surface. This impacts various multiphase 
problems, for instance oil recovery. Lowering the 
salinity of injected water was found to change the 
wettability and to cause an increase in production [1]. 
Although this Low Salinity method was proven [1, 
2], the processes leading to the increase in production 
at the Darcy scale are still not fully coupled to pore 
scale understanding. In this study we directly observe 
the effect during water floods in 3D and real time, for 
crude-oil saturated sandstone and carbonate rocks by 
employing synchrotron beamline-based fast X-ray 
computed tomography. The obtained 3D fluid 
configurations provide insights into when and where 
in the pore space low salinity influences the flow 
behavior. An initial analysis of the whole range of 
samples over varying flow conditions from 200 g/l to 
27 g/l KI-brine at a flowrate of 30 µl/min clearly 
show a movement of the crude from pore throats to 
pore bodies at the transition from high salinity to low 
salinity brine.  
 
[1] Webb et al. (2003) SPE 81460 [2] Mahani et al. 
(2015) Energy & Fuels 29.3, 1352-1367. 
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Life is not an improvement upon sluggish 

chemical or geochemical reactions – it really is 
different. Life is the carbon fixation engine, made up 
of a host of support engines or enzymes, that 
overcome thermodynamic barriers to the reduction of 
CO2 – in Bernal’s words, ‘to produce a small but 
ever-renewed stock of organic molecules’ [1]. 
Indeed, the hydrogenation of carbon dioxide is life’s 
raison d’être, as it must have been from the very 
beginning. Yet autotrophic metabolic pathways face 
steeply endergonic barriers, so how are, and how 
were, they overcome? The answer is counter 
intuitive. Those barriers, for example, the reduction 
of CO2 to CO and the putative oxidation of CH4 on 
two likely paths to activated acetate and pyruvate, are 
mounted through Brownian impacts [2]. The 
supposed exergonic driving reactions, although 
necessarily greater than the driven ones, aren’t 
drivers at all, but are reactions that merely prevent the 
reverse reaction, as a myriad of recent papers attest 
[2-4]. However, to enable the necessary coupling of 
endergonic with exergonic reactions does require 
enzymes, i.e., free energy converters or turnstiles [2-
4].  

 So how could the protoenzymes or 
nanoengines required to get life going in the first 
place come about? Were there ‘minéral trouvé’ 
available in life’s original hatchery to effect these 
roles? Arrhenius [5] considered green rust (e.g., 
~[FeII >Mg>>Ni]4FeIII

2[OH]12Cl2.3H2O), with its 
brucite-like interlayers, the most likely candidate to 
have exhibited ‘primitive cellular metabolic 
function’. Green rust rust would have comprisised 
portions of the alkaline submarine mound growing in 
the Hadean carbonic ocean [6]. That this mineral has 
been shown to reduce nitrate to the ammonium ion 
within ~200 minutes supports this view [7]. Beyond 
that, ferrous hydroxide ‘catalyzes’ the amination of 
pyruvate to alanine, which itself can be condensed to 
polyalanine on carbonates [9]. Futhermore it is likely 
that polyalanine could sequester the transition metal 
sulfides and oxides at the hydrothermal mound. If so, 
this would have opened up a ligand-accelerated 
autocatalytic cycle to seek out ways to ever increase 
the overall entropic output of the system [6]. 

   
[1] Russell & Hall (1997) J Geol Soc Lond 154, 377-
402. [2] 

Branscomb & Russell (2013) BBA 1827, 62-78. 
[3] Hoffmann (2012) Life’s Ratchets. Basic Books. 
[4] Oster & Wang (2003) Molecular motors 205-227. 
[5] Arrhenius, (2003) Helvet chimica acta 86, 1569-
1586. [6] Russell et al. (2014) Astrobiol 14, 308-343. 
[7] Hansen et al. (2001) Appl Clay Sci 18, 81-91. [8] 
Huber & Wächtershäuser (2003) Tetrahed Lett 44 
1695-1697. [9] Kawamura et al. (2011) Astrobiol 11, 
461-46. 



Goldschmidt Conference Abstracts 

 

2672 

Classification of aqueously 
altered chondrites and 

implications for geological 
processing on chemically 

primitive asteroids 
SARA RUSSELL, ASHLEY KING AND PAUL 

SCHOFIELD 
Department of Earth Sciences, Natural History 

Museum, Cromwell Road, London SW7 5BD, 
UK. 

 
Carbonaceous chondritic meteorites were 

classified ~50 years ago into chemical classes such as 
CI, CM and CO and petrological classes 1-6 [1]. 
Type 1 and 2 chondrites have experienced aqueous 
alteration and type 3 are less altered. Typically 
petrological-chemical pairings were observed: CI1, 
CM2 and CO3. Since this initial classification system 
was devised, the total number of named meteorites 
has increased from approximately 2000 to over 
50,000 [2], as more meteorites have been found 
during desert collection trips. The picture of 
classification has been muddied by an increasing 
number of described meteorites that do not fit into the 
current classification system and by the abundance of 
meteorite classifications not previously observed, for 
example there are now only 3 commonly-available 
unheated CI1 meteorite falls but 19 CM1s [2] and 
there are several meteorites that appear intermediate 
between CM and CI. The current system needs 
reassessment, especially given the increased interest 
in chemically primitive objects that are targets for the 
sample return missions Hayabusa-2 and OSIRIS-
REx.   

Some important processes for type 1 and 2 
chondrites that are not considered by [1] include 
brecciation, heating and terrestrial processing. A 
significant number of aqueously-altered CI and CM 
meteorites have experienced post-aqueous heating, 
which has resulted in the dehydration of 
phyllosilicates [3].  A complicating issue for 
chondrite classification, especially for type 1 
chondrites, is terrestrial weathering, which can 
produce major changes in the meteorite even for 
well-curated falls [4]. This can potentially cause 
mineralogical changes that can be easily confused 
with asteroidal processing. 

Implications for asteroids: The CO-CM-CI 
meteorites fall on a complex continuum with varying 
amounts of heating and metasomatism. This points to 
them originating on the same or related parent bodies 
that have experienced complex local geological 
processes including brecciation, solar interactions 
and/or  impacts.  

 
1] Van Schmus and Wood (1967) GCA 31 747 [2] 
Meteoritical Bulletin [3] King et al. (2015) GCA 165 
148, [4] Gounelle and Zolensky (2010) MAPS 36 
1321. 
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Halogens such as iodine fall into the category of 
conservative elements that have potential to trace 
degassing and recycling at subduction zones. This 
stems from the large halogen concentration contrast 
between sediments at the surface and Earth’s mantle 
[1]. To date, progress has been impeded by the 
difficulty of measuring ppb levels of I (and Br) in 
basaltic glasses. Here, we demonstrate the potential 
of I in tracking slab volatile release using samples 
from the Manus Back-Arc Basin (MBAB) where 
basalts are erupted at different distances from the 
New Britain Trench, where current subduction is 
taking place. 

Iodine analyses using the neutron irradiation 
noble gas mass spectrometric (NI-NGMS) technique 
[2, 3] have been performed on basaltic samples from 
MBAB [4]. With this new dataset, we revisit 
previously published data by [5] to quantify the 
contribution of the I-, Ba-enriched component from 
the slab into the pristine mantle source. Iodine 
content decrease when distance from the trench 
increase (from 135.8 ppb to 1.9 ppb). Using a mixing 
diagram I/Nb and Ba/Nb, we calculate that I slab 
contribution is about 2% in East Manus (150 Km 
from the trench) and dropped to 0.2‰ in MSC/ETZ 
region (300 Km from the trench). 

 
[1] Muramatsu et al. (1998), Chem. Geol. 147, 201-
216. 
[2] Kendrick (2012), Chem. Geol. 292-293, 116-126. 
[3] Ruzié-Hamilton et al. (submitted), Chem. Geol. 
[4] Sinton et al. (2003), J. Pet. 44, 159-195. 
[5] Kendrick et al. (2014), EPSL 400, 165-176. 
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The rising demand for rare earth elements (REEs) 

in the fields of user electronics, catalysis, optical 
displays, high-performance magnets, batteries, 
aerospace manufacturing and medical applications 
has resulted in the need for reliable trace analysis 
procedures of REEs in the assessment of potential 
mining sites, process control solutions and quality 
control of high-purity materials. 

For the quantification of REEs, it is important 
that complete digestion of the sample is achieved. 
When acid mixtures containing hydrofluoric acid 
(HF) are used, insoluble fluorides of REEs may 
remain in the precipitate. In fact, refractory minerals 
such as zircon, tourmaline, chromite, rutile, garnet, 
spinel and corundum are incompletely decomposed 
by an acid attack. Decomposition by lithium 
metaborate and tetraborate fusion provides a 
complete decomposition of silicate phases and 
accessory minerals, however, results in a higher 
amount of total dissolved solids (TDS). Since ICP-
MS is typically limited to TDS levels of less than 
0.2%w/v, the fusion decomposition requires 
additional dilution prior to analysis.  

For several types of geological matrices, sintering 
with Na2O2 is a very attractive analytical 
decomposition procedure because it is highly 
effective in decomposing minerals rapidly and the 
resulting sinter residue is easily dissolved. 

This contribution will describe the preparation of 
ten different certified geological materials by a Na2O2 
sintering method and subsequent analysis by high 
sensitivity ICP-QMS for the trace elemental analysis 
of rare earth elements. The Z-score parameter was 
adopted to evaluate the analytical quality of measured 
values and were found to fall within the z-score 
threshold of  ±2, demonstrating the accuracy of the 
applied method. 
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Silicate minerals are a major Mg source to 

seawater through rivers and therefore it is important 
to determine the impact of dissolution and formation 
of Mg-rich primary and secondary minerals on the 
Mg isotope signature of natural waters. We dissolved 
biotite mineral in a plug flow reactor at controlled pH 
and T = 25 °C, and synthesized TO- and TOT-
phyllosilicates (lizardite and kerolite, respectively) at 
T = 90 - 250 °C. All leaching solutions during biotite 
dissolution are enriched in light isotopes compared to 
the biotite sample, with a 1.1‰ range of 
Δ26Mgbiotite−solution. At pH = 1, Mg isotopic steady-state 
between the solution and biotite is established after 
600 h, while at pH = 5, it is never reached, even after 
4 month. A sequential leaching suggests that the 
solution δ26Mg values reflect a mixing between labile 
Mg and structural Mg with different δ26Mg values. 
During synthetic clay formation, both TO and TOT 
clays are significantly enriched in heavy isotopes and 
follow Rayleigh fractionation equations for specific 
values of isotope fractionation factors. At T = 250 °C, 
a single isotope fractionation factor of 1.00059 ± 
0.00014 can explain the Mg isotope evolution of both 
TO and TOT clays. A similar isotope fractionation 
factor of 1.00054 ± 0.00014 can be inferred from all 
TOT synthesized at T = 90 - 250 °C. A compilation 
of Mg isotope fractionation factors during secondary 
phase formation highlights a difference between field 
and experimental investigations at low temperature. 
More experiments are now necessary to determine the 
role of clay crystallochemistry at T < 50 °C. 
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Groundwater aquifers in oceanic islands such as 
Jeju Island of South Korea are the primary source of 
water supply and are largely replenished by rainwater 
infiltration. For sustainable exploitation and 
management of groundwater, it is crucial to 
understand recharge characteristics. In this study, 
groundwater recharge in the Pyoseon watershed of 
Jeju volcanic island was elucidated by comparing 4-
year time-series O and H isotope data of rainwater 
from seven altitudes with those of groundwater from 
three deep wells for the production of bottled 
drinking water. A total of 173 rainwater samples 
show large variations of isotopic composition; δ18O 
values from -15.26 to -2.66‰ and δD values from -
112.9 to -1.35‰. Rainwater samples show distinct 
seasonal and altitudinal changes. In wet season (May-
October) the isotopic values plot along the equation 
δD = 8.12δ18O + 10.40, while the precipitation 
during dry season (November-April) show the 
regression equation δD = 6.63δ18O + 12.67. 
Rainwater also shows the systematic decrease of 
isotopic composition with increasing elevation (-
1.03‰/100m for δ18O and -0.11‰/100m for δD). In 
contrast, groundwater shows unique O and H isotopic 
compositions with no distinct seasonal change. 
Hydrochemical characteristics of rainwater are almost 
identical to those of groundwater. These observations 
indicate the high flow rates of groundwater without 
significant water-rock interaction, possibly through 
highly permeable aquifers. The calculated d-values of 
groundwater indicated that the groundwater recharge 
occurs mainly from summer precipitation at high 
altitudes (~1,460m asl). This study shows a good 
example of the usefulness of the long-term isotopic 
study to understand groundwater recharge in volcanic 
aquifers. 
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     The Nagaland-Manipur ophiolites (NMO), 
which are tectonically sandwiched between India-
Myanmar continental blocks, are among the 
geologically least explored regions of the Tethyan 
ophiolite belt. Geochemical studies suggest that high-
Ti basalts of NMO show highly enriched LREE 
pattern [(La/Sm)N = 2.27–3.44], equivalent to alkaline 
OIB composition, whereas, low-Ti basalts exhibit flat 
REE pattern and slightly depleted LREEs [(La/Sm)N 
= 0.62–1.03], similar to tholeiitic N-MORB. P-
MORB signatures are also observed in the NMO 
basalts formed by mixure of enriched OIB and 
depleted N-MORB melts. 5–10% partial melting of 
enriched mantle at garnet facies zone was responsible 
for production of OIB-types and 20% partial melt of 
depleted mantle within spinel facies zone for MORB 
tholeiites. MORB-type affinity of these volcanic 
rocks is also supported by the composition of mafic 
dykes and non-hornblende bearing plutonic gabbros 
of the NMO. However, hornblende bearing gabbros 
exhibit very low-Ti content 
(TiO2 = 0.54 wt.% to 0.86 
wt.%) and depleted LREEs, 
suggesting their formation in 
a SSZ tectonic setting. 
Presence of calcium-rich 
plagioclase (An16.6-32.3) also 
supports SSZ origin. 
Tectonic settings of the 
investigated rock samples 
are shown in Fig.1. Thus 
we conclude that OIB and 
MORB samples of NMO 
represent the first stage 
magma generation by 
plume eruption and 
decompressive mantle 
upwelling at sea floor spreading zone between India-
Australian plates, while SSZ samples represent the 
second stage of magmatism induced by the 
subduction of Indian plate beneath the Myanmar plate 
during the evolution of Indo-Myanmar orogenic belt 
(IMOB). 
 
[1] Saccani (2015) Geosci. Front. 6, 481–501. [2] 
Sun & McDonough (1989) Geological Society of 
London 42, 313–345. 
 

Fig.1. ThN vs. NbN diagram of [1] 
indicating tectonic settings of 
NMO mafic rocks. Normalizing 
values are the N-MORB 
composition from [2].  
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Because of its utility in many industrial 
processes, chromium (Cr) has become the second 
most common metal contaminant in the United 
States. The two most common oxidation states of 
chromium in nature are Cr(III), which is highly 
immobile, and Cr(VI), which is highly mobile and 
toxic. In both natural and engineered environments, 
the most common remediation of Cr(VI) is through 
reduction, which results in chromium sequestration in 
the low solubility mixed Cr(III)-Fe(III) 
(oxy)hydroxide phases. Consequently, the stability of 
these minerals must be examined to assess the fate of 
chromium in the subsurface. We investigated the 
stability of Cr(III)-Fe(III)-(oxy)hydroxides with a 
range of compositions in the presence of common 
microbial metabolites: siderophores, which are 
Fe(III) chelating ligands, and small organic acids. In 
the presence of a representative siderophore, 
desferrioxamine B (DFOB), Fe was preferentially 
released relative to Cr from all (oxy)hydroxide solid 
phases. The small organic acid, oxalate, acted 
synergistically with DFOB to increase the rate of 
metal release. Upon reaction, the remaining solids 
became enriched in Cr relative to Fe (i.e. increased 
Cr/Fe ratio), leading to increased solubility relative to 
the initial solid phases. Thus, the presence of 
microbial exudates can promote the release of Cr(III) 
from remediation products via both ligand 
complexation and increased solid solubility, 
producing dissolved ligand-complexed or free Cr(III) 
ions. These dissolved phases are more susceptible 
than the solid phase to subsequent re-oxidation to 
Cr(VI) and the occurrence of recontamination. 
Results from this study will provide insights 
regarding the long term transport and fate of Cr in the 
natural environment in the presence of microbial 
activities. Ongoing work is addressing the use of Cr 
isotope systematics as a quantitative means of 
assessing the long term transport and fate of 
chromium in the natural environment in the presence 
of microbial activities 
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Recent studies indicate the difficulty, and even 

infeasibility, of precipitating carbonate minerals in 
oxygen isotopic equilibrium under laboratory 
conditions [1]. Non-equilibrium compositions are 
also widely observed in natural carbonate minerals, 
such as speleothems, cryogenic cave calcite, 
travertines, lacustrine carbonates, carbonates 
precipitated from alkaline solutions, some marine 
calcareous species and microbially-mediated 
carbonates [e.g., 2-5]. Clearly, isotopic equilibrium is 
a specific and unique state among the multiple 
alternatives of non-equilibrium states. 

The reactions of CO2(aq) (de)hydration and 
(de)hydroxylation play a key role in all of the 
environments mentioned above. However, to date, the 
magnitudes of the kinetic isotopic fractionations 
during these reactions are highly uncertain. In 
addition, the literature is lacking the basic theoretical 
framework required for any quantitative treatment of 
these kinetic fractionations. 

Here we bridge these fundamental gaps in theory, 
and revisit theoretical and experimental data, in order 
to better constrain the kinetic isotope effects during 
CO2(aq) (de)hydration and (de)hydroxylation. This 
research advances the understanding of the complex 
carbonate system, and is an essential step towards 
environmental interpretations of non-equilibrium 
isotopic compositions in carbonate minerals. 

 
[1] Watkins et al. (2013) EPSL 375, 349-360. [2] 
Hendy (1971) GCA 35, 801-824. [3] Wefer & Berger 
(1991) Mar Geol 100, 207-248. [4] Clark & Lauriol 
(1992) Chem Geol 102, 217-228. [5] Clark et al. 
(1992) GCA 56, 2041-2050. 
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This work, in an area in western Turkey, aims to 

take the effect of drainage sediment dilution into 
consideration to enhance and recognize Au 
geochemical anomalies by using catchment area 
weighted-bulk leach extractable gold (CW-BLEG) 
data and S-A (spectrum-area) fractal modeling [1]. 
The results show moderate and strong CW-BLEG 
anomalies in the western, central and eastern parts of 
the study area (Fig. 1), where known gold 
mineralizations hosted in the middle-upper Triassic 
Karakaya Complex exist [2]. The S-A fractal model 
was implemented on the BLEG data as well, but this 
resulted in recognition of only some of the Au 
geochemical anomalies recognized using the CW-
BLEG data. In particular, S-A modeling of the BLEG 
data does not enhance anomalies associated with the 
known gold mineralizations in the central and eastern 
parts of the study area. The results demonstrate that, 
in order to enhance and recognize significant Au 
anomalies in drainage sediments, the effect of 
drainage sediment dilution can be taken into account 
by using catchment area as a spatial proxy. 

 
 
 
 
 

 
 
Figure 1: Geochemical anomaly maps of (A) 

CW-BLEG and (B) BLEG data based on the S-A log-
log plot. 
 
[1] Cheng et al. (1999) The Conference of IAMG 1, 
87–92. [2] Yilmaz H (2003) J Geochem Explor 80, 
117-135. 
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This study addresses the coupled biogeochemical 

cycling of phosphorous (P), iron (Fe) and manganese 
(Mn), as influenced by redox processes and colloidal 
interactions, in seasonally-stratified lakes. Redox 
processes play a key role in chemical speciation, 
formation and destruction of colloidal phases in lake 
systems, including Mn and Fe oxides and natural 
organic matter [1]. The bioavailable pool of these 
elements was determined by using diffusive gradients 
in thin films (DGT) and related to changes in primary 
productivity within the water column. Our results 
demonstrate profound influence of biological activity 
on the recycling of P, the distinct tendencies of Fe 
and Mn to form colloids. The interaction of Fe and 
Mn oxides with P through the water column is 
discussed. 
 

 
Figure 1: Distribution of P and Iron in Lake 

Ngapouri  
 

 

 
Figure 2: Relationship between colloidal Fe and 

colloidal  P 
 

Hartland et al. (2015), Environmnetal chemistry, 
12, 708-722.  
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Top-down approaches (or atmospheric 

inversions) using atmospheric transport models with 
CO2 observations are an effective way to estimate 
carbon fluxes at global and regional scales. We used 
the CCSR/NIES/FRCGC AGCM-based Chemistry 
Transport Model (ACTM) for simulations of various 
greenhouse gases and ozone depleting chemicals. 
Following validation of ACTM transport at regional 
and hemispheric scales, we conducted CO2 flux 
estimations by using a Bayesian synthesis inversion 
framework. Monthly CO2 fluxes were estimated for 
84 regions (54 lands + 30 oceans) over the globe 
during the period of 1990−2011 with observed 
atmospheric CO2 concentrations at 74 sites. 

As a result of time-dependent inversions, mean 
total flux (excluding fossil fuel) for the period 
1990−2011 is estimated to be −3.33 PgC/yr, where 
land (incl. biomass burning and land use change) and 
ocean absorb an average rate of −1.98 and −1.35 
PgC/yr, respectively. For 2000’s, mean fluxes over 
Arctic regions were estimated to be −0.22, −0.04, and 
−0.26 PgC/yr for Arctic total, Arctic land, and Arctic 
ocean, respectively, and they contributed 9.8%, 2.9%, 
and 7.4% of global land, global ocean, and global 
total sinks (Fig. 1). Interannual variations in the 
estimated fluxes will be also investigated. 
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Figure 1: CO2 fluxes around the Arctic region 
compared to the global totals estimated by the ACTM 
inversion. 
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The Ganjur gold deposit in the Shimoga 
greenstone belt, southern India, consists of 
mineralized quartz-carbonate veins (QCVs) emplaced 
in suphide facies banded iron formation. The source 
of fluids for gold mineralization has been debated in 
the gold deposits of the Dharawar craton as elsewhere 
in the world. Recently, metamorphic origin for 
mineralizing fluids has been proposed for Ganjur 
gold deposit [1]. In this work, we present C-O-S 
isotope and REE studies of QCVs, to reflect upon 
source of mineralizing fluids. 
δ13C values (-7.0±1.5‰) &  δ18O values 
 (15.0±7.4‰) of carbonates of QCVs are	   similar to 
the mantle (-6 ±2‰, [2]) or magmatic (-5 ±3‰, [3]) 
derived fluids. While the heavier δ18O values may be 
due to low temperature alteration, as observed in 
some other gold deposits [4]. The δ34S values 
(0.8±0.4‰) of pyrite grains carrying gold support 
mantle derived fluids (0 ± 2‰, [5, 6]). LREE and 
HREE enrichment with strong positive Eu anomaly 
(1.30±0.57) indicating that mineralized calcites of 
QCVS were precipitated from reducing mantle 
derived fluids. Therefore, based on C-O-S isotope 
and REE geochemical evidence, we propose that 
Ganajur gold deposit was formed from juvenile, 
rather than metamorphic fluids. [1] Ganguly et al 
(2015) OGR. 73: 59-82. [2] Ohmoto, H (1986) Min. 
Soc. of America: 491–560. [3]Burrows, et al (1986) 
Nature 321, 851–854. [4] Swain, et al (2015) OGR. 
70: 305-320. [5] Thode, et al (1961) GCA 25:159-
174. [6] Ohmoto & Rye (1979) Geochem of 
Hydrothermal dep. pp. 509–567 
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Some features of zircon chemical evolution from 

the differentiated granite series from biotite to 
lepidolite-amazonite-albite granite and during zonal 
crystal growing have revealed based on studying of 
internal texture and trace element composition of 
zircon (results of secondary ion-microprobe analyses, 
SIMS) from differentiated massifs of Li-F granites 
from Eastern Transbaikalia, Russia. 

The studied zircon is characterized by the typical 
zoning (CL and BSE imaging): inherited cores (I), 
zone with oscillatory zoning (II), regular sponge rim 
(III) and irregular zone with convolute zoning (IV). 
The main chemical evolution trend during the 
complication of internal texture is enrichment in trace 
element (U from 177 to 58248 ppm, Hf from 1.09  to 
20.41 wt% HfO2) and REE, that`s sum is varying 
from 416 to 16498 ppm along with significant 
transformation of REE patterns. 

Revealed features reflect some magma chamber 
processes. Old cores overgrowing (from zone I to II) 
corresponds to crystal fractionation process – 
increasing Th+U relatively Hf and significant 
decreasing of LREE marks destroying fluid effect [2]. 
Reduction of the positive Ce anomaly and decreasing 
of the SmN/LaN ratio reflect hydrothermal influence 
on the zircon (zone III) [3]. Zircon with maximal 
REE content (up to 16498 ppm) and strong HREE 
enrichment (zone IV) corresponds to mineralization 
stage that confirms the idea of importance of 
hydrothermal process for tantalum mineralization. 

The chemical composition identity of zircon 
cores from ore-bearing Orlovka massif and zircon 
from host highly specialized trachyrhyodacites [1], 
the same age interval – 235.4±2.4 Ma and 254.7±5.1 
Ma (SHRIMP-II, VSEGEI) let presume the same 
magma source. Age of II zircon zone is 140.6±2.9 
Ma, that corresponds to age of parental intrusion 
formation. 

This study was performed at Geomodel, 
Nanotechnology, Microscopy Resource Centers, 
Research park of SPbSU.  

[1] Babanina et al. (2008) Petrology 18, 131-157 
[2] Cao et al. (2011) Journal of rare earths 29, 277-
285 [3] Pelleter et al. (2007) Chemical geology 245, 
135-161 
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There is increasing concern about the progressive 

degradation of inshore coral reefs in the iconic Great 
Barrier Reef (GBR), which is considered to be driven 
by poor water quality related to increased terrestrial 
sediment runoff due to inland human activities[1]. 
Proxy based reconstruction of long term water quality 
changes is critical to adequately and objectively infer 
future impacts of anthropogenic disturbances and 
extreme weather events, such as tropical cyclone and 
floods. This study utilizes geochemical proxies in 
coral skeletons from Keppel Islands, GBR to isolate 
and identify which aspects of changing coastal water 
quality are natural versus anthropogenic. Trace 
element analysis in coral subsamples revealed annual 
cyclicity of Sr/Ca ratios, which were calibrated 
against the instrumental temperature to infer the 
chronology of geochemical data. A close association 
between Fitzroy River discharge and coral Mn/Ca 
ratios were observed especially during the high 
discharge and flood events when massive top soil 
erosion occurred and flood plumes reached the 
vicinity of the islands. Mn/Ca peaks were related to 
the Green/Blue spectral luminescence[2], which is 
considered as an independent marker of terrestrial 
discharge in coastal marine environment. High 
discharge periods during summers were also linked to 
conventionally used Ba/Ca river discharge proxy. 
Shale normalized rare earth elements (REEs) showed 
seawater like patterns, attesting the usefulness of 
REEs for unlocking water quality changes. The 
correlation between the variability of Nd/Yb 
(light/heavy REE) and Mn/Ca ratio was attributed to 
the enrichment of light REEs in flood water, as the 
light REEs mobilize faster than the heavy REEs. An 
increasing trend in total REEs was observed over 
time in Keppel coral, possibly due to greater erosion 
of Fitzroy river catchment because of expansion of 
agricultural activities.   

 
[1] Brodie et al. (2012) Marine Pollu. Bull. 65, 81-
100. [2] Rodriguez-Ramirez et al. (2014) Plos One 9: 
e84305. 
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This project on the interaction between fluids and 
carbonate minerals is focused on the alteration of 
limestone in anthropogenic settings. It deals with the 
alteration of limestone used in the facades of historic 
buildings subjected to atmospheric polluted 
environment. In the elevated parts, water as rainfall 
(runoff or wet deposition) or in vapor form 
(condensation or dry deposition) is the main agent of 
alteration. Thus, the rock/water interactions need to 
be well understood to propose adapted solution to 
better preserve the buildings. To identify the water 
transfer within the porous limestone and locate the 
reaction preferential sites, two isotopic tracers (D and 
18O) are used to monitor the alteration solution 
circulation in the porous network (D) and locate the 
zones containing the secondary phases, mainly 
composed of gypsum (18O). Pristine materials from 
quarry and stones from monuments (in the Paris area) 
were thus altered to compare different stages of 
alteration. After characterization at different scales 
the alteration pattern, the samples are altered in the 
laboratory by realistic and controlled wet (rainfall 
simulation) or dry (controlled relative humidity) 
deposition using isotopically labeled solutions and 
analyzed by nano-SIMS to evaluate the alteration 
rates. The multiscale characterization has allowed 
proposing alteration mechanisms linked to the 
properties of the stones and their location inside the 
building. Isotopic analyses have enabled determining 
that the water penetration and the location of the 
reactive zones are different in pristine stone from 
quarries and stones from monuments. The results 
highlight the role of the alteration layer on the 
alteration mechanisms and long-term kinetics. This 
innovative methodology will contribute to improve 
the knowledge of stone chemical alteration processes 
to develop appropriate conservation strategies for the 
buildings. 
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Amethyst crystals are exists as a vein system in 
the ophiolitic rocks in the Yukarıgöçek (Bigadiç-
Balıkesir), NW Turkey. Upper Cretaceous age 
ophiolitic rocks consist of generally serpantinite and 
metabazite which including high Fe2O3 content (8-
9%wt). These rocks cuy by Musalar pluton. The 
pluton has granite and granodioritic composition and 
contains 5-10 cm in size and rounded in shape mafic 
microgranular enclaves. The Musalar pluton show 
madium-grained, poikilitic textures, and contain 
plagioglase, orthoclase, quartz, biotite, hornblende. 
Geochemically, major and trace element variations 
diagrams can be attributed to the importance of 
fractional crystallisation which was mainly controlled 
by plagioclase and hornblende. Primitive mantle 
normalized spider diagrams of granitic samples 
exhibit significant enrichments in large-ion lithophile 
elements (LILEs); as well as depletion of high field 
strength elements (HFSE). Chondrite-normalized 
rare-earth element patterns of the pluton and 
ophiolitic rocks samples are concave upwards with 
low- to-medium enrichment. The Musalar pluton has 
high-K series and characterised by a calc-alkaline 
granodiorite-series trend. It is I-type and has 
volcanic-arc granitoids. Pluton is peraluminous with 
ratio of A/CNK > 1.  

The amethyst crystals size are between 0.3-1.5 
cm, and have lilac colors. The amethyst crystals 
settled into the cracks in the ophiolitic rocks. 
Analysis of fluid inclusions vein amethyst showed 
that average homogenization temperatures (Th) range 
from 232 to 278 oC (mean 260 oC). In  cracks 
amethyst crystals were formed during hydrothermal 
stage, depending on to the emplacemet of pluton.  

 
 
 

This work was financially supported by the Scientific 
Research Projects’ Foundation of Balıkesir 
University. 
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The Mt Carlton high-sulphidation Au-Ag-Cu 

deposit is located in the northern Bowen Basin, NE 
Queensland (Australia). High-grade mineralisation is 
confined to NE-trending, steeply dipping (75-90°) 
structures, and is hosted in a rhyodacitic unit of the 
Lizzie Creek Volcanic Group (Early Permian). The 
core of the hydrothermal system shows silicic 
alteration, with variable amounts of alunite 
(disseminated- and vein-type), anhydrite and pyrite. 
Outwards, the silicic zone progressively grades into 
an envelope of quartz-alunite-barite-pyrite à quartz-
dickite-kaolinite-pyrite à illite-montmorillonite-
pyrite alteration.  

After the alteration, the majority of metals were 
deposited in an initial stage of high-sulphidation 
mineralisation, dominated by enargite-luzonite-pyrite. 
This stage is overprinted by two intermediate-
sulphidation stages, one Zn-Pb-Au rich (sphalerite-
galena-electrum) and one Cu-(Au) rich (tennantite), 
respectively. The known mineralisation along ~800 m 
strike length shows a distinct metal zonation from NE 
to SW of Cu-Au à Cu+Zn+Pb+Ag à Ag+Pb à Ag. 
This metal zonation is mainly linked to the 
mineralogy of the initial high-sulphidation ore stage. 

Ar-Ar dating of alunite from the Mt Carlton 
lithocap gives an age of 284.3 ± 2.0 Ma. It is not 
distinguishable from U-Pb ages of the Lizzie Creek 
volcanic rocks (283-287 ± 2-4 Ma), indicating that 
the mineralisation occurred shortly after the 
formation of the host rocks. 

Stable isotope analyses (S, O, H) of sulfates 
(alunite, anhydrite and barite) and coeval pyrite 
suggest that they formed from a SO4

2--dominated 
fluid with a mixed magmatic-meteoric signature. 
Thermometric calculations based on S isotope pairs 
indicate a temperature range of ~220-130 °C for the 
hydrothermal alteration stage (alunite-pyrite), and 
~130-115 °C for late, intermediate-sulphidation ore 
(sphalerite-galena, sphalerite-pyrite).  

The combined petrographic and isotopic evidence 
thus suggest that a cooling fluid that evolved from 
high- to intermediate-sulphidation states was 
involved in the genesis of the Mt Carlton deposit.  
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Uranium mineralization has often been associated 

with sodium metasomatism [1]. In the Proterozoic 
Banganapalle Quartzite in the Palnad basin, uranium 
mineralization occurs just above the Eparchean 
unconformity at Koppunuru. Sodium metasomatism 
accompanying U-mineralization is evidenced by the 
coarsening of albite lamellae in perthitic K-feldspar 
as well as by the complete replacement of K-feldspar 
by albite. Also, widespread sericitization of K-
feldspar accounts for some excess of Na that is 
incorporated into sericite. While the U-mineralization 
in the Banganapalle Quartzite is practically free from 
any Th, exclusively Th-bearing phases occur in 
association with hydrothermally altered zircon and 
monazite in the basement granitoids implying 
decoupling of U from Th during the hydrothermal 
mobilization. High-T experimental evidence shows 
that such decoupling can take place in case of 
carbonate or chloride complexation of U as against 
fluoride complexation in magmatic hydrothermal 
solutions [2]. From the observation of Na-
metasomatism at Koppunuru and room-temperature 
dissolution experiments on synthetic baddeleyite 
(ZrO2), we conclude that considerable dissolution of 
zircon can occur leading to the formation of Na-
zirconosilicate complexes and release of U.  Selective 
incorporation and transport of U rather than Th in 
such complexes possibly gave rise to the U-
mineralization at Koppunuru.  

 
[1] Cuney et al. (2012) Ore Geol. Rev. 44, 81–106. 
[2] Keppler & Wyllie (1990) Nature 348, 531–533. 
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 Variation of uranium isotope ratio in soil has 
been noticed in different geological backgrounds and 
artificially contaminated by nuclear weapon or 
nuclear accident. 

  There are 3 natural uranium isotopes such as 
234U, 235U, 238U. 236U is also natural but this isotope is 
originated from nuclear power plants or nuclear 
bomb. Therefore, it can be used as a fingerprint for 
investigating the nuclear power plant accident. 
However, abundance of 236U is very low in 
environmental samples and difficult to detect by ICP-
MS or alpha spectrometry.  

  In our study, we have determined 236U/238U ratio 
in soil samples using a high precision thermal 
ionisation mass spectrometer, (Isotopx Ltd. Phoenix 
62X). Soil samples were selected from Chernobyl in 
Russia, Kosovo in Serbia, Hiroshima in Japan, and 
Fukushima in Japan. These samples were influenced 
by some artificial nuclear accident. Furthermore, we 
have analysed NIST 4350b (River sediment in USA) 
and JSd-2, Japanese geological standards. 

  Samples were decomposed by microwave 
system with mixed acid. We have developed 
UTEVA-UTEVA separation to remove Fe since 
Japanese soil samples have relatively high Fe content 
to achieve high precision analysis by TIMS. The 
detection limit of 236U/238U ratio by TIMS yielded 10-

9~10-10. Uranium ore sample which was not affected 
by nuclear accidents yielded to 10-9. Chernobyl and 
Kosovo soil sample have high 236U/238U ratio as 10-

4~10-5. NIST 4350b, JSd-2, Fukushima and 
Hiroshima soil sample were in range of 10-7.  
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Since the development of compound specific 

sulfur isotope analysis (CSSIA) capabilities by GC 
coupled to MC-ICPMS for volatile sulfur 
compounds, this technique has been applied to 
several fields from petroleum geochemistry to 
oceanography. In the current study we have extended 
the capabilities of CSSIA to gases and more 
specifically petroleum gases, including sour gases, 
with high percentage of H2S. The analysis of trace 
sulfur compounds in natural gas is potentially 
informative for recognizing several reservoir 
processes which impact the quality and production of 
petroleum such as thermochemical and microbial 
sulfate reduction and thermal cracking of petroleum 
and source rocks. Other applications may include 
analysis of trace sulfur gases from the ocean , 
atmosphere ,wetlends, sea ice and anoxic sediments 
.The analysis of ppm level sulfur compounds such as 
methanthiol  or dimethyl sulfides in the presence of 
percent levels of H2S is challenging because of: 1. the 
high reactivity of these compounds with surfaces and 
other compounds 2. the severe tailing of H2S in the 
GC column and 3. sulfur saturation of the ICPMS.  
We used a modified GC with pasivated linens that is 
equipped with a gas inlet and a special valve that can 
transfer the H2S away from the ICPMS and prevent 
its saturation. This valve transfers the gas to a thermal 
conductivity detector and thus enables a precise peak 
cut with no effect on the other sulfur peaks. This in 
turn enables analysis of sulfur compounds down to 
sub-ppm level in the presence of 30% H2S. We 
prepared several gas mixtures that simulated sour gas 
with variable concentrations of methane (65-95%), 
H2S (0.01 -30% ) and organic sulfur compounds (0.1 
– 20 ppm) to test the method. Precision and accuracy 
varied among the different sulfur compounds (2 ppm) 
and ranged from 0.1 to 0.6‰ after H2S (20%) was cut 
out. We are now applying this new method to natural 
sour gas samples from basins around the world. 
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The mineralogy, geochemistry, and thermo-

chemical conversion (pyrolysis) of the coal-mine 
shale (CMS) from Northeast India are investigated 
with a special emphasis on the possibility of 
producing liquid fraction (tar). A combined approach 
using X-Ray diffraction (LTA-XRD), Fourier 
transform infrared spectroscopy (FT-IR), Scanning 
electron microscopy (SEM) equipped with an energy-
dispersive X-ray spectrophotometer (EDS), X-ray 
fluorescence spectrometry (XRF), inductively 
coupled plasma mass spectrometry (ICP-MS), 
thermogravimetry-derivative and differential 
thermogravimetric (TG-DTG and DTA) analysis is 
made to address new information on the mineralogy 
and geochemistry of a typical coal-mine shale (CMS) 
sample. The presence of rare earth elements (REE’s) 
is also observed in the coal-mine shale sample. GC-
MS analysis of the tar at 600°C illustrates the 
presence of highly oxygenated organic components 
(M.W. around 94-108) and high molecular weight 
(M.W. 256) cyclic sulphur compounds along with the 
complex N-containing organic sulphur compounds 
(M.W. around 255-486) in the tar produced.  
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Deoxygenation is the major process behind 

generation of hypoxia and so-called blackwater in 
coastal waterways. However the fundamental 
geochemistry of deoxygenation induced by solar 
irradiation in such systems is largely unknown. This 
study investigates the magnitude and rate of dissolved 
oxygen (DO) consumption during simulated solar 
irradiation of model, humic-rich freshwaters. 
Specifically, we aimed to elucidate the relationships 
between dissolved organic matter (DOM) types and 
environmental conditions including pH and 
temperature in order to improve the understanding of 
the coastal hypoxia blackwater generation 
mechanism.  

Experiments were conducted with three standard 
dissolved humic substances (HS): one aquatic fulvic 
acid (Suwannee River Fulvic Acid standard, SRFA) 
and two soil humic acids (Pahokee Peat Humic Acid 
Standard, PPHA; and Leonardite Humic Acid 
standard, LHA). DO concentrations were measured 
as a function of irradiation time in order to determine 
the magnitude and apparent first-order rate constant 
for DO consumption. In addition, spectrophotometric 
measuremennts were used to calculate the optical 
properties E2/E3 and SUVA280, while the redox 
state of the DOM was analysed by a 
spectrophotometric assay using the redox active dye 
dichloroindolphenol (DCPIP). 

Results showed that all DOM solutions consumed 
DO during irradiation, and the majority DO 
consumption occurred in the initial 3 hours of 
irradiation. The magnitude of DO consumption was 
found to vary with DOM type, pH and temperature, 
while the apparent first-order rate constant was 
relatively stable. SUVA280 increased slightly after 3 
hours of irradiation for all DOM solutions; E2/E3 
decreased with DOM concentration, but increased 
with irradiation time; and redox states generally 
decreased slightly with DOM concentration. 

The results suggest that in hypoxic blackwater 
systems, there is not a simple relationship between 
chromorphoric properties of DOM and DO 
consumption potential. Further studies involving 
other components of real blackwater systems such as 
trace metals and biota are required to fully understand 
the role of photochemistry in these environments. 
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Löllingite and euhedral arsenopyrite crystals are 

reported from granulite facies spessartine-almandine 
garnet rocks closely associated with the Pb- and Zn-
sulfide orebodies at the Broken Hill deposit, Southern 
Curnamona Province (SCP), New South Wales, 
Australia [1,2]. Sulfide minerals comprise löllingite 
and coexisting arsenopyrite ± galena ± tetrahedrite 
interestitial to garnet crystals. Löllingite formed first 
whereas gold-bearing löllingite, now occurring as 
relicts in arsenopyrite, was destroyed to produce 
arsenopyrite ± gold microinclusions. 

Standard mineral separation procedures produced 
pure separates of löllingite, arsenopyrite and 
arsenopyrite ± löllingite. Re-Os data of these mineral 
fractions show a very narrow range of 187Re/188Os (7 
to 11) and 187Os/188Os ratios (0.8505 to 0.9650) but in 
187Os/188Os  vs. 187Re/188Os space define a Model 1 
isochron (n = 14) with an age of 1534 ± 33 Ma (2σ; 
MSWD = 0.78, initial 187Os/188Os ratio of 0.672 ± 
0.005). Os and Re contents are extremely high for all 
sulfide phases (Re = 120‒475 ppb; Os = 65‒345 ppb) 
likely as a result of concentration of Re and Os in 
these minerals during granulite facies metamorphism, 
from the inferred exhalite protolith. 

In the polydeformational and polymetamorphic 
history of the granulite facies rocks of the SCP, 
monazite grew from lower amphibolite facies at ca. 
1657 Ma to granulite facies at ca. 1602 Ma [3]. The 
current age of sulfide mineralization implies a 
cooling rate of 3 to 4ºC/Ma in the SCP from ca. 
780ºC (monazite precipitation) to ca. <550ºC and 
formation of arsenopyrite from the destruction of 
gold-bearing löllingite during late retrograde 
metamorphism [3, this study].    

 
[1] Spry, P.G., Wonder, J.D. (1989) Can Miner 

27, 275-292. 
[2] Plimmer, I.R. (2006) Miner Petro 88, 443-478 
[3]McFarlane, C.R.M., and Frost, B.R., (2009) J 

Metamorphic Geol 27, 3-17 
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Hybrid-Type Proto-Atmosphere on a 
Growing Mars  

 According to the recent analyses of Martian 
meteorites, the early Martian mantle was possibly wet 
[1, 2, 3]. Because of the lack of plate tectonics on 
Mars, water is likely to be partitioned to the interior 
during accretion era. A planetary-scale magma ocean 
produced by the accretion energy and/or the blanket 
effect of the proto-atmosphere possibly absorbs a vast 
amount of water. However, it remains an open 
question how such a magma ocean could be formed 
on accreting Mars.  

 Recent Hf-W and Fe-Ni chronology 
suggests that the accretion of Mars had been almost 
completed within a few Myr after the formation of 
the CAI [4, 5]. During such a rapid accretion, a proto-
Mars might gravitationally keep both the solar nebula 
component and the impact-induced degassed 
component as a proto-atmosphere. We call this 
atmosphere hybrid-type proto-atmosphere.  
 In this study, we analyze the thermal 
structure of hybrid-type proto-atmosphere by 
developing a 1D radiative-equilibrium model. For the 
building blocks of Mars, we employ the two 
component model [6], which contains 35% of 
volatile-rich, oxidized CI chondritic material and 
65% of volatile-poor, reduced E chondritic material. 
Degassed volatile consists of H2, H2O, CO and CH4 
with mixing ratio determined by the chemical 
equilibrium with molten silicate and metal produced 
by impact shock heating. Then, we solve the 
evolution of hybrid-type atmosphere with the growth 
of a proto-Mars.  
 
Role for the Wet Martian Mantle 

 Our numerical model predicts that under 
the feasible range for the accretion time and nebula 
dissipation time scale, the proto-atmosphere becomes 
so massive and hot enough to produce the magma 
ocean during the last half stage of accretion. The total 
amount of water partitioned into the magma is 
estimated to be ~9.6×1020 kg or more (~1900 ppm in 
average for the mantle). This may account for the wet 
Martian mantle suggested from the petrological 
evidence. 
 
[1] McCubbin et al., (2012) Geology 40, 683-686. [2] 
Gross et al., (2013) EPSL 369-370, 120-128. [3] 
Balta et al., (2013) Geology 41, 1115-1118. [4] 
Dauphas & Pourmand (2011) Nature 473, 489-492. 
[5] Tang & Dauphas (2014) EPSL 390, 264-274. [6] 
Dreibus and Wanke (1987) Icarus 71, 225-240 
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Hydrothermal quartz retaining ancient 
seawater 

Seawater salinity is a critically important 
component for limiting the concentrations of other 
cations. The analyses of fluid inclusions in 
hydrothermal quartz precipitated during seafloor 
hydrothermal alteration are useful for estimating the 
salinity of ancient seawater [1]. We performed PIXE 
[2] and microthermometric analyses on the fluid 
inclusions in hydrothermal quartz from the 2.2 Ga 
Ongeluk Formation, which consists mainly of 
submarine volcanics [3]. 
Results and estimation of 2.2 Ga seawater 
salinity 

These fluid inclusions were individually analyzed 
with microthermometry and PIXE to obtain 
concentrations of Cl, Na, K, Ca, Mn, Fe, Cu, Zn, Br, 
and other elements. The results show bimodal salinity 
distributions for the primary (high-salinity) and 
secondary (relatively low-salinity) fluid inclusions. 
For the primary inclusions, a wide Na/Ca variation 
was identified. Furthermore, a wide variation in 
transition metal concentrations in the Na-rich primary 
inclusions. The primary compositional variations can 
be explained by three-endmember mixing processes 
among seawater, Ca-rich hydrothermal fluid  affected 
by albitization (Ca-Na exchange reaction) and 
transition metal-rich hydrothermal fluid probably 
affected by high temperature water/rock reactions. 
These reactions are similar to those observed in 
modern subseafloor hydrothermal systems. The 
estimated seawater salinity is approximately six times 
greater than the modern value, indicating a secular 
fluctuation of seawater salinity through Earth history. 
 
[1] Weiershäuser et al. (2005) Precam. Res., 138, 89–
123. [2] Kurosawa et al. (2008) Nucl. Instrum. 
Methods Phys. Res. B, 266, 3633–3642. [3] Gutzmer 
et al. (2003) Chem. Geol. 201, 37–53.  
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Authigenic carbonate may have played a major role 
in the global carbon cycle in Earth’s history. The 
carbon isotopic composition of authigenic carbonates 
in ancient oceans have been assumed to be 
significantly lower than that of seawater DIC, 
although the d13C values of authigenic carbonates in 
the past has not been analyzed in detail. We report 
authigenic carbonates in the uppermost Guadalupian 
(Middle Permian) rocks at Chaotian, Sichuan, South 
China. Monocrystalline calcite crystals <20 mm long 
are common in the black mudstone/chert sequence 
that was deposited on a deep slope/basin along the 
continental margin. The calcite precipitation 
corresponds stratigraphically with denitrification and 
sulfate reduction in the anoxic deep-water mass. 
Relatively high d13C values of the authigenic 
carbonates (largely -1‰) compared with those of 
organic matter in the rocks (ca. -26‰) suggest that 
the main carbon source of the carbonates was 
seawater DIC. The calcite crystals precipitated in an 
open system with respect to carbonate, possibly near 
the sediment-water interface rather than deep within 
the sediments. The d13C values of the carbonates 
were close to the value of seawater DIC due to 
mixing of remineralized organic carbon with the large 
DIC pool in the oceans. d13C values of authigenic 
carbonates in the anoxic oceans might have been 
systematically different from the values in the oxic 
oceans in Earth’s history. Authigenic carbonates with 
relatively high d13C values in the ancient anoxic 
oceans may have had a less substantial influence on 
the bulk d13C values in geologic records than 
previously suggested. 
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This study shows the oils and condensates of 

Algyő field and the close highs around it. Forty-two 
samples are examined using bulk composition, 
isotopic and molecular geochemistry to describe the 
compositional differences among them. 18 oils of 
them [1 and 2], ~55 gases and ~25 oils of the area [3] 
were studied previously. The geological history of the 
area studied (structures and trap formation, basin 
filling, timing etc.) has already been discussed in 
details [4]. 
The goals of the present work were to determine the 
source facies and thermal maturity of the 
hydrocarbons and to understand the relationship 
among the oils and condensates and the processes 
regulating their composition. 
Unusual trends of decreasing maturities and 
increasing densities as a function of depth were found 
on the basis of biomarker results, i.e. the most-
matured oils were trapped in the shallower Pliocene 
reservoirs, whereas thermally less-altered oils 
accumulated in deeper reservoirs. 

The basin forming tectonic activity resulted in 
several types of faulting (wrench, thrust, extensional, 
listric, normal) and intra-basement arches provide 
conduits for hydrocarbons. The Algyő high has 30-40 
important reservoirs, and the pay thickness varies 
between 5 and 20 metres. 
The isoprenoid and n-alkane profiles helped us to 
elucidate the migration processes responsible for the 
differences observed. 

The isotopic composition of oils and condensates 
fall in the same range. However, on the basis of 
carbon isotope type-curves, reflecting major 
differences in the isotopic composition of asphaltenes 
and resins, the oils originating from the Upper and 
from the Lower Pannonian (above and below ~1950 
m depth, respectively) are separated from each other. 
 

This research was supported by the Hungarian 
Scientific Research Fund (OTKA) through grant 
number 84086. 
 
[1] Sajgó (1984) Org. Geochem. 6, 569-578. [2] 
Sajgó (2000) Org. Geochem. 31, 1301-1323. [3] 
Koncz & Etler (1994) Org. Geochem. 21, 1069-1080. 
[4] Magyar et al. (2006). AAPG Mem. 84, 619 – 632. 
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 The ~20 ppm excess in the 142Nd/144Nd ratio 
of Bulk Silicate Earth (BSE) relative to chondrites is 
interpreted to reflect an early global silicate 
differentiation during the lifetime of 146Sm [1]. 
However, significant variability that do not correlate 
with Sm/Nd ratio exists in 142Nd/144Nd ratios within 
chondrite groups, suggesting that a component of the 
terrestrial excess could reflect nucleosynthetic 
heterogeneity [2]. Distinguishing between these 
contrasting interpretations of Earth’s µ142Nd (µ=106 
deviations from JNdi-1 standard) excess necessitates 
a better understanding of the Nd-isotope composition 
of chondrites, including the µ145Nd, µ146Nd, µ 148Nd 
and µ 150Nd values. 

 Taking advantage of a novel analytical 
protocol using MC-ICPMS [3], we report Nd-isotope 
data for a number of carbonaceous, ordinary and 
enstatite chondrites as well as Tagish Lake acid 
leachates with an external reproducibility of 2.4, 1.6, 
1.6 and 3.5 ppm for µ142Nd, µ145Nd, µ146Nd and 
µ150Nd, respectively, when normalized to 148Nd/144Nd. 
Carbonaceous chondrites return µ142Nd values that 
range from –26.1±4.7 to –10.9±1.7 ppm whereas 
ordinary and enstatite chondrites display similar 
variability with µ142Nd values ranging from –
10.7±1.6 to –4.2±1.8 ppm. The µ142Nd display a clear 
positive correlation with µ146Nd, which regresses 
back to the BSE composition (µ142Nd=0, µ146Nd=0) 
within uncertainty. The µ145Nd and µ150Nd are 
indistinguishable from JNdi-1 for most samples. 
Analysis of Tagish Lake leachates reveal large 
internal variations consistent with progressive 
dissolution of s- and r- process carriers. Except two 
r–process rich fractions, the leachates plot along the 
same µ142Nd-µ146Nd correlation line as bulk 
chondrites. As 142Nd and 146Nd are both s-process 
dominated nuclides, we interpret this correlation as 
reflecting variations in the proportion of s–process 
Nd  and conclude that the ~20 ppm excess of BSE 
relative to chondrites is purely nucleosynthetic. The 
s-process enrichment of BSE relative to chondrites 
that we find, is in agreement with similar inferences 
from Mo and Zr isotope studies [4,5].  
 [1] Boyet & Carlson, 2005, Science 309, 576 [2] 
Gannoun et al., 2011, PNAS 108, 7693 [3] Saji et al, 
2016, JAAS (submitted) [4] Burkhardt et al, 2011, 
EPSL 312, 390 [5] Akram et al, 2015, GCA 165, 484 
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The importance of soil organic matter especially 

of microbial carbon in rhizosphere has recently been 
discussed in many studies regarding global carbon 
dynamics. Sclerotia of ectomycorrhizal fungus 
Cenococcum geophilum can be preserved in forest 
soils for long period.[1] In our previous studies, we 
reported a characteristic concentration of aluminum 
in sclerotia.[2] In this study, we examined Al and 
carbon content  in Cg sclerotia found from low pH 
forest soils, to discuss their characteristics and 
behavior as soil organic matter during their 
persistence time. 

Figure 1: SEM-EDX analysis on the transverse cell wall of 
scleorium.. 
 

Through SEM-EDX measurement of Al and 
carbon contents in the transverse cell wall (Fig. 1) 
and dating of AMS 14C ages of sclerotia, it was 
suggested that Al content of sclerotia at initial stage 
might be low. However, in some cases, there was a 
possibility that sclerotia contained relatively high 
amount of Al from its initial stage, or, its Al content 
increased due to decomposition of carbon of its cell 
wall. Al content in sclerotia was likely to be regulated 
by soil chemical properties and by microbial activity 
to dissolve metal elements from soil minerals. 
 

[1] Trappe (1964) Lloydia 27, 100-106. [2] Watanabe et 
al. (2001) Soil Sci. Plant Nutr. 47, 411-488. 
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The input histories of 236U to the surface water of 
the Northwest Pacific were reconstructed through 
measurement of the 236U/238U atom ratio in annually 
banded coral skeletons which were collected at Kume 
Island on the Kuroshio Current at the Northeast 
Pacific and Iki Island in the Tsushima Strait which is 
the main entrance to the Japan Sea. The 236U/238U 
atom ratios and concentrations of U isotopes were 
measured for the period 1930s-2010s using AMS and 
ICP-MS. The 236U/238U atom ratios revealed three 
prominent peaks in 1954-55, 1958-59 and 1963; 
thereafter the isotope ratios gradually decreased over 
the next several decades, attaining values of surface 
ocean water for the present day. Using these results, 
the mixing ratio between Kuroshio Current and other 
current/water-mass flowing into the Japan Sea as 
Tsushima Current was estimated as 70:30 for general 
conditions. A simplified vertical eddy diffusion 
model for 236U in the Japan Sea, using the 
reconstructed time-series of surface water  236U 
together with observed depth profiles for 236U in the 
water column in 2010, yielded diffusion coefficients 
of 3.4-5.6 cm2/s for 6 sampling points. The diffusion 
coefficient values obtained for the northern stations 
were relatively large and fitting uncertainties were 
also large. We presumed that the distribution of 236U 
in the water column has been influenced not only by 
diffusion but also by subduction of the surface water 
in the Japan Sea. 
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The Southern Ocean has played an important role 
in the global carbon cycle and thus the climate 
system. The Southern Ocean has been proposed as a 
candidate for the site of carbon reservoir to account 
for the 80 ppm decrease in pCO2 between  the glacial 
and interglacial periods. In order to examine the 
potential of the Southern Ocean as a carbon reservoir 
in the last glaical period, we investigated extent of 
changes in the redox conditions recorded in the 
sediment core COR-1bPC recovered at the Conrad 
Rise (KH10-7 cruise).  

The lower part of the core is dark-colored and 
rich in organic matter (OM) that was likely produced 
by photosynthesis (CO2 + H2O à CH2O + O2) in the 
surface ocean and preserved in an anoxic sediment, 
where bacterial sulfate reduction (BSR) occurs. 
Relative abundance of S-bearing species in the 
sediment and their stable isotope compositions hold 
keys to understand redox environments. We 
determined abundance of five S-bearing species; 
pyrite (Spy), sulfate (SSO4), acid-volatile sulfide (SAVS), 
elemental sulfur (S0), and organic sulfur (Sorg). 
Isotope compositions of Spy and SSO4 were determined 
by EA-irMS.  

The lower part of the core covering the last 
glacial (uppermost Pleistocene) has higher Spy 
contents than in the upper part (Holocene), and has 
average δ34Spy value to be –52.9±2.5‰ (1σ) and 
δ34SSO4 value +14.6‰±8.3‰, which is significantly 
lower than the δ34SSO4 value of seawater (+21‰). We 
suggest that such δ34SSO4 value was due to addition of 
low-δ34S  sulfate created by partial oxidation of 
bacteriogenic sulfides. In the Holocene unit, however, 
the average δ34SSO4 value is +23.6‰ (higher than 
δ34SSW). We suggest that such δ34SSO4 value was due 
to active BSR followed by escape of low-δ34S 
bacteriogenic HS- from sediment (not fixed as FeS2). 

In the last glacial period in the Southern Ocean, 
pyrite formation was likely facilitated by elevated 
eolian Fe flux due to latitudinal high pressure 
gradient, which triggered enhanced primary 
production and creation of anoxic condition in 
sediment (by O2 consumption for decomposition of 
OM). In the Holocene, supressed Fe flux ultimately 
inhibted pyrite formation. The ~80ppm pCO2 dcrease 
in glacial-interglacial transition is due to changes in 
the Fe flux. 
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Introduction  

Radical change of lithology of ca. 3.2 Ga Fig 
Tree Group changed is corresponded to rapid change 
of sedimentary environments. It is unclear as to how 
microbial ecosystem responded to such 
environmental change in the Fig Tree Group. In order 
to approach this problem, geological survey was 
performed on banded iron formations (BIFs) and 
associated sedimentary rocks of the Fig Tree Group 
in Eureka Syncline area. Eight different banded iron 
formations and black cherts, which belong to Belvue 
Road Formation, were identified around Waggon 
Road Au Mine. Shale and sandstone of Sheba 
Formation are underlying these BIFs concordantly. 
Result and discussion 

Siderite is abundant in examined BIFs and cherts. 
Siderite was most likely diagenetic mineral, because 
relatively large grain size (30-200 μm). On the other 
hand, euhedral hematite crystals (< 5 μm), which 
were protected by microcrystalline quartz, were 
found, implying the possibility of preserved primary 
oxides. Sulfide minerals, such as pyrite and 
arsenopyrite, are more abundant in Sheba Formation 
as ferrugineous minerals.  Chalcopyrite and sphalerite 
rich black shale is also found near Sheba Mine area in 
the same Sheba Formation. Common occurrence of 
these sulfides in Sheba Formation suggests 
sedimentation of black shale was taking place under 
the influence of submarine hydrothermal activities. 
Concentrations of organic carbon in Sheba Formation 
are from 0.05 to 0.50 wt %. Their δ13C values range 
from −27.7 to −24.1 ‰ (PDB). Black cherts in 
Belvue Road Formation contain organic carbon from 
0.03 to 0.13 wt %. Thier δ13C values are more 
variavle (−30.1 to −17.5 ‰(PDB)), compared to 
those of Sheba Formation. This probably indicates 
more diverse microbial activities during 
sedimentation of Belvue Road Formation. Nitrogen 
isotope compositions of kerogen in Belvue Road 
Formation range from 2.1 to 2.6 per mil, implying 
microbial nitrogen-fixing and/or denitrification. 
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The MgSiO3 post-perovskite phase is the most 
abundant silicate phase in a super-Earth’s mantle, 
although it only exists within the Earth’s lowermost 
mantle. In this study, we established the thermal 
equation of state (EoS) of the MgSiO3 post-
perovskite phase, which were determined by using 
both laser-heated diamond anvil cell and density-
functional theoretical techniques, within a multi-
megabar pressure range, corresponding to the 
conditions of a super-Earth’s mantle. The LHDAC 
experiments were performed at up to a pressure of 
265 GPa at a temperature of 300 K, and 170 GPa at 
2560 K. The ab initio calculations were performed at 
up to 1.2 TPa and 5000 K. The Keane and AP2 EoS 
models were adopted for the first time to extract 
meaningful physical properties. The experimentally 
determined Grüneisen parameter and its volume 
dependence were found to be consistent with their 
theoretically obtained values. This reduced the 
previously reported discrepancy observed between 
experiment and theory. Both the experimental and 
theoretical EoS were also found to be in very good 
agreement for volumes at pressures and temperatures 
of up to 300 GPa and 5000 K. Our newly developed 
EoSs are considerably useful to discuss the physical 
properties of not only the Earth’s lowermost mantle, 
but also a super-Earth’s mantle. 
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Behavior of cadmium ion (Cd2+) in environment 
is greatly concerned because of its strong toxicity.  In 
soil sphere, Cd2+ has been thought to adsorb onto 
surface of soil particles by forming inner sphere 
complexes.  With increasing the surface coverage of 
Cd2+, they may convert to hydroxide (β-Cd(OH)2). 
However, no report has been published on another 
behaviour of Cd2+ in spite of the possibility.  
Therefore, in this study, hydrolysis of Cd2+ was 
investigated in cadmium nitrate (Cd(NO3)2) aqueous 
solution because of abundance of nitrate ion (NO3

-) in 
soil sphere and relatively strong coordination of NO3

- 
to Cd2+.  

Hydrolysis experiments were performed by 
adding 2.0 M NaOH to 0.33 M Cd(NO3)2.  The initial 
pH of Cd(NO3)2 solution was around 4.  Immediately 
after the addition of NaOH solution, pH increased to 
neutral range and then it was approximately constant 
for a while.  The addition of NaOH solution was 
continued until pH increased to more than 12.  
Majority of the hydrolysis took place around pH 7.  
Solid samples were collected in the course of 
hydrolysis, i.e., at several points with different 
amount of NaOH additions.  XRD patterns of the 
samples collected around pH 7 revealed they were 
not β-Cd(OH)2 but Cd double salts containing NO3

- in 
their structure.  According to the XRD results, β-
Cd(OH)2 was not formed until the pH increased up to 
12.  From chemical analysis of the solid samples, the 
existence of NO3

- was confirmed and NO3
-/Cd ratios 

agreed well with those predicted from XRD results.  
The 113Cd MAS NMR spectrum of the solid sample 
collected at pH 12 showed a peak at 142 ppm relative 
to 1 M Cd(ClO4)2 solution, which corresponds to β-
Cd(OH)2.  However, the solid samples obtained at 
neutral pH range showed various peaks from 142 to 
159 ppm.  These peaks probably correspond to Cd 
species in double salts. 

In conclusion, we could reasonably demonstrate 
that hydrolysis products of Cd2+ in hydrosphere was 
not β-Cd(OH)2 but double salts containing co-existing 
anions in their structure, such as 
Cd5(OH)8(NO3)2·2H2O and Cd(OH)NO3·H2O. 
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Ringwoodite, the γ-phase of olivine, is a 

dominant phase in the mantle transition zone, but its 
natural occurrence is limited to inclusions in diamond 
since ringwoodite normally decomposes during 
mantle upwelling. In our search for ultra-deep 
evidence from Navajo Volcanic Field in the Colorado 
Plateau, we discovered unusual oriented lamellae of 
diopside and magnetite in several olivine grains 
suggesting former ringwoodite among examined 
hundreds of olivine xenocrysts from the Oligocene 
diatremes at Green Knobs and Buell Park. Discrete 
host olivine crystals (2-5 mm across) are Fo89-93. 
Lamellae of diopside and magnetite occur in slightly 
Fe-rich grains (Fo89-92). Diopside lamellae is Di95 with 
minor amounts of Al2O3 (0.5 wt%), Na2O (0.2 wt%), 
and Cr2O3 (0.2 wt%). Magnetite lamellae contain 
significant amounts of Cr2O3 (13-17 wt%) in one 
olivine grain (Fo91) containing lamellae densely. 
These olivine grains with diopside and magnetite 
lamellae are consistent with previous experimental 
predictions of hydrous Fe-rich ringwoodite 
breakdown (Koch-Muller et al. 2009). Discovered 
lamellae of diopside and magnetite in olivine suggest 
the decomposition of hydrous Fe-rich ringwoodite 
coexisting with α-olivine. Fe3+ in magnetite was 
produced by dehydration-oxidation reaction when 
ringwoodite was decomposed by the reaction, Fe2+ + 
OH– = Fe3+ + O2– + 1/2H2. This OH-associated 
oxidation reaction consumed water of ringwoodite 
itself. The ringwoodite stability in the (Mg,Fe)SiO4 

system requires that the precursor materials formed in 
a deep mantle setting (> 300 km) and were 
transported by a mantle plume from around the 
transition zone to break down into olivine and 
diopside- magnetite lamellae. Finally, they were 
transported to the surface by an explosive SUM 
diatreme eruption. Some olivine xenocrysts in the 
Colorado Plateau may be originated from deeper 
mantle than we thought. 

 
Koch-Muller et al. (2009) Phys. Chem. Minerals 36, 
329–341.  
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Background 
As an important component of magmas, H2O 

shows significant influence on their physical and 
chemical properties. Especially, water effect on the 
density of magmas need to be understood  because 
density is one of the most important properties and it 
controls the depth of density-crossover between 
magma and surrounding rock, and the gravitational 
stability. In order to investigate the density of 
hydrous magma, the partial molar volume of H2O (V

―

H2O) and its pressure- and temperature-dependences 
are essential. Here, I’d like to show isothermal 
compression curve of V

―

H2O in magma by compiling 
previous works. 

Results 
Depending on target experimental conditions, 

several techniques, such as X-ray absorption method 
and sink-float method, have been used for density 
measurements of hydrous magma. These techniques 
have provided knowledge on the density of hydrous 
magmas and V

―

H2O over wide temperature, pressure 
and composition ranges. Summarizing P-T-V

―

H2O data, 
I introduce the compression curve by fitting to Vinet 
equation of state. The compressibility of V

―

H2O is 
divided into three pressure regions: 1) high 
compressibility region below 0.5 GPa; 2) 
intermediate region between 0.5 GPa and 5 GPa; 3) 
low compressibility region above 5 GPa. Although 
H2O is one of the most compressible oxides in the 
magma under lower pressure conditions, the 
compressibility contrast between V

―

H2O and partial 
molar volume of other oxides reduces with pressure. 
The change in water effect on the magma density can 
result in a change in the magma mobility in the 
Earth’s interior. Quantitative understanding of the 
mobility is a help to explain the origin of geophysical 
anomaly. 
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We conducted geochemical examinations of the 

Haybi volcanics and amphibolites of metamorphic 
sole from the Sumeini Window in the basal part of 
the northern Oman ophiolite to understand the 
protolith of amphibolites and their geochemical 
relationship to the Haybi volcanics.  

 By examination of whole rock compositions 
using discrimination diagrams and C1 chondrite-
normalized patterns of rare earth elements (REE) 
Haybi volcanics can be divided into either OIB or E-
MORB type. OIB-type basalts are pillow lava and 
lava sheet of alkali basalt to bsasanite and is located 
beneath E-MORB type that is blocks of 
trachyandesite to dacite enclosed in metachart. On the 
other hand, amphibolites can be divided into N-
MORB to E-MORB type. Amphibolites with E-
MORB affinity are geochemically similar to E-
MORB type volcanic rocks.  Whole rock Nd isotope 
ratio and La/Yb ratio of amphibolites show a broadly 
negative correlation that is similar to those of 
volcanic rocks from Kerguelen islands. These 
variations generally can be explained by a mixing 
between MORB source mantle and isotopically 
enriched mantle followed by various degrees of 
melting.  

Our results indicate that the N-MORB, E-MORB 
and OIB type volcanic rocks were distributed on a 
oceanic crust prior to the thrusting of Oman ophiolite. 
Then, N-MORB and E-MORB were subducted 
beneath ophiolite so that they were metamorphosed to 
amphibolite by thermal metamorphism and accreted 
to the base of the ophiolite. On the other hand, OIB-
type volcanic rocks and part of E-MORB that are free 
from thermal metamorphism and accreted beneath 
metamorphic sole at relatively lower temperature and 
formed the Haybi Complex. 
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Dimethyl sulfide (DMS), which is the most 
dominant sulfur (S) source in the marine atmosphere, 
is oxidized to H2SO4 in the atmosphere, and this acid 
is considered as important factor to control climate 
change because H2SO4 acts as cloud condensation 
nuclei [1, 2]. Thus, it is essential to consider the S 
cycle in marine environments for the evaluation of 
climate change. However, atmospheric behaviors of 
DMS and intermediates from DMS to H2SO4 have 
not been clear. In this study, S speciation using X-ray 
absorption fine structure (XAFS) spectroscopy was 
conducted to clarify atmospheric behavior of DMS 
and its oxidized products. In addition, speciation of 
sodium (Na) and magnesium (Mg) were also 
conducted to decide sink of DMS and its oxidized 
products accurately.  

Size-fractionated aerosol particles above the 
Antarctic and the equatorial Pacific Oceans were 
collected during cruise of KH-14-6 (R/V Hakuho-
Maru, GEOTRACES). Speciation experiments of Na, 
Mg and S for aerosols were conducted by XAFS 
spectroscopy at BL27SU in SPring-8, Japan and 
BL10.3.2. in Advanced Light Source, U.S.A. 
     Reduced S were significantly concentrated in 
submicron aerosols obtained the both eutrophic and 
oligotrophic oceanic regions, although DMS is 
unstable due to the high reactivity with OH radical. 
Considering the co-existing elements in the 
submicron aerosols, reduced S was contained within 
sea spray aerosol (SSA) together with Na and Mg. On 
the other hand, S species in submicron aerosols 
without Na and Mg were sulfate. It is considered that 
SSA is one of the important sink of DMS and its 
oxidized products. As results of speciation of Na and 
Mg, a  part of Na species was Na-organic complex, 
whereas Mg species were MgSO4�7H2O. These 
results suggested that uptake of reduced S is related 
to Na. It is important and direct evidence for uptake 
of DMS and its oxidized products into SSA. It is 
considered that SSA is one of the important sink of 
DMS and its oxidized products in the marine 
atmosphere. 
[1] Charlson et al. (1987) Nature, 326, 655-661. [2] 
Barnes et al. (2006) Chem. Rev. 106, 940-975. 
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Determination of U-Th-Pb age and concentration 
of rare earth elements (REEs) in zircon using laser 
ablation inductively coupled plasma mass 
spectrometry (LA-ICP-MS) is versatile tool for 
geological and geochemical research.  However, in 
dating, the isobaric interference on 204Pb from 204Hg 
which is derived from the impurity of the argon gas 
for ICP ion source has been an unsolvable problem 
and, in quantification of REEs, the polyatomic 
interference is also a problem for accurate 
measurement.  In this presentation, we would like to 
demonstrate the effectiveness of coupling tandem 
quadrupole mass spectrometer (MS/MS) and 
collision/reaction cell (CRC) for in-situ U-Th-Pb 
dating and quantitative analysis of REEs of zircons 
using laser ablation sample introduction technique. 

The reduction of isobaric interference from Hg was 
tested by flowing a small amount of ammonia gas in 
the CRC.  In this case, while the polyatomic ions 
made by reaction between REEs in zircon and 
ammonia gas could be overlapped on mass peak of 
Pb isotopes, the first mass spectrometer (Q1) can 
effectively remove the REEs and the ammonia gas 
collides with only isotopes of Hg, Pb, Th and U.  In 
this operational settings, the accurate age from 
several standard zircons was obtained and the 
removal of 99% of the Hg-interference was achieved 
at the same time. 

In the quantitative analysis, we used mass shift 
method by flowing the oxygen gas in the CRC.  In 
mass shift method, it is possible for operational 
settings to be tuned to maximize the sensitivity while 
removing the mass interference from polyatomic and 
multi-charged ions [1].  We carried out the 
quantification of REEs in standard zircon sample 
using mass shift method at the condition of the high 
sensitivity (10 times higher than normal condition) 
and extremely high oxide formation rate (>100%), 
and the resulting concentrations of REEs show good 
agreement with reported values.   

In conclusion, the coupling ICP-MS/MS and CRC 
technique can be not only a great solution for the 
interference-related problems, but also brings out the 
potential capability of high sensitivity of LA-ICP-
MS. 
 
References 
[1] Balcaen et al. (2015) Analytica Chimica Acta, 
894, 7-19 
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Estimating the volume and distribution of 

aqueous fluids in the Earth’s crust is important for 
understanding the mechanism of earthquakes. 
Electrical conductivity of aqueous fluid should be a 
best property to be investigated in the crust, because 
the conductivity of aqueous fluid is much higher than 
that of dry rocks and minerals at ambient conditions. 
The conductivity of aqueous fluid, however, has not 
been revealed at elevated pressures (>0.3 GPa) in the 
crustal conditions; therefore, it was difficult to 
explain the observed highly conductive zones by the 
presence of aqueous fluid.  

In this study, we conducted molecular dynamics 
(MD) simulations of NaCl-H2O fluid [1-3] as shown 
in figure 1. Our MD simulations cover 673 to 2000 
K, 0.2 to 2.0 GPa, and 0.1 to 1.8 mol/kg NaCl 
concentration. The conductivity higher than 673 K 
shows a greater degree of pressure and temperature 
dependences. The conductivity increases with 
increasing pressure and decreasing temperature. This 
behavior can be intepreted by the change of density 
and permittivity of solvent H2O. The permittivity of 
H2O is critical on the number of ion pairs in the fluid. 

Calculated conductivity is used for interpreting 
the highly conductive zones by the presence of NaCl-
H2O fluid in the crust, arc, and subduction zone. 

 
 
 
 
 
 
 
 
 

 
Figure 1: Snapshot of a MD simulation. Na-Cl ion 
pairs can be recognized in the snapshot. 

 
[1] Sakuma et al. (2013) J. Chem. Phys. 138, 134506. 
[2] Sakuma & Ichiki (2016) Geofluids 15, 89-102. [3] 
Sakuma & Ichiki (2016) J Geophys. Res. Solid Earth 
121, doi: 10.1002/2015JB012219. 
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Typhoon Etau in 2015 was the highest intensity 

rainfall event to hit Fukushima Prefecture subsequent 
to the March 2011 nuclear accident. As typhoons are 
important vectors of radio-cesium redistribution, we 
performed a simulation study of this typhoon to 
understand its consequences. 

We modeled five river basins surrounding the 
Fukushima Daiichi Nuclear Plant: the Odaka, Ukedo, 
Maeda, Kuma and Tomioka basins. The horizontal 
resolution of the grid cells varies between 10-250 m 
within the study area. The smaller cells are located 
around areas of high importance, such as river 
channels and banks. Previously we studied these 
basins over 2011 Typhoon Roke and multiple 
typhoons in 2013 [1,2]. Water, sediment and radio-
cesium flows were calculated across the basins using 
the General purpose Terrestrial fluid FLOW 
Simulator (GETFLOWS) code [3].  

The main results are erosion/accumulation 
quantities for the radio-cesium inventory within each 
of the grid-cells on the simulation mesh of the study 
area. The results show the locations where radio-
cesium is mobilized due to soil erosion. Radio-
cesium deposition occurs within dam reservoirs along 
the river courses, and in the lower parts of the basins 
on flood plains and towards the river mouths. 

We also present results for total amount of 
sediment and radio-cesium export from each of the 
rivers to the Pacific Ocean over Typhoon Etau. These 
results are useful for parametrizing ocean models of 
radio-cesium transport around the Fukushima Daiichi 
site. 

 
[1] Kitamura et al. (2016) Earth Surf. Process. Lanf. 
(in press). [2] Sakuma et al. (2016) Under review at J. 
Environ. Radioact 
[3] Mori et al. (2015) Environ. Model. Softw. 72, 
126-146. 
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Aqueous alteration in the early solar system is 

one of the primitive activities in the early asteroidal 
bodies. The presence of hydrous minerals in the CI 
and CM2 chondrites provides evidence that aqueous 
alteration occurred on the meteorite parent body [1]. 
Understanding the process of early alteration is 
important for the study on the evolution of the early 
solar systems. The 135Cs-135Ba decay system 
including a presently extinct radioisotope 135Cs 
(t1/2=2.3 Ma) in primitive materials is expected 
to work as a sensitive chronometer for aqueous 
processes on the early planetary materials, 
because Cs is one of the elements that react 
sensitively with water.  However, the Ba isotopic 
compositions in primitive materials are often 
disturbed by additional s-process nucleosynthetic 
component and hide isotopic evidence for the 
radiogenic 135Ba [2, 3].  

Our previous study of 135Cs-135Ba isotopic system 
in the Sayama (CM2) meteorite suggested the 
redistributioin of alkaline elements in association 
with the aqueous alteration [4].    In this study, 1 mm-
sized chondrule in the Tagish Lake meteorite (TL) 
was selected to search for radiogenic 135Ba. TL is 
known to be altered by a moderate degree of low 
temperature in the presence of water [5]. Using 
Raman spectoroscopy, serpentinized phases were 
heterogeneously found in the chondrule of TL.  
Elemental abundances of Rb, Sr, Cs and Ba, and 
isotopic analyses of Ba in micro-region scale by 
SHRIMP are in progress to find heterogeneous 
redistribution of alkaline elements and existence of 
radiogenic 135Ba in association with the aqueous 
alteration. 
 
[1] Zolensky et al. (1989) Icarus., 78, 411-425. [2] 
Hidaka et al. (2003) Earth Planet. Sci. Lett., 214, 
455-466. [3] Carlson et al. (2007) Science, 316, 
1175-1178. [4] Hidaka et al. (2015) Astrophy. J., 815, 
76. [5] Zolensky et al. (2002) MAPS, 37, 737-761. 
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The late Cenozoic off-arc volcanism in eastern 

Eurasia is characterized by eruption of basalts with 
high alkalinity, especially after Japan Sea opening in 
the middle Miocene (~15Ma). Although large 
geochemical variation is observed in these alkaline 
basalts, we found two important geochemical end-
members of the low-FeO and high-FeO basalts in 
terms of major and trace elements and isotopic 
compositions. The low-FeO alkaline basalts are 
depleted in FeO* and TiO2, enriched in SiO2, Al2O3, 
and fluid-mobile trace elements (e.g., Rb, Ba, K, and 
Pb), and show enriched Sr-Nd isotopic compositions. 
The geochemical study on the low-FeO basalts from 
Chugaryeong volcano in central Korean Peninsula 
shows a significant contributions of the fluid 
components to the basalts from a higher melting 
degree. These basalts have radiogenic Nd and 206Pb 
with radiogenic Sr and 208Pb, being plotted close to 
those in the subducted sediments. These lines of 
evidence suggest that the low-FeO basalts are 
strongly influenced by the sediment-derived fluid 
flux derived from the stagnant Pacific plate slab in 
the mantle transition zone (MTZ). The high-FeO 
alkaline basalts are extremely enriched in FeO* and 
TiO2 and depleted in SiO2, Al2O3, and fluid-mobile 
trace elements. The trace element compositions are 
similar with those in the ocean island basalts (OIBs) 
with HIMU isotopic signatures. The Shangdon high-
FeO basalts in eastern China, however, show a 
depleted Sr-Nd and unradiogenic Pb isotopic 
compositions in contrast to the extremely radiogenic 
Pb in the HIMU OIBs. This suggests a young-HIMU 
source for the high-FeO basalts. Distribution of the 
high-FeO basalts is limited in the middle to eastern 
China in 119°E/30–40°N where the leaing edges of 
the stangant Pacific plate slab underies in the MTZ. 
None of the high-pressure melting experiment on a 
peridotite has reproduced melt composition with such 
the high-FeO, whereas partial melting of a carbonated 
eclogite with or without peridotite can generate a 
high-FeO basalt. These suggest that the high-FeO 
basalts have significant contributions from 
dehydrated carbonate-bearing oceanic crust of the 
stagnant Pacific plate slab. The young-HIMU 
signatures are also consistent with the short-term 
ingrowth of its isotope systems. 
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The basal unit of the Duluth Complex 
(Minnesota, USA) contains Ni-Cu sulfides. The S in 
these is thought to be derived from a sulfide-rich 
black shale unit known as the Bedded Pyrrhotite Unit 
(BPU). Partial melting of the BPU xenoliths in the 
mafic magma represents a key process in its 
contamination.  

Petrographic observation shows that droplets of 
sulfide melt derived from the BPU were entrained in 
anatectic silicate melt of the BPU and transferred to 
the mafic magma by the melt (Fig. 1). Whole rock 
and laser ablation analysis show that in addition to S 
the droplets transferred Sb, Bi, As and Pb to the 
magma. The sulfide droplets closest to the xenoliths 
are richest in these elements and poor in platinum-
group elements (PGE) compared with sulfide droplets 
farther from the xenoliths. The change in composition 
of the sulfides with distance from the xenoliths is 
thought to reflect increasing reaction of the sulfide 
with mafic magma.  
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Sulfides droplets in the silicate anatectic 
melt. 

An intriguing complication to this model is that 
sulfide droplets in the xenolith anatectic melt are 
richer in Ni, Cu and PGE than sulfides in the contact 
aureole of the intrusion. This suggests that these 
elements diffused in from the mafic magma through 
anatectic melt and into the sulfide droplets before the 
sulfide droplets transferred to the mafic magma. 
Diffusion is possibly driven by chemical potential 
gradients. 

Sulfide bed 

Trapped 
sulfide droplet 

Anatectic melt 
pockets 
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The Ganga (Hooghly) River estuary is a part of 

the Ganga-Brahmaputra (G-B) river system and is 
located in the eastern margin of the G-B delta. A 
detailed study has been carried out to investigate the 
sources and cycling of a suite of trace metals (Co, Ni 
and Cu) based on analysis of water, suspended and 
bed sediment samples of the Ganga (Hooghly) River 
estuary collected seasonally during the years 2012 
and 2013. The ranges of dissolved metal 
concentrations: 0.8-24 nM for Co, 3.5-172 nM for Ni 
and 8-178 nM for Cu; are considerably higher than 
those reported for many other estuaries. Dissolved 
concentrations vs. salinity plots show that majority of 
the samples are placed above the conservative mixing 
lines, suggestive of intra-estuarine source(s) of 
metals. The "excess metal" concentrations, defined as 
the difference between the observed and theoretical 
concentrations due to conservative mixing, show 
increasing values at higher salinity.  

Particulate metal concentrations show strong 
positive correlations with Al, K, Fe and Mn. This 
feature, together with the observations of significant 
positive correlations between metal concentrations 
and (Fe+Mn)/(Al+K), suggests that Fe-Mn 
oxyhydroxide phases are the dominant carriers of 
metals. Particulate K/Al ratios exhibit significant to 
strong negative correlations with metal 
concentrations and metal/Fe ratios, suggestive of 
desorption of particulate metals via ion-exchange 
with dissolved K. Using the Kd values at various 
salinity calculated from the riverine suspended 
particulate matter (SPM) concentrations, resuspended 
SPM concentrations that are required to generate the 
"excess metal" concentrations were estimated. 
Results show that the estimated total SPM 
concentrations roughly agree with the reported data in 
the Hooghly estuary, and increase downstream 
suggestive of supply of metals via resuspension in the 
lower estuary. Preliminary calculations indicate that 
the riverine dissolved metal fluxes are enhanced by 
ca. 5−25 fold due to estuarine production of metals.  

This study brings out the importance of sediment 
resuspension and solute-particle interactions in 
modifying dissolved metal fluxes from tropical 
monsoon estuaries. 
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High pH springs produced by reaction of 
groundwater with buried ultramafic rocks were 
documented in Narra, Palawan, Philippines. These 
waters are Ca-OH waters, and their pH ranges from 
9.5-11.2, Eh (ORP) from -414 to -60mV, and 
temperature from 37-45 degrees C. Ion compositions 
are dominated by Ca, Na, K, and Cl, with low 
concentrations of silica, Mg and carbonate. The Cl 
and Na contents vary widely with other known 
hyperalkaline springs, probably due to the proximity 
of the Narra samples with the sea. Aside from studies 
as a natural analogue for geological disposal of 
nuclear waste, these springs also capture Carbon 
Dioxide from the atmosphere and have deposited 
millions of tonnes of travertine calcite within a few 
thousand years. Ironically, Palawan has serious 
electric power shortages and efforts to build small 
coal-fired power plants (<30 MW) have been met 
with strong objections from anti-global warming 
NGOs regarding CO2 emissions. The amount of 
sequestered CO2 by these springs are several orders 
of magnitude greater than maximum emissions of the 
proposed coal plants, causing debates on balancing 
cheap power and global warming concerns. 
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The quantity, characteristics and forms of such 

water contaminants as organic substances in water 
from the surface sources are varied considerably 
depending on the origin and biogeochemical cycles in 
environment. In surface water sources extreme 
content of the organic matter effect significantly on 
the water ecosystem state. In Ukraine most drinking 
water is carried out from the Dnieper basin water. 
This water contains a wide range of organic 
contaminants both natural and anthropogenic origin 
and the concentration of dissolved organic carbon 
(DOC) is ranged between 9 and 19.1 mg/L. 
Predominantly low-molecular hydrophilic organic 
compounds and some hydrophobic organic 
compounds are containing in Dnieper River water. 
Both humic and nonhumic organic substaces were 
detected in this water. DOC changes in Dnieper river 
water is caused by seasonal effects. Reduction of 
organic contaminants in spring is connected with 
floods and a maximum summer characteristics is 
connected with underground water exchange decrease 
and active growth of phytoplankton and zooplankton. 

Main reason, why it is necessary to remove 
organic substances, is reduction of disinfection by-
products (DBPs) formation. DBPs can cause 
spontaneous abortations, bladder cancer and birth 
defects. Dnieper water treatment plant uses 
chlorination as a disinfection stage. It is a reason why 
raw water enriched with organic contaminants could 
consist chlorine-organic substances in treated 
drinking water. Chlorination DBPs with high 
genotoxicity such as chloroform and 3-chloroethylene 
were detected in treated water. Maximum 
concentrations of them are in July, minimum 
concentrations are observed in cold periods of the 
year. Concentration of chloroform is ranged between 
5 and 61 μg/L during the year and 3-chloroethylene 
concentration doesn’t exceed 10 μg/L and is even 
absent in January, November and December. The 
higher DOC is observed in raw water the higher 
DBPs concentration is detected in treated water. 
Existence of the differences among water samples 
can also be related to the changes of quality 
composition of raw water organic matter at different 
seasons. 
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Diverse microbial communities contribute to 

active metal cycling and rock-mineral weathering 
proceses in shale rock. This has been demonstrated at 
various sites of shale rock coastal cliff surfaces in 
North Yorkshire, UK, where molecular and 
geological approaches have previously been used to 
study microbial shale weathering1. 

The work presented here used a combination of in 
vitro and in situ geomicrobiological methods to 
determine the role of microbes and the mechanisms 
they utilize to weather shale. 

Microbial strains with the weathering phenotypes 
acid/siderophore/phosphotase production and Fe/Mn 
oxidation were isolated from ferromanganese 
deposits on weathered shale, using selective agar 
plate assays. Subsequent sequencing of the 16S/ITS 
regions of these strains yielded a characterized 
community of rock-mineral weathering species.  

In vitro biogeochemical weathering experiments 
were established to determine the role of microbes in 
modifying elemental leaching rates from weathered 
shale, using ICP-OES to quantify concentrations of 
leached elements. Microbial iron oxidation was 
clearly identified, but leaching of other elements 
seemed unaffected by microbial activity. 

Finally, SEM and fluorescence microscopy 
analysis of in situ and in vitro microcosms were used 
to explore microbial colonization, pitting, and etching 
on polished surfaces of albite, calcite, muscovite, 
pyrite and quartz, which  are representative minerals 
of  the shale rock studied in this work.  

This work highlights the role of diverse microbial 
communities, including iron oxidizers, in shale 
weathering environments. The primary use of culture 
based work to identify key microbial players and rock 
weathering mechanisms in shale within the natural 
environment is an important step forward from 
previous, largely phylogenetic based studies.  
 
Cockell C et al. (2011) Microbial Ecology, 66, 166-
181. 
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The vast majority of eucrite and diogenite 

meteorites (defined here as normal) are thought to 
have originated from a single parent body, Vesta, 
based on shared geochemical and spectral 
characteristics [1]. A subset of eucrites, termed 
anomalous eucrites, may originate from distinct 
parent bodies (non-Vesta) based on differences in 
their isotopic composition (Δ17O and ε54Cr) compared 
to normal eucrites [2-5]. The 53Mn-53Cr isotope 
system has been used in the past to investigate the 
silicate differentiation of the eucrite parent body 
(EPB) using normal eucrites [6,7]. Using whole-rock 
eucrite and diogenite 53Mn-53Cr measurements, 
previous estimates have placed the EPB silicate 
differentiation event at 4564.77 ± 0.59 Ma [6,7]. 
Here, we attempt to further constrain the timing of 
the silicate differentiation event on the EPB by 
investigating the 53Mn-53Cr systematics of nine 
whole-rock normal eucrite and diogenite samples. 
We also investigate the 53Mn-53Cr systematics of nine 
anomalous eucrites for which ε54Cr has been 
measured previously [4,5]. 

The whole-rock 53Mn-53Cr isochron of the nine 
normal eucrites and diogenites yields a 53Mn/55Mn of 
(4.88 ± 0.36)×10-6 at the time of last isotopic closure.  
This translates to an absolute age of 4565.56 ± 0.47 
Ma relative to the D’Orbigny angrite [8-10], 
indicating a global scale magma ocean differentiation 
and crustal formation was complete by this time on 
Vesta. The timing of silicate differentiation obtained 
here is consistent within error with that of [6,7]. 
Among the nine anomalous eucrites analyzed, six do 
not fall along the isochron line defined by the normal 
eucrites and diogenites, plotting both above and 
below the whole-rock EPB isochron.  The plotting off 
of the isochron by these anomalous eucrites indicates 
that their source reservoir likely did not experience 
silicate differentiation contemporaneously with that 
of the normal eucrites and the EPB.  This provides 
additional evidence for multiple parent bodies for the 
anomalous eucrites as indicated by Δ17O [2,3] and 
ε54Cr [4,5]. 
 
[1] McSween et al. (2013) MAPS 48, 2090. [2] 
Greenwood et al. (2005) Nature 435, 916. [3] Scott et 
al. (2009) GCA 73, 5835. [4] Sanborn & Yin (2014) 
LPSC XLV, #2018. [5] Sanborn et al. (2016) LPSC 
XLVII, #2256. [6] Lugmair & Shukolyukov (1998) 
GCA 62, 2863. [7] Trinquier et al. (2008) GCA 72, 
5146. [8] Glavin et al. (2004) MAPS 39, 693. [9] 
Amelin (2008) GCA 72, 221. [10] Brennecka & 
Wadhwa (2012) PNAS 109, 9299. 
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Arsenic is a notorious toxin, and as such may 
have exerted a strong selective pressure on the 
distribution and evolution of life on Earth. 
Documenting the abundance, distribution, inter-
element correlation and speciation of arsenic in living 
microbial mats would lead to address how arsenic 
metabolic system works and to evaluate its use as a 
tracer of life.  

 
Our study focuses on investigating the 

relationship between arsenic, organic matter and 
other metal(loid)s of interest, including V, Cr, Fe, Co, 
Ni, Cu, Zn and Mo in a lithifying modern microbial 
mat from La Brava, a hypersaline lake in Salar de 
Atacama, where the extreme conditions resemble to 
those of primitive Earth [1]. The mats are void of 
oxygen and driven by anoxygenic photosynthesis 
using reduced sulfur and arsenic compounds. 
Oxidative processes in these mats include 
methanogenesis, sulfate and arsenate reduction. This 
research is taking a novel approach by targeting 
microbial arsenic cycling across spatial scales by 
zooming from mm-scale resolution to a selected area 
at high (200 nanometers) resolution by a multi-
technique scanning imaging that includes scanning 
X-ray fluorescence spectrometry and transmission 
contrast modalities, and XANES [2]. We have 
generated maps displaying areas with different 
arsenic oxidation states, As(III) and As(V),  and its 
correlation with other trace metal(loid)s. 
 
 
 [1] Farías, Contreras, Rasuk, Kurth, Flores, Poire & 
Visscher (2013), PloS one 8(1), e53497; [2] 
Somogyi, Medjoubi, Baranton, Le Roux, Ribbens, 
Polack, Philippot & Samama  (2015), J. Synchrotron 
Radiat. 22, 1118-1129. 
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Iron oxides are widely observed associated with 

natural organic matter (NOM) where they e.g. are 
bound to humic substances and bacterial 
polysaccharides (BP). Iron oxides have been 
observed nucleating directly on NOM or they are 
adsorbed by it. Less stable iron oxides often 
transform while associated with e.g. BP because of 
extracellular electron transport or chemical gradients 
associated with the bacterial activity. The kinetics of 
iron oxide (trans-) formation and the resulting phases 
and stabilities are reported to differ from those in a 
pure system. To quantify the interaction strength and 
the thermodynamic landscape of iron oxides and 
NOM we used dynamic force spectroscopy to derive 
the free energy of binding between a model NOM 
molecule (alginate) and one transient and one stable 
iron oxide (ferrihydrite and hematite). We covalently 
fixed polysaccharide on an AFM tip and used the 
worm-like chain model to estimate the amount of 
molecules interacting with the iron oxide substrates. 
We find that a) the free energy of binding (∆Gbu) is 
higher for the transient ferrihydrite than for the stable 
hematite, revealing a more favorable and stronger 
interaction between the model NOM and ferrihydrite 
(Fig); b) the interfacial free energy between the iron 
oxides and the model NOM is smaller in the case of 
ferrihydrite and c) for small contact areas (1 Å2) 
between the model NOM and ferrihydrite, the 
interfacial free energy is small enough to favour 
nucleation. These findings provide a mechanistic 
explanation for the control NOM exerts on iron oxide 
stability and reactivity. 
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Thirty water samples from open and bore-wells 
were collected during the post-monsoon period 2015, 
in parts of Alladurg area of Medak district to assess 
the quality of water for both drinking and irrigation 
purpose. The suitability of the water from the 
groundwater sources for drinking and irrigation 
purposes was evaluated by comparing the values of 
different water quality parameters with World Health 
Organization guideline values for drinking water. In 
connention to that different parameters like Ph (6.7 – 
7.8), Electrical Conductivity (400 – 2600 mg/l), Total 
Dissolved Solids (256-1664 mg/l), Total Hardness 
(85-540 mg/l), and major cations [Na+ (0-19.09 mg/l), 
K+ (1.17-30.03 mg/l), Ca2+ (20.04-170.34 mg/l), and 
Mg2+ (6.08-96.06 mg/l)] and anions [CO3

−(0-231 
mg/l) HCO3

− (122-719.8 mg/l), Cl− (17.72-730.27 
mg/l), SO4

− (15.84-213.12 mg/l), F− (0.25-2.8 mg/l), 
and NO3

− (7.83-484 mg/l)] were estimated and 
calculated various indices like Sodium Absorption 
Ratio, Sodium Percentage, Residual Sodium 
Carbonate. HCO3

− and Ca2+ were the dominant ions 
in groundwater samples and also major 
hydrochemical facieses were Ca–HCO3, and Ca–
Mg–Cl types. Majority of the samples are suitable for 
drinking purposes except fluoride and nitrate and far 
from drinking water standards. The results showed 
that the high fluoride concentration is southern region 
while high nitrate concentration zone was middle part 
of the study area. Based on the US Salinity 
Laboratory diagram, groundwater samples were 
classified as C3S1 (>80%) and C2S1 were the most 
dominant classes in groundwater samples are due to 
high concentration of bicarbonate. The groundwater 
quality is above the sufficiency level for both 
drinking and irrigation, and appropriate management 
measures are recommended for sustainable 
development. 
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Many trace metals are essential for living 

organisms and are a crucial component of many 
metabolic processes. Iron (Fe) for example is 
necessary for photosyntheis, but due to its low 
solubility in seawater, dissolved Fe (DFe) 
concentrations in the ocean are exceedingly low, 
limiting phytoplankton growth in about 20% of the 
world’s ocean and making it very important to 
understand the biogeochemical cyling in the ocean. 
Recently, it was shown that hydrothermal venting 
provides a significant source of DFe to the oceans1. A 
coherent modelling approach using site-specific field 
data and global hydrothermal DFe inputs placed new 
constraints on submarine Fe vent fluxes worldwide, 
including an indication that the majority of Fe 
supplied to hydrothermal plumes may come from 
entrainment of diffuse flow. The model further 
indicates that scavenging of carbon in association 
with Fe-rich hydrothermal plume particles should 
play a significant role in the delivery of particulate 
organic carbon to deep ocean sediments, worldwide2.  

Recent Fe-isotopic studies have furthermore 
enabled us to better understand the processes 
involved in the biogeochemical cycling of iron under 
different oceanographic conditions, e.g. at 
hydrothermal vents and plumes, under anoxic sulfide 
rich environments and during microbial recycling in 
the photic zone3-5. We will integrate these new 
findings into Fe-speciation observations as a further 
step towards a holistic understanding of the oceanic 
Fe-Cycle. 
 
1Sander, S. G.,  Koschinsky, A., Nature Geoscience 4 
(3), 145-150 (2011). 
2German, C. R., Legendre, L. L., Sander, et al., Earth 
and Planetary Science Letters 419, 143-153 (2015). 
3Ellwood, M. J., Hutchins, D. A., Lohan, M. C., et al., 
Proceedings of the National Academy of Sciences 112 
(1), E15-E20 10.1073/pnas.1421576112 (2015). 
4Nasemann P., PhD thesis, University of Otago, 2015 
5Rolison, J.M., PhD thesis, University of Otago, 2016 
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Geochemical characteristics and constitution 

minerals of granitic rocks underlying ion-adsorption 
type rare earth elements (REE) deposits were studied 
in order to understand the genesis of the heavy REE 
(HREE)-rich deposits, because they are more critical 
than light REE (LREE).  

The REE grades of the ion-adsorption type 
deposits range widely from 140 to 6500 ppm in 
southern China and other countries. The HREE-rich 
ores are typically low-grades and underlain by 
fractionated granites characterized by high SiO2 
contents, low P2O5 contents, and the occurrence of 
muscovite and fine-grained fluorite, because the 
HREE enrichment and LREE depletion are 
constrained by fractional crystallization of granitic 
magma. The REE-rich ores are rich in LREE and the 
underlying rocks are commonly alkali granites 
(partially alkaline volcanic rocks), which were likely 
formed by a low degree of partial melting. Low P2O5 
contents are required for the underlying granitic 
rocks, because the occurrence of monazite-(Ce) and 
secondary phosphate minerals may inhibit the 
adsorption of REE during weathering. 

REE fluorocarbonates such as synchysite-(Y) and 
bastnäsite-(Ce) are believed to the dominant REE 
sources of ion-exchangeable REE, although a variety 
of magmatic hydrothermal REE-bearing minerals 
occur in fractionated granites due to deuteric 
alteration. In addition, the occurrence of magmatic 
allanite-(Ce) and titanite has an important role in less 
fractionated granites, in terms of the sources of ion-
exchangeable LREE and HREE, respectively. 



Goldschmidt Conference Abstracts 
 
2726 

What are the main sources of 
Fukushima-derived 

radionuclides to the ocean off 
Japan five years later? 

V. SANIAL1, K. BUESSELER1, M. CHARETTE1, N. 
CASACUBERTA2, M. CASTRILLEJO3, P. 

HENDERSON1, X. JUAN DIAZ3, J. KANDA4, P. 
MASQUE3,5, S. NAGAO6,  J. NISHIKAWA7, S. 

OTOSAKA8 AND S. PIKE1 

1Woods Hole Oceanographic Institution, USA 
2Laboratory of Ion Beam Physics, ETH-Zürich, 

Switzerland 
3Universitat Autònoma de Barcelona, Spain 
4Tokyo University of Marine Science and 
Technology, Japan 
5School of Science. Edith Cowan University, 

Australia 

6Kanazawa University, Japan 
7Tokai University, Japan 
8Japan Atomic Energy Agency, Japan 
 
 On March 11, 2011, an earthquake 
followed by a tsunami triggered an unprecedented 
nuclear accident at the Fukushima Dai-ichi Nuclear 
Power Plant (FDNPP) leading to large releases of 
radionuclides to the ocean, in particular the isotopes 
of cesium (137Cs & 134Cs). Cs activities in the coastal 
ocean off Japan dropped by orders of magnitude 
within one month after the accident but have 
remained relatively constant over the past 5 years 
exceeding background values. That being said, we 
observed, and Japanese data confirm, a significant 
increase in Cs activities in coastal waters during fall 
2015.  
 However, our highest Cs activities in 
October 2015 were not found in the ocean, but in 
groundwater samples underlying coastal beaches 35 
km South from the FDNPP. This may be due to 
sorption of the extremely contaminated waters on to 
beach sands/clays early after the accident and 
subsequent desorption back in to the ocean.  
 Groundwater has been infiltrating the 
FDNPP reactor buildings and transforming into 
highly contaminated radioactive water; massive 
efforts attempt to store the wastewater in 1000’s of 
tanks and to remove radioactive contaminants prior to 
release. Over the past 5 years, TEPCO has 
acknowledged accidental inputs to the local aquifer. 
Submarine groundwater discharge (SGD), which is 
widely recognized to be an important vector for the 
transport of chemicals from land to ocean, is thus a 
non-negligible path for tranport of Fukushima-
derived radionuclides to the ocean.  
 We will present naturally occuring radium 
isotope data, in seawater and in surficial aquifers in 
the surrounding area of the FDNPP. Ra data are used 
to quantify the flux of Cs associated to SGD and to 
estimate the residence time of enriched Cs coastal 
waters off Japan. Strontium (90Sr) data will also help 
to constain the origin of Cs enrichment.  
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Since the 1960s, several classical 

geothermometers such as Na-K, Na-K-Ca, K-Mg, 
SiO2, δ

18O(H2O)-δ18O(SO4) are commonly available 
in geothermal exploration to estimate the reservoir 
temperature from chemical and isotopic analyses of 
fluids collected either from wells or thermal springs. 
Unfortunately, these estimates are not always 
concordant, especially at low and medium 
temperature (≤ 150°C). The absence of equilibrium 
reactions between water and minerals occurring in the 
geothermal reservoirs, the mixing of the deep 
geothermal fluids with surface waters or their cooling 
and the associated precipitation/dissolution processes 
during their rising to the surface can be responsible of 
these discordances. 

The Na-Li auxiliary geothermometer which is 
less accurate than the previous geothermometers, but 
is often more reliable due to the low Li reactivity 
during the ascent of the geothermal waters up to the 
surface, can be very useful for geothermal 
exploration [1], [2]. So, within the framework of the 
FP7 EU IMAGE project, we identified and tested 
several thermometric relationships for dilute 
geothermal waters from European granite reservoirs 
[3], after an exhausted literature review about the use 
of potential auxiliary geothermometers. We also 
developed three new Na-Rb, Na-Cs and K-Sr 
thermometric relationships from 20 hot natural brines 
collected from granite and sedimentary reservoirs [4] 
whose the majority is located in the Rhine Graben 
(France and Germany), apart two which are at Salton 
Sea (USA), and are the hottest reservoirs (300-
320°C). The existence of different thermometric 
relationships for a given geothermometer suggests 
that the latter not only depends on temperature, but 
also on other factors such as the nature of the rock, its 
degree of alteration, the water-rock ratio or the fluid 
composition and salinity. 
 
[1] Fouillac Ch., Michard G. (1981) Geothermics, 10, 
55-70. [2] Kharaka Y.K., Mariner R.H. (1989) In 
Naeser and McCulloch Eds, Springer-Verlag, 99-
117. [3] Michard G. (1990) Chem. Geol. 89, 117-134. 
[4] Sanjuan B., Millot R., Gal F., Jirakova H., 
Frydrych V. (2015) - IMAGE preliminary report 
D7.8, 39 p.   
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 Structures of obsidian lava are mainly 

divided into two regions; obsidian and rhyolite. These 
are defined based on differences in appearance of 
hand specimens and rock texture. The recent 
observation on Cordo ́n Caulle  reported the 
explosive-effusive hybrid activity of viscous magma 
(Schipper et al., 2013), and we can consider that such 
hybrid activity reflects heterogeneous processes such 
as vesiculation and outgassing in volcanic conduit, 
and is the key process to form the obsidian and 
rhyolite.  

In order to reveal heterogeneous vesiculation and 
outgassing processes of viscous magmas, we 
performed water concentration analyses with 
comparing structure and rock texture for samples 
from Sanukayama (SN) obsidian lava at Kozu island, 
one of the Izu archipelago, south of Tokyo, and 
Akaishiyama (AK) obsidian lava at Shirataki, 
northern Hokkaido, Japan.  

Water concentrations in SN samples were 0.07 – 
3.06 [wt.%] and the degree of hydration is higher in 
clinker region than lower rhyolite. Water 
concentrations in AK samples were in the range of 
0.01 – 1.10 [wt.%], and spherulite bands show 
hydration. We can consider that hydrated water 
concentrations reflect the connected vesicularity, that 
is, development of permeability.  

 We compared the water concentration 
profile with lava structure and rock texture at SN and 
AK lava. Water concentration profiles give us the 
useful information to reveal the vesiculation and 
outgassing processes in obsidian lava. 
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We report spatial and temporal variations of 

helium and carbon isotopes measured in CO2-rich 
bubbling gases from natural springs associated with 
Ontake volcano (central Honshu, Japan) from 
November 1981 to September 2015. During the 
whole period, the 3He/4He and CO2/3He ratios 
decreased with increasing distance of sampling site 
from the central cone. In contrast, δ13C values of the 
CO2 increased with the distance. These spatial trends 
became more significant after the 27 September 2014 
Ontake eruption, suggesting the reactivation of the 
volcano plumbing system with enhanced emission of 
magmatic volatiles. The 3He/4He ratios of the closest 
site to the central cone stayed constant until 2000 and 
increased apparently from June 2003 to October 2014 
and became constant soon after the eruption until 
September 2015. The ten-year helium-3 enhancement 
may have been a precursor of the 2014 Ontake 
eruption. In contrast, δ13C values of CO2 at the same 
site stayed constant all over the period. Lack of δ13C 
anomaly may be attributable to ; 1) either negligibly 
small amounts of magmatic CO2 introduced into the 
source of hot spring compared with ambient CO2 in 
the aquifer; 2) or that the carbon signature of 
magmatic CO2 is very similar to that of ambient CO2 
and thus its addition cannot change the overall δ13C 
value of the sampled hot springs. At the distant 
sampling sites no valuable changes of helium and 
carbon isotopes were observed in relation to the 2014 
Ontake eruption, suggesting that the impact of this 
eruption on the Ontake hydrothermal system was 
geographically localized. 
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Bauxite residue, a byproduct of the Bayer process 

for alumina refining, is an alkaline, saline tailings 
material that is generally considered to be 
inhospitable to microbial life. Remediation and reuse 
strategies for bauxite residue typically aim to 
decrease pH and salinity through chemical and 
physical amendments such as gypsum and tillage. 
Microbial communities have been viewed to date as 
passive responders rather than as active agents of 
remediation. Here, we present a novel strategy for pH 
neutralisation in alkaline tailings based on microbial 
fermentation of organic carbon.  

Laboratory-scale bioreactors containing bauxite 
residue plus a microbial inoculum were used in this 
study to identify key factors controlling the rates and 
extent of microbially-driven bioremediation. Initial 
tailings pH and organic carbon supply both 
significantly affected the rates and extent of 
bioremediation. Initial pH and salinity significantly 
influenced microbial community successional 
trajectories. Microbial community structure was 
related to markers of fermentation activity, with 2,3-
butanediol fermentation was identified as the major 
mechanism of pH neutralisation. This study provides 
the first experimental demonstration of microbially-
driven bioremediation in bauxite residue, and will 
enable future development of bioreactor treatment 
systems at full field scale. 
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Two ophiolite complexes in the Philippines were 
studied in terms of its geochemistry, morphology, and 
geochronology – the Dinagat Ophiolite Complex 
(DOC) along the “mobile belt” in the east and the 
Palawan Ophiolite Complex (POC) in the “immobile 
belt” in the west. 

Consideration of major oxide chemistry reveals 
that in POC the schlieren or layered type manifests 
aluminian composition (Cr# = 0.38 to 0.62) whereas 
the podiform variety possesses chromian composition 
(Cr# = 0.72 to 0.88).  Schlieren chromite also shows 
relatively high occurrences of solid inclusions within 
chromite grains and is composed mainly of hydrous 
silicates and pyroxenes and discrete grains of sulfides 
and alloys of nickel and the platinum group of 
minerals.  In DOC the chromite though layered is 
dominantly chromian (Cr# = 0.68 to 0.86).  Reports 
of leopard-type chromite ores imply presence of 
podiform chromite bodies in the vicinity. Meanwhile 
chromite ore geochemical trend implies a process 
distinct or even contrary to accessory chromite which 
is a continuous depletion of Al2O3 but gain in Cr2O3 
as partial melting progresses. Chromite generally has 
elevated REE contents compared to the harzburgite-
dunite host implying that chromite may not have been 
formed through multiple melting events which may 
deplete REEs in the system.   
Using the Re-Os isotope systematic further elucidate 
a process conforming with the major oxide and REEs 
signature of chromite with respect to host 
harzburgite.  The 187Os/188Os ratios of aluminian 
chromite of POC yield supra-chondritic values which 
imply introduction of Os in the system most probably 
through a subduction event which might have 
occurred some 50 Ma ago.  Chromian-rich ores 
meanwhile manifest sub-chondritic values (0.1197 to 
0.1239 for DOC; 0.1237 to 0.1245 for POC) implying 
formation in depleted environment some 250 Ma and 
600 Ma respectively. 
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Radionuclides that reach the environment from 
natural or anthropogenic sources are equilibrating 
over time with different phases through sorption and 
precipitation reactions onto inorganic and organic 
phases, e.g., macromolecular natural organic matter 
(NOM). Strong binding to NOM can occur by 
chelation or chemical reactions. Despite many years 
of research, relatively little is known about the NOM 
pathway for many radionuclides. For radionuclide 
incorporation into NOM to become significant, this 
often requires microbial activities, either directly 
through absorption into cells, or indirectly through 
exo-cellular enzymatic activities.  

In this presentation, microbially mediated 
chelation and chemical reaction controls are 
discussed, using plutonium (Pu) and iodine (I) 
isotopes, respectively, as examples. In both cases, the 
presence of NOM in contaminated soils complicates 
conventional remediation techniques that often add 
base to either increase the cation exchange capacity 
of soils or to promote direct precipitation of the 
radionuclide in the waste stream. This addition then 
has the consequence that both isotopes become more 
mobile in organic matter-enriched sediment. 

Iodine, which has multiple radioisotopes, occurs 
in multiple oxidation states in aquatic systems in the 
form of organic species ((organo-I, where I is 
covalently bound by aromatic moieties) and inorganic 
species (iodide (I-) and iodate (IO3

-). This fact leads 
to complex biogeochemical cycling of iodine and its 
long-lived isotope, 129I, a major by-product of nuclear 
fission.  Plutonium has been demonstrated to be 
strongly chelated by hydroxamate siderophores  in 
the laboratory and the field. I and Pu speciation and 
interaction with NOM from vastly different field 
studies will be discussed: Fukushima (Japan), 
Savannah River Site (South Carolina), Rocky Flats 
(Colorado), and Hanford (Washington). 
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Methane (CH4) plays an important role in the 

Earth’s climate system. The atmospheric CH4 

concentration has increased in concert with the 
industrialization, but since the mid 80’s the CH4 
growth rate decreased to reach a near-zero level in 
2000 and started to increase again from 2007 on. 
However, the underlying variations in sources and/or 
sinks that cause these variations are to date not well 
understood. To predict future climate, it is essential to 
unravel the processes controlling the CH4 cycle, 
especially in the Arctic regions, which are highly 
vulnerable to climate change and contain large CH4 
reservoirs. Recently, an unexpected CH4 excess has 
been reported above Arctic sea ice showing that sea 
ice might play a significant role in the CH4 cycle.  
Nonetheless, the nature of the process leading to CH4 
production in or nearby sea ice has not yet been 
identified.  

 A new multi-proxy approach was applied 
merging atmospheric chemistry, glaciology and 
biogeochemistry to understand and quantify the 
processes responsible for the CH4 excess above sea 
ice. We performed CH4 isotope (δ13C and δD) 
analyses on sea ice samples, as well as geochemical 
measurements, to determine the possible pathways 
involved in CH4 production and removal in or nearby 
sea ice. 

 We present results from ice samples 
collected above the shallow shelf nearby Barrow 
(Alaska) from January to June 2009 as well as in the 
landfast ice of McMurdo Sound (Antarctica) in 2011 
and 2012. It has long been thought that CH4 present 
in seawater would oxidize in or under the sea ice, but 
our first stable isotope sea ice profiles show no 
significant oxidation pattern. However, a clear 
difference in isotopic signature between the two sites 
is observed. We show that landfast sea ice from both 
sites is supersaturated in CH4, but that for the ice 
overlying the shallow shelf of Barrow the 
concentrations are larger and the origin of CH4 is 
clearly biogenic, thus likely coming from the 
sediment. For the Mc Murdo Sound ice, the isotope 
signature is enriched in heavy isotopes in comparison 
with the atmospheric burden and we show that under 
specific conditions CH4 might be produced in the ice.  
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Establishing the biogenicity of a trace fossil is 

notoriously difficult and characterizing the geological 
context hosting a biosignature is essential to assessing 
its biogenicity. Recently we characterized the first 
geochemical evidence of biological processing 
preserved in impact generated materials. Syncrotron 
near edge X-ray absorption fine structure (NEXAFS) 
spectroscopy revealed distinct bull’s eye pattern of 
iron speciation surrounding tubular features in impact 
glass spatially associated with organic carbon. These 
patterns of reduced Fe are consistent with the patterns 
expected to be produced by Fe-reducing microbial 
consortia.  

Here we present a comprehensive geochemical 
study comprised of 1500 EDX (major elements (Na, 
Mg, Al, Si, K, Ca, Ti, Mn, Fe, Ni), 91 SIMS analyses 
(trace elements (Ba, Nb, La, Ce, Pr, Sr, Nd, Sm, Zr, 
Hf, Eu, Gd, Dy, Li, Y, Er, Yb, Lu) spatially 
correlated with 21 optically defined regions of 
interest (ROI). ROIs were selected to form four 
groups: tubular features interpreted as biological 
processing, quench crystallites formed through 
nucleation and crystal growth, neither feature, or 
both. Quench crystallites were used to provide an 
intrinsic abiotic control and barren regions used to 
normalize data. Notably tubules are absent in areas 
>60% SiO2 and in areas exhibiting a positive Nb 
anomaly. Nb has been known to increase the 
antimicrobial properties of copper and organic Nb(V) 
complexes. If the tubules are formed as a result of 
microbial activity, the toxic properties of Nb 
complexes could explain the distribution of tubules 
with respect to Nb and Nb concentrations could 
potentially be used as geochemical constraint when 
assessing the biogenicity of trace fossils. 
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Mine wastes and tailings can present both a 

source of environmental pollution and also an 
opportunity for secondary mining for resource 
recovery, with the metals/metalloids of 
environmental concern often being of economic value 
- raising the possibility of remediation costs being 
offset by metal(s) recovery. Many sites are also 
valuable from other perspectives (e.g. social, cultural 
value) and so low intensity in situ methods might 
have applicability being relatively non-invasive 
techniques for combined metal extraction and 
environmental remediation. Within this context this 
paper presents a study of the geochemical 
characterisation, leaching and enhanced leaching of 
mine tailings from an abandoned historic Cu/As mine 
in the UK. The enhanced leaching utilised the non-
conventional biodegradable acids citric acid (C6H8O7) 
and methanesulfonic acid (CH3SO3H) used because 
of their reduced environmental impact. The efficacy 
of these acids is compared to standard enhanced 
leaching with sulfuric (H2SO4) and hydrochloric 
(HCl) acid. A composite was created from 18 multi-
kilogram samples collected from the tailings pile. The 
tailings composite had relatively coarse particle size 
(d50 = 1 mm), a paste pH of 3.33, and predominantly 
comprised quartz bearing minerals and muscovite. As 
and Cu were recorded to be present in concentrations 
of 19,800 and 1800 mg/kg respectively.  The Cu and 
As leaching potential of each acid was investigated 
and a kinetic model developed for in situ leaching. It 
was found that in general HCl, H2SO4 and CH3SO3H 
exhibited relatively similar leaching ability for As 
despite their different pKa, with recovery after 48 hrs 
of 58, 56, and 55 % for 1M H2SO4, HCl and 
CH3SO3H respectively, compared with only 44 % by 
C6H8O7.  H2SO4 was generally the most effective acid 
type for Cu removal with 38 % removal for 1M 
solutions after 48 hrs, compared to 32, 29 and 22 % 
recorded for HCl, CH3SO3H and C6H8O7 respectively. 
The results demonstrate that As and Cu can be 
recovered using biodegradable acids and that this has 
significant applicability for the in situ leaching of 
metal(loids) for the  simultaneous decontamination 
and recovery of economically valuable metal from 
mine tailings waste. 
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In this investigation, Fuzzy Hierarchical Cross-

Clustering Algorithm [1, 2] has been applied for 
simultaneous clustering of lanthanides and their 
mainly physical properties, with only the Gibbs 
energy of formation of the chloride as a chemical 
property. The results obtained have been allowing an 
objective interpretation of the similarity and 
differences of lanthanides and group them in a good 
agreement to other classification models. Much more 
this very informative fuzzy clustering approach 
allows the qualitative and quantitative identification 
of the properties responsible for the observed 
(dis)similarities between lanthanides according to the 
membership degrees to the final partitions.  

Figure 1. A11 vs A12 scatterplot of the membership 
degrees corresponding to lanthanides (times blue) and 
their properties (Arial reddish).   
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The study of coastal sediments provides useful 

information on marine environmental conditions and 
pollution history. This work aims to reconstruct the 
temporal distribution of metals and investigate the 
anthropogenic enrichment for Al, As, Cd, Co, Cr, Cu, 
Pb, Mn, Ni, V and Zn during the Twentieth and early 
Twenty First centuries.  Three sediment cores were 
collected from the seabed in the southwestern Black 
Sea in 2013 were investigated through the variability 
in grain-size and selected elementations to 
characterize the historical development of trace metal 
contamination. Selected element contamination of the 
sediments was assessed on the basis of the 
enrichment factor (EF), contamination factor (CF) 
and pollution load Index (PLI). The core sediments 
consist mainly of clay (49-74%) and silt (23–41%) 
with small amounts of sand  (0.5–14%). The average 
concentrations of metals measured in mg kg−1 are; 
55710 for Al, 30 for As, 1,1 for Cd, 14 for Co, 79 for 
Cr, 32 for Cu,1472 for Mn, 60 for Ni, 41 for Pb, 122 
for V and 120 for Zn. Generally, all heavy metals 
(Co, Cr, Cu, Pb, Mn, Ni, V and Zn) and arsenic show 
an overall increasing trend from 50 cm to top of the 
sediment cores. Based on the vertical distribution of 
trace metals and their EF and CF values, the 
Southwestern Black Sea shelf sediments are 
moderately polluted with As, Co, Cr, Cu, Pb, Mn, Ni, 
V and Zn, and unpolluted to moderately polluted with 
Cd. The EF, CF and PLI values indicated 
anthropogenic influence caused by the input of 
untreated industrial wastewater, agricultural activities 
and domestic sewage from the large European and 
Asian rivers. The results of the present study were 
obtained with the support of the TUBITAK project 
114Y240. 
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The Ursk tailing located in the northern Salair 

Ridge (Russia) was mined for more 80 years and 
stores wastes of pyritic primary ore and ore from the 
Au-bearing weathering profile. Acid mine drainage 
with Au (0.2-1.2 ppb) and Ag (0.01-0.3 ppb) contents 
and unfixed wastes influence to natural swampy peat 
ravine located below them. Enriched zones (ppm: up 
to 155 Au, up to 560 Ag) were formed due to Au and 
Ag reprecipitation [1]. Au and Ag watersoluble, 
oxidizable, reducible and residual species in 43 cm 
vertical profile taken in the wetland desperation train 
using sequential extraction was studied. Profile 
consist of the weathering profile wastes with peat 
layers. Au and Ag were determined by ETAAS (Solar 
M6, Thermo Electron). Mineralogical composition 
was studied by SEM (MIRA 3 LMU, Tescan). 

Au and Ag in profile are in the range 0.1-10 ppm 
and 2.7-8.7 ppm respectively with dominating in 
peat. The data is comparable to the contents 
calculated by the sum of leaching forms. The Au0 
particles wasn't found in the enriched peat layers. We 
believe that Au enters in the structure of newly 
formed sulfides widely found here as impurities: Zn 
sulphides (sphalerite group), Hg selenides 
(tiemmanite) and complex sulfides of Zn and Hg with 
impurities of As, Pb, Cu, Ag, I, forming a thin 
coalescence. Watersoluble Au dominates in peat 
(0.035-0.042 ppm) rather than in waste (0.002-0.02 
ppm) giving 1-4% of total content. Oxidized Au is 
(ppm): 0.1-0.63 (waste) and 0.06-1.6 (peat) giving 
0.6-40% of total, showing the relationship of Au with 
newly formed sulfides and organic matter. Reducible 
Au (ppm: 0.01-1.4 for wastes; 0.3-0.9 for peat) 
indicates the sorption by Fe(III) compounds, 
occurring due to Au-thiocomplex destruction, 
followed by precipitation. Residual Au (ppm: 0.04-
1.3 (waste); 6.5-10.3 (peat)) is as native. More likely, 
the reason of its dominance in this step is caused by 
reprecipitation during leaching. Ag presents in all 
forms and is prevalent in reducible fraction (90%) 
since it is an isomorphic impurity in ASP minerals. 
 
Field and geochemical studies were supported by 
RFBR 15-05-05362, 15-35-21024. 
[1] Myagkaya, I.N., et al., J. of Geochem. Explor. 
(2016) 165, 8-22. 
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Microbial oxidation of Fe2+ and reduced sulfur 

species is a basic reaction to dissolve sulfides in 
biohydrometallurgy.  Although chalcopyrite (CuFeS2) 
is known as a main Cu resource, arsenic-bearing 
copper sulfides like enargite (Cu3AsS4) are often 
accompanied in deep copper ore deposits. To recover 
Cu even from arsenic-bearing coper sulfides, arsenic 
immobilization should be considered.  Acidianus 
brierleyi, which is an iron-oxidizing 
hyperthermophilic archeaon, was applied to 
bioleaching of enargite at 70˚C in the presence of 
Fe2+ ions as an energy source in a lab scale to find the 
optimal condition and elucidate the mechanism under 
the optimal condition.  By controling Fe2+ 
concentrations and pulp density of enargite, 91% of 
Cu recovery with immobilizing 94% of arsenic 
species was concurrently achieved. According to the 
comprehensive interpretation of XANES As K-edge, 
XRD, and SEM-EDX, the main storage of arsenic 
was scorodite (FeAsO4), which is in the most ideal 
form because of high stability and high density of 
arsenic.  Although the released species from enargite 
is arsenite and A. brierleyi does not oxidize arsenite 
into arsenate, arsenic was mainly immobilized as 
scorodite under the optimized condition.  Based on 
spectroscopic and microscopic observation of not 
only bulk reaction but also interface reaction 
involving biological tissues, the reaction mechanism 
is discussed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  As K-edge XANES spectra for enargite, 
scorodite and the solid residues after bioleaching of 
enargite under 48 mM and 64 mM Fe2+.   
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The Horonobe Underground Research Laboratory 

(URL) project has been conducted for the generic 
purposes of geoscientific research and R&D on 
geological disposal technology for sedimentary rocks. 
As a part of development of techniques for 
characterizing the deep geological environment, an 
estimation procedure of colloid properties in 
groundwater has been tested in the Horonobe URL.  

In the present study, a non-destructive technique 
using Particle Tracking Analysis (PTA) (i.e., PTA 
operated in the “ZetaView” made by MicrotracBEL 
Corp.) has been tested to determine size distribution 
and concentration of colloids in groundwater. The 
groundwaters were sampled from water-rings (4 
samples) located in the vertical shafts and boreholes 
(6 samples) drilled in the drifts of the Horonobe 
URL. Results suggest that colloid particle 
concentrations range from 9.1×106 to 7.8×108 
particle/mL (pt/mL) and the estimated colloid mass 
concentrations range from 3.4×10-2 to 4.2 mg/L for 
the diameter of 1 to 1000 nm. Particle and mass 
concentrations of groundwater sampled from water-
rings are generally higher than those sampled from 
boreholes due to differences in groundwater sampling 
conditions. For sizes > 100 nm of particles, colloid 
stability was evaluated on the basis of DLVO theory 
[1,2]. DLVO theory predicts that particle sizes > 100 
nm would be unstable (i.e., coagulation could occur) 
except for samples of low ionic strength (IS) of 
groundwater obtained from boreholes. Particle and 
mass colloid concentrations in the groundwater were 
therefore reevaluated. The reevaluated reliable 
colloid particle concentrations range from 5.8×106 to 
3.0×108 pt/mL and colloid mass concentrations 
range from 2.0×10-3  to 1.3×10-1 mg/L for the 
diameter range < 100 nm. Furthermore, the 
reevaluated results indicate a negative correlation 
between colloid concentrations and IS of 
groundwater (IS ranges from 34 to 200 mM).  

 
 [1] Derjaguin and Landau (1948) Acta Physicochim 
URSS, 14, 633-662. [2] Verywey and Oberbeek 
(1943) Theory of the stability of lyphobic colloids, 
Elsevier, Amsterdam. 
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Stable isotope fractionation has been thought to 
be less affected by pressure until recently. Here we 
present data on the pressure dependence of carbon 
isotope fractionation between diamond and iron 
carbide melt. We have conducted HP experimental 
studies in the Fe-C system and present the results on 
the equilibrium carbon isotope fractionation between 
graphite/diamond and iron carbide melt at varying 
pressures between 5GPa and 15 GPa and at 
temperature range of 1200 to 2100 ºC. Our previous 
results have shown that the iron carbide melt will 
preferentially gather 12C than 13C, which is 
temperature dependent (Satish-Kumar et al., 2011). 
This is consistent with the recent theoretical 
calculations of Horita and Polyakov (2014). The 
pressure dependence of this fractionation trend 
between iron carbide melt and graphite/diamond is 
examined in this study.  

Based on the preliminary results, we infer that 
pressure dependence is also an important factor to 
consider when carbon cycle is considered in the core-
mantle interface. It is anticipated that the combined 
pressure-temperature dependent fractionation of 
carbon isotopes between iron carbide melt and 
graphite/diamond is an effective mechanism that can 
create a “12C enriched core” with large scale 
differences in the distribution of the carbon isotopes 
in the metallic core and bulk silicate Earth during the 
accretion and differentiation of early Earth. Our 
findings also have implications on the deep carbon 
cycle of the Earth, where the light carbon from the 
core might have transported to the mantle and crust 
through deep mantle plumes.  

References: Horita, J. and Polyakov, V.B., 2014, 
PNAS doi/10.1073/pnas.1401782112; Satish-Kumar 
et al. 2011, Earth and Planetary Science Letters, 310, 
340-348 
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Me-akan volcano is located in the Akan volcanic 

field, eastern Hokkaido, Japan, and ~250 km inland 
from the Kuril trench. The volcanic activity of Me-
akan volcano began at least a few tens thousand years 
ago, and eight volcanic bodies with different peaks 
have been formed.  

Akanfuji (1,476 m), which is the newest volcanic 
body in the Me-akan volcano, started its eruptions 
about 2 ka, and the volcanic activity continued for 
1,000 years. The eruption products of Akanfuji are 
composed of scoria fall deposits and lava flows 
associated with the scoria eruptions. The scoria fall 
deposits are distributed from northeast to south from 
present vent. We described the scoria fall deposits to 
interpret the complex depositional sequence. As a 
result, 17 scoria fall layers were recognized for 1,000 
years.  

Akanfuji had erupted basalts through its history. 
Two types of basalts (types I and II) are recognized 
on the basis of phenocrysts assemblage. Type I is 
orthopyroxene (opx) bearing olivine (ol)-
crynopyroxene (cpx) basalt and Type II is cpx 
bearing ol-opx basalt. Both types show mineralogical 
evidences of magma mixing, which are reaction 
products such as cpx overgrowth around opx 
phenocrysts, wide range of core compositions, and 
coexistence of normal and reverse zonings in 
plagioclase (Fig. 1), olivine, and pyroxenes. Zoning 
profiles of plagioclase phenocrysts show timing of 
magma mixing. We can estimate the time from 
mixing of the basaltic magmas to the eruption. 

Fig. 1. Zonig profiles of plagioclase phenocrysts (Type II 
basalt). 
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The larch (Larix spp.) forest in eastern Siberia is 

the world’s largest coniferous forest. Its existence is 
considered to be depending on near-surface 
permafrost, which increases water availability for 
trees, and the boundary of the forest closely follows 
the permafrost zone. Therefore, the degradation of 
near-surface permafrost due to forecasted warming 
trends during the 21st century is expected to affect 
the larch forest in Siberia. However, predictions of 
how warming trends will affect this forest vary 
greatly, and many uncertainties remain about land-
atmospheric interactions within the ecosystem. 

We developed an integrated land surface model 
to analyze how the Siberian larch forest will react to 
current warming trends. This model analyzed 
interactions between vegetation dynamics and 
thermo-hydrology and showed that, under climatic 
conditions predicted by the IPCC's RCP scenarios 2.6 
and 8.5, annual larch net primary production (NPP) 
increased about 2 and 3 times, respectively, by the 
end of 21st century compared with that in the 20th 
century. Soil water content during larch growing 
season showed no obvious trend, even after decay of 
surface permafrost and accompanying sub-surface 
runoff. A sensitivity test showed that the forecasted 
warming and pluvial trends extended leafing days of 
larches and reduced water shortages during the 
growing season, thereby increasing productivity. 
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In contrast to a single mass extinction event at the 
Triassic-Jurassic boundary, extinctions in major 
pelagic groups, such as radiolarians and conodonts, 
occurred stepwise during the latest 15 Myr of the 
Triassic. Although a marked decline of diversity 
began at the end of the middle Norian on these 
pelagic fauna, the cause of this extinction has been 
still uncertain. In order to reconstruct global 
environmental changes in the Panthalassa Ocean 
during the Middle to Late Norian, we examined a 
stratigraphic profile of the marine osmium isotope 
compositions (187Os/188Os) from the Triassic bedded 
chert succession of the Mino Belt, central Japan. Os 
isotope compositions of the seawater reflect relative 
balance among the riverine (187Os/188Os ≈ 1.4), 
hydrothermal, and extraterrestrial (187Os/188Os ≈ 0.12–
0.13) influxes to the global ocean reservoir [1]. Given 
these distinctive 187Os/188Os compositions and the 
relatively short residence time of Os in the ocean 
(several tens of thousand years), marine 187Os/188Os 
compositions are highly sensitive to the changes of 
these influxes. Os isotope compositions of the bedded 
cherts show a gradual increase from ~0.5 to ~0.7 
during the Middle Norian. Two negative Os isotope 
excursions are observed within a ~2 m stratigraphic 
interval between the Middle and Upper Norian. The 
onset of the first negative Os isotope excursion 
(~0.126) is almost equivalent to the base of the E. 
bidentata conodont zone in the late Middle Norian. 
This Os isotope excursion interval exhibits both 
elevated Os contents (~3.1 ppb) and low Re/Os ratios 
(~0.03), suggesting a significant input of an 
extraterrestrial Os into the deep-sea sediments [2]. 
The second negative Os isotope excursion occurred in 
the early Late Norian and the isotopic composition 
shifted to unradiogenic from ~0.7 to ~0.4. However, 
it is still difficult to specify the cause for this second 
excursion and an additional research is needed. 

 
[1] Peucker-Ehrenbrink & Ravizza (2000) Terra 
Nova 12, 205-219. [2] Sato et al. (2013) Nat. 
Commun. 4, 2455. 
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Noble gases have unique characteristics. They are 
rarely combined with other chemicals because of 
their very stable nature. Their main reservoir is 
atmosphere, whose isotopic composition is well 
defined and believed to be globally uniform, being 
insensitive to disturbance from anthropogenic and/or 
natural emission of geologically trapped noble gases 
in the earth interior. Based on our preliminary friction 
experiment, however, detectable amount of noble 
gases seem to be emitted accompanied with a fault 
motion (Sato et al., 2009). After the extremely large 
Northeast Japan Earthquake on March 11, 2011, 
extraordinary increase of seismic activity as 
numerous aftershocks, e.g. over 4000 felt earthquakes 
in four months, may generate non-atmospheric 
component preserved in the earth interior.  

We collected atmosphere samples all over Japan 
from Hokkaido, to Kyusyu Is. The atmospheres have 
been sampled into vacuumed containers, Isotube®, at 
each sampling site to evaluate time-series changes. 
The elemental and isotopic compositions of the 
samples were analyzed mainly by quadrupole 
residual gas analyzers (RGA-200, SRS Co.) and are 
partly measured by sector-type mass spectrometers 
(GVI-5400He, GV instruments) for confirmation. In 
the duplicated analyses of the selected samples, the 
measured elemental and isotopic compositions were 
consistent within analytical uncertainties. 

The relative elemental abundances were changed 
at least in the heavy noble gases. Argon was enriched 
in post-3.11 Earthquake atmospheres associating with 
a high 40Ar/36Ar ratio, which is consistent with our 
experiment. According to Kanamori et al. (1998), a 
frictional melting was occurred in a >M5 earthquake. 
It is consited with Sato et al. (2009) reported 
significant degassinghus, thus the observed variation 
is possibly contributed by emission of crustal Ar at 
aftershock earthquakes, deformation and fault 
movements. These altered atmospheric Argon 
isotopic composition in Eastern Japan were observed 
until the typhoon season. 
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In March 2011, the Fukushima Dai-ichi Nuclear 

Power Plant (F1NPP) accident occurred, and 
consequently large amount of radionuclides were 
discharged to the environment. Especially Cesium-
137 (137Cs), which is radioisotope of cesium and has 
30 year of half-life, will remain in the environment 
for a long time. Understanding of the physical and 
chemical properties of the emitted radioactive cesium 
is important to accurately evaluate the possible 
human health impacts and to assess the long-term 
distributions of these radionuclides after deposition in 
the residential areas, agricultural fields, mountains, 
and aquatic environments.  

Early stage of the accident, Cs-bearing 
radioactive particles were detected at the Tsukuba, 
which is located at 170 km south from the F1NPP 
(Adachi et al., 2013). Characteristic X-rays of Cs 
were detected from several particles by the EDS 
analysis. After this novel discovery, Abe et al. (2014) 
applied a synchrotron radiation (SR)-micro(μ)-X-ray 
for analysis of the particles. They concluded that the 
particles: (1) contained elements derived from 
nuclear fission processes and from nuclear reactor 
and fuel materials; (2) were amorphous; (3) were 
highly oxidized; and (4) consisted of glassy spherules 
formed from a molten mixture of nuclear fuel and 
reactor material. 

Satou et al. (2015) and Yamaguchi et al. (2016) 
isolated these particles from environmental samples 
collected at the Fukushima prefecture and identified 
that the dominant element of the particle is silicate. In 
addition, SR-μ-X-Ray Fluorescence  (XRF) analysis 
revealed presence of U in several particles, though U 
is a minor component (Satou et al., 2015). Therefore 
the radioactive particles in the Fukushima accident 
were rather different from so-called hot 
particles,which is a fragment of U, observed at the 
Chernobyl Nuclear Power Plant accident in 1986.  
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Investigations of the Mantle Transition Zone 

(MTZ; 410  - 660 km deep) by deformation 
experiments and geophysical methods suggest that 
the MTZ has distinct rheological properties, but their 
exact cause is still unclear due to the lack of natural 
samples. Here we present the first direct evidence for 
crystal-plastic deformation by dislocation creep in the 
MTZ using a chromitite from the Luobusa peridotite 
(E. Tibet). Chromite grains show exsolution of 
diopside and SiO2, suggesting previous equilibration 
in the MTZ. Electron backscattered diffraction 
(EBSD) analysis reveals that olivine grains co-
existing with exsolved phases inside chromite grains 
and occurring on chromite grain boundaries have a 
single pronounced crystallographic preferred 
orientation (CPO). This suggests that olivine 
preserves the CPO of a high-pressure polymorph 
(wadsleyite) before the high-pressure polymorph of 
chromite began to invert and exsolve. Chromite also 
shows a significant CPO. Thus, the fine-grained high-
pressure phases were deformed by dislocation creep 
in the MTZ. Grain growth in inverted chromite 
produced an equilibrated microstructure during 
exhumation to the surface, masking at first sight its 
MTZ deformation history. These unique observations 
provide a window into the deep Earth, and constraints 
for interpreting geophysical signals and their 
geodynamic implications in a geologically robust 
context. 
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IRSN has developed an operational tool based on 
inverse modeling techniques to evaluate the source 
term of a radioactive release. The method has been 
applied on the Fukushima accident using dose rate 
observations (Saunier et al. 2013). Five years after 
the accident, many estimations of the source term 
based on the use of observations in the environment 
have been published. There is not yet consensus on 
the magnitudes on the releases rates, mainly due to 
the high uncertainties on meteorological fields used 
to assess the source term. 

Within the framework of cooperation between 
IRSN and Meteorological Research Institute (MRI) 
of Japan Meteorological Agency (JMA), 
meteorological fields with higher spatial resolution 
have been  used (Sekiyama et al. 2013) to improve 
the simulation of the atmospheric dispersion from the 
Fukushima accident. 

Besides, new dataset of 137Cs atmospheric 
concentration obtained from the sampling tapes of the 
Suspended Particle Matter (SPM) monitoring 
network by the method of Tsuruta et al. (2014) are 
available. These data are very useful since several 
plumes can be identified in addition with the two 
major plumes on March 15 and March 21 

Therefore, the inverse modeling method has been 
applied to assess a new source term using Tsuruta air 
concentration measurements, dose rate measurements 
and meteorological fields provided by MRI. The 
simulations performed using this new inverted source 
term help enhance our knowledge about the 
contamination events.  
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Isotopically heavy oxygen in Hadean zircons 
implies the existence of material reworked by low-
temperature fluid-driven weathering as far back as 
4.3 Ga [1]. Here, we apply this concept to the silicon 
isotope composition of zircons. As with O isotopes, 
mantle melting and magmatic differentiation both 
have a limited effect on Si isotopes [2], while 
chemical weathering generates larger Si isotope 
fractionation, whereby secondary minerals are much 
lighter than protolith [3]. The key difference between 
O and Si is that Si isotopes in bulk sediments are 
more robust during weathering; only material that has 
experienced significant chemical denudation shows 
resolvable Si isotope offsets from primary igneous 
compositions [4]. Hence, zircons crystallising from 
‘S-type’ melts should only be resolvably light if the 
fusing sediment had experienced extensive, or 
multiple cycles, of weathering. 

We performed experimental quantification of Si 
isotope fractionation between zircon and quartz, as 
well as solution MC-ICPMS analyses of natural 
zircon-quartz pairs and ion-probe analysis of 
individual ancient (>3.2 Ga) zircons. Experiments 
show that zircon is isotopically light relative to 
quartz, Δ30Sizircon-quartz ≈ -0.3 to -1.0‰, at temperatures 
relevant to dry and wet granitic melts. Natural zircon-
quartz pairs confirm this sense and magnitude of 
fractionation; also, we see resolvable differences 
between mantle-derived and crustal (I-type) zircons, 
which is most likely a result of the different 
temperatures and mineral assemblies of these two 
settings. 

We see evidence for isotopically light (δ30Si < -
1.0‰) zircons only after 4.0 Ga, which implies the 
presence of weathered material in the melt source. 
Our preliminary ion microprobe data show that, in the 
ancient zircon record, light δ30Si signatures appear to 
lag heavy δ18O, which is perhaps evidence for the 
development of sediments that have experienced 
more extensive chemical denudation later in the 
Hadean and Eoarchaean.    

 
[1] Mojzsis et al (2001) Nature 409 178-181; [2] 
Savage et al (2014) Lithos 190-191 500-519; [3] 
Opfergelt et al (2012) Chem. Geol. 326-327 113-122; 
[4] Savage et al (2013) GCA 109 384-399; [5] Shahar 
et al (2009) EPSL 288 228-234 
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Introduction 

Ice cores are well-kown recorders of past 
volcanic euptions [1]. They provide a means to access 
past stratospheric sulphate aerosols (SSA) [2] 
allowing tests of ideas proposed to explain the mass-
independent sulphur isotope fractionation (S-MIF) [3, 
4].  

In 2010-2011, five 100m-long ice cores from 
Dome C, Antarctica, were collected with the goal of 
producing the most extensive database of S-MIF on 
SSA. 
Results and Discussion 

We use the isotopic signature (Δ33S) of volcanic 
sulfate to identify stratospheric volcanic eruptions 
over the last 2600 years and compare our composite 
record with the latest database based on bipolar 
identification [5]. There is excellent consistency 
between the two methods; however, the Δ33S record 
reveals the presence of few high-latitude stratospheric 
events that were misidentified as tropospheric events 
by the bipolar method.  

The new isotopic data provides improved 
constraints on the Δ33S vs. Δ36S and Δ33S vs. δ34S 
slopes (-1.5 and 0.09, respectively), the Δ33S vs. Δ36S 
differs from an earlier determination from a smaller 
dataset [3]. These slopes, and the duration of the 
anomalies, carry information relevant to 
understanding the production of S-MIF in the 
stratosphere. Using a basic model implemented with 
fractionation factors available in the literature to 
account for the isotopic pattern observed on volcanic 
sulfate deposition, we will discuss the significance of 
the S-MIF production mechanisms and its links to the 
oxidation process (mass-dependent vs. mass-
independent processes, self-shielding vs. spectra 
isotopic shift). 

Oxygen isotopic (Δ17O) data for the largest peaks 
recorded in our cores, confirm that large volcanic 
eruptions can be associated with significant changes 
in the oxygen isotopic composition, probably in 
relation with the altitude of injection. 

 
[1] Hammer (1977) Nature 270, 482-486. [2] 
Savarino et al. (2003) J Geophys Res, 108(D21), 
4671, doi: 10.1029/2003jd003737. [3] Baroni et al. 
(2008) J Geophys Res, 113(D20), D20112, doi: 
10.1029/2008jd010185. [4] Baroni et al. (2007) 
Science, 315(5808), 84-87, doi: 
10.1126/science.1131754. [5] Sigl et al. (2015) 
Nature 523(7562), 10.1038/nature14565, 2015. 
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The key role at rock weathering belongs to 

organic acids, not only creating the aggressive acidic 
conditions, but also forming stable in water solutions 
complexes. Quantitative characteristics of trace 
elements mobilization from ash of the Karymsky 
volcano (Kamchatka) at its interaction with 0.01 M 
solutions of organic acids were experimentally 
determined. 

Experimental data have allowed to calculate 
coefficients of trace elements mobilization ki (table), 
equal to values of slope angle in the equations 

,mxkC iii =  
where Ci is concentration of element i in solutions of 
organic acids after the interaction with rock, µg/l; xi is 
element i content in initial substance of volcanic ash 
(rock), µg/g; m is mass of rock on unit volume of 
solution, g/l. 

The obtained results shown that mobilization of 
trace elements occurs mainly as a result of demolition 
of crystal structure of rock-forming minerals, as well 
as (in case of oxalic acids) at reduction of Fe(III) and 
Mn(IV) oxyhydroxides to soluble Fe(II) and Mn(II) 
compounds. Organic complexes formation increases 
of the metals stability in solution and leads to higher 
concentrations of its dissolved forms. 

 

Ele-
ment 
i 

ki ××  103 
oxalic 
acid, 

pH 2.20 

salicylic 
acid, 

pH 2.65 

tartaric 
acid, 

pH 2.68 

citric  
acid, 

pH 2.69 

acetic 
acid, 

pH 2.97 
Li 13.2 5.78 5.56 6.55 3.05 
Rb 3.88 2.67 2.67 2.05 2.15 
Cs 4.65 3.02 3.49 1.77 2.42 
Sr 34.1 16.7 16.5 20.6 8.18 
Ba 4.50 4.03 3.26 7.44 0.57 
V 311 12.7 10.7 13.3 4.53 

Mn 49.5 4.40 4.24 5.58 2.77 
Fe 153 8.31 8.58 8.90 3.71 
Co 146 11.1 11.3 11.8 7.61 
Ni 30.8 5.13 5.02 6.55 2.95 
Cu 100.6 106.2 105.6 108.1 94.0 
Tl 24.8 15.3 23.4 15.2 8.35 
Y 41.8 45.2 40.2 43.7 37.1 
Th 39.1 0.32 25.2 30.9 0.24 
U 32.6 17.0 20.1 24.0 15.2 

Table: Coefficients of trace elements mobilization 
(ki) at the interaction of volcanic ash with organic 
acids solutions. 
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The ca. 2.3-2.1 Ga Murmac Bay Group (MBG) 

represents one of the best sedimentary records that 
preserve Eoarchean geologic information [1]. We 
performed U-Pb and Lu-Hf isotopic analyses of 
detrital zircons from the MBG orthoquartzites using 
LA-ICP-MS and LA-MC-ICP-MS. Our data clarified 
the episodic crust-formation during the Archean. 
206Pb-207Pb age spectra show a major age cluster at ca. 
2.5-3.3 Ga and a subordinately older one at c. 3.5-3.9 
Ga. It is noteworthy that a distinct interval around 3.4 
Ga exists in the 206Pb-207Pb age spectra. The εHf 
values of the detrital zircons range from +6 to -23. 
Hafnium model ages (TDM) suggest three distinct 
episodes of juvenile crust generation at 2.6-3.2 Ga, 
3.2-3.6 Ga, and 3.6-4.2 Ga. The zircons with Hf 
model ages of ca. 3.4 Ga have 206Pb-207Pb ages 
between 3.3 and 2.5 Ga. This suggests that juvenile 
crust was formed extensively at ca. 3.4 Ga and 
subsequently reworked by tectono-igneous events 
between 3.3-2.5 Ga. Our results further indicate that 
pre-existing Hadean/early Archean rocks were likely 
reworked into the late Archean vigorous continental 
crust. The absence of ca. 3.4 Ga zircon is not unique 
to the Rae craton but is common in the Proterozoic 
sedimenary rocks and the current basement of the 
Archean cratons in the rest of the world. On the other 
hand, clear peaks at ca. 3.4 Ga detrital zircon 206Pb-
207Pb ages are reported by studies of sedimentary 
units older than 3 Ga. Our data, together with these 
observations, imply that 3.4 Ga granitic continental 
crust was once formed and later suffered by heavy 
reworking associated with the 3.3-2.5 Ga crust 
formation.  
 
REFERENCES 
[1] Ashton et al. (2013), Precam. Res. 232, 70-88.  
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Resistant macromolecules (RMMs) composing 
living plant tissues are more refractory against 
microbial degradation and diagenesis, and are well 
preserved as major parts in plant fossils and plant-
derived organic particles in sediment. Monomer 
compositions of the RMMs vary depending plant 
taxa, organs and physiological factors including 
growth conditions and stages. Thus, the RMM 
analysis may serve as powerful technique for 
evaluating paleobotany, paleovegetation and 
paleoenvironment. In the present study, we analyzed 
plant fossils from the Cretaceous strata in Japan to 
examine chemotaxonomic characteristics of the 
RMMs in the fossils. 

Angiosperms and gymnosperms mesofossils were 
collected from the Cretaceous 1) Ashizawa 
Formation, Futaba Group, Fukushima, and 2) Mikasa 
Formation, Yezo Group, Hokkaido. These 
mesofossils include fruits, flower, leaf, stem, seeds 
and woods. The residues removed free compounds 
were hydrolyzed, and these released compounds were 
analyzed by GC-MS. Also, pyrolysis and 
thermochemolysis of plant fossils by using GC-MS 
equipped Curie-point pyrolyzer. Additionally, 
statistical analysis were calculated using SPSS 
software. We used hierarchical clustering to group 
fossils with similar lipid distributions among species 
or organs. 

As main hydrolyzed products (ester-bound 
molecular units) from all fossils, C6-C28 n-alkanoic 
acids and C8-C28 n-alkanols were detected. Phenolic 
compounds released were much minor, especially in 
charred fossils. Carbon number distributions appears 
to be different between the organs; low C18/C16 ratios 
in cuticles (e.g. flowers, fruits and leaves) and high 
C18/C16 ratios in woods, which indicates those of cutin 
and suberin, respectively. Statistical analysis were 
calculated in lipid distribution for these released alkyl 
lipids from each fossils. Cluster analysis revealed a 
recognizable patterns of distributions of released 
alkyl lipids. All woody fossils are present in a cluster 
excluded non-woody ones. From these results, we 
propose that the paleolipidomics-like detailed 
paleochemotaxonomy of plant fossil are possible by 
making a comprehensive evaluation for various n-
alkyl lipid units bound in the RMMs. 



Goldschmidt Conference Abstracts 
 
2754 

Secular variation in 87Sr/86Sr 
ratio of seawater in the 

Ediacaran 
YUSUKE SAWAKI1,*, TAKESHI OHNO2, AND 

TSUYOSHI KOMIYA3 
1 Dept. of Earth and Planetary Sciences, Tokyo Tech., 

Japan 
 (*correspondence: sawaki.y.aa@m.titech.ac.jp) 

2 Dept. of Chem., Faculty of Science, Gakushuin 
Univ., Japan 

3 Dept. of Earth Science and Astronomy Graduate 
School of Arts and Sciences, The Univ. of Tokyo, 
Japan 

 
The Ediacaran period records one of the most 

dramatic biological episodes in Earth’s history; for 
example, the emergence of a number of large multi-
cellular animals. To understand perturbations 
occurring in the Ediacaran, multi-geochemical 
proxies have been reported from Ediacaran strata by 
many researchers. In south China, strata deposited in 
various sedimentary environments, from shallow 
platform to slope facies, well crop out. Intensive 
carbon isotope analyses from the Ediacaran strata in 
south China revealed spatial carbon isotope variations 
according to the sedimentary environments [e.g. 1, 2]. 
For example, large negative carbon isotope anomaly 
called Shuram excursion was not observed in slope 
facies carbonate rocks. 

The weathering influx from continents is thought 
to be a major influence on the change in composition 
of ancient seawater and on biological activity. Its flux 
can be estimated from the 87Sr/86Sr ratio of carbonate 
rocks. Due to the large isotopic difference between 
following two main sources of strontium, the 87Sr/86Sr 
composition of seawater tracks the long-term changes 
in the weathering of the continental surface relative to 
the hydrothermal flux. For further understandings of 
spatial variation of seawater 87Sr/86Sr ratio in the 
Ediacaran, we carried out on-land drilling of the 
Doushantuo and Dengying Formations (Fm) at Three 
Gorges, Weng’an, Siduping, and Tianping areas. 
Rock powders prepared from carbonate rocks were 
dissolved in 2 M acetic acid. After removing 
coexisting matrix elements, Sr isotope ratios were 
measured with a MC-ICP-MS. The results show that 
87Sr/86Sr values of the lower part of the Doushantuo 
Fm fluctuate around 0.708 with minor differences. 
Subsequently, the 87Sr/86Sr values increase to ca. 
0.709 through upper Doushantuo Fm. Along with the 
data from previous studies [e.g. 3], 87Sr/86Sr values in 
the Ediacaran carbonate rocks exhibit similar 
stratigraphic profiles, but those in Weng’an area keep 
high (0.709) throughout the Ediacaran. 
 
[1] Jiang et al., (2007) EPSL. 261, 303–320.  
[2] Zhu et al., (2013) Precam. Res. 225, 7–28. 
[3] Cui et al., (2015) Chem. Geol. 405, 48-62. 
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Atom Probe Microscopy (APM) has recently 

been applied to the analysis of zircon[1,2.]. This 3-
dimensional nanoscale analysis technique allows 
geochemists to peer beyond the spatial resolution 
limit imposed by more conventional ion-probe 
analysis techniques – particularly in investigating U, 
Th, Pb, and trace element distributions.  These recent 
studies aim to elucidate the mechanisms 
underpinning trace element mobilisation in these 
minerals, and thereby improve the interpretation of 
geochronology and geochemical data sets. Insights 
gained from these high-resolution studies may also 
enable new methods – for example, dating of 
metamorphism, and deformation[3]. 

Laser-assisted Atom Probe Microscopy is based 
on the field-evaporation of atoms from a needle-
shaped specimen, employing time-of-flight mass 
spectrometry to identify isotopic species[4]. In this 
‘laser-mode’ the field-evaporation is triggered by a 
thermal pulse initiated by a laser focussed at the 
specimen apex. The acquisition process is highly 
dependent on the conditions in this region of the 
specimen, and the quality of the data (as determined 
by such metrics as background noise, mass resolving 
power, and the presence of molecular and complex 
ion mass interferences) may be highly dependent on 
the analysis parameters: laser pulse energy, 
evaporation rate, temperature, and specimen 
geometry among others. These acquisition parameters 
must therefore be optimised for each material system. 

This work reports on foundational systematic 
studies in the APM analysis of zircon reference 
material 91500. Various optimisations are presented, 
aimed at providing general methods for maximising 
the extraction of geochemical information from 
zircon samples via APM. Comparisons are made with 
results from other correlative techniques. 

 
[1] Valley et al. (2015) Am. Mineral. 100, 1355–
1377. [2] Piazolo et al. (2016) Nat. Commun. 7, 
10490. [3] Cavosie et al. (2015) Geology 43, 99-102. 
[4] Kelly et al. (2012) Annu. Rev. Mater. Res. 42, 1-
31. 
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Pharmaceuticals used for decades for both 

personal health and veterinary purposes became 
recognized as emerging environmental contaminants 
at the end of 1990s. After their use, they are not fully 
metabolized in the body and are either excreted 
unchanged or as metabolites via urine and faeces. As 
a consequence, they are omnipresent in wastewater 
worldwide and are continuously emitted in the 
environment. They are designed to have 
pharmacological effects at low concentrations, which 
have led to concerns regarding their distribution in 
the environment and potential non-wanted biological 
effects in different organisms.  

Once they reach a wastewater treatment plant 
(WWTP) via the sewage system, they are not 
completely eliminated, some pharmaceuticals being 
relatively resistant to elimination, resulting in only 
partial removal from the water phase, and often 
partition into sewage sludges (biosolids). As a result, 
considerable amounts of these contaminants remain 
in WWTPs effluents and treated sewage sludges.  

Pharmaceuticals then enter soils via effluent reuse 
through irrigation or groundwater recharge, and land 
application of biosolids as soil amendment. Once 
they have been introduced into soils, sorption 
processes at the solid-liquid interfaces play a major 
role in the environmental fate of these organic 
pollutants, governing their mobility, transfer from 
soil to groundwater and surface water, and their 
availability for soil organisms and plants. 

In environmental compartments, notably in 
biosolids, only mixtures of pollutants are present and 
not isolated substances. For example, 
pharmaceuticals can interact with metals present in 
water and solid matrixes due to the presence of 
functional groups able to form stable complexes with 
metal ions. These interactions can modify their 
reactivity and thus their fate in the environment.  

We will present several results obtained from 
adsorption experiments of pharmaceuticals in soils in 
presence of metals. Investigations at molecular scale 
are conducted to bring insight into the co-sorption 
processes. In some cases,  metals greatly affect the 
sorption behaviour of pharmaceuticals, but in other 
cases the influence is negligible. Thus, it is important 
to consider the presence of metals when assessing the 
risk related to the presence of pharmaceuticals in 
soils. 
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Chaparrastique (San Miguel) is a stratovolcano 

located in central-eastern El Salvador, ~15 km 
southwest of the city of San Miguel.  

After 12 years of inactivity, Chaparrastique 
erupted on  December 29, 2013, at 10:30 local time 
(16.30 GMT) prompting the evacuation of more than 
~5,000 people. This event was an isolated, single 
vulcanian-type explosion that lasted 2.5 hours. 

Jhe INGV (Istituto Nazionale di Geofisica e 
Vulcanologia, Italy) organized a task force that 
worked in close collaboration with volcanologists 
from MARN (Ministerio de Medio Ambiente y 
Recursos Naturales, El Salvador) January 2014. A 
campaign survey was conducted to install a 
monitoring network on the flanks of the volcano and 
a suite of twelve eruptive products was collected in 
correspondence of the seismic monitoring stations. 

To understand the Chaparrastique’s eruptive 
process,  textural and compositional details preserved 
in phenocrysts from the sampled products were 
investigated and integrated with geochemical and 
isotopic information from bulk rocks. Results indicate 
that the eruption was triggered by an input of hotter, 
basaltic magma from depth into a colder, basaltic 
andesitic reservoir residing at shallow crustal levels. 
Magma  then rapidly decompressed during ascent to 
the surface. Trace element and isotope data excluded 
crustal contamination, suggesting magma origin by 
partial melting of an enriched MORB-like mantle 
wedge, prevalently metasomatized by slab-derived 
aqueous fluids.   
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Previous Os isotopic investigations of lavas from the 
Ontong Java Plateau1,2 observed that geographically 
widely dispersed samples of differing chemistries 
preserved an isochron of 123±8 Ma with an initial 
187Os/188Os = 0.1289±0.0095. Samples from the 
Manihiki Plateau, itself a portion of the greater 
Ontong Java Nui (OJN) magmatic event, preserve a 
far greater range in Os isotopic signatures than 
previously reported for the OJP alone. 

In contrast to the OJP data which points towards 
a near-chondritic, primitive mantle source for both 
Kroenke and Kwambaita lavas, the low Ti Manihiki 
samples preserve 187Os/188Os(i) ranging from 0.1056-
0.1714. High Ti Manihiki samples preserve 
187Os/188Os(i) = 0.1094-0.1288. Such strongly 
subchondritic signatures require some component of 
recycled material in the mantle source, possibly 
SCLM (TRD  low Ti samples ~3.1Ga; and ~2.3-2.6Ga 
for the high Ti samples). Higher initial Os isotope 
ratios could indicate the presence of metasomatised 
lithosphere and/or lower crust. 

The low Ti samples from Manihiki have been 
interpreted as the result of a two stage melting 
process, analogous to boninites2, the depleted source 
of which has itself been metasomatised by a HIMU 
component entrained within the plume head. 

Despite similar total degrees of partial melting 
between Ontong Java and Manihiki, a two stage 
process in Manihiki has  has allowed preservation 
and sampling of a broader range of compositions than 
observed in the OJP. Collectively the Ontong Java 
and Manihiki samples could conceivably contain 
mantle sourced from both an undifferentiated, near-
chondritic source, as well as ancient, unradiogenic 
recycled sources. Thus the greater OJN province 
samples a heterogeneous source containing both 
primitive and recycled components. It is probable that 
a single high degree partial melting event beneath 
Ontong Java (beyond sulphide out) homogenised 
these heterogeneities, whereas more complex, multi 
stage melting processes near the plume margin at 
Manihiki allowed sampling of the inherent 
heterogeneities within the plume head. 
1: Parkinson et al., 2002, GCA 66(15A) A580. 
2: Tekada et al. EPSL 2013, 377-378, p. 84-96 
3: Golowin et al., in prep. 
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During managed aquifer recharge (MAR) the 

injection of purified wastewater can create a 
geochemical disequilibrium that generally triggers 
various water-rock interactions. For selected 
sedimentary aquifer types this also induces the risk of 
mobilizing geogenic fluoride.  

Carbonate-fluorapatite (CFA = 
Ca10(PO4)5(CO3F)F2) is by far the most common 
autochthonous phosphate mineral in sedimentary 
environments [1]. However, aquifers containing CFA 
do not necessarily contain high dissolved fluoride 
concentrations. Dissolution of calcium apatites is 
complex involving rapid exchange processes and the 
formation of a surface layer of dicalcium phosphate 
(CaHPO4) composition that controls dissolution at 
circum-neutral pH [2].   

In sedimentary aquifers significant fluoride 
release from fluoride-bearing phosphate minerals has 
been found where equilibrium with the surface layer 
is disturbed. This especially occurs in conjunction 
with calcium removal due to exchange reactions 
along natural groundwater flow paths [3]. Such a 
disequilibrium can also be induced by MAR with 
highly purified, recycled wastewater. However, to 
date the risk of fluoride and phosphate mobilisation 
by MAR with highly purified water and the 
mechanisms by which the CFA surface-layer adjusts 
to lower ionic strength water has not been recognized 
and adequately assessed.   

In this study we use the data collected during a 
comprehensive field injection trial with low ionic 
strength, purified wastewater into an otherwise low 
fluoride (<0.3 mg/L) sedimentary aquifer to identify 
and quantify the mechanisms controlling the fate of 
fluoride and phosphate. Our data from a large-scale 
field trial document the linkage between the injectant 
breakthrough and rising fluoride and phosphate 
concentration.   Complementary mineral 
characterization and laboratory experiments verified 
CFA as the main source of fluoride and phosphate 
release. 
[1] Föllmi, K.B., Earth-Sci. Rev., 1996. 40(1–2): p. 
55-124. 
[2] Chaïrat, C., et al., GCA, 2007. 71(24): p. 5901-
5912. 
[3] Edmunds, W.M. in Ess. of Med. Geol., 2013. p. 
311-336. 
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The influence of water on mantle melting 
processes and rheological properties is substantial [1, 
2]. Interestingly, melting models can rarely predict 
water contents measured in nominally anhydrous 
minerals of natural peridotites as a function of 
melting [e.g. 3-5]. Most peridotites are 
metasomatized and their relatively high water 
contents have thus been attributed to water addition 
by melt/fluids [5-7]. However, in metasomatized 
peridotites, water appears decoupled from 
incompatible elements such as Ce [5,6]. This 
contradicts observations that water and Ce behave 
similarly in oceanic basalts. [e.g. 8]. To avoid 
metasomatic overprinting, we have analyzed water by 
FTIR in peridotite xenoliths from Kilbourne Hole, 
NM (USA) characterized primarily by melting 
signatures and no obvious metasomatism. In addition, 
similar peridotite xenoliths from the literature were 
selected from Jiande, China [4] and abyssal 
peridotites of the Southwest Indian Ridge [5]. 

Water contents in peridotites from these locales 
are used in conjunction with trace element data to 
closely examine the behavior of water during melting 
and sub-solidus re-equilibration events. These 
peridotites still have high water concentrations for 
their degree of melting when modeled with traditional 
melting equations and the Nernst distribution law 
[9,10]. Alternative modeling approaches will be 
presented with a goal of reconciling model 
predictions and observed peridotite water 
concentrations. 

 
[1] Gaetani and Grove (1998), CMP131, 323-

346. [2] Hirth and Kohlstedt (1996), EPSL 144, 93-
108. [3] Peslier and Bizimis (2015), GGG , 16, 1-22. 
[4] Hao et al. (2014), CG 380, 7-19. [5] Warren and 
Hauri (2014) JGR 119, 1851-1881. [6] Peslier et al. 
(2012), GCA 97, 213-246. [7] Peslier (2010), JVGR 
197, 239-258. [8] Michael (1995) EPSL, 131, 301-
320. [9] Shaw (1970) GCA 34, 237-243 [10] Johnson 
et al. (1990) JGR 95, 2661-2768. 
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Playing important roles in geology, biology, 

medicine, and industry, iron oxides are of great 
interest [1, 2]. In spite of a vast amount of literature 
on iron chemistry, iron oxide precipitation is still not 
well understood. Formation pathways via inorganic 
oligomeric or polymeric species have been proposed, 
and described by means of classical nucleation 
theory. Herein, we show that the pathway of iron 
oxide formation passes through multiple stages, 
during which the system distinctly changes its 
chemical behavior. This governs the phase separation 
event, upon which the complex inorganic precursors 
that are present at the earliest stages of the reaction 
change their thermodynamic solute speciation to 
become a new phase, which subsequently grows via 
aggregation. Our results show that the formation of 
iron oxides follows a pathway that is consistent with 
the basic literature on iron chemistry; however, the 
notions of a recently proposed, alternative framework 
—the so-called pre-nucleation cluster pathway [3]— 
are required to understand the event of phase 
separation. 

 
[1] Flynn (1984), Chem. Rev. 84, 31-41. 
[2] Baumgartner & Faivre (2015), Earth-Sci. Rev. 
150, 520-530. 
[3] Gebauer, Kellermeier, Gale, Bergström & Cölfen 
(2014), Chem. Soc. Rev. 43, 2348-2371. 
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Stromatolitic carbonates are shallow-marine, 

biogenic chemical sediments that provide an 
excellent archive of geochemical proxies for Early 
Earth's seawater. Here we report rare earths and 
yttrium (REY) data and Nd and Mo isotope 
signatures of stromatolitic carbonates from the ~2.48 
Ga old Rooinekke Formation, Transvaal Supergroup 
(South Africa). Underlying the Makganyene 
diamictite, these limestones formed immediately 
before the Great Oxidation Event (GOE). 

The shale-normalized REY patterns of the 
biogenic limestones are (except for redox-sensitive 
Ce) sub-parallel to those of modern seawater and 
show positive LaSN and GdSN anomalies, YbSN/PrSN 
ratios >3 and super-chondritic Y/Ho ratios, indicating 
a pristine seawater-derived REY budget. However, 
the lack of negative CeSN anomalies indicates anoxic 
environmental conditions that did not allow Ce(III) 
oxidation to Ce(IV) during terrestrial weathering and 
in the shallow marine photic environment in which 
the Rooinekke stromatolites formed. The lack of 
positive EuSN anomalies reveals insignificant REY 
input from black smoker-style, high-temperature 
hydrothermal fluids to shallow marine “Transvaal” 
seawater, which is consistent with Nd isotope data 
that suggest only minor to negligible input of mantle 
Nd.  

The Mo isotopic composition of the stromatolitic 
limestones is close to crustal values and ranges from 
0.13 to 0.53 ‰ for δ98/95Mo. This relatively small 
fractionation of Mo isotopes corroborates the absence 
of CeSN anomalies and supports low oxygen levels in 
the atmosphere and in shallow seawater during the 
deposition of the Rooinekke Fm. This is in marked 
contrast to significantly stronger Mo isotope 
fractionation in the older (~2.64-2.50 Ga) Ghaap 
Group, that suggests the presence of free atmospheric 
oxygen at the time of carbonate deposition [1]. Our 
new study, therefore, provides further evidence for 
significant short-term fluctuations of the redox level 
of the atmosphere-hydrosphere system immediately 
before and after the GOE. 

 
[1] Voegelin et al. (2010). Precam. Res. 182, 70-82. 
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Ever since the first reliable measurements for 

seawater were published in the early 1980s, it has 
been known that YREE vertical profiles resemble 
those of the major plant nutrients, particularly 
silicate, showing concentrations that gradually 
increase with depth. This is generally believed to 
reflect scavenging in the upper ocean onto mostly 
biogenic particles and subsequent release when these 
sink and are bacterially remineralized. In 1990, Byrne 
and Kim devised a simplistic yet surprisingly 
successful model that describes YREE scavenging as 
a competition between complexation with dissolved 
ligands and with functional groups on the particle 
surface. A wealth of new field and laboratory data, 
due in equal parts to the emergence of ICP-MS and to 
the international GEOTRACES program, has enabled 
a revision of that model, obviating some of its 
dubitable assumptions. 

My presentation will review experiments 
conducted over the past 20 years, at the University of 
South Florida and at UMCES, to determine the 
stability of YREE complexes with dissolved organic 
and inorganic ligands, as well as the extent of YREE 
sorption on model organic and inorganic surfaces as a 
function of pH, ionic strength, and temperature, all in 
non-coordinating media. Comparisons with older 
literature illustrate how employing a variety of 
techniques, including cation-exchange, solubility, 
potentiometric titration, ligand competition, rapid-
scan spectrophotometry, and ion-selective electrodes, 
has improved thermodynamic data for YREE 
complexation with carbonate, hydroxide, fluoride, 
chloride, sulfate, and a few small organic acids. In 
addition, we have developed detailed surface 
complexation models for YREE sorption on hydrous 
ferric oxide (HFO), hydrous manganese oxide 
(HMO), HFO/HMO mixtures, and macroalgal tissue. 

Using the latest data with an inversion of the 
Byrne and Kim model yields some interesting 
insights into the identity and properties of the marine 
particles primarily responsible for YREE scavenging 
in the shallow and deep ocean. These results 
demonstrate the benefits of a chemical approach to 
modeling metal scavenging in the open ocean. On the 
other hand, the limitations of a purely equilibrium 
model must be recognized, as scavenging clearly has 
an important dynamic component that it does not 
capture. Some attention will thus be given to 
complementary mechanisms like co-precipitation 
with phosphate, one of the most analytically 
challenging and therefore least well studied inorganic 
YREE ligands. 
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Strontium (Sr) and barium (Ba) are ubiquitous in 

surface freshwaters at nM to low-µM concentrations 
but enriched in fracking fluids by up to 4 orders of 
magnitude. Monitoring of Sr and Ba levels has thus 
been proposed as a way to detect spills. Our 2-year 
survey of streams overlying the Marcellus Shale in 
western Maryland, where a temporary reprieve from 
fracking activities has been ordered, indicates that 
baseline Sr and Ba levels are variable in space and 
time, complicating the early detection of fluid spills 
depending on location and season. On the other hand, 
Ba/Sr ratios appear to be constant in individual 
streams and Ba is often near saturation with respect to 
barite (BaSO4), while Sr is greatly undersaturated 
with respect to celestite (SrSO4). Physicochemical 
models of typical stream waters suggest that a fluid 
spill would raise Sr concentrations yet that Ba 
concentrations are constrained by precipitation. 
Hence, even rather minor spills might trigger a 
conspicuous decrease of the Ba/Sr ratio. Other 
common ions, albeit equally variable, are not as 
enriched in fracking fluids nor subject to such 
solubility limits. For example, Na and Cl levels are 
less sensitive to fluid spills and cannot distinguish 
them from road salt effluent based on the Na/Cl ratio. 
One exception may be Br, which is virtually absent 
from surface freshwaters and could signal a spill by 
its mere presence. 

Ongoing experiments in our laboratory are 
designed to validate this idea by measuring the Ba/Sr 
ratio in mixtures of stream water and fracking fluid. 
Filtered water from streams naturally enriched in Ba, 
enriched in Sr, and with Ba/Sr ~ 1, were spiked (0.2, 
0.02 and 0.002% by volume) with filtered produced 
water, collected from a university test well several 
weeks after fracking, and continuously agitated on a 
rotary shaker at 25°C. Analysis by ICP-MS and ion 
chromatography revealed that the produced water 
contains about 10 mM each of Ba and Sr, and about 
1000 mM chloride. Nevertheless, preliminary data 
show no deviation of the Ba/Sr ratio from its 
calculated initial value over a period of 2 weeks. This 
implies that barite precipitation is kinetically 
hindered, in spite of pronouned supersaturation, 
likely due to the absence of particles that promote 
nucleation. Further experiments are planned in the 
presence of clean sand (to prevent sorption or 
contamination), at lower temperatures, and with 
fluids that have a different composition. 
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The large collection of howardite–eucrite–

diogenite (HED) meteorites represent a unique 
opportunity to study the initial magmatic 
differentiation of a small planetesimal, Vesta, that 
accreted and differentiated during the earliest stages 
of our Solar Sytem's formation. Most HED meteorites 
have experienced thermal metamorphism and, 
consequently, the duration of the initial magmatism 
on Vesta, resulting from decay of 26Al,  is not well 
constrained. In particular,  absolute age information 
that could link relative 26Al-26Mg ages of diogenite 
meteorites is still lacking. In an attempt to create an 
absolute age framework for the 26Al-26Mg decay 
system for diogenites, we dated the unequilibrated 
diogenites Dhofar 700 using the Pb-Pb chronometer 
and measured its Mg isotope composition.  

 Dhofar 700 has a Pb-Pb age of 4546.4±4.7 Myr, 
which we interpret to represent the exhumation and 
cooling age of this meteorite, most likely as the result 
of an impact. The Pb-Pb age is too young to form an 
absolute time anchor for the 26Al-26Mg system. 
However, this young age suggests that magmas 
capable of producing diogenites were present for at 
least 20 Myr on Vesta. The 26Mg* excess of Dhofar 
700 is 25.5±1.9 ppm, which is similar to eucrites, and 
is the largest 26Mg* anomaly reported for bulk 
diogenites. Based on this large excess, we infer that 
the parent magma of Dhofar 700 formed 1-2 Myr 
after Solar System formation and experienced little 
recharge by Mg-rich magmas that would have erased 
the 26Mg* excess recorded in Dhofar 700 until its 
crystallization ~20 Myr later. Combined with 
published 26Mg* and trace element data, our data 
suggests that diogenites record a two stage magmatic 
history on Vesta. Diogenites forming a tight cluster of 
negative 26Mg* and Eu/Eu* ~ 0.2 are interpreted to 
represent products of an early short-lived magma 
ocean on Vesta. A second population of diogenites 
records a trend of decreasing Eu/Eu* with increasing 
26Mg*. We interpret this to record diogenite 
formation from slowly evolving, small magma bodies 
after the initial, short-lived, shallow magma ocean 
phase. Based on the age of Dhofar 700, these 
magmatic bodies resided in the upper mantle of Vesta 
for at least 20 Myr.  
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The oxidation state of selenium (Se) regulates its 
availability as a nutrient as well as its mobility as a 
contaminant. Biotic and abiotic processes catalyse Se 
redox transformations. Although Se oxidation is an 
important process controlling Se fluxes in modern 
environments, and has been a major Se mobilizing 
process throughout the geologic history, it is unclear 
if Se oxidation is mainly driven by abiotic or 
biological reactions.  
Se isotope ratio (82Se/76Se) is a powerful indicator, 
which can help determine the extent of Se oxidation. 
However, our insufficient knowledge of the 
magnitude of Se isotope fractionation caused by Se 
oxidation limits the application of Se stable isotopes. 
Therefore, we investigated Se isotope fractionation 
induced by the abiotic oxidation of Se by manganese 
oxides (Mn-oxides). Mn-oxides are ubiquitous 
minerals in oxic soils and sediments and known to 
oxidize Se(IV) to Se(VI).  
 We conducted batch experiments of Se(IV) 
oxidation by Mn-oxides under controlled conditions 
(pH=4 and temp. = 22°C) to investigate the 
relationship of Se oxidation kinetics and Se isotopic 
fractionation [(ε=1000*(α-1); α = 
(82Se/76Se)Reactant/(82Se/76Se)Product ].  

Our preliminary results show a decrease in Se(IV) 
concentration by ~40% over 500 hours. It further 
reveals a small isotopic fractionation of 1.0‰ with 
Se(IV) as reactant being isotopically heavier relative to 
the reaction product Se(VI). Any processes other than 
oxidation can be excluded because (i) sorption on 
Mn-oxide would lead to a much faster decrease in 
Se(IV) concentration (time scale of minutes)1, (ii) Se(IV) 
reduction would cause larger e (>10‰).2 
 This relatively small fractionation follows 
the pattern seen for other redox-senstive elements 
(i.e. S, Cr), which can be fit into the general isotopic 
theory developed for other elements.  
 
1Mitchell, K., Couture, R.M., Johnson, T.M., Mason, 

P.R.D., van Cappellen, P., 2013. Chem. Geol. 
342, 21-28. 

2Scott, M.J., 1991. Dissertation (Ph.D.) California 
Institute of Technology.  
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 A pumping experiment was carried out in a 

pre-alpine valley to investigate how large-scale 
groundwater abstraction influences local surface 
water-groundwater (SW-GW) interactions. During a 
three-week period the pumping rate of an important 
drinking water station was lowered by 50%. Changes 
in residence time distribution and mixing ratios were 
evaluated using multiple isotopic tracers for different 
time scales, including the established 222Rn 
(T1/2=3.8d) and 3H/3He (T1/2=12.4y), as well as the, in 
this context, never before employed 37Ar (T1/2=35d). 
The isotopic data were used to calibrate a coupled 
SW-GW model using the HydroGeoSphere (HGS) 
[1]. The Hydraulic Mixing Cell method (HMC) was 
used to integrate isotopic data [2]. The calibration of 
the model with PEST [3] enables reproducing not 
only hydraulic heads but also residence time 
distribution and mixing ratios. The benefit of multiple 
time scales covering isotopic tracer data to calibrate 
hydraulic parameters was evaluated. Furthermore, the 
information content of the different data in terms of 
data-worth was analyzed. 
 
 
[1] Therrien, R., McLaren, R.G., Sudicky, E.A. 
(2010). HydroGeoSphere: A Three- dimensional 
Numerical Model Describing Fully-integrated 
Subsurface and Surface Flow and Solute Transport. 
University of Waterloo, Ontario, Canada. 
[2] Partington, D. et al. (2011). A hydraulic mixing-
cell method to quantify the groundwater component 
of streamflow within spatially distributed fully 
integrated surface water-groundwater flow models. 
Environ. Model. Softw. 26, 886–898. 
[3] Doherty, J., (2015). Calibration and Uncertainty 
Analysis for Complex Environmental Models. 
Watermark Numerical Computing, Brisbane, 
Australia. 
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Ash clouds of Plinian and ignimbrite-forming 

eruptions from volcanoes along the Central American 
volcanic arc are distributed at stratospheric heights 
westward across the Pacific Ocean [1]. The ash is 
preserved in layers in the marine sediments and 
represents the distal deposit of these, mostly climate 
relevant, eruptions up tp several hundreds of 
kilometers from the vent regions and account for the 
major fraction of the erupted tephra volumes.  

We analysed the tephra inventory of  18 
DSDP/ODP and IODP sites offshore Costa Rica for 
their major and trace element glass shard 
compositions and were able to correlate tephra layers 
between different sites, with onland volcanic sources 
and/or to well studied eruptions using geochemical-
fingerprinting. The established tephrostratigraphy for 
the southern Central American volcanic arc reaches 
back to the Miocene providing a long time series of 
eruptions and the overall volatile and elemental 
budget (e.g. [1; 2]) for this part of the subduction 
zone.  
The correlations were used to draw isopachs and 
calculate minimum erupted volumes and magma 
masses for all these eruptions. For some eruptions 
(e.g., Tiribi Tuff in Costa Rica [3], Fontana Tephra 
from Nicaragua [4]) that are well studied on land we 
were able to increase the calculated volumes with our 
new more distal correlations. For others, only known 
from local deposits in Costa Rica, we are able to 
provide the first eruptive masses described so far. 
The gathered data was combined with volatile data to 
study single eruptions but also entire arc segments. 
This enables us to elaborate the volatile fluxes into 
and out of the subduction zone, which are important 
players regarding the exchange between lithos-, 
hydros-, and atmosphere and how the climate has 
potentially been influenced by volcanism in the past 
[2].  
 
[1] Kutterolf et al. (2008) Geochem. Geophys. 
Geosys. 9, doi:10.1029/2007GC001791. [2] Freundt 
et al. (2014) Int. J. Earth Sci. 103, 2101-2127. [3] 
Pérez et al. (2006) Bull. Volcanol. 69, 25-40. [4] 
Wehrmann et al. (2006) In: Rose, W. I., Bluth, G. J. 
S., Carr, M. J., Ewert, J., Patino, L. C., Vallance, J. 
W. (eds.) Volcanic hazards in Central America: Geol. 
Soc. Am. Spec. Publ., 209-223.  
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The Kuiper belt is a remnant of the primordial 

Solar system. It consists of a disk of icy bodies 
located at the outskirts of our planetary system, just 
beyond the orbit of Neptune, and is the source of 
short period comets. More than 1000 KBOs have 
been detected since its discovery in by Jewitt & Luu 
in 1993. In the Kuiper Belt, planet formation never 
reached all the way to completion because the growth 
of planetary embryos was interrupted by an increase 
in their velocity dispersion. As a result, the Kuiper 
belt contains some of the least processed bodies in 
our Solar system and its dynamical and physical 
properties illuminate the conditions during the early 
stages of planet formation. Determining the 
abundance, material properties and collisional history 
of Kuiper Belt Objects (KBOs) is important since it 
illuminates the formation history of the outer solar 
system and the processes of planet formation in 
general. I will review recent results from NASA’s 
New Horizons mission to Pluto, compare them with 
observations of the outer solar system and discuss 
their implications for planet formation. 
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One of the exciting new discoveries of the 

GEOTRACES observational programme are the 
pronounced deep-ocean trace element and isotope 
(TEI) plumes originating from hydrothermal vents 
along mid-ocean-ridges that have been found in all 
ocean basins. Shape and extent of the plumes, as well 
as the actual TEI concentrations in the plumes result 
from the combined effects of biogeochemical and 
physical processes, with water-mass circulation and 
mixing playing a crucial role. Inferences about source 
strengths or reaction rates in the plumes therefore 
depend on knowledge of the physical transports and 
normally require require the use of models.  

Here I use a global, coarse-resolution ocean 
model previously fitted to geostrophic shear estimates 
and to data of ten hydrographic parameters and 
tracers to simulate the 3He and 4He distributions 
resulting from the release of mantle helium from mid-
ocean-ridges. The model is in very good agreement 
with 14C and CFC data and has realistic global ocean 
overturning strength as well as water mass formation 
and transport rates. It is found that previously 
published global mantle 3He fluxes are too high by a 
factor of about two. In the model, optimal agreement 
of modelled δ3He with data is achieved for a global 
flux of 450 ± 50 mol 3He year-1. The formulation of 
He source strengths proportional to ridge spreading 
rates appears compatible with data. A model/data 
misfit analysis shows significant and large-scale δ3He 
underestimation in the southwestern Pacific centred 
over the Lau Backarc Basin (ca. 179°W/20°S). These 
misfits disappear in a setup with 30 of the 450 mol 
year-1 global total 3He flux released in the Lau Basin 
over a depth range between 1250 and 2500 m. Such 
He flux contributions are missing in present mantle 
He source compilations. Hydrothermal fluxes of other 
TEIs can be calculated from He fluxes on the basis of 
TEI:He ratios measured close to the sources. 
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Mesoproterozoic copper ores in South Australia 

contain low to moderate concentrations of uranium. 
Dependent on concentration, the uranium may be an 
economic by-product, a contaminant, or both. 
Daughter products of 238U and 232Th decay are also 
present in the ores. However, due to the distinct 
physical and chemical properties of each daughter 
radionuclide, including the short half-life α-emitters, 
210Po and 210Pb (hereafter 210RN), these may decouple 
from the parent uranium to form, or be incorporated 
into, different minerals. This process may be 
exacerbated by geological events causing different re-
mobilization pathways for different elements. 
Similarly, parent-daughter separation is also possible 
during ore processing, and has the potential to create 
smelter dusts or other processing products enriched in 
210RN relative to 238U. There is currently limited 
available data about mineralogical hosts for 210RN, 
making prediction of its location in complex, fine-
grained ores or concentrates a significant challenge. 
Information on potential mineral hosts for 210RN is, 
however, essential to guide attempts to eliminate or 
reduce unwanted 210RN in copper concentrates and 
processing wastes. 

Concentrations of 210RN are so low (fractions of 
one part-per-trillion) that their presence in individual 
minerals cannot be measured directly by conventional 
microanalytical methods. In order to understand their 
distribution in millfeed and concentrates, we thus rely 
on indirect information drawn from assays and RN 
measurements on bulk material, comprehensive 
mineralogical characterization at micron scales, and 
determination of concentrations of proxy elements 
and isotopes within the crystal lattice of specific 
minerals. SEM analysis at maximum magnification 
provides identification of potential sub-µm-sized 
210RN-bearing mineral grains, including nanoparticles 
within sulfides and gangue minerals, and at mineral-
mineral boundaries. These data and future FIB-SEM 
and TEM investigations will assist in building a 
robust qualitative model for 210RN deportment within 
ore and an understanding of the different pathways 
responsible for changes in that deportment as a 
response to geological events and ore processing.  
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The Cambrian succession of the Australian Amadeus 
Basin is part of the greater Central Australian 
Superbasin, which started forming during the 
Neoproterozoic. The oldest Cambrian sediments 
(Stage 2) were deposited after the Petermann 
Orogeny (570-530Ma). Deposition ceased within the 
basin during rifting between 520 and 511 Ma and was 
followed by deposition of nearshore to shallow 
marine sediments during the remaining Cambrian and 
Ordovician. 
 
The majority of sediments were deposited under 
shallow marine-restricted, lacustrine, oxidising 
conditions with intermittent anoxia. This study 
reveals that the depositional environment was 
favourable for anoxic conditions that are 
stratigraphically-expressed in carbon isotope 
excursions. The carbon isotope δ13C excursions are 
linked to globally occurring events and correlate to 
the SPICE, DICE, and ROECE excursions. The cause 
of those excursions and sudden shift from oxidising 
to reducing conditions remains enigmatic. However, 
the ROECE event coincides with the eruption of the 
Kalkarindji Flood Basalts in northern Australia and 
may have caused a change in atmospheric CO2 flux, 
subsequently shifting the depositional environment 
from oxidising to reducing conditions within the 
Amadeus Basin.  
 
While the δ13C excursion express relatively short-
lived events, the oxygen isotopes δ18O reveal palaeo-
environmental conditions during carbonate 
deposition. The negative shift of ~3 ‰ δ18O in 
combination with the decrease of evaporites and 
deposition of dominantly pisolitic limestones in the 
Undillian (upper Drumian) suggest a change towards 
low saline, higher energy conditions. This culminated 
in the basin-wide transgression during the Paibian 
and deposition of the Goyder Formation dolostones. 
The shift in δ18O and its use as palaeo-salinity 
indicator is supported by geochemical trends of 
evaporitic elements such as Sr (celestine) and S 
(gypsum, anhydrite). 
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The isotopic composition of Nd and Hf in the 

oceans has been intensively investigated, and 
recently, much progress was made in studying river(-
bourne) sediments. However, a profound 
understanding of the net riverine fluxes of Nd and Hf 
from the continents to the oceans and of its isotopic 
composition are still limited. Geological, 
hydrological and environmental conditions appear to 
play a key role, and studies investigating the Nd and 
Hf isotopic composition of the individual element 
“pools” of rivers, i.e., bedload sediments, suspended 
particles, nanoparticles and colloids (NPCs), and of 
the truly dissolved fraction are required.  

We present combined Hf and Nd isotope data for 
the particulate (>200nm), the dissolved (truly 
dissolved + NPCs <200nm) and the truly dissolved 
pools (<1KDa) in three temperate rivers in Germany: 
The strongly polluted Rhine River was sampled 
upstream and downstream of a pollution point source 
of anthropogenic LREE, to identify the potential 
impact of anthropogenic REE contaminants. In 
contrast, the Wiembach Creek in Leverkusen, 
Germany, is a small pristine tributary to the Wupper 
River which itself is a tributary of the Rhine River. 
The NPC-rich Weser River is a moderately polluted 
river in NW Germany. 

The Hf isotopic composition at given εNd is often 
mineralogically controlled due to incongruent 
weathering and sediment transport, and in the 
investigated rivers, the dissolved pool is usually more 
radiogenic than the suspended particles. In the Weser 
River, Hf in the truly dissolved pool,is less radiogenic 
than in the NPC-dominated dissolved pool. In 
contrast, the truly dissovled pool in the Rhine River is 
slightly more radiogenic than the NPCs. These 
differences are related to the DOC content of the 
samples and to the distribution of Hf between the 
NPCs and the truly dissolved pool. In contrast to Hf, 
differences in the isotopic composition of Nd in 
individual size pools should rather reflect different 
(rock) sources. However, εNd of the truly dissolved 
pool in the Rhine River is ca 2ε units more radiogenic 
than the dissolved pool, possibly due to 
anthropogenic contamination with Nd. 
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Here we summarize results from a recent study to 

reconstruct past mercury (Hg) deposition in Papua 
New Guinea (PNG). We recovered a sediment core 
from Lake Kutubu, a highland lake with a small 
watershed ideally situated to record past amospheric 
Hg deposition rates.  

Our sediment core spans the past ~2500 years. 
Background (i.e., pre-industrial) atmospheric 
deposition rates ranged from 2 to 15 ug/m2/yr and 
exhibited a high degree of temporal variability. 
Modern sediment presents a peak in Hg, which 
coincide temporally with regional gold mining 
activities; however, Hg fluxes are within the range of 
pre-industrial atmospheric deposition rates of 2 to 15 
ug/m2/yr. The presence of two volcanic tephras, 
Tibito (~280 yr BP) and Olgaboli (~1200 yr BP), can 
be identified by significant reductions in organic 
matter in the sediment profile, though there is no 
clear indication that these eruption events contributed 
significantly to Hg deposition in the lake. 
Background atmospheric deposition rates of 2 to 15 
ug/m2/yr are similar to those reported in the Amazon 
in preindustrial time and after the Late Glacial 
Maximum, however, slightly higher than 
preindustrial Hg deposition in other remote parts of 
the world typically recorded as 5 to 10 ug/m2/yr. Hg 
atmospheric deposition fluxes appear to be strongly 
controled by regional variation in precipitation, 
evident from the correspondence to Australian 
Monsoon trends recorded in speleothem δ18O in NW 
Australia. We conclude that the overall Hg deposition 
flux variations within core are likely to be related to 
regional climate drivers, including the Australian 
Monsoon, and more recently anthropogenic activities 
associated with local gold mining. 
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We present laboratory experiments aiming to 

understand the processes affecting the δ13C and δ18O 
values of speleothems during precipitation of calcite 
from thin films of solution. The experiments are 
conducted in a climate box enabling us to control 
temperature, humidity, pCO2 and the δ13C and δ18O 
values of atmospheric CO2 [1]. 

In the experiments, a thin (ca. 0.1 mm) film of a 
solution supersaturated with respect to calcite flows 
down an inclined marble or sand-blasted glass plate, 
progressively precipitating calcite along the flow 
path. The drip water is sampled at different distances 
of flow and, thus, residence times on the plates, and 
pH, electrical conductivity as well as the δ13C and 
δ18O values of the dissolved inorganic carbon (DIC) 
and the precipitated CaCO3 are determined. This 
enables us for the first time to determine the carbon 
and oxygen isotope fractionation factors between all 
involved carbonate species (CaCO3, HCO3

-, CO2) and 
water and their dependence on the experimental 
parameters. The experiments were conducted at 10, 
20 and 30 °C, a pCO2 of 1000 and 3000 ppmV and 
with Ca2+ concentrations of 2 and 5 mmol/l, 
respectively. 

Both the δ13C and δ18O values show a progressive 
increase along the flow path, which can be 
quantitatively described by a model based on 
Rayleigh distillation of the HCO3

- reservoir [2]. The 
carbon and oxygen isotope fractionation between 
HCO3

- and CaCO3 shows a strong dependence on 
precipitation rate documenting kinetic isotope 
fractionation. The oxygen isotope fractionation 
between the precipitated CaCO3 and water is in good 
agreement with the values determined from calcite 
farmed in situ in caves [3]. 

 
[1] Dreybrodt et al. (2016) Geochim Cosmochim 

Ac 174, 247-262. [2] Scholz et al. (2009) Geochim 
Cosmochim Ac 73, 2592-2602. [3] Tremaine et al. 
(2011) Geochim Cosmochim Ac 75, 4929-4950. 
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Mercury is a highly volatile element with a 

condensation temperature that falls between 
ices/gases and elements that condense into troilite 
(e.g., Cd, Tl) [1]. Compared to Cd and Tl, the Hg 
abundances in stony meteorites are elevated and 
scatter significantly. Meteorites, depleted to various 
degree in volatiles, such as the CV3 or ordinary 
chondrites show puzzling variations from ~101–104 

ppb Hg that do not follow the general volatile 
depletion trend in these meteorites. Most strikingly 
concentration data from the CI chondrite Orgueil vary 
from 480–213000 ppb [2]. This abundance is key to 
determine the average solar system abundance, which 
is a crucial baseline in cosmochemistry. The Hg 
variations were proposed to be contamination, while 
others argued that this is unlikely [3]. Key to resolve 
this conundrum is the form, in which Hg occurs in 
these meteorites. Therefore, we performed thermo-
desorption experiments on chondrites for which we 
previously determined Hg concentrations and isotope 
compositions [4]. Mercury species were determined 
by pyrolitic-thermo-desorption-AAS [5], 
continuously recording Hg release up to 700°C under 
N2 gas flow. 

Orgueil shows two distinct release peaks at ~200 
°C (40% of total Hg) and ~300 °C (60%). The latter 
peak is identical to our cinnabar standard and 
indicates that 60% of the total Hg (105 ppb in our 
sample) is HgS. Intrinsic contamination with HgS in 
a terrestrial environment is highly unlikely and thus 
we conclude that the concentration variations in 
Orgueil are a true feature of the rock and most likely 
stem from the heterogeneous distribution of HgS. 
Allende (CV3) and Vigarano (CV3) show release 
peaks at ~200 °C with a hint of a later release. This 
may indicate HgS breakdown to metallic Hg, which 
is then incorporated into minerals during parent body 
heating. This idea is also supported by data for 
ordinary chondrites (Estacado H6, Richardton H5, 
Allegan H5, Sharps H3.6), which have experienced 
parent body metamorphism and show a well-resolved 
single release peak around 200°C.  
 
[1] Lodders (2003) ApJ 591 1220-1247. [2] Lauretta 
et al. (1999) EPSL 171, 35- 47 [3] Lauretta et al. 
(2001) GCA 65, 2807-2818. [4] Wiederhold & 
Schönbächler (2015) LPSC 46, 1841. [5] Biester & 
Scholz (1996) ES&T 31, 233-239. 
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Salt rocks of the Zechstein, Upper Permian, are 

regarded as possible host rocks for radioactive waste 
disposal in Germany. Most of these rocks consist of 
halite with anhydrite impurities, and some are 
anhydrite rocks. To characterize these rocks and to 
verify the ability of isotope gechemistry for 
stratigraphic classifications, δ34S and δ18O analysis of 
sulphates from different stratigraphic units were 
performed. 

Altogether, 112 sulphate samples were collected 
from the Gorleben, Asse and Morsleben salt 
structures, of Northern Germany, representing the 
Zechstein Units z2 – z4. Powder samples were 
dissolved in NaCl solution and precipitated as BaSO4 
(modiefied preparation after [1]). The sulfur isotope 
ratios (34S/32S) were analyzed using continous flow 
elemental analyzer – isotope ratio mass spectrometry 
(EA-IRMS). For oxygen isotope ratio analysis 
(18O/16O), continous flow thermal combustion – 
isotope ratio mass spectrometry (TC/EA-IRMS) was 
used. Results for S are measured against VCDT, the 
reproducibility is < ±0.3‰ δ34SSO4. The O isotopic 
composition was measured against VSMOW, the 
reproducibility is < ±0.5‰ δ18OSO4. 

The δ34S results display an isotopic composition 
between 9.2 ‰ and 11.3 ‰, which is in good 
agreement with available data (e.g. [2, 3]). Within a 
stratigraphic unit, the values decrease for ca. 2 ‰ 
from basis to top, and increase at the basis of the 
adjacent unit for ca. 1.5 ‰ – 2 ‰. This repeating 
trend can be explained by cyclic inflow of fresh 
seawater and following evaporation in a marine 
basin. 

The δ18O isotopic composition shows distinct 
variations between 8.2 ‰ and 13.8 ‰, which also 
concurs with published data (e.g. [3]). The variations 
are more pronounced and display more sensitive 
short-term changes in evaporation conditions. 

 
[1] Goldberg et al. (2005) Precambrian Research 
137, 223-241. [2] Kampschulte & Strauss (2004) 
Chem. Geol. 204, 255-286. [3] Claypool et al. (1980) 
Chem. Geol. 28, 190-260. 
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The Santa Elena Ophiolite (SEO) in western 
Costa Rica experiences extreme wet-dry cycles on an 
annual basis with most of its’ rainfall occurring in a 
few-months period between May and October. 
Geochemical and hydrological data indicate that 
groundwaters in the SEO have short residence times 
(a few months) and are strongly influenced by 
subsurface serpentinization reactions. Microbial 
abundances and diversity appear to be linked to this 
dynamic recharge and mixing cycle, with many of the 
taxa identified related to known methane- and 
hydrogen- oxidizing microorganisms. At the same 
time, nutrients and oxidants appear to be carried by 
the infiltration of meteoric water and are strongly 
correlated with microbial community compositions. 
Taken together these data demonstrate how dynamic 
processes related to fluid flow in the subsurface 
impact microbial communities and carbon cycling. 
Results from this study provide insight into the 
physiology and metabolic capabilities of serpentinite-
hosted microbial communities and help to constrain 
temporal dynamics in rocky subsurface 
environments. 
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Levoglucosan is an important and specific 
compound generated during biomass burning of 
higher plants and can, therefore, be applied as a 
biomarker for vegetation fire events in sedimentary 
archives [1]. In this study, we applied our HPLC-
MS/MS method developed for rapid and quantitative 
analysis of levoglucosan in complex sedimentary 
matrices [2]. Quantification was improved by 
incorporating an internal standard, i.e. deuterated 
levoglucosan, in the analytical protocol. Furthermore, 
the separation of other anhydrosugars, such as 
mannosan and galactosan, was improved by using 
two amino columns in series. This improved 
methodology was applied to the analysis of airborne 
Saharan dust, sampled with increasing distance from 
the African coast, to investigate the impact of 
atmospheric transport on levoglucosan concentrations 
and terrestrial biomarkers. The concentration of 
levoglucosan was elevated at two locations, 
coinciding with two different dust events, while 
terrestrial biomarkers show a steady decrease in 
concentration with increasing distance from the 
African coast. To examine the fate of biomass 
burning markers when they settle in the ocean, we 
analyzed sinking particulate matter collected over a 
year with a sediment trap at 1200 m water depth in 
the North Atlantic Ocean. Levoglucosan was detected 
and varied seasonally, with highest flux during 
spring, coinciding with a peak in the total mass flux. 
We will compare our results with records of 
vegetation fires to see how well levoglucosan in dust 
and sediment traps reflects these events. 
 
References 
 [1] Elias, V.O., Simoneit, B.R.T., Cordeiro, R.C., 
Turcq, B. (2001) Geochimica et Cosmochimica Acta 
65, 267–272. 
[2] Hopmans, E.C., Lopes dos Santos, R.A., Mets, A., 
Sinninghe Damsté, J.S., Schouten, S. (2013) Organic 
Geochemistry 58, 86-88. 



Goldschmidt Conference Abstracts 
 
2780 

On the formation mechanism of 
HSE-nuggets in experimental 

and meteoritic silicate systems. 
DANIEL SCHWANDER1,2*, STEPHAN BUHRE1 

1Institute of Geosciences, Univ. Mainz, J.-J.-Becher-
Weg 21, D-55128 Mainz, Germany.  

2Steinmann-Institute, Univ. Bonn, Nussallee 8, D-
53115, Germany  (*correspondence: 
dschwand@uni-bonn.de) 

 
Highly siderophile element (HSE) nuggets are 

observed in different materials. Mostly they occur in 
quenched run products (relating to metal-silicate 
segregation [e.g. 1]) and in Ca-Al-rich inclusions 
(CAIs) from chondritic meteorites [e.g. 2]. Other 
cosmic material also contain these metallic objects [3, 
4]. While the cosmic nuggets – known as refractory 
metal nuggets (RMNs) – were expected to have 
condensed from the solar gas, the formation 
mechanism of synthetic nuggets from run products is 
still unclear.  Based on the synthesis of RMNs and on 
observations on meteoritic material, the RMNs now 
are interpreted as having formed by precipitation 
from a silicate- or CAI-liquid [2, 5]. These cosmic 
nuggets and their host material represent a reservoir 
of naturally formed nuggets and therefore help us to 
understand our nugget bearing experimental run 
products. 

Two formation mechanisms of experimental 
nuggets are favored so far: nugget formation upon 
quench [1] and equilibrium nugget formation due to a 
change in the oxidation state of metals within a 
silicate liquid [6]. A series of experiments with 
variations in the quench rate and a fixed duration and 
vice versa demonstrate a dependence of nugget size 
and abundance on quench rate. Nuggets do not occur, 
when quenched extremely fast or too slow, but were 
detected at specific quench rates. At the conference 
we will present the results from these systematic 
experiments designed to synthesize nuggets in 
synthetic CAIs with the aim to shed light on their 
formation mechanism. Additionally, a comparison of 
different cosmic nugget bearing materials with run 
products from our experiments shows remarkable 
similarities. Thus, a common formation mechanism 
of cosmic and experimental nuggets can be assumed.    

 
References: [1] Cottrell and Walker (2006) Earth 

Planet. Sci. Letters 281:275-287. [2] Schwander et al. 
(2015). Geochim. Cos-mochim. Acta 186, 70–87. [3] 
Rudraswami et al. (2014) Geochim. Cosmochim. 
Acta 131:247-266. [4] Daly Let al (2015) 78th Annu-
al Meeting of the Meteoritical Society, #5061 [5] 
Schwander et al. (2015) Meteorit. Planet. Sci. 49, 
1888–1901 [6] Bennett et al. (2014) Geochim. 
Cosmochim. Acta 133:422-442. 
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The International Seabed Authority (ISA) offers 

international contractors the opportunity to claim and 
explore for so-called polymetallic sulfides in 
international waters (“the Area”), based on the 
International Law of the Sea. Germany (BGR) signed 
an exploration contract in May 2015 for polymetallic 
sulphides in the Indian Ocean. Germany`s activities 
in that region started with scientific research cruises 
in the 1980s and 1990s. A four-years phase of 
prospecting for potential target areas preceded the 
preparation of the exploration license. The first 
exploration cruise to the claim area in the region of 
the Rodrigues Triple Junction occurred along the 
southern Central and the northern Southeast Indian 
Ridge. Based on the exploration work, a total of four 
polymetallic sulphide areas, partly associated with 
active hydrothermal venting and extensive inactive 
sites was identified and studied in greater detail. Two 
sites, called ALPHA and EGS, cover an area of more 
than 1200 x 600 m (ALPHA) and 1200 x 200 m 
(EGS). Both areas include three and one active, well-
defined chimney complexes (“field”), respectively, 
but are largely represented by inactive edifices and 
widespread sulphide crusts, to a large extent partly 
covered by pelagic sediments and basaltic talus 
material, with intermittent sulphide crusts and blocks. 
According to video tracks, the areas are continuous. 
A third site (“Kairei”) consists of an active vent field 
and an inactive site, both separated by a local fault 
scarp. The size of the entire site is 550 x 220 m, the 
minimal thickness of continuous mineralization can 
be determined to 18 – 20 m. The fourth vent site 
(“PELAGIA”) occurs close to the graben axis, is in 
its waning stage of activity and has an approximate 
size of 240 x 150 m. Beside the identified sulphide 
sites, seven hydrothermal plumes were identified in 
the water column of four exploration clusters so far. 
Additionally, more than 20 areas of seawater/rock 
interaction were located according to magnetic 
measurements. The early stage of exploration 
activities in the German exploration claim for 
polymetallic sulphides prevents a meaningful 
resource assessment. The findings, however, suggest 
a promising potential for intensely mineralized areas 
in the claim area.  
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 Coal seams in the Powder River Basin 
(PRB) in the USA contain a natural gradient where 
the infiltration of high SO4

2- water can impact coal-
dependent methanogenesis, but methane production 
increases as SO4

2- is reduced further down gradient. 
Sulfate reducing bacteria are able to out- compete 
methanogens for substrates in the presense of SO4

2-

while in low SO4
2- conditions, methanogenesis is the 

terminal process in anaerobic mineralization of 
organic carbon. The natural SO4

2- gradient of these 
coal seams creates a model environment to study 
community interactions and controls of microbial 
cycling of fossil carbon and methane generation.  The 
presented study analyzed water geochemistry, 
dissolved gas and microbial communities from down-
well samplers placed in wells along a SO4

2- gradient. 
Wells with intermediate-to-high SO4

2- levels had 
bacterial sequences indicative of Desulfobacterales, 
Desulfovibrionales, Peptococcaceae, and 
Comamondadaceae and these populations likely 
contribute to overall coal degradation coupled to 
sulfate reduction. Under low SO4

2- conditions, 
bacterial sequences were predominated by 
Syntrophobacterales, Rhizobiales, and 
Anaerolineales. Bacterial populations not clearly 
affected by SO4

2- levels were Desulfuromonadales, 
and isolates have been shown to not reduce SO4

2-. 
Archaeal sequences were observed in both SO4

2- 
zones and were predominated by novel unclassified 
members in the high-to-intermediate SO4

2- wells and  
Methanosarcinales and Methanomicrobiales in low 
SO4

2- wells. Sequences indicative of 
Methanomassiliicoccales, a methylotrophic 
methanogen, were present throughout all tested wells. 
Analysis of carbon isotopes of produced gases agreed 
with presumptive metabolic pathway predictions, and 
results suggest that wells with high methane 
concentration may be a result of hydrogenotrophic 
methanogenesis. Arcaheal diversity showed a decline 
as SO4

2- levels increased with drastic decrease in 
OTUs of known methanogens that correlate to lower 
methane levels. The results have implications for the 
intrusion of high SO4

2 waters into coal seams that can 
be de-watered during gas production phases. 
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MC-ICP-MS instruments have evolved to be an 
essential workhorse instrument for geochemistry 
laboratories. The ion optics of today’s instruments are 
double focusing geometries, with the option to use 
high mass resolving power to resolve molecular 
interferences. Isobaric elemental interferences are 
corrected by measuring an undisturbed isotope of the 
interfering element and stripping the interference 
from the element of interest, based on assumed 
isotopic abundances of the interfering element. 
However, for exotic extraterrestrial samples where 
the isotopic composition of each element is unknown, 
peak stripping does not work. In addition to isotopic 
information the elemental composition is of interest, 
for which a fast scanning mass analyzer capability is 
required in addition to the static multicollection. 
Laser ablation provides spatial resolution to sample 
small inclusions that are challenging to access 
through physical and chemical separation techniques, 
as well as avoiding sample contamination associated 
with conventional sample preparation for solution 
mode analysis. 

An ERC grant to develop new analytical 
instrumentation to support research related to 
“Isotopic Records of Solar Nebula Evolution and 
Controls on Planetary Compositions” (ISONEB) 
funded close collaboration between the Bristol 
Isotope Group at U Bristol and Thermo Fisher 
Scientific (Bremen). The Proteus project is a novel 
approach to MC-ICPMS in which the first stage is a 
fast scanning quadrupole mass filter, which selects a 
mass range which subsequently enters a 
collision/reaction cell followed by the high-resolution 
double focusing mass analyser. The collision/reaction 
cell delivers unique specificity and serves to resolve 
elemental isobaric interferences that cannot be mass 
resolved. An intermediate detector following the first 
quadrupole mass analyzer supports fast mass 
scanning in order to measure elemental compositions 
almost simultaneously with the high precision isotope 
ratios. The instrumental setup and analytical 
performance will be discussed. 
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A multidisciplinary geochemical-geophysical 

study was carried out on January-May 2015 in order 
to identify at metric scale a link between 
hydrothermal activity and soil permeability in an 
active volcanic context. The target site named 
“Pisciarelli”, located on the outer eastern flank of 
Solfatara crater (Campi Flegrei), was chosen because 
it has shown a marked increase in hydrothermal 
activity since October 2006. The investigations were 
performed on a sector (~300m2) of the upper 
fumarolic area of Pisciarelli, located 130m west from 
the 2006 boiling pools and the main fumarolic field. 
The multidisciplinary approach consisted in 
measurements of soil degassing, soil gas 
concentrations, self-potential, soil permeability, and 
soil temperature, as well as thermal imaging by 
means of fix and portable thermal cameras and 
photogrammetric reconstruction of high-resolution 
DEM. Measurements were carried out over fixed 
grids of 1*1m (temperature and self-potential; 372 
points) and 2*2m (gas and permeability; 98 points 
and 8 vertical profiles). Results highlight that 
intrinsic permeability at 80cm depth is inversely 
correlated with soil temperature, self-potential, CO2 
fluxes and concentration. Low temperatures (<43°C) 
characterize soils with gas permeability ranging from 
14.2 to 93.2 darcy while higher temperatures (48-
90°C) showed lower soil permeability values, ranging 
between 13.2 to 31.4 darcy. We interpret the latter 
zones as the result of the higher degree of soil 
minerals alteration that reduces soil porosity.  



Goldschmidt Conference Abstracts 
 

2785 

Experimental calibration of 
oxygen diffusion rates in YAG 

garnet 
M. R. SCICCHITANO1*, M. C. JOLLANDS2, D. 

RUBATTO1,2,3, J. HERMANN1,3 AND I. S. 
WILLIAMS1 

1RSES, ANU, 0200 Canberra, Australia 
(correspondence: mari.scicchitano@anu.edu.au)  

2Institute of Earth Sciences, University of Lausanne, 
CH-1015 Lausanne, Switerzland  

3Institute of Geological Sciences, University of Bern, 
CH-3012, Switerzland  

 
Garnet is commonly encountered in a variety of 

rocks and tectonic settings and its chemical and 
isotopic zoning is regularly used to unravel the P-T-t-
Xfluids evolution of the crust. However, the correct 
interpretation of oxygen isotopic signatures measured 
in natural rocks as well as the understanding of 
timescales and rates of fluid-rock interaction 
processes require the knowledge of oxygen diffusion 
rates in garnet, which are yet poorly constrained.            

High-P dry experiments were performed in a 
piston cylinder apparatus at (i) T=1050-1600°C 
(P=1.5 GPa) and (ii) T=1500°C (P=2.5 GPa). YAG 
cubes were annealed in Pt capsules containing a 
matrix made of graphite powder mixed with fine-
grained YAG+corundum powder enriched in 18O. 
Corundum was used to constrain silica activity. High-
P H2O-saturated experiments were also done at (i) 
T=900-1050°C (P=1.5 GPa) and (ii) T=900°C (P 
=1.0 GPa). YAG cubes were annealed together with a 
matrix made of fine-grained YAG+corundum powder 
and 20% 18O-enriched H2O. One experiment at 
T=900°C (P=1.0 GPa) was done using a pyrope cube 
embedded into pyrope powder plus 18O-enriched 
H2O. Finally, 1 atm experiments were performed in a 
gas-mixing furnace at T=1500-1600°C by using Ar 
flux to avoid exchange of oxygen with the 
atmosphere. YAG cubes were coated with 
YAG+corundum powder enriched in 18O.       

The recovered crystals were analysed using the 
SHRIMP ion microprobe either in traverse or depth 
profiling mode. Mixing and edge effects were 
investigated in the experimental charges and in garnet 
crystals coated with 18O-enriched olivine thin films 
not annealed at experimental conditions.  

Results obtained for YAG and pyrope at 900°C 
were similar. Hence, YAG was used to investigate 
diffusion in a wider P-T range due to its larger 
stability. The obtained results suggest diffusion 
coefficients up to two orders of magnitude faster than 
those available in the literature. Results obtained at 
different P suggest no significant effects on the 
diffusion rates. Similar diffusion coefficients were 
obtained from experiments performed at high-P and 
at 1 atm in different experimental conditions.        
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The construction of continents on accretionary 

margins involves not only accretion of crustal 
terranes but also the underlying mantle lithosphere. 
The ~ 4 million km2 of continental crust beneath the 
Zealandia continent is composed of a variety of 
Cambrian to Mesozoic arc-related terranes accreted 
to the Jurassic-Cretaceous Gondwana subduction 
margin, with the continental assemblage (Zealandia) 
having separated from Australia and Antarctica in the 
Late Cretaceous. Mineral and whole rock major, 
minor, trace and isotopic elemental ratios from 
xenoliths and orogenic peridotites exhumed from 
under Zealandia show portions of this mantle 
lithosphere to have moderately- to ultra-depleted 
compositions, similar to that beneath cratons. Re-
depletion model ages, some as old as Archean [1], are 
not well correlated with depletion indices (Al2O3, 
Mg#, Pt/Ir, etc) and require the rocks underwent (at 
least) two stages of melt extraction with the second 
stage likely having occurred during continent 
construction along the Gondwana margin. We 
therefore envisage the mantle lithosphere beneath this 
young continent to have been formed by accretion of 
sub-arc lithospheres that had were extensively 
depleted during Mesozoic arc magmatism. The 
craton-like compositions of the Zealandia peridotites 
may make this mode of lithosphere formation a 
modern analogue for making cratonic lithosphere. 
 
[1] Liu, J., Scott, J. M., Martin, C. E., & Pearson, D. 
G. (2015). Earth and Planetary Science Letters, 424, 
109-118. 
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Volcanic ash plays an important role for 

geochemical budgets in the context of “Subduction 
Factory”, which are of interest to the Nankai Trough 
Seismogenic Zone Experiment (NanTroSEIZE). Our 
work examines the effect of dispersed volcanic ash 
on the mass balance of aluminosilicate sediment 
entering the Nankai Trough. The geochemical dataset 
includes the major, trace, and rare earth element 
composition of the bulk sediment and respective 
discrete ash layers at Integrated Ocean Drilling 
Program (IODP) Sites C0011 and C0012.  

Multivariate statistical analyses quantitatively 
determine the abundance and accumulation of four 
sources to each site consisting of one dust source and 
three ash sources. Some of these ash sources may 
themselves represent mixings of ash inputs, although 
the final compositions appear statistically distinct. 
Regardless, the mass of volcanic ash and chemically 
equivalent alteration products (e.g., smectite) that are 
dispersed throughout the stratigraphic succession of 
bulk sediment is 15-25 times greater than the mass of 
discrete ash layers.  

At Site C0011, the composition of the dispersed 
ash component appears linked to that of the discrete 
layers, and the mass accumulation rate for dispersed 
ash correlates best with discrete ash layer thickness. 
In contrast, at Site C0012 the mass accumulation rate 
for dispersed ash correlates better with the number of 
ash layers. Below the Unit I/II boundary at both sites, 
the number of ash layers, as well as their individual 
thickness, decreases to zero while the dispersed ash 
component remains high. This observation is largely 
consistent with the data gathered from smear slides. 
We suggest that the overall trends result from a 
balance between the influx of detrital smectite to 
Shikoku Basin (which decreases up-section through 
time) and the production of authigenic smectite 
(which increases with temperature down-section). 
Together, the discrete ash layers, dispersed ash, and 
clay-mineral assemblages present a complete record 
of volcanism and erosion of volcanic sources, and 
indicate that mass balances and subduction factory 
budgets should include the mass of dispersed ash for 
a more accurate assessment of volcanic contributions 
to large-scale geochemical cycling. 
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Technetium (Tc), a nuclear fission product with 

no stable isotopes, represents much of the long-term 
radioactivity associated with nuclear waste. Under 
oxidizing conditions, Tc persist in the environment as 
an anion in the +7 oxidation state, i.e., pertechnetate 
(TcO4

-). In soil partitioning studies, the oxidized 
species displays limited retention generally associated 
with amphoteric soil oxides. However, Tc(VII) is 
subject to chemical reduction to the +4 oxidation 
state, which is less soluble and mobile in the 
environment. One disposition strategy for 
immobilizing 99Tc containing waste is the production 
of cementitious materials that contain reducing 
agents, such as blast furnace slag (BFS), to enhance 
the retention of redox sensitive contaminants. At the 
Saltstone Disposal Facility (SDF) on the Department 
of Energy’s Savannah River Site (SRS), low-level 
radioactive saltwaste is mixed with BFS, fly ash and 
portland cement to produce a solidified grout material 
known as Saltstone, which is deposited in a series of 
vaults for long-term disposal.  

In the current study, contaminant mass tranfer 
rates for  99Tc and other contaminants from saltstone 
simulants spiked with 99Tc and rhenium (Re), often 
used as surrogate for 99Tc, and actual SDF saltstone 
samples were assessed using EPA Method 1315, a 
recently adopted method for evaluating contaminant 
leaching from intact monolithic materials. Results 
from Method 1315 were compared to a novel 
Dynamic Leaching Method (DLM) in which a 
flexible-wall permeameter was used to achieve 
saturated leaching under an elevated hydraulic 
gradient in an effort to evaluate the persistence of 
reductive capacity and subsequent changes in 
contaminant partitioning within intact cementitious 
monoliths. Under similar conditions, Re leaching 
rates (and other poorly sorbing contaminants like 
NO3

- and iodine) were much higher than 99Tc, which 
was attributed to poor initial reduction or more rapid 
oxidation of Re, indicating that Re is not a suitable 
chemical analog for evaluating Tc partitioning under 
reducing conditions. In DLM tests 99Tc leaching rates 
appear to be controlled by the solubility of a reduced 
Tc (i.e., Tc(IV)) solid phase. 
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Cox’s Bazar paleobeach (backdune area) areas 

have been over exploited the subsurface aquifers to 
meet the demand for thousands of tourists (over 
1,000,000 tourists visit each year) along with 
domestic and agriculture purposes. One hundred 
fifteen groundwater samples were collected from 
different types of tubewells, which included hand 
pump fitted bore wells (<50m depth), moderately 
deep energized bore wells (50-100m depth) and deep 
bore wells (>100m depth), and analyzed for 17 trace 
elements (As, B, Ce, Cr, Cd, Cu, Fe, Mn, Mo, Ni, Pb, 
Se, Sr, Zn, Sb, U and Th) using ICP-MS.  

The concentrations of trace elements in 
paleobeach groundwater varied greatly. As, Pb, Zn, 
Sb, Cr, Cd, Cu, Ce, Mo, Ni and Se did not exhibit 
significant elevated levels, but concentrations of Mn, 
B, Fe, Sr, U and Th exceeded the permissible limits 
for drinking water. Results also showed that about 
5% of studied shallow tubewell waters (5-50m depth) 
exceeded the WHO (1998) guideline of U (2.0µg/l) 
with a maximum concentration of 10µg/l. Almost all 
of such U-enriched groundwater showed elevated 
concentrations of Th with a maximum of 127µg/l 
although WHO health-based drinking water 
guidelines were not determined so far for Th. High 
concentrations of Mn (0.01 to 29mg/l), Fe (0.01 to 89 
mg/l), B (13 to 969µg/l) and Sr (1 to 24916µg/l) were 
also observed for 80% of the studied tubewells, some 
of which exceeded their WHO (2004) drinking water 
guidelines. Based on the spatial distribution of the 
tubewells with elevated concentrations of Mn, B, Fe, 
Sr, U and Th about 85% of this area have been 
contaminated with at least one of these elements. 
High Sr and B concentrations in some groundwaters 
suggest that the aquifer system was interacted with 
seawater. However, this study reveals for the first 
time that the radioactive heavy metals (i.e., U, Th) are 
found in the groundwater in Bangladesh and the 
source(s) of U, Th, Mn, etc are not identified yet. We 
hope that our results will serve to arouse public 
interest and lead to much research on a potential 
health hazard in the area studied. 
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  Microbes occasionally form granular structures 
in both natural and artificial environments.  
Cryoconite granules are naturally occurring spherical 
structures, with a diameter ranging from 0.2–2 mm, 
which are frequently found on the surface of glaciers. 
Cryoconites have a significant influence of glacier 
mass balance because the granules decrease surface 
albedo, ratio of reflected flux to incoming flux of 
solar radiation, and accelerate the melting of snow 
and ice.  

While it has been postulated that the microbes in 
cryoconite granules play an important role in glacier 
ecosystems, information on their community 
structure is still limited and their functions remain 
unclear. Here, we present evidence for the occurrence 
of nitrogen cycling in cryoconite granules on a 
glacier in Central Asia. We detected marker genes for 
nitrogen fixation, nitrification, and denitrification in 
cryoconite granules by digital PCR, while digital RT-
PCR analysis revealed that only marker genes for 
nitrification and denitrification were abundantly 
transcribed. Analysis of isotope ratios also indicated 
the occurrence of nitrification; nitrate in the 
meltwater on the glacier surface was of biological 
origin, while nitrate in the snow was of atmospheric 
origin. The predominant nitrifiers on this glacier 
belonged to the order Nitrosomonadales, as suggested 
by amoA sequences and 16S rRNA pyrosequencing 
analysis. Our results suggest that the intense carbon 
and nitrogen cycles by nitrifiers, denitrifiers, and 
cyanobacteria support abundant and active microbes 
on the Asian glacier. 
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Final disposal of radioactive waste is foreseen in 
a deep geological formation in Germany. Salt, clay 
and granite formations are possible host rocks. 

Solutions with high ionic strength occur naturally 
in salt formations. Also formation waters of clay 
rocks and granites can have a high ionic strength in 
the northern part of Germany. The Pitzer approach 
using ion interaction parameters is used for the 
calculation of the aqueous composition and the 
saturation state relative to a set of minerals for high 
saline solutions. The THEREDA project [1] provides 
a consistent thermodynamic database with ion 
interaction parameters (Pitzer) for different 
geochemical codes (e.g. PHREEQC, ChemApp and 
EQ 3/6). Already nine releases for geochemical 
systems are published. 

We plan to use data sets from THEREDA with 
TOUGHREACT [2] and to compare existing 
modeling results from our in-house code MARNIE 
[3] coupled with PHREEQC and ChemApp using 
identical data sets for verification.  

The implementation of the ion interaction 
parameters in TOUHGREACT v1.2 uses a 
polynomial fit with four coefficients to describe the 
temperature dependence [X(T) = a1 + a2·(1/T - 1/T0) + 
a3·ln(T/T0) + a4·(T-T0)], whereas THEREDA uses a 
fit having six coefficients [X(T) = a/T + b + c·ln(T) + 
d·T + e·T2 + f/T2]. This applies similarly for log K 
where TOUGHREACT uses five and THEREDA six 
coefficients for fitting. In order to avoid potential 
inaccuracies of a conversion, it is foreseen to 
implement the polynomial fit with six coefficients (a-
f) in TOUGHREACT.  

Furthermore it is also planned to add the Pitzer 
approach in TOUGHREACT v3 [4] to carry on the 
application of reactive transport models on high ionic 
strength solutions in salt and clay rocks for long-term 
safety analysis.  

The implementation of the polynomial fit 
function as well as first modeling results will be 
discussed.  
 
[1] www.thereda.de/en/;  
[2] TOUGHREACT V1.2 Pitzer, LBNL-62718, 
2006.  
[3] GRS-334, ISBN 9783944161143, 2014.  
[4] TOUGHREACT V3.0-OMP. LBNL-DRAFT, 
2014.  
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The Erzgebirge/Krušné hory (DE, CZ) is known 
for different types of late-Variscan greisen 
mineralization with high potential for rare metals. 
Four greisen types (GT) can be distinguished: GT1, 
Sn-Li(-W-Mo)-greisen with quartz, topaz, Li-micas, 
fluorite, cassiterite, wolframite, sulfides (e.g. Krupka, 
Zinnwald); GT2, Sn-greisen with quartz, topaz, 
(Li)muscovite, fluorite, cassiterite, wolframite, 
sulfides (e.g. Gottesberg); GT3: Sn(-W-Mo-Li-Zn-
Cu-In)-greisen with quartz, Li-mica, topaz, fluorite, 
chlorite, cassiterite, sulfides (e.g. Sadisdorf); GT4: 
W(-Mo-Bi)-greisen/veins with quartz, (Li)muscovite, 
wolframite, scheelite, sulfides (e.g. Pechtelsgrün).  

New 40Ar/39Ar analyses of greisen-micas show 
well defined plateau ages: Sn-W-Mo deposit Knötel 
(Krupka), protolithionite in quartz-mica greisen with 
molybdenite and wolframite: 312±3.1 Ma; Li-Sn-W 
deposit Zinnwald, zinnwaldite in quartz-mica greisen 
(massive greisen and vein-greisen): 311.4±3.0 Ma 
and 312.5±3.1 Ma; Sn(-W-Mo-Cu-Zn-In) deposit 
Sadisdorf, Li-mica from the mica-quartz-topaz-
greisen (“Innengreisen”): 310.0±3.5 Ma; W-Mo-Bi 
deposit Pechtelsgrün (290 m level), muscovite in 
mica-quartz-greisen with W-Bi mineralization: 
318.2±3.1 Ma and with W-Mo-mineralization: 
320.4±3.0 Ma.  

Prevoius [1, 2, 3, 4] and new age data indicate 
that the W-Mo association (GT4: 320 Ma and 318 
Ma) is the first late-Variscan mineralization stage in 
the Erzgebirge. The Sn(-W) association with GT1 
(315-309 Ma) and GT3 (310 Ma) show younger age 
data. In summary the above mentioned data confirm 
that the W-Mo and Sn-W association are spatially 
and temporally related to different post-collisional 
granite/rhyolitic and lamprophyric intrusions (320-
290 Ma). 

 
[1] Seifert & Kempe (1994) Beih. Eur. J. Miner. 6, 
125-172. [2] Baumann, Kuschka, Seifert (2000) 
Lagerstätten des Erzgebirges, Enke Verlag, 300 pp. 
[3] Seifert (2008) Metallogeny and Petrogenesis of 
Lamprophyres in the Mid-European Variscides, IOS 
Press, 303 pp. [4] Seifert et al. (2011) Mineralogical 
Magazine 75, 1833. 
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Glycine (C2H5NO2) is the smallest of the 20 

amino acids that form proteins. The densities of 
aqueous solutions of glycine were measured using an 
Anton Paar DMA HP vibrating tube densimeter. 
Reproducibility of the density measurements was 
<±0.0001 g·mol-3. Figure 1 shows experimentally 
determined partial molar volumes at infinite dilution 
(V∞) from this study, a previous study [1], and 
predictions from SUPCRT92 [2] using the parameters 
for glycine by [3]. V∞ increases with temperature to a 
maximum at ~90oC followed by a sharp decrease 
with increasing temperature; this behavior is similar 
to that observed for other amino acids and aqueous 
electrolytes. We note that these data signifcantly 
expand the experimental database for glycine. 

 

 
Figure 1. Experimentally determined values of 

V∞ of glycine at 25-200 °C and 100-300 bars from 
this study (filled symbols) and [1] (open symbols).  
Error bars represent ±0.5 cm3·mol-1 for this study and 
those reported by [1]. Estimates of V∞ from 
SUPCRT92 [2, 3] at 100 bar (solid line), 200 bar 
(dashed line) and 300 bar (dotted line) are shown for 
comparison.  
 
[1] Hakin et al. (1998) J. Chem. Thermo. 30, 583-
606.  
[2] Johnson et al. (1992) Computers & Geosci. 18, 
899-947. [3] Dick et al. (2006) Biogeosciences 3, 
311-336.    
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Quaternary hemipelagic sediments of the Yamato 
Ridge [YR] are characterized by dark and light 
layers, which reflect millennial scale variability of 
productivity and/or bottom water condition. Previous 
studies proposed two mechanisms for deposition of 
the dark layers, oceanic stratification and intensified 
upwelling. The former tends to result in euxinic 
bottom water conditions characterized by lower 
organic carbon and pyrite sulphur C/S ratios, whereas 
the latter tends to result in high surface productivity 
with normal C/S ratio. Thus, the C/S ratio could be a 
good proxy for euxinic bottom-water condition.   

Scientific drilling results from IODP Expedition 
346 have shown that dark and light layers become 
distinct around 1.5 Ma. If we want to reconstruct C/S 
ratio changes during the last 1.5 Mys with a 100-yr 
resolution, we need to analyse 15,000 samples, which 
is unrealistic. Consequently, a high-resolution, high-
speed analytical method is necessary. In this study, 
we use XRF core scanner to measure elemental 
variability of the sediment recovered from the YR 
(IODP Site U1425) including S and Br. Br shows 
good correlation with C content (Ziegler et al., 2008), 
therefore we use Br to estimate C to reconstruct 
variability of C/S ratio.  
In this presentation, we show the results of C/S 
reconstruction during the last 1.5Myr. 
 

 [1] Ziegler et al., (2008), G-cubed, 9, Q05009. 
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An understanding of the hydrothermal system is 
essential to clarify the mechanism of preatic eruption 
because phreatic eruption occurs in the hydrothermal 
system developed within a volcanic edifice. The 
Jigokudani valley of Tateyama volcano, Japan, was 
formed by repeated preatic eruptions some 40,000 
years ago, and has an active solfatara field. We 
analyzed hot spring water of the Jigokduani valley to 
clarify what happens in the hydrothermal system. We 
measured electrical conductivity (E.C.), temperature, 
and pH of hot spring water at 75 locations in 2014 
and 2015. Hot spring water was sampled at 12 sites in 
2014 and at 15 sites in 2015, six of which were 
sampled at the same locations. Anion components 
(Cl- and SO4

2-) and the isotope ratios (water and 
sulfur) of hot spring water samples were measured. 
The hot spring water in the Jigokudani valley showed 
temperature more than 60 ˚C and strong acidic 
properties (pH < 3). The hot spring water in the 
Jigokudani valley was classfied into following three 
types: (1) The hot spring with high ion concentration 
(Cl- + SO4

2- > 104) and high isotope ratio near the 
magmatic water. The Cl-/SO4

2- concentration ratio 
showed about 1. (2) The hot spring with low ion 
concentration (Cl- + SO4

2- ~ 102) and low isotope 
ratio near the local meteoric water. This type of hot 
spring water was a lack of Cl- concentration and was 
mostly composed of SO4

2-. (3) The other hot springs 
showing the isotope ratios between magmatic water 
and local meteoric water. As for this type, hot spring 
water samples of 2014 showed high Cl-/SO4

2- 
concentration ratio (Cl-/SO4

2- > 5). However, the 
proportion of SO4

2- of 2015 samples relatively 
increased because the Cl- concentration decreased 
while the SO4

2- was kept nearly constant. The origin 
of (1) and (3) is considered to be the liquid phase and 
the vapor phase of hydrothermal system when the 
magmatic hydrothermal fluids were separated into 
each phase at a shallow level, respectively. (2) was 
derived from the surface water supplied with volcanic 
gases consisting of H2S. The 3-D  resistivity structure 
of the Jigokudani valley was inferred by Seki et al. 
(2016), which found a gas reservoir beneath the 
Jigokudani valley and a hydrothermal system 
developed in the depth to 500 m. All hot spring water 
was estimated to be formed in those regions. 
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Ceres would provide a clue for understanding 

planetary formation processes in our solar system, as 
it is considered as one of a few proto-planets 
remaining today [1]. Ceres’ surface spectra show a 
unique absorption band at 3.06 μm, which is recently 
found to be due to the presence of NH4-bearing 
hydrous silicates (e.g., mica) [2]. This suggests that a 
large amount of annmonia/annmonium should have 
been contained in the  interior ocean of early Ceres, 
and that Ceres’ building materials would have been 
originated from the outer solar system beyond the 
NH3 snowline [2]. However, the formation of NH4-
bearing hydrous silicates would depend on not only 
the presence of NH3 in the interior ocean but also its 
chemical compositions and solution pH where the 
hydrous silicates were formed. 

Here, we performed hydrothermal experiments to 
constrain water pH on early Ceres [3,4], simulating 
the reactions between the oceanic water and rock 
components [1]. We synthesize phlogopite (mica) in 
NH3-rich solutions at pressure of 300 bars and 
temperature of 200 or 300 deg. C. Based on chemical 
analysis of the fluid and solid samples and infrared 
analysis of the produced phlogopites, we show that 
NH4

+ ions in the solutions are not incorporated into 
hydrous silicates effectively at high pH, which is 
typically achieved in NH3-rich solutions equilibriated 
with chondrites. Together with the presence of 
carbonates on Ceres [5], we show that oceanic pH on 
early Ceres is highly likely to have been near neutral. 
To achieve neutral pH, the rock compositions of 
Ceres would be different from that of carbonaceous 
chondrites. As sulfate salts were found on Ceres [6], 
sulfate ions may have been a major anion to keep the 
water pH neutral. This further implies that sulfur in 
the core could have been oxidized by geological 
processes, e.g. igneous activity, on earlt Ceres, or that 
H2S in the solar nebula could have been oxidied by 
water vapor at around the H2O snowline. 

[1] Castillo-Rogez & McCord (2010) Icarus 205, 
443-459. [2] De Sanctis et al. (2015) Nature 528, 
241-244. [3] Hsu et al. (2015) Nature 519, 207-210. 
[4] Sekine et al. (2015) Nat. Comms. 6:8604, 1-8. [5] 
Rivkin et al. (2007) Icarus 185, 563-567. [6] Nathues 
et al. (2015) Nature 528, 237-240. 
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Single-model initial-perturbed ensemble 
simulations for the dispersion of radioactive (Cs-137) 
aerosols emitted by the Fukushima Daiichi nuclear 
power plant (FDNPP) accident were performed in 
this study. The ensembles of the meteorological field 
were prepared by an ensemble-based data 
assimilation system that consisted of the Japan 
Meteorological Agency’s non-hydrostatic weather-
forecast model (JMA-NHM; with a 3 km horizontal 
resolution) and a four-dimensional local ensemble 
transform Kalman filter (4D-LETKF). Both the 
weather and aerosol simulations were validated with 
in-situ measurements of wind speed and Cs-137 
concentration in Fukushima Prefecture and Ibaraki 
Prefecture. The advantage of ensemble simulations is 
the ability to provide probabilistic information and 
multiple case scenarios. In this study, some of the 
ensemble members successfully reproduced the 
arrival time and intensity of the radioactive aerosol 
plumes even when the deterministic simulation failed 
to reproduce them (Figure 1). The ensemble spread of 
wind speed and Cs-137 concentration indicates the 
reliability of the meteorological field prepared by the 
data assimilation sysytem. The probabilistic 
information derived from the ensemble simulations 
exhibits great potential for the analysis and prediction 
of aerosols. 
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The main constituent of marine biominerals is 
calcite and it is usually found in nature with additives 
such as organic molecules and magnesium in various 
concentration. However, calcite is 
thermodynamically unstable at ambiant conditions 
when it contains more than 10% magnesium. 
Intriguingly, the concentration of magnesium found 
in biogenic calcite is in some cases much higher than 
that. It is now well accepted that this high content is 
facilitated via crystallization through Mg-stabilized 
amourphous calcium carbonate.  Nevertheless very 
little is known about the underlying mechanism. 

Inspired by this, we propose to synthetically 
reproduce high –magnesium content calcite, going 
through an amorphous precursour, study the 
crystallization process and analyze the obtained 
crystal structure, microstructure and nanostructure. 
Both of these features are of extreme interest for the 
understanding of biomineralization processes, the 
origin of the superior properties of biominerals and 
for the design of new materials. 
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We present new LA-ICP-MS and ID-TIMS based 

U-Pb geochonometric methodologies for dating 
grossular-andradite (grandite) garnet. Grandite garnet 
is a primary skarn mineral, therefore dating its growth 
provides a direct constraint on the timing of 
hydrothermal activity. As CA-ID-TIMS zircon U-Pb 
geochronometry has revealed pluton emplacement to 
be a multi-stage process, grandite U-Pb dating has the 
potential to provide a complementary, high-resolution 
record for hydrothermal systems. Grossular-andradite 
garnet incorporates between ~0.5-100 ppm U, with 
high andradite garnets generally possessing higher 
[U].  The non-radiogenic Pb (Pbc) content of grandite 
is extremely variable and zoned at the micron scale, 
often ranging from purely radiogenic Pb (Pb*) to > 
90% Pbc over the space ~100 µm . This variability in 
Pb*/Pbc produces well-constrained U-Pb isochrons 
that can precisely test the assumption that the garnet 
contains a single Pb* and Pbc component. Typical 
skarn grandites are large (>1 mm), so employing 
large laser ablation spots (>100 µm),  can compensate 
for low Pb concentrations, improving age precision, 
while maintaining spatial resolution. We have 
characterized three garnets of variable grossular-
andradite content and age as potential reference 
materials: Willsboro Andradite (~1000 Ma, 
Adirondacks, USA), Mali Grandite (~200 Ma, 
Southern Mali), and Lake Jaco Grossular (~35 Ma, 
Coahuila, Mexico). We have also measured U-Pb ID-
TIMS dates of Willsboro Andradite and Mali 
Grandite for use as matrix-matched LA-ICP-MS U-
Pb standards. Willsboro Andradite garnet is our 
preferred reference material due to its ppm level 
concentrations of  U and Pb and 206Pb/204Pb over 
1000. The precision of LA-ICP-MS weighted mean 
age data varies 1-10% (2σ) for the analyzed garnets. 
Considering the short estimated lifespans of pluton-
related hydrothermal systems (tens of thousands to a 
few million years) [1], Neogene skarns present the 
best opportunity to test for and resolve separate 
episodes of garnet growth at these precision levels. 
As a performance test for the method, we present new 
U-Pb andradite data from a Late Miocene skarn 
system on Serifos Island, Greece.  
 
[1] Chiaradia (2013) Bulletin of Economic Geologists 
Volume 108, 565-584. 
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The rocks from Pitcairn hotspot are well known 
to have a strong EM-1 flavor, one of the chemical and 
isotopic heterogeneities observed in OIB. The likely 
EM-1 source reservoir identified by radiogenic Sr, 
unradiogenic Nd, and unradiogenic Pb isotopic 
compositions compared to those of depleted mantle, 
has been widely debated. Oceanic crust with pelagic 
sediment, delaminated subcontinental lithospheric 
mantle, subducted oceanic plateaus, just single 
melting process involving pristine mantle and 
recycled pyroxenites have all been invoked as the 
EM-1 source. We have measured Os isotope ratios 
and major and trace element abundances including 
the PGE in the basalts from Pitcairn Island to 
elucidate the origin of the EM-1 signature of these 
basalts.    

    The Os isotope ratios for the samples with Os 
> 20 pg/g range from 0.135 to 0.152 without 
correlation of the degree of the EM-1 flavor (e.g., 
decreasing of the 206Pb/204Pb and 143Nd/144Nd isotope 
ratios) and are similar to those of previous studies on 
EM-1-type basalts (~0.150 for samples with Os > 50 
pg/g and ~0.180 with Os > 20 pg/g, [1, 2, 3] ). The 
Os, Ir and Ru (I-PGE) concentrations of our samples 
are roughly correlated with MgO and Ni contents and 
tend to be lower than those of other OIB, such as 
Hawaii and Canary Islands and a similar range to 
Louisville seamount [4], but Pd and Re concentration 
are similar to those for other OIBs. The chondrite-
normalized PGE patterns of our samples show no 
systematic variation with the degree of the EM-1 
flavor similar to Os isotope ratios. Since crustal 
materials normally show large fractionation between 
I-PGE and P-PGE and the crustal materials have 
higher Os isotope ratios than mantle, the simple 
assimilation of crustal materials is not consistent with 
our data. We carefully try to make an assumption of 
the initial magma composition to explain the genesis 
of Pitcairn basalts based on our data combined with 
previous studies. 
 
[1]Garapic et al. (2015) Lithos 228-229, 1-11. [2] 
Reisberg et al. (1993) EPSL 120, 149-167. [3] Eisele 
et al. (2002) EPSL 196, 197-212. [4] Tejada et al. 
(2015) Geochemist. Geophys. Geosyst. 16-2, 486-
504. 
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Approximately 500,000 abandoned mines  exist 
in the United States, many of which are coal mines of 
the Appalachian region.  Intrusion of oxygenated 
water into these mine works leads to microbially 
mediated oxidation of coal seam-associated FeS 
phases (notably pyrite), yielding sulfate-rich, acidic 
(generally pH 2.5 – 4.5) fluids with high 
concentrations of Fe and other metal(loid)s that are 
referred to as acid mine drainage (AMD).  Emergence 
of these fluids at the terrestrial surface and entrance 
into adjacent waterways has led to tens of thousands 
of kilometers of impared streams. Differences have 
been reported among the microbial communities 
associated with AMD generation, but microbiological 
activities associated with the systems are generally 
viewed as dominated by Fe and S metabolism, with 
organic carbon production dependent on the 
lithoautotrophic activities of these organisms. We 
conducted a survey of pyrosequencing-derived 16S 
rRNA gene sequences to examine the composition of 
planktonic microbial communities associated with 
coal mine voids and corresponding AMD emergence 
points, where mine void fluids exhibited varying 
chemical characteristics (pH 3 to 6.6; Fe(II) 0.02 to 8 
mM). Phylotypes attributable to lithotrophic lineages 
were prominent components of libraries recovered 
from mine void fluids. However, the most abundant 
phylotypes were attributable to organotrophic 
lineages within the Clostridia and Euryarchaeota in 
an acidic mine pool, and the most abundant phylotype 
detected in a circumneutral mine pool was 
attributable to Methylococcales. Sequence libraries 
recovered from AMD emerging at the terrestrial 
surface were dominated by phylotypes attributable to 
lithotrophic lineages (e.g. Gallionella, 
Leptospirillum) regardless of AMD chemistry. Our 
results indicate that organotrophic metabolism may 
play a more prominent role in modulating AMD 
chemistry than previously thought. Additionally, 
microbial communities associated with freshly 
emergent AMD are quite different from those of the 
mine works.  
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Bio-nano particles have attracted great attention 
due to their eco-friendly, economical and effectual 
properties for groundwater remediation. Among bio-
nano particles bio-magnetite has been proved as an 
effective catalyst in in-situ/ex-situ remediation [1]. 
However, few bio-nano catalysts except bio-
magnetite in groundwater remediation have been 
reported. In this study bio-FeS complex was 
synthesized and its mineralogical characterization 
were examined. Also, the removal efficiency of 
As(III/V) were tested using bio-FeS complex.  

Microorganisms enriched from intertidal flat 
sediment in Gochang, S. Korea were used to 
synthesize bio-nano particles in a growth medium 
containing chemically synthesized akaganeite and 
sodium thiosulfate pentahydrate as dual electron 
acceptors and glucose as an electron donor under 
anaerobic condition at 25oC for 1 week. 
Mineralogical and morphological characterization of 
the bio-nano particles were conducted by XRD and 
TEM-EDS. Also, the removal efficiency of As(III) 
and As(V) were tested using 4 g/L of bio-FeS 
complex with 0.01 M of initial concentration of 
As(III) and As(V) solutions for 24 h. Sample aliquots 
were measured for remained arsenic in solutions by 
ICP-OES/MS. 

Microbially synthesized nano particles were 
identified as crystalline mackinawite (FeS) and 
amorphous FeS complex by XRD analysis. Also 
TEM images of the bio-FeS complex presented 50-
100 nm in size and rod or overlapped petal like in 
shape. Its chemical composition mainly composed of 
Fe and S by EDS spectra. The removal efficiency of 
As(III) and As(V) using bio-FeS complex revealed 
99% and 93% respectively. XRD results indicated 
that the precipitates reacted with As(III) and As(V) 
transformed from iron sulfide to iron arsenic sulfide 
through biomineralization.  

These results support that bio-FeS complex has 
potential to enhancing the effective treatability of 
groundwater remediation. 

 
[1] Hashim et al. (2011) J. Environ. Manage. 92, 
2355-2388. 
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Sangdong W-Mo deposit located in NE of S. 
Korea consists of stratabound orebodies mostly in the 
intercalated carbonate layers in the Cambrian 
Myobong slate. The scheelite-molybdenite ores are 
associated by the Upper Cretaceous hydrothermal 
activity (82-83 Ma) [1], while no exposed outcrops of 
associated intrusions. The major ore-bearing layers 
consist of ‘footwall orebody’, ‘main orebody’, and 
‘hangingwall orebody’. Each layers are skarnized 
earlier hosting minor scheelite, and the central part of 
the skarns are subsequently crosscut by the swarms of 
quartz veins hosting major scheelite-molybdenite 
ores. Two types of alterations around the quartz veins 
overprint the earlier garnet-pyroxene skarn, 1) 
amphibole alteration and 2) quartz-mica (biotite-
muscovite) alteration. Recent drill core exploration 
located the molybdenite-bearing quartz veinlets with 
sericite alteration in the Jangsan quartzite underneath 
the Myobong slate [2]. 

Fluid inclusions in the quartz veins from the 
footwall orebody, the main orebody, and the deep 
quartz-molybdenite veins are mostly liquid–rich 
aqueous inclusions having bubble size of 10-20 
vol.%, salinities of 2-8 wt% NaCleqv., and 
homogenization temperatures of 150-350 °C. 
Densities of the aqueous inclusions are 0.70-0.94 
g/cm3. No brine inclusions were observed in the vein, 
which indicates no phase separation of the 
hydrothermal fluids. The fluid isochore are combined 
with Ti-in-quartz geothermometry to constrain the P-
T conditions during the ore formations. 

The fluid inclusions were subsequently analysed 
by the LA-ICP-MS. The similar Rb/Sr ratios in the in 
fluid inclusions of the respective orebodies indicate 
same fluid or igneous source, while changing Cs 
concentrations in the fluids indicate a batholith-scale 
fractionation of the associated magma. REE patterns 
and the concentrations of the redox–sensitive trace 
elements such as Mo, U, and Th in the scheelite 
suggest a redox change in the hydrothermal ore-
forming fluids, which might control the molybdenite 
precipitation in Sangdong deposit. 

 
[1] Farrar E. et al. (1978) Econ. Geol. 73, 547-566.  
[2] Moon K.J. (1991) J. Geochem. Explor. 42, 205-

221. 
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Global climate change models have predicted the 

highest increase in temperature in the polar region. 
As Arctic soil contains a huge amount of organic 
carbon that is vulnerable to warmer conditions, many 
studies have addressed effects of warming on 
decomposition of organic matter which may 
accelerate warming by positive feedback. Although 
the global warming potential of CH4 is 30 times 
greater than CO2, dynamics of CH4 emission from 
arctic soil under warming conditions is still elusive. 
This study aimed to address this issue by monitoring 
CH4 releases from different arctic soils (peat/organic, 
wetland/upland) that were exposed to various 
temperatures from -20 to 20 ℃.  

CH4 emission from wetland (peat/organic) soil 
cores significantly increased at thawing temperature 
(0.2-0.3 nmol g-1 hr-1), but upland soils did not exhibit 
such changes. Furthermore, CH4 emission from the 
wetland peat cores drastically increased at 20 ℃ (8.5 
nmol g-1 hr-1), while still small CH4 flux was observed 
in upland soil surfaces. When sieved vs. intact soils 
from the same upland site were compared, much 
higher CH4 emission was observed for sieved soil 
(0.7 nmol g-1 hr-1) when the temperatures remained 
below freezing. Unlike CH4 emission, CO2 emission 
from all arctic soils increased linearly along the 
temperature rise (0.01-0.1 μmol g-1 hr-1). Our results 
suggest that locally inundated condition in very warm 
season may cause explosive CH4 emission, and 
physical lockup and releases of CH4 could contribute 
much to the total dynamics of CH4. 

 



Goldschmidt Conference Abstracts 
 

2805 

Mineralogical characteristics of 
dolomite in Upper Devonian 

Grosmont Formation 
J. SEOL1, Y. KIL1*, J. H. KIM2, J. CHOI2, M. H. 

PARK3, CONG NGUYEN1, W. JUNG1, Y. J1 
1Department of Energy and Resources Engineering, 

Chonnam National University, Gwangju 500-757, 
Republic of Korea. (*correspondence: 
ykil@jnu.ac.kr) 

2Petroleum and Marine Research Division, Korea 
Institute of Geoscience and Mineral Resources, 
Daejeon 305-350, Republic of Korea. 
(save@kigam.re.kr, jychoi@kigam.re.kr) 

3Department of Earth System Sciences, Yonsei 
University, Seoul 120-749, Republic of Korea. 
(myongho@yonsei.ac.kr) 
 
Porosity and permeability, controlled by 

carbonate diagenesis, are the most important factors 
of carbonate reservoir quality. The Grosmont 
Formation is a huge bitumen carbonate deposit 
located in north eastern Alberta, Canada. The 
Grosmont Formation is subdivided into 4 carbonate 
units (UG3, UG2, UG1, LG) with 3 marly interval 
(SB3, SB2, SB1). Petrographic features and major 
mineral compositions of dolomites from Grosmont 
Formaiton indicate formational difference between 
upper and lower carbonate unit. Upper Grosmont 
Unit (UG3 and UG2) were formed on the near 
surface environment, whereas Lower Grosmont Unit 
(UG1 and LG) were formed on the deep burial 
environment. O isotopic compositions of dolomites 
indicate that dolomites from Grosmont Formation 
were formed at the low temperature condition, 
ranging from 27 to 53°C. Dolomites on the western 
part of Grosmont Formation were formed at lower 
temperature condition (27 ~ 37°C), compared with 
dolomites on the eastern part of Grosmont Formation. 
Sr isotopic compositions of dolomites indicate that 
dolomitizing fluid of the Grosmont Formation 
originated from Devonian seawater. 



Goldschmidt Conference Abstracts 
 
2806 

Microbial metabolic diversity 
and ecosystem functioning  in 

simulated model 
MAYUMI SETO1 

1Faculty of Science Department of Chemistry, 
Biology, and Environmental Sciences, 

 Nara Women’s University, Nara, Japan 
 (seto@ics.nara-wu.ac.jp) 
 

Calacterization of the relationship between 
biodiversity and ecosystem functioning has been one 
of the central issues in ecology for the last two 
decades. Ecosystem function is defined as the 
capacity of natural processes resulting from complex 
interactions between abiotic and biotic components 
responsible for biogeochemical reactions. Primary 
production or respiration rate, the major carbon flow 
in ecosystems, is typically used as the representative 
of ecosystem functioning, whereas diverse microbial 
metabolic pathways drive not only major but minor 
element cycles. The diversity of microbial metabolic 
types may increase the overall fluxes of energy or 
material processing, although it is laborious to 
identify and quantify all processes going on  in 
ecosystems. 

In this study, we present a conceptual simulation 
model in which microbial community composed of 
defferent metabolic groups harness energy from 
arbitrarily given set of redox reactions in an artificial 
oxic-anoxic interface. There is a continuous flow of 
liquid medium which supplys this interface with 
electron donors and acceptors. Energetically 
favorable redox reactions only take place, and 
specific metabolic groups mediate the reactions to 
obtain energy. The population dynamics of metabolic 
groups are only constrained by energy supply, which 
is calculated based on the thermodynamics and 
kinetics. The model was simulated with various 
environmental settings to explore the relationship 
between microbial metabolic diversity and the overall 
material flux in the interface. 

Compared to the abiotic conditions, the presence 
of microbial community increased the overall 
material fluxes. A strong correlation was found 
between total biomass of microbial community and 
overall material fluxes, but not between the diversity 
of survived metabolic groups and overall material 
fluxes. However, syntrophic relationships increased 
material fluxes and promotes coexistence.  
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Zircon and monazite are the most commonly used 

U-Pb geochronometers in a wide range of geological 
samples. However, and this is particularly true for 
very old rocks (Precambrian), their U-Th-Pb 
geochronological systems can be affected by 
redistribution of radiogenic Pb, or U and Th, during 
metamorphic or metasomatic events. Nanoscale 
imaging by TEM in old zircon already demonstrated 
that redistribution of Pb during UHT metamorphism 
may compromise high resolution in situ dating [1-3]. 
The same problem was also evidenced in monazite 
more than ten years ago [4]. Recently, STEM study 
of zircon crystals affected by radiation damage 
demonstrated that discordance of the U-Pb systems 
included a component of U-mobility due to the 
presence of UO2 clusters, which precipitated inside 
nanoporosity of zircon crystals [5]. The objective of 
the present study is to highlight the need for 
nanoscale characterization of the minerals used for 
dating, in order to sharpen geochronological 
interpretations. To illustrate this demonstration we 
will draw on two monazite examples, one natural and 
one experimental, where TEM imaging was decisive 
for geochronological interpretations. In natural 
monazite from S-Norway the presence of sulfate 
nanodomains discriminates between different 
generations of monazite by correlating LA-ICP-MS 
U-Pb isotopic ages with their S-contents. For the 
experimental example TEM images revealed an 
incomplete replacement in monazite alteration rims. 
The consequences are the partial resetting of the U-
Th-Pb systems due to nano-mixtures of primary and 
secondary monazite unavoidably analyzed together 
within the chemical and isotopic U-Th-Pb 
measurements. 

 
[1] Utsunomiya et al. (2004) GCA, 68, 4679-4686. 
[2] Kusiak et al. (2013) Geology, 41, 291-294. 
[3] Kusiak et al. (2015) PNAS, 112, 4958-4963. 
[4] Seydoux-Guillaume et al. (2003) Geology, 31, 
973-976. 
[5] Seydoux-Guillaume et al. (2015) EPSL, 409, 43-
48. 
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Rice, a staple food for half of the global 

population, is threatened by arsenic (As). The uptake 
and grain storage of As in rice decreases yield and 
impacts human health upon chronic consumption of 
As-laden grain.  There is thus a critical need to not 
only grow more rice, but to ensure that the grain 
produced is safe for global food security.  

As phytoavailability to rice roots depends on the 
local soil conditions, i.e., management strategies.  
Upland rice has low As phytoavailability due to high 
affinity of As for soil solids inclusive of Fe (III) 
(oxy)hydroxides under oxidizing soil conditions.  In 
contrast, the phytoavailability of As is relatively high 
in paddy rice where reducing soil conditions lead to 
the reductive dissolution of Fe (III) (oxy)hydroxides 
and As release, and also in paddy fields irrigated with 
contaminated water.  The extent of root-uptake of As 
under flooded conditions depends on how effective 
plant roots, associated microorganisms, and 
competing solutes are at attenuating As uptake.  
Rhizospheric oxygenation potentially limits As 
uptake via microbially-mediated or abiotic oxidation 
of Fe (II) at or near the root, forming a mixed-phase 
Fe (III) oxyhydroxide plaque.  The mineral 
composition of Fe plaque influences As sorption and 
is affected by solutes, particularly organic matter and 
silicon (Si).  Silicon also plays a large role in arsenite 
phytoavailabilty through direct competition for 
sorption onto mineral surfaces and uptake by rice 
roots.  

Here, we discuss the interplay of plant-mineral 
and plant-microbe interactions on As accumulation in 
rice under different management scenarios.  We show 
that strategies to increase phytoavailable Si in soil 
alter Fe plaque mineral composition and are effective 
at decreasing inorganic grain As by up to 50% and 
significantly improving yield, the latter particularly 
effective when plants are challenged with excess As 
in irrigation waters.  In contrast, strategies utilizing 
water management decrease grain As but 
compromise yield and increase grain cadmium (Cd).  
Soil Si management may be an effective tool to 
increase rice quantity and decrease grain As. 
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Large seawater circulation through fault and 

fracture leading to hydratation of the oceanic crust 
and serpentinization of the ultramafic rocks is 
chemically favorable to the reduction of carbon. 
Abiotic organic compounds can then be generated 
and locally accumulated serving as a base to sustain 
chemolithotroph ecosystems along with the 
byproducts of serpentinization and dissolved 
nutrients.  

We present here the results of a set of high 
resolution micro-imaging and micro-analyzes 
techniques (SEM, Raman and FTIR spectroscopies, 
Synchrotron-based X-ray fluorescence and 
microprobe analyses) performed on serpentinized 
peridotites dredged along the South-Western Indian 
Ridge (MD183/Smoothseafloor cruise) and from 
ophiolites of the Northern Appenines (Italy). In both 
settings we identified the presence of organic 
aggregates forming discrete C-phases in strict 
association with peculiar mineral assemblages. A 
primary high-T paragenesis is characterized by 
lizardite and hydroandradite within bastititic 
replacement of olivine and orthopyroxene 
respectively. A secondary paragenesis show 
ferritchromite and hydroandradite rims around 
magmatic spinels and hematite+saponite. Associated 
organic compounds show an overall dominance of 
aliphatic and aromatic groups; however aggregates 
associated with high-T paragenesis are richer in C-O, 
C=O and C-N rich molecules, while aggregates 
associated with hematite are richer in aliphatic 
groups. The compositional and mineral differences 
are thought to reflect multiple pathways and 
mechanisms for carbon reduction and retention 
during fluid/rock interaction.  
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Core YQ0902, 41.9 m in length and 3.15 m in 

altitude,  was retrieved from Wenrui Chenier Plain 
along the south flank of Oujiang delta in southern 
Zhejiang Province, China. Twelve depositional units 
and eight local pollen zones were identified. It is 
noteworthy that the first paleosol layer (FPL) is 
burried ~29.15 m deep, serving as a benchmark for 
regional stratigraphic comparison. Twenty-one AMS 
14C dating results show that strata below and above 
the FPL were deposited in MIS 3 (marine isostope 
stage 3) and Holocene, respectively. Moreover, 
elemental compositions obtained by ICP-MS and 
XRF core scanner show similar variation trend in Ca, 
Fe and Ti except Al, and the ratio Si/Al exhibits 
similar trend with mean grain size. 

The climate in MIS 3 was inferred to be relatively 
warm and humid with abundant pollens of subtropical 
broad-leaved forest and became gradually cold and 
dry with increasing coniferous forest and decreasing 
CIA values. The sea level in MIS 3, deduced from the 
lagoonal environment, could reach roughly 30 m 
below the present sea-level (not calibrated by tectonic 
movement and sediment compaction). Then, the 
study area was exposed to udergo pedogenesis with 
the FPL having highest CIA values in the core, owing 
to sea-level falling until it was flooded again by the 
post-Glacial  sea-level rise. 

Overlying the FPL, a transgression-regression 
sequence was formed in Holocene, having similar 
sedimentary facies assemblages with those of chenier 
plain at the south flank of Yangtze delta. The initial 
flooding surface was formed about 9.5 cal kyr BP in 
YQ0902, suggesting that the sea level at the time was 
approximately 25±5 m below the present sea-level. In 
the period 8.5-6 cal kyr BP, the study area was 
extremely warm and humid with high Fe/Ti ratios, 
low CIA values and widely distributed subtropical 
broad-leaved forest, known as Holocene 
Megathermal. The strength of East Asian Monsoon 
deduced from Fe/Ti ratios and evergreen Querus 
content decreased since ~6 cal kyr BP and a 
remarkably low sedimentation rate happened in 5-2 
cal kyr BP. Intensive human impact began ~1.8 cal 
kyr BP with increasing land reclamation and rice 
cultivation. 
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Biogeochemical reaction modeling is a routine 
tool for studying geomicrobial processes. Current 
biogeochemical models compute microbial rates 
using the Monod equation. But this equation is 
developed for laboratory culture, and is not effective 
in describing geomicrobial processes. Recently, 
dynamic flux balance analysis (FBA) [1] has been 
applied to microbial processes in aquifers. FBA 
builds on genome-scale enzyme reaction equations, 
and computes metabolic rates from nutrient uptake 
rates [2]. But current application shows that FBA 
tends to overestimate microbial rates.  

To apply FBA to biogeochemical modeling, we 
propose two modifications for dynamic-FBA. First, 
genome-scale metabolic models should be validated 
under natural conditions before application. 
Metabolic models are commonly validated against 
laboratory observations. We propose to validate these 
models using flux control analysis, accounting for a 
wide range of metabolic kinetics, from sluggish 
metabolism in oligotrophic environments to fast 
progress in laboratory reactors.      

Second, genome-scale metabolic models should 
be applied using the global constraint of respiration 
(or fermentation) rate. Specifically, we propose to 
constrain nutrient uptake rates on the basis of 
microbial kinetics. In comparison, current methods 
use the local constraint of individual enzymes, and 
compute nutrient uptake rates using the Michaelis-
Menten equation.  

We applied the new method to Methanosarcina 
(Msr.) barkeri. Our model validation showed that the 
metabolic model of Msr. barkeri [3] requires 
significant modification in both constraints and the 
configuration of enzyme reactions. The updated 
model accurately predicted previous laboratory 
observations of acetoclastic and hydrogenotrophic 
methanogenesis by Msr. barkeri. In contrast, 
dynamic-FBA failed to reproduce the experimental 
observations. Our results show that both model 
validation and global constraints of microbial rate 
laws are required for applying genome-scale 
metabolic models to biogeochemical reaction 
modeling. 

 
[1] Mahadevan et al. (2002) Biophysical J. 83, 1331-
1340. [2] Orth et al. (2010) Nat. Biotechnol. 28, 245-
248. [3] Gonnerman et al. (2013) Biotechnol. J. 8, 
1070-1079. 
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Djerfisherite (Dj), K-Cl-bearing sulfide, is 
widespread in kimberlite-hosted mantle xenoliths and 
as inclusions in diamonds. This sulfide was 
considered as a potential source of K and Cl in the 
sub-continental lithospheric mantle (SCLM) [1], and 
therefore understanding of its genesis is valuable. 
There are two basic hypothesis of Dj origin in mantle 
xenoliths [2]: mantle metasomatism in situ and 
kimberlitic metasomatism during transport of the 
xenoliths to the surface. Dj is stable at 1 atm [3] but 
its stability at a higher pressure is unknown. We for 
the first time tested high-pressure stability of natural 
Dj, K6.15(Fe16.29Cu7.80Ni0.05)S26.06Cl0.94, in multianvill 
experiments at 3 GPa and 800-1200 oC. Run 
temperatures are between continental geotherm and 
the temperature of ascending kimberlitic magma, i.e. 
they match real mantle conditions. 

At 3 GPa Dj was not found among the run 
products. At 600 and 800 оС it decomposes to KCl, 
intermediate solid solution and Cl-free K-sulfide (in 
wt%: K 12.1-12.6, Fe 16.2-18.6, Cu 38.5-41.0, S 
30.0-30.2). At 1200 oC K-phases are absent among 
the run products and the system undergoes partial 
melting. 

Dj is not stable at pressures greater than 3 GPa, 
therefore, it can not be a storage for K and Cl in the 
diamond- and garnet-facies mantle. Dj formation in 
mantle xenoliths is most likely related to infiltration 
of kimberlite melt into the xenoliths during ascent. 
This finding supports the idea that Dj may serve as an 
indicator of chlorine enrichment of kimberlite melt. 

This work was supported by grants from the 
RFBR (16-35-60052 mol_а_dk), the President of the 
Russian Federation (MK-4534.2016.5) and the 
Ministry of Education and Science of the Russian 
Federation (14.B25.31.0032). 

 
[1] Clay et al. (2014), Am. Min. 99, 1683-1693. [2] 
Sharygin et al. (2012) Russ. Geol. Geophys. 53, 247-
261. [3] Clarke (1979) Proc. 2nd Int. Kimberlite 
Conf. 2, 300-308. 
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Petrological investigations are crucial for 
understanding mineral relations. Residual UHP 
minerals, such as diamond and coesite, are very small 
and Raman spectroscopy is required for their reliable 
identification. In this study 3D Raman imaging is 
applied to coesite inclusions from diamondiferous 
kyanite gneiss of the Barchi-Kol terrane (Kokchetav 
Massif). The Kokchetav gneiss consists of large 
kyanite and garnet porphyroblasts embedded in a 
quartz-biotite-phengite-K-feldspar matrix, with rutile, 
graphite, zircon, monazite, apatite, diamond and 
coesite accesories. Kyanite porphyroblasts show 
zoned distribution of C and SiO2 polymorphs: (i) Gr-
rich core, with Q and Coe inclusions and rare Dia 
crystals, and (ii) clean overgrowth zone with Dia 
cuboctahedral crystals. High-resolution 3D Raman 
imaging of coesite inclusions with optically 
undetectable disordered graphite by an alpha-WITec 
Raman system equipped with a 488 nm laser and a 
100X NA0.9 objective has revealed no diamond or 
traces of fluid inclusions. The residual pressures for 
quartz and coesite are ~1 GPa. The association of 
coesite and disordered graphite is forbidden in UHP 
rocks. Disordered graphite may crystallize from 
COH-fluid entrapped by coesite close to the peak of 
metamorphic conditions. The fluid accelerates the 
Coe→Q transition, and  the ensuing dramatic 
expansion can lead to cracking of the host mineral 
and precipitation of disordered graphite during 
exhumation. Thus, (i) geothermometers based on 
graphite crystallinity can be hardly used for UHP 
rocks and (ii) the presence of disordered graphite is 
not neccesarily related to partial diamond 
graphitization.  

The study was supported by a grant from the 
Russian Science Foundation (RSF 15-17-30012). 
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The Earth’s surface has been dominated by cycles 
of glacial advance and retreat for more than two 
million years. Interestingly, microbial life has likely 
been a part of these movements from the on set of 
glaciation, as microbial life evolved mechanisms to 
thrive in the cryospheric environment. We now 
recognize that an active microbial biome (Bacteria, 
Archaea and Eukaryotes) is present in the snow, 
cryococconites and supraglacial lakes (surface), 
englacial (within the ice), and in the subglacial 
environment. Recent work indicates that in addition 
to aiding mineral weathering in the subglacial 
environment, microbes are integral components of the 
glacial carbon cycle. Currently Earth’s glaciers are 
retreating at unprecedented rates, thus releasing 
microorganisms, stored bio-active carbon and 
minerals to downstream ecosystems.  

Here we present results from a coupled 
microbiology and geochemical survey from four 
glaciers in the southern Greenland Ice Sheet (GIS). 
16S rRNA gene amplicon sequencing reveals that 
microbial phylogenetic diversity and coverage were 
similar across all glaciers sampled, despite 
differences in outflow pH. NMDS ordination of all 
samples collected show that all GIS terminal samples 
were more similar to each other, despite physical 
separation, than to downstream coastal outlet 
samples, fjords, and proglacial lakes. 
Chemolithoautotrophic sulfur and iron oxidizing-like 
microorganisms were abundant in three of the 
glaciers. Additionally, dissolved organic carbon from 
the glacier’s terminal outflow has a distinct microbial 
signature that decreases with distance from the 
glacier, suggesting that microbial autotrophic 
processes, in part, are likely an import source of 
DOM in glacial outflows. 
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The Early Permian (290 Ma) Panjal Traps of 
Kashmir are the largest contiguous outcropping of 
volcanic rocks within the Himalaya and erupted 
during the early stages of Gondwana break-up. The 
Traps consist mostly of basalt but there are 
volumetrically minor andesitic and silicic volcanic 
rocks as well. The basalt chemistry displays a range 
of compositions from continental tholeiite to ocean-
floor basalt with many showing evidence of crustal 
contamination (≤ 10%). The basalts that show limited 
or no evidence for contamination have Sr-Nd isotopes 
(i.e. ISr = 0.7043 to 0.7073; εNd(t) = ± 1) similar to a 
chondritic (i.e. subcontinental lithospheric mantle) 
source whereas the remaining basaltic rocks have a 
wide range of Nd (i.e. εNd(t) = -6.1 to +4.3) and Sr 
(i.e. ISr = 0.7051 to 0.7185) isotopic values. The 
estimated primary melt compositions of the low-Ti 
Panjal Traps are picritic to high-Mg basalt and have 
mantle potential temperatures (TP = 1370oC to 
1420oC) similar to ambient mantle rather than 
anomalously hot mantle (i.e. mantle-plume). The 
Panjal Traps erupted within a continental rift setting 
that developed into a shallow sea or lagoon. 
Sustained rifting saw the formation of a nascent 
ocean basin that led the genesis of E-MORB-like 
basalts and a greater influence from a depleted mantle 
source. As rifting continued, sea-floor spreading was 
initiated and microcontinental fragments separated 
from Gondwana and formed the ribbon-like continent 
Cimmeria and the Neotethys Ocean. The 
identification of both columnar jointed basalt and 
pillow basalt within the Traps implies that there is a 
possibility for two different styles of mineral deposits 
associated with the Panjal Traps: 1) orthomagmatic 
deposits within layered intrusions that developed 
during the continental rifting stage and 2) 
volcanogenic massive sulphide deposits that 
developed during the formation of a shallow lagoon 
or nascent ocean basin. 



Goldschmidt Conference Abstracts 
 
2816 

High temperature inter-mineral 
Cr isotope fractionation: ionic 

model constraint and 
implication for mantle xenoliths 

from North China Craton 
J. SHEN1*, Z. FANG1, L. QIN1*, Q. ZHANG1, Y. 

XIAO2, H. YU1 
1CAS Key Laboratory of Crust – Mantle Materials 

and Environments, School of Earth and Space 
Sciences, University of Science and Technology 
of China, Hefei 230026, China 
(*Correspondance: sjlcwqqq@ustc.edu.cn & 
lpqin@ustc.edu.cn) 

2 State Key Laboratory of Lithospheric Evolution, 
Institute of Geology and Geophysics, Chinese 
Academy of Sciences, PO Box 9825, Beijing 
100029, China. 

 
Recent works have proposed that Cr isotopes 

could be fractionated during high-temperature 
processes (partial melting of peridotite and fractional 
crystallization of basaltic magma), as a result of 
solid-melt Cr isotopic fractionation [1, 2]. In both 
processes heavier Cr isotopes are preferentially 
incorporated into solid phases, leaving isotopically 
lighter melt phases. Interestingly, Cr isotopes are 
fractionated in the opposite direction from Fe 
isotopes, that the melts are enriched in heavier Fe 
isotopes [3-5]. However, so far, inter-mineral Cr 
isotopic fractionation behaviour for mantle minerals 
is still poorly constrained. 

Here, we present a prediction for equilibrium Cr 
isotopic fractionations among major mantle minerals 
using the ionic model [4, 6]. According to Cr 
valences and associated coordination environments in 
different minerals, the model calculation predicts a 
general order of  δ53CrSpl > δ53CrCpx, δ53CrOpx > 
δ53CrOl, which is similar to previous inter-mineral Fe 
isotope fractionation [4]. Our Cr isotopic analyses of 
minerals from Beiyan lherzolites confirm the 
measureable and systematic fractionations in Cr 
isotope ratios between different minerals (except 
Opx-Cpx pair), which are consistent with the model 
speculations. This fractional order could effectively 
account for the opposite fractionation trends between 
Cr and Fe isotopes during partial melting and 
crystallization, that Spl/chromite (high δ53Cr and 
δ56Fe) dominates Cr isotope fractionation, and Ol 
(low δ53Cr and δ56Fe) dominates Fe isotope 
fractionation. 

[1] Xia J. et al. (2015) 46th LPSC, abs(1832). [2] 
Bonnand P. et al. (2016) GCA. 175, 208-221. [3] 
Teng FZ. et al. (2008) Science. 320, 1620-1622. [4] 
Macris C.A. et al (2015) GCA. 154, 168-185. [5] 
Weyer S. et al (2007) EPSL. 259, 119-133. [6] Young 
E.D. et al (2015) CG. 395, 176-195 
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Potassium availability in soils depends on its 

quantity and intensity indices. At a given moment, 
the directly available K, i.e., the soluble K, in the root 
zone amounts to few percent of the amount needed by 
crops. Thus, plants rely on the solid phase potassium, 
mostly in the form of adsorbed cations. The energy 
for K-extraction from the soil is ultimately derived 
from metabolic energy and is assumed to equal the 
energy of the cation exchange between the most 
prevailed cations, usually Ca2+ and Mg2+. This energy 
was suggested by Woodruff [1] to equal RT·ln(AR) 
(termed ΔF), where AR=(K/(Ca+Mg)0.5, and K, Ca, 
and Mg are the activities of the free cations in the soil 
solution at equilibrium with the cation exchange 
complex of the soil. The ΔF is thus considered to be a 
measure of K intensity in soils, while extractable K 
(by 1-M ammonium acetate, 10-mM CaCl2, or other 
extractants) is a common index for available K 
quantity in soils. The ratio of K to the major cations 
in the soil solution has also a direct effect on the 
uptake of potassium by the roots. The relations 
between the cations in the soil exchangeable 
complex, in the soil solution, and in tomato plants 
were studied in order to separate the effects of the 
soil from those of the uptake system of the plants. 
The results suggest an improved method to assess K 
availability in soils and an improved interpretation for 
soil tests for potassium. 

 
[1] Woodruff, C.M. 1955. Soil Sci. Soc. Am. J. 19: 
167–171.    
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Radium isotopes were analyzed in 18 

groundwater samples from shallow alluvial aquifers 
in granitic basement and in the Nubian sandstone 
aquifer throughout the Sinai Peninsula, Egypt. The 
activities of 226Ra and 228Ra ranged from 0.14 Bq/L to 
0.80 Bq/L and from 0.01 Bq/L to 1.03 Bq/L, 
respectively. Combined (226Ra + 228Ra) activities in 
most wells are generally in excess of US EPA 
maximum contaminant levels for drinking water. 
Radium activities in central and northern Sinai are 
generally higher than those in southern Sinai, 
indicating a gradual increase in salinity and water-
rock interaction with increasing groundwater age. 
Some groundwater having salinity <1,000 mg/L TDS 
is suitable for drinking water without radium 
removal, where nearly all samples having salinity 
>1,000 mg/L have combined radium activities 
exceeding the US EPA limit. These results indicate 
that groundwater in the Sinai Peninsula must be used 
with caution for domestic and agricultural purposes, 
and radium removal may be necessary before water is 
used for human consumption. 
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Improving understanding of the dynamics of the 
glacial Atlantic meridional overturning circulation 
(AMOC) continues to be an important task for a 
better understanding of glacial climate. Recently, 
coupled modeling studies have shown that the 
existence of the glacial ice sheets intensifies the 
AMOC. It is very important to understand the cause 
and implications of this result, which may also help 
to explain why the AMOC remained vigorous over 
the last glacial period, as suggested from a recent 
reconstruction study. Here, a decoupled simulation is 
conducted to investigate the effect of wind change 
due to glacial ice sheets on the AMOC and the crucial 
region where wind modifies the AMOC, which 
remained elusive in previous studies. First, from 
atmospheric general circulation model (AGCM) 
experiments, the effect of glacial ice sheets on the 
surface wind is evaluated. Second, from ocean 
general circulation model (OGCM) experiments, the 
influence of the wind stress change on the AMOC is 
evaluated by applying only the changes in the surface 
wind as a boundary condition, while leaving surface 
heat and freshwater fluxes unchanged. Moreover, 
several sensitivity experiments are conducted. Using 
the AGCM, glacial ice sheets are applied 
individually. Using the OGCM, changes in the wind 
are applied regionally or at different magnitudes. 
These experiments clearly demonstrate that glacial 
ice sheets intensify the AMOC through an increase in 
the wind stress curl mainly at the North Atlantic mid-
latitudes. This intensification is caused by the 
increased gyre transport and Ekman upwelling of salt, 
while the change in sea ice transport has an opposite, 
though minor, effect. 
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In total, a set of 124 surface snow samples (the 

topmost 3±1 cm) collected along the traverse from 
coast to the ice sheet summit (Dome Argus) is used to 
investigate summertime atmospheric nitrate 
deposition across East Antarctica. The results show 
that concentration and isotopic compositions of NO3

- 
in surface snow are more dependent on the distance 
from coast, compared to other physical variables (i.e., 
elevation and annual snow accumulation rate). The 
strong relationship observed between δ15N and δ18O 
of nitrate (R2=0.69, p<0.001) suggests a large (lesser) 
extent of nitrate photolysis in the interior (coast) 
region. The significant linear correlation between the 
oxygen isotopes of nitrate (δ18O vs. Δ17O) indicates 
mixing of various oxidants that react with NOx 
(NOx=NO+NO2) to produce nitrate. In interior 
Antarctica, snow nitrate is closely related with the re-
oxidation chemistry possibly occurring in both 
condensed and gas phases. Although the ‘secondary’ 
NO3

- formation in the condensed phase is considered 
to be important in the interior snowpack [1], the 
oxygen isotope data cannot detect this (i.e., the re-
formed nitrate in condensed phase vs. in gas phase). 
Snow-sourced NOx from the interior due to 
photolysis of nitrate could be an important 
contribution to coastal nitrate formation and 
deposition, and transported nitrate from mid latitudes 
is possibly an additional source. This investigation 
suggests that the complete nitrate isotopic 
compositions in coastal ice core hold the potential for 
reconstructing NOx and oxidant variability in coast 
and possibly mid latitudes. 

Acknowledgement. This research was financially 
supported by NSFC (Nos. 41576190 and 41206188). 
The CHINARE inland members are appreciated for 
sampling assistance. 
 [1] Shi et al. (2015) Atmos Chem Phys 15, 9435-
9453. 
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Sakurajima volcano is situated at the volcanic 
front of the Ryukyu arc, Kyushu Island, Japan 
(Fukuyama, 1978, J. Geol. Soc. Jpn.), where the 
Philippine Sea Plate (PSP) is subducting. Shibata et 
al. (2013, Bull. Vol. Soc. Jpn) emphasized that the 
mixing of andesitic and dacitic magmas played an 
important role in the genesis of Quaternary lavas of 
Sakurajima volcano, and that multiple dacitic magma 
chambers with different geochemical characteristics 
once existed beneath the Sakurajima area at relatively 
shallow levels in the crust. However, detailed 
processes of magmatic evolution of Sakurajima still 
controversial. We discuss the magmatic processes on 
the bases of newly analysed trace element and Sr-Nd 
isotopic compositions together with those of previous 
data and Pb isotope ratios.  

Although most of the major element 
compositions show a single linear trend on each of 
the Harker diagrams, two different trends are 
discernible on each of the P2O5, and TiO2 vs. silica 
diagrams, and are subdivided into low-P and high-P 
geochemical groups. Those two groups show deferent 
trend in the relation of Sr isotope ratios and silica 
contents. Sr isotope ratios of the both groups increase 
with increasing silica contents, and the difference of 
Sr isotope ratios decrease with decreasing silica 
contents. Sr-Nd isotope ratios of the most silica poor 
andesite are relatively less radiogenic, but displaced 
towards more radiogenic Nd isotope compositions 
from the mixing curve of MORB-type mantle and 
subducting PSP. From these observations, it is 
considered that 1) source materials of primary magma 
of Sakurajima volcano are MORB-type mantle and 
slab derived materials, 2) andesite magma might be 
evolved from the primary magma by AFC process, 3) 
further AFC or magma mixing of initial andesite and 
two individual acidic endmember generated the 
magmas of low-P and high-P groups.  The erupted 
areas of low-P and high-P groups are also different. 
Therefore, it can be considered that those two groups 
erupted through individual magma-plumbing system, 
as emphasized by Iguchi (2013, Bull. Vol. Soc. Jpn). 
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Critical properties of aqueous electrolyte 

solutions have been discussed by many workers (e.g., 
Shibue [1]; Liebscher [2]).  Shibue [1] gave the 
equations of the critical temperatures and pressures of 
aqueous calcium chloride solutions.  The present 
communication notes the typographic errors in the 
equation for the critical pressures and gives some 
complementary remarks on the equation. 
     The critical pressure was expressed as follows [1]. 
 
pc = 22.064 + q6X/(X +      ) + q7X 2  + q8X 4   (1). 
 
where pc denotes the critical pressure in MPa, X the 
mole fraction of calcium chloride.  Regression 
coefficients are designated as q5, q6, q7, and q8 in 
Equation (1).  The equation was obtained from 
experimental data at X ≤ 0.0378.  The maximum 
concentration corresponds to 19.5 mass%. 
     Numerical values of q5 and q8 in Table 1 of Shibue 
[1] are incorrect.  Correct coefficients of Equation (1) 
are as follows:  q5 = −6.47588·10−2, q6 = 8.58985, q7 
= 5.97149·103, q8 = 2.22618·107. 
     The second term on the right-hand side (RHS) of 
Equation (1) includes q5 squared.  If we use q5 in 
stead of q5 squared for the regression equation, we 
need to add an additional constraint; the value of X + 
q5 does not become zero at any X values up to the 
maximum mole fraction.  To eliminate the additional 
constraint, Shibue [1] squared q5.  The negative value 
of q5 arises from the regression method.  The Gauss–
Newton method, which was applied to the nonlinear 
least-squares regression analysis, requires derivatives 
of RHS of Equation (1) with respect to q5, q6, q7 and 
q8.  The partial derivative with respect to q5 contains 
the term 2q5q6X/(X  
+    )2.  This term includes q5 as well as the square of 
q5.  Shibue [1] used q5 as the variable for the least-
squares regression analysis, which resulted in the 
negative value of q5. 
     The critical temperature equation, which was 
given by a similar form to Equation (1), is shown 
again at the conference session. 
 
[1] Shibue (2003) Fluid Phase Equilibria 213, 39-51.   
[2] Liebscher (2007) Rev. Mineral. Geochem. 65, 15-
47. 
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The Paleoproterozoic Makganyene Glaciation is a 
particularly enigmatic geologic event in that ice 
covered the oceans even at the low latitude (Snowball 
Earth) [1]. This event might have drastically curtailed 
biological productivity but melting of the oceanic ice 
presumably induced a cyanobacterial bloom, leading 
to an acceleration of global oxygenation [2]. It has 
been predicted that this event occurred as a result of 
the drawdown of greenhouse gases in the atmosphere 
[3-4]. However, even the atmospheric CO2 level at 
that time is still under debate. Here, we constrained 
the CO2 concentration in seawater based on the fluid 
inclusions in subseafloor hydrothermal quartz 
deposits from the 2.2 Ga Ongeluk volcanics, South 
Africa, in which the ancient water and carbon dioxide 
are preserved. The quantitative analysis of the 
concentration and stable carbon isotopes of CO2 in 
the fluid inclusions revealed that CO2 in the seawater 
was limited to less than 5.5 mmol/kg. Because the 
Ongeluk seawater was locally open to the 
atmosphere, atmospheric CO2 level was also 
estimated to be lower than 21 times the present 
atmospheric level (PAL) assuming equilibrium 
between the Ongeluk seawater and atmosphere. This 
CO2 level was insufficient to compensate the faint 
young sun and keep the ocean temperature above 
freezing point by itself. Our results demonstrate that 
the deficient atmospheric CO2 level was a significant 
contributing factor to the 2.2 Ga global glaciation. 

 
[1] Kirschvink (1992) The Proterozoic Biosphere: A 
Multidisciplinary Study, 51–52. [2] Kirschvink et al. 
(2000) Proc. Natl. Acad. Sci. USA 97, 1400–1405. [3] 
Kopp et al. (2005) Proc. Natl. Acad. Sci. USA 102, 
11131–11136. [4] Condie et al. (2009) Earth Planet. 
Sci. Lett. 282, 294–298. 
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We present detailed observations of the Median 
Tectonic Line (MTL) at a large outcrop exposed in 
the eastern Kii Peninsula, Japan to understand fault 
behaviours under a range of physical conditions. At 
the outcrop, the MTL strikes almost E-W and dips to 
the north and juxtaposes the Sanbagawa metamorphic 
rocks to the south against the Izumi group to the 
north. The fault rocks in the described area mainly 
consist of the Sanbagawa derived rocks. 

In the fault core, two slip zones exist. One (upper 
slip zone) is at the lithological boundary between the 
Izumi group and the Sanbagawa derived fault rocks. 
The other (lower slip zone) is located about 1 m 
beneath the upper slip zone, more conspicuous and 
considered to be a principal slip zone. 

Crosscutting relationship among structures and 
kinematic indicators in the fault zone indicate that the 
oldest deformation stage (Stage 1) is distributed 
deformation with top to the east sense of slip in the 
outside of the slip zones. Then deformation with top 
to the east sense of slip was localized into the lower 
slip zone (Stage 2). After that the slip direction in the 
lower slip zone was changed in into top to the west 
sense of slip (Stage 3). The final deformation stage 
(Stage 4) was top to the north normal faulting along 
the two slip zones.  

The microstructure of muscovite outside of the 
slip zones suggests that the temperature during stage 
1 is high enough for muscovite to be plastically 
deformed. Powder X-ray diffraction (XRD) analyses 
Indicate that smectite only appears in limited part of 
upper and lower slip zones where deformation stages 
3 and 4 occur. The fault zone architecture described 
in this study, therefore, record the faultings at 
different crustal level.  
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Polybrominated diphenyl ethers (PBDEs), one 
group of emergining contaminants, belong to a large 
family of brominated flame retardants and persisitent 
organic pollutants in the enviroment. Heavily 
brominated DEs were more widely used; while 
components of the penta- and octa- BDEs are 
considered more toxic and undergo bioaccumulation 
[1]. In Asia such as Taiwan, Chnia, and India, some 
farms were polluted by PBDEs. In our study of plant 
uptake of PBDEs, PBDEs could contaminate our 
food through crops grown in environmental media 
such as soils. The degradation of PBDEs in our 
environment is urged to understand their 
environmental fate. Photocatalytic degradtion of 
PBDEs with UV ligth has been proposed in the 
literature and was confirmed a rapid debromination 
process under sunlight in Asia such as Taiwan [2]. 
Since the sunlight cannot penerate into the some 
environmental media deeply, we studied the reductive 
catalysis of PBDEs with zerovalvent metals. The 
debromination and adsorption of PBDEs on irons 
were found during the reactions [3]. The continous 
degradtion of adsorbed PBDEs on irons was observed 
[4]. The effect of some environmental factors on the 
degradtion was also studied [5]. On the other hand, 
microbes do not easily degrade PBDEs in soils and 
the microbial degradtion of PBDEs took a long time. 
The synegisitc combination of microbial and 
zerovalent metals on PBDE degradation was found 
[6]. Some recent degradtion studies of PBDEs will be 
discussed, including our recent enzymatic works. 
Some discussions about the environmental fate of 
PBDEs inclduing these transformations will be 
presented.  

 
[1] Darnerud, Eriksen, Jóhannesson, Larsen & 
Viluksela, Environ Health Perspect (2001) 109, 49-
68. 
[2] Shih & Wang, J Hazard Mater (2009) 165, 34-38. 
[3] Shih & Tai, Chemosphere (2010) 78, 1200-1206. 
[4] Peng, Chen & Shih, J Hazard Mater (2013) 260, 
844-850. 
[5] Shih, Chen & Su, Appl Catal B (2011) 105, 24-
29. 
[6] Shih, Chou, Peng & Chang, Bioresour Technol 
(2012) 108, 14-20. 
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The subducting crust carries a lot of fluids into 

subduction zones as a form of hydrous minerals. 
Break down of the hydrous minerals and released 
fluids are considered to be related genesis of 
intermediate-depth earthquakes and arc magmatism 
(e.g., Kirby et al., 1996; Nakajima et al., 2013). 
Because the hydrous minerals and existence of the 
fluids lower seismic velocity, revealing detailed 
structure of the crust is important to understand 
ongoing processes in the subduction zones. 

In the eastern part of Hokkaido, northern Japan, 
guided-P and guided-S waves are often observed. The 
waves are considered to propagate in the subducting 
crust. We picked arrival times of the guided waves 
and estimated P- and S-wave velocities in the crust. 

The estimated P- and S-wave velocities in the 
subducting crust are 6.5-7.5 km/s and 3.6-4.2 km/s at 
depths of 50-100 km, respectively. Moreover, the 
velocities at depths shallower than 80 km are 
markedly lower than those expected from fully-
hydrated MORB materials (P-wave velocity of ~7.4 
km/s; e.g., Hacker et al., 2003). This velocity 
reduction is consistent with that in northeastern Japan 
(Shiina et al., 2013) and suggests the existence of 
aqueous fluids of 1 vol% in the crust at depths of 50-
80 km beneath the eastern part of Hokkaido. 
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The rare earth elements (REEs) are a unique 

chemical set wherein there are systematic changes in 
geochemical behavior across the series. Furthermore, 
while most REEs are in the +III oxidation state, Ce 
and Eu can be in other oxidation states leading to 
distinct characteristics of those elements. Thus, the 
geochemical properties of the REEs make them 
particularly useful tools for inquiring into various 
geochemical processes. As part of the US 
GEOTRACES effort, we determined dissolved REEs 
and Y at 32 stations across the North Atlantic during 
US cruises GT10 and GT11 along a meridional 
transect from Lisbon to the Cape Verde Islands and a 
zonal transect from Cape Cod to the Mauritanian 
coast. While profiles are similar to previous reports, 
features are observed at the interfaces indicative of 
various input and removal processes. In the strong 
oxygen minimum zone off Mauritania, there is an 
increase in the light REEs but not the heavies. Also 
along the eastern margin, below the oxygen 
minimum, a small but distinct increase in the cerium 
anomaly (Ce/Ce*) is observed. These observations 
are consistent with an association of REE cycling 
with the redox cycles of Fe and Mn. In 
hydrothermally influenced waters along the mid-
Atlantic Ridge, there are increases in Ce/Ce*, 
Eu/Eu*, and Y/Ho but a decrease in Nd/Yb and in 
REE concentrations. We also take advantage of a 
previously published water mass analysis for the 
section to estimate that most of the deep water 
changes can be explained by conservative mixing of 
waters with different pre-formed REE concentrations. 
Finally, we examine recent evidence of 
methanotrophic requirements for light REEs and 
speculate on the oceanic role for this process. 
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  Smectite will play an important role in engineered 
barriers for the geological disposal of radioactive 
wastes due to its low permeability and its high cation-
exchange capacity. However, it has been considered 
that hyperalkaline fluids from cementitious 
components in the engineered barrier would affect the 
stability of smectite. Therefore, the study site where 
both smectite and hyperalkaline fluids are observed 
can be considered as analogues in geological disposal 
environments. In this context, trenches were 
excavated and solid and fluid samples were collected 
at Narra in Palawan, Philippines, where several 
hyperalkaline springs produced by modern-
serpentinization were observed. 
  Chemical analysis of fluids collected from the 
trenches showed that the fluid is Ca-OH type with pH 
above 11. This was similar to that of fluid from low 
alkali cement. XRD analysis of the solid samples 
from the trenches revealed the presence of Fe-
saponite and C-S-H (calcium silicate hydrate) as 
secondary minerals in ultramafic sediments. Based on 
SEM and EPMA, both of the minerals were 
precipitated as authigenic in pore of the sediments, 
and some Fe-saponite formed by alteration of primary 
ultramafic minerals. Thermodynamic calculations of 
the fluid compositions supported the in-situ formation 
of Fe-saponite and C-S-H. This implies that Fe-
saponite would be formed and stable at Fe (II)-
bearing hyperalkaline condition, although 
dioctahedral montmorillonite as a candidate smectite 
in bentonite buffer material, may be not stable and 
alter to other minerals. In future, the extent of Fe-
saponite formation at the site would be fully 
quantified to assess the rate of Fe-saponite formation. 

This research was initiated within a project to 
develop Geological Disposal Technologies in Japan 
using Natural Analogue, which was funded by the 
Ministry of Economy Trade and Industry (METI), 
Japan. 
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Adakite, named after magmas from Adak Island 

in the Aleutian arc has attracted attention as modern 
geochemical analogues of tonalite–trondhjemite–
granodiorite suite, which exhibits geochemical 
characteristics indicating high-pressure melting of 
basaltic source rocks. As adakite is typically 
generated in young subduction zones where high 
geothermal gradients can be attained in the slab, 
previous studies have shown that adakite magmas are 
produced by slab melting. In addition, as sediments 
have lower solidus temperature than the oceanic 
basaltic crusts, the sediments could melt before or 
during the adakite productions. Thus, both subducted 
oceanic basaltic crust and sediments could have 
melted beneath hot subduction zones. As melts can 
effectively remove incompatible elements from slab, 
melting of oceanic basaltic crust and sediments would 
profoundly affect how the mantle heterogeneity has 
evolved throughout the Earth’s history. The SW 
Japan Arc is known to host adakites on the 
Quaternary volcanic front and the Miocene forearc 
volcanic rocks produced by melting of subducted 
sediment. Hence, the SW Japan arc should be a 
suitable example to evaluate the role of melting of 
oceanic crust and sediments. In this presentation, we 
will show new isotopic and trace element data of 
adakites from Aono volcanic group in the SW Japan, 
and discuss behavior of the subducted oceanic 
basaltic crust and sediments at hot subduction zone. 
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The distribution of REE+Y between amphibole 
and silicate melt is important for understanding a 
wide variety of igneous and metamorphic processes 
in the lithosphere. In this study, we used published 
experimental REE+Y partitioning data between 
amphibole and silicate melt, the lattice strain model 
[1], and non-linear least squares regression method to 
parameterize key partitioning parameters in the lattice 
strain model (D0, r0, and E) as a function of pressure, 
temperature, and both amphibole and melt 
compositions. Two models, which give nearly 
identical results, are obtained in this study. In the first 
model, D0 depends on temperature and amphibole 
composition: it positively correlates with Ti content, 
and negative correlates with temperature and Mg, Na, 
and K contents in the amphibole. In the second 
model, D0 depends solely on the melt composition: it 
positively correlates with Si content, and negatively 
correlates with Mg, and Ca contents in the melt. In 
both the mineral and melt composition models, r0 
negatively correlates with the ferromagnesian content 
in the M4 site of the amphibole and E is a constant. 
The very similar coefficients in the equations for r0 
and best-fit values for E in the two models allow us to 
develop a new thermometer for amphibole-melt 
equilibria. The thermometer predicts the temperatures 
in phase equilibrium experiments with a precision of 
87ºC (1σ), adding confidence to our 
parameterizations of D0. Our model and experimental 
data simulating fractional crystallization of arc 
magmas [2] suggests that (1) REE partition 
coefficients between amphibole and melt can vary by 
an order of magnitude during arc magma 
crystallization due to variation in the temperature and 
composition of the amphibole and melt, and that (2) 
fractional crystallization of amphibole plays an 
important role in decreasing the Dy/Yb and Dy/Dy* 
ratios in arc magmas [3]. [1] Blundy & Wood (1994) 
Nature 372, 452-454. [2] Nandedkar et al. (2014) 
CMP 167, 1015. [3] Davidson et al. (2013) J Petrol 
54, 525-537.  
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Hematite, α-Fe2O3, is one of the most abundant 
and thermodyanmically stable iron oxide minerals in 
Earth’s upper crust. Nano-scaled hematite plays an 
important role in natural and technological settings as 
it is a source of bioavailable iron, an adsorbent of 
various groundwater/air pollutants, and a promissing 
electrocatalyst for a renewable energy devices.  In 
these respect, uncovering the intrinsic 
physcicochemical properties of hematite 
nanoparticles is of great interest.  

Particle-impact chronoamperometry is a recently 
established electrochemical characterization 
technique for individual nanoparticles suspended in a 
supporting solution.  This technique makes use of the 
random Browniam motion of nanoparticles resulting 
in collision with a stationary microelectrode.  At 
appropriate electrode potential, electron transfer 
between a particle and an electrode takes place upon 
impact and generates a spike in a 
chronoamperogram.1  This tequnique has been 
applied to study electrochemical properties of various 
nanoparticles of anthropogenic[1] and natural[2,3] 
origins.   

Particle-impact analysis reveals that individual 
hematite nanoparticles are much more reduceable 
with much smaller overpotential than the agglomerate 
due to the efficient diffusion of protons to the 
particle/water interface.  Further investigation shows 
that this technique can complement the nanoparticle 
tacking analysis to address pH and size dependent 
colloidal stability by tracking the number of non-
clustered mineral nanoparticles. 
 
[1] N. V. Rees, Y. Zhou and R. G. Compton, RSC 
Adv., 2012, 2, 379–384. [2] K. Tschulik, B. Haddou, 
D. Omanović, N. V. Rees and R. G. Compton, Nano 
Res., 2013, 6, 836–841. [3] K. Shimizu, K. Tschulik 
and R. G. Compton, Chem. Sci., 2016, 7, 1408–1414. 
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IODP Expedtiion 352 drilled a total of 1.22 km of 

igneous basement from four sites (U1439-U1442) at 
the outer Bonin fore-arc to elucidate the early 
subduction dynamics. Two sites (U1440 and U1441; 
water depth of 4775 m and 4446 m, respectively) 
located nearer to the trench (strati-graphically lower 
and older sequence than U1439 and U1442), 
recovered igneous rocks at the basement that are 
mostly fore-arc basalts (FABs). From other two sites 
(U1439 and U1442; ~3150m water depth) located 
~15 km west from U1440 and U1441, boninites were 
recovered.  

From all sites, we recovered fresh volcanic 
glasses manifest as chilled margins of pillow lavas, 
massive lavas, hyaloclastites and pyroclastic deposits. 
We analyzed volatile (H2O, CO2, F, Cl, S) and P2O5 
concentrations of 100 volcanic glasses (31, 23, 1 and 
45 samples from U1439, U1440, U1441 and U1442, 
respectively) using SIMS at JAMSTEC and paleo-
eruption depths were evaluated by H2O and CO2 
contents dissolved in glasses. Most glasses from the 
FAB sites (U1440 and U1441) have various H2O 
(0.11-0.82 wt%) and CO2 contents (54-151 ppm), 
reflecting vapour saturation pressure of 165 - 335 
bars (average of 220±50 (1SD) bars; ~2200m water 
depth), comparable to those at mid-oceanic ridges 
(2500-3500m). On the other hand, glasses from the 
boninite sites (U1439 and U1442) are high in H2O 
(1.5-2.1 wt%), and are remarkably low in CO2 (< 
several ppm: below detection limit), reflecting vapour 
saturation pressure of 220 - 460 bars (average of 
350±50 bars; ~3500m water depth).  

Subduction zone of Izu-Bonin-Mariana arc 
initiated at the boundary of younger Philippine Sea 
Plate (PSP) and older Pacific Plate (PAC) at ~52 Ma. 
Presence of the Cretaceous (~120 Ma) plateaus 
adjacent to Amami-Sankaku Basin, where FABs are 
recovered during IODP Expedition 351 (Arculus et 
al., 2015, Nat. Geosci.), indicates the age of over-
riding PSP at the subduction initiation should be 
older than 70 million years. Assuming normal 
subsidence rate of an oceanic lithosphere for PSP, 
water depth at the initial subduction zone should be > 
5000 m. Our results suggest that Bonin fore-arc was 
significantly uplifted (2000-3000 m) and widely 
spread at the subduction initiation probably by mantle 
upwelling caused by the sinking PAC as in previous 
works, then subsided by ~1000 m before the boninite 
eruption stage. 
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Spinel coexisting with quartz is well known as 
one of the ultrahigh-temperature metamorphic 
mineral assemblages. This coexistence is produced 
for example by a reaction, Grt + Sil = Spl + Qz. In 
this case, spinel comes in contact with quartz directly. 
Spinel-bearing pelitic metamorphic rocks are present 
in a wider pressure–temperature (P–T) range from 
amphibolite facies to granulite facies conditions. 
Although quartz is present in such rocks, spinel does 
not come in contact with quartz directly. 

We studied spinel-bearing metamorphic rocks 
from (1) the Lützow–Holm complex, East Antarctica; 
(2) the Hidaka Metamorphic Belt, northern Japan; (3) 
the Uetsu area, northeastern Japan; and (4) the Ryoke 
metamorphic belt, southwestern Japan. These 
metamorphic terrains are known as clockwise P–T 
path areas. In their thin sections, sometimes spinel 
crystals occur around garnet or sillimanite and are in 
contact with plagioclase. This texture implies a 
reaction Grt + Sil = Spl + Pl, which can be solved 
using the following net-transfer reactions: 
CFAS system: 5Grs + Alm + 12Sil = 3Hc + 15An 
CMAS system: 5Grs + Prp + 12Sil = 3Spl + 15An 

We employed thermodynamic data from [1] for 
these reactions. Consequently, we propose the 
following new geobarometers: 
P[CFAS] = (−134940 + 29.392 + 561.5 T + RT 
lnKFe)/29.392 
P[CMAS] = (−132130 + 29.294 + 557.2 T + RT 
lnKMg)/29.294 
where P is in bar, T is in K, KFe = 
(aGrs

5aAlm)/(aHc
3aAn

15), and  KMg = 
(aGrs

5aPrp)/(aSpl
3aAn

15). 
Because the dP/dT slopes of the above mentioned 

equations are very gentle, these are good 
geobarometers. Other previously used spinel-bearing 
geobarometers (e.g., [2, 3, 4]) include quartz or 
corundum in their reaction equations. The proposed 
new geobarometers are free from quartz and 
corundum within the equations. These are useful for 
analyzing spinel-bearing metamorphic rocks within a 
wider P–T range. 

 
[1] Holland & Powell (1998) JMG 16, 309–343. [2] 
Harris (1981) CMP 76, 229-233. [3] Shulters & 
Bohlen (1989) J.Pet. 30, 1017-1031. [4] Nichols 
(1992) CMP 111, 362-377. 
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Stable Isotopes (SI), especially Sr-Nd-Pb 

isotopes, had been successfully applied to the 
biogeochemical tracer in environmental research. To 
promote the biochemical isotope study, we improved 
a sequential separation of Sr, Pb, and Nd with Sr 
speciation resin and ion exchange resin for biota 
standards from AIST and NIST. These new steps 
reduce the total processing time, the amount of acid 
reagent solution, and evaporation steps. The new 
methods show higher recovery rate with cleaner 
samples than the older methods.  

We determined the stable isotope ratios of Sr, Nd, 
and Pb for the samples using thermal ionization mass 
spectrometer of TRITON and high-resolution multi-
collector ICP-MS of NEPTUNE (ThermoFisher 
Scientific Inc.). Preliminary results using TRITON 
showed that the external variation of 87Sr/86Sr ratios 
falls in a narrow range of 10 ppm, this variation being 
two times as the internal one. This difference between 
the external and internal variation is also observed 
when NEPTUNE was used. We suggest that this 
difference is ascribed to the measurement stage by 
mass-spectrometry rather than sample heterogeneity 
and sampling procedure. 
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Groundwater samples were collected bimonthly, 

from March to June 2014, in 19 wells in Nonsan area 
and most wells are located in area employing water 
curtain cultivation (WCC) system. Stream water 
samples were collected in three sites in every month 
during the study period. The objective of this study 
was to understand interaction between groundwater 
and surface water, to identify sources controlling 
water chemistry and to decipher a redox condition in 
groundwater. Furthermore, it is important to evaluate 
whether the processes were related to WCC system. 
While WCC system was conducted, flow rate 
measured in stream water was greatly lowered. In 
contrast, the flow rate increased during the period that 
WCC was stopped. The stream water was vulnerable 
to groundwater pumping due to WCC, implying that 
physiochemical interaction could occur between 
groundwater and stream water. The studied 
groundwater included wide ranges of NO3

-, Mn2+ and 
Fe2+, and generally showed the higher Cl- 
concentration relative to those of stream water and 
precipitation. These indicated that the groundwater 
was affected by anthropogenic sources derived from 
agricultural practices and was under distinct redox 
conditions. Compared to those in area of non-WCC 
system, groundwater in area employing WCC system 
was characterized by elevated SO4

2- concentration 
and was positively correlated with δ18O value, 
typically. These results suggested that pumping and 
injecting groundwater for WCC system played a 
critical role to determine groundwater chemistry. Plot 
of δ2H and δ18O for groundwater showed much lower 
slope than that of GMWL, indicating that 
groundwater was substantially evaporated during 
recharge and that groundwater recharge occurred 
mainly in summer season. 
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Uranium is the most ubiquitous element among 

naturally occurring radioactive materials (NORMs) in 
environmental system because of its abundance in the 
Earth crust and long half-life (t1/2≈4.5×109 years). 
Although the specific radioactivity of natural uranium 
in groundwater is extremely low, chronic exposure 
results in kidney problems and potential toxicity in 
bones. This study was conducted on a nationwide 
scale for 9 years through 2006–2014 to determine the 
spatial distribution of uranium in groundwater, and to 
evaluate geological relationship with uranium 
occurrence. The great uranium concentrations were 
found in the midland of South Korea. The bedrock 
geology mainly comprises plutonic and meta-
sedimentary rocks. Granite, granitic gneiss and black 
shales could act as source rocks for the uranium 
component in the groundwater. The Spearman’s 
correlation coefficients showed moderate relationship 
between the uranium and other ions of F, Na, Ca, 
HCO3, and SO4. Additionally, Ca-HCO3 were 
predominant type for the investigated groundwater 
samples. These results suggested that the uranium 
component could be associated with dissolution of 
secondary minerals such as feldspar, gypsum, and 
micas into groundwater. Estimated aqueous species 
of uranium are uranyl carbonate complexes under 
neutral and oxidizing conditions as a typical 
groundwater circumstance in Korea. In particular, the 
calcium contents facilitates the formation of calcium-
uranyl carbonate complexes that increase the uranium 
mobility in the groundwater environments. Therefore, 
the uranium contents in groundwater must be 
continuously monitored and properly reduced for the 
drinking purpose, especially, at the midland of Korea.  
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Under the amplified Arctic warming climatic 

response of CH4 emission from the wetlands needs to 
be understood and predicted because of possible 
influence to the global climate. Indigirka Lowland in 
Northeastern Siberia has wetlands in a taiga-tundra 
boundary on permafrost, whose ecosystem are 
possibly sensitive to the climate change. Though 
environmental controls on CH4 flux have been found 
such as water level, soil temperature and vegetation, 
the quantitative relationship between the controls and 
CH4 flux are still unclear, which depends on 
timescale and region. One difficulty is that CH4 
emission is composed of 3 processes, i.e. CH4 
production, oxidation and transport, which are 
reflected by stable isotope ratios of CH4 (δ13C-, δD-
CH4). 

In this study we assessed interannual variation in 
chamber CH4 flux and in δ13C-, δD-CH4 near 
Chokurdakh (70.62 N, 147.90 E) over summers of 
2009-2013 to understand relationship between CH4 
flux and environmental factors based on the 3 
processes of CH4. 

Large interannual variation in CH4 flux was 
observed at wet areas of sphagnum moss and sedges. 
Wet event concurrent with the highest precipitation 
occurred in 2011 and CH4 flux increased at wet areas 
in the same year. Although water level decreased 
from 2011 to 2013, large CH4 emission continued. 
Moreover, dissolved CH4 concentration in soil pore 
water (at 10-15 cm depth) increased by 1 order of 
magnitude from 2011 to 2012 and kept high till 2013. 
Isotopic compositions of CH4 imply that CH4 
oxidation was depressed in 2012 after the wetting in 
2011, suggesting soil reduction induced by the 
wetting proceeded over multiple years, which may 
have affected dissolved CH4 concentration and CH4 
flux. Such variation in CH4 flux and in dissolved CH4 
concentration will be discussed in relation to the 3 
processes in this presentation. 
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In the Middle Miocene time of the SW Japan 
intensive magmatism took place in the forearc region; 
more than 80 km trenchward of the Quarternery 
volcanic front. The most voluminous member of the 
magimatism is the Outer Zone granitic rocks which 
are distributed to the south of the Median Tectonic 
Line (MTL). To the north of the MTL, are distributed 
Setouchi Volcanic Rocks, which are comprised of 
medium-K andesites and basalts, high-Mg andesites, 
and garnet-dearing dacites and rhyolites. Setouchi 
Volcanir Rocks were formed at immediately after the 
opening of the Japan Sea and clockwise rotation of 
the SW Japan arc. Hence the magmatism are usually 
ascribed to the subduction of young hence hot 
Shikoku Basin of the Philippine Sea plate. The 
peculiar rock types of the Setouchi Volcanic Rocks 
are high-Mg andesite and adakitic dacite/rhyolite. 
High-Mg andesite magma has been considered to be 
derived from the reaction of slab melt with mantle 
wedge peridotite. Adakitic dacite/rhyolite are with 
depleted HREE, high Sr/Y ratio, and high K2O 
content, which suggested they were formed by 
melting of subducted sediments at mantle depth. 
Time and space distribution of the high-Mg andesite 
and adakitic dacite/rhyolite therefore can be correlate 
with those of the region slab melting occurred 
beneath the arc. We review the age and 
petrochemistry of the felsic member of the Setouchi 
Volcanic Rocks including the our new data on the U-
Pb zircon ages, and discuss on the tectonic model of 
the Setouchi magmatism. 
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Introduction 

Mass-independent fractionation of sulfur isotopes 
(MIF-S) found in the geological record carries 
potential information on local atmospheric conditions 
during the Archean period. A substantial amount of 
research has been conducted to unravel the 
mechanism behind the source of the MIF-S found in 
the geological record. Among the latest reports Endo 
et al. [1] has demonstrated that SO2 photolysis 
replicates the sulfur isotopic Archean line. 
Danielache et al. [2] has reported ultraviolet 
absorption spectrum of SO isotopologues and 
showing to have a significant the isotope effect. 
Model Development 

For understanding MIF-S in the Archean 
atmosphere, we developed a vertical one-dimentional 
photochemical model that takes into account stable 
isotopes and high-resolution absorption spectrum. 
Equation 1, shows that photolysis rates Ji are 
dependent on atmospheric opacity. 
 

Ji = ( ) ( ) ( ) ( )2

1
i i

zq I e d
λ

λ

τ λ
λ σ λ λ λ

−
∫  (1) 

 
where ( ) ( )zI e τ λ

λ
−  is solar flux at altitude z attenuated 

by atmospheric opacity. The main feature of this 
model is that the opacity term can be calculated for 
each time step and the spectral resolution can be 
adjusted as needed. This new model has made 
possible simulation of photolytic processes at isotopic 
level in the atmosphere more accurately than 
conventional Archean atmosphere models.  

As a verification of the model we simulated SO2 
photolysis. Our model was able to reproduce Endo et 
al. [1] the Δ33S versus δ34S, and Δ36S versus Δ33S 
values for the unshielded solar flux at the top of the 
atmosphere. We also simulated SO2 and SO 
photolysis considered four sulfur stable isotopes. 
Isotope effect of SO was observed, but was smaller 
than the SO2 photodissociation induced MIF. 

 
[1] Endo et al. (2015) J. Geophys. Res-Atoms. 120, 
2546-2557. [2] Danielache et al. (2014) J. Chem. 
Phys. 140, 044319. 
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 Many exapmples of volcanic gas composition 

variation have been reported as precursory 
phenomena of volcanic eruptions. Time-resolution of 
the geochemical data, however, are commonly very 
poor compared with geophysical data, such as 
seismicity and deformation and detailed comparison 
of geochemical and geophysical data is often 
difficult, in particular for short-term variation. 
Volcanic gas composition measurements were also 
limited by asseccibility to the source vent and the 
data during eruptive periods were quite difficult to 
obtain. Application of the Multi-GAS [1,2] is 
improving these difficulties of the geochmical 
monitoring. We review recent developments of 
volcanic gas composition measurement techniques by 
the use of Multi-GAS. 

High frequency (such as daily) and long-term 
measurements became possible with an automatic 
Multi-GAS monitoring system. One of the most 
significant achievement is detection of gas 
composition variations shortly before an eruption, 
such as observed at Stromboli [3]. In order for a 
precise measurement, a Multi-GAS needs to be 
installed near a gas vent where plume concentration 
is high. However, it is often difficult to access the 
vent and we can install only on a flank where a plume 
can reach sporadically. In order to measure the plume 
at distance, we developped a Multi-GAS which start 
measurement only when a concentrated plume 
reaches to the Multi-GAS system.  

Another approach to plume is an air-borne 
measurement. We developped methods using various 
air-craft, including unmanned fixed wing [4], 
unmanned helicopter, drone [5] and Cessna. UAVs 
are more flexible to approach to areas with high risk 
and were applied to the measurement during eruptive 
periods when access to the volcanoes were strictly 
limited. UAVs, however, often have a limited pay 
load and we need to reduce Multi-GAS system to fit 
the pay load requirement. An advantage of a Cessna 
flight is an unlimited pay load and space with which 
we can collect plume air samples, such as for isotope 
measurements ([6]). 
 
[1] Shinohara (2005) J Volcanol Geotherm Res 143, 
319-333. [2] Aiuppa et al. (2005) Geopys Res Lett 32, 
doi:10.1029/2005GL023207. [3] Aiuppa et al. (2009) 
J Volcanol Geotherm Res 182, 221-230. [4] 
Shinohara (2013) Earth Planet Space 65, 667-675. 
[5] Mori et al. (2016) Earth Planet Space submitted. 
[6] Tsunogai et al. (2016) Geopys Res Lett submitted. 



Goldschmidt Conference Abstracts 
 

2841 

Volcanic gas composition of 
Sakurajima volcano, Japan 

H. SHINOHARA1, R. KAZAHAYA1, U. TSUNOGAI2,  
T. OHMINATO3 T. KANEKO3 

1Geological Survey of Japan, AIST, Tsukuba, 305-
8567, Japan (*correspondence: shinohara-
h@aist.go.jp) 

2Nagoya University,  
3Earthquake Research Institute, Univ. Tokyo, 113-

0033, Japan 
 

Sakurajima is the most intensively degassing 
volcano in Japan with large SO2 flux and frequent 
eruptions for several decades. We conducted volcanic 
gas composition measurements applying Multi-GAS 
and alkaline-filter techniques at Sakurajima volcano. 
W cannot access to the summit area of the volcano 
because of the frequent eruption and we applied 
various techniques to approach the volcanic plume at 
Sakurajima, including 1) air-borne measurement with 
a Cessna aircraft, 2) air-borne measurement with an 
unmanned helicopter and 3) automatic measurement 
at a flank of the volcano. Accuracy of the estimated 
gas composition depends on measured volcanic gas 
concentration which is quite variable depending on 
wind speed, direction, volcanic activity and distance 
from the summit crater.  

We started the measurement in 2012. Until the 
early 2015, Sakurajima volcano continues the 
intensive persistent degassing with SO2 flux larger 
than 1,000 t/d and with frequent explosions at Showa 
crater, but SO2 flux decreased to around 100 t/d in the 
late 2015 with quite limited number of explosions.  
The volcanic gas compositions were more or less 
constant during the high flux period. The estimated 
average composition is; CO2/SO2 = 0.5, 
H2O/SO2=110, SO2/H2S=8, H2/SO2=0.15 and 
SO2/Cl=10 (mol ratio). This composition is similar to 
composition of other high-temperature gases in Japan 
with an exception of larger H2O/SO2 than others (i.e., 
about 40 at Asama, Miyake and Aso volcanoes). The 
SO2/Cl ratios vary 5-20, which is consistent with the 
SO2/HCl ratios measured in 2009-2013 by FT-IR for 
the gas plume from the Showa crater (Mori et al., 
2004). During the low flux period in the late 2015 
and the early 2016, we obtained much lower SO2/H2S 
ratios of 0.6-2.5 than those during the high flux 
period. The low values can be caused by various 
reasons, however, most likely cause might be 
pressure difference of magma degassing. Since 
SO2/H2S ratio at constant oxygen fugacity and 
temperature inversely proportional to pressure, 10 
times increase of the degassing pressure can cause the 
ten times decrease of the SO2/H2S ratios.  
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Anthropogenic actinides originating mainly from 

1950s - 1960s nuclear weapons test are distributed 
widely in the environment. The distribution and 
migration behaviors of such actinides vary depending 
on chemical, physical and biological conditions of 
compartments in the environment. For 
comprehensive understanding of the actinides in the 
environment, accumulation of reliable analytical data 
is essential. In this study, 236U,  239Pu, 240Pu, 241Pu and 
241Am in floating ice and its surrounding surface 
seawater in the Antarctic Sea were analyzed by 
accelerator mass spectrometry (AMS). 137Cs was 
analyzed by gamma spectrometry. δ2H and δ18O in 
the ice and the seawater were also determined to 
comprehend the origin of the floating ice. 

On January 4, 2015, floating ice and its 
surrounding surface seawater at the Antarctic Ocean 
(65o41’ – 65o43’ S, 169o59’ – 170o04’ W) were 
collected by cruise KH-14-6 of research vessel, R/V 
Hakuho Maru of The University of Tokyo. Analytical 
results show that 236U, 239Pu and 240Pu exist in the ice 
and the seawater, although no 241Pu nor 241Am was 
detected. Together with the low atomic ratio of 
240Pu/239Pu (< 0.16) found in the samples, this implies 
that the isotopes are originating from atmospheric 
weapons test fallout. The activity concentration of 
137Cs in an ice sample (about 30 L melt) was below 
detection limit (< 0.60 mBq/L). The analytical results 
of stable isotopes confirm the seawater origin of the 
floating ice. The values of the ice (δ2H: -3.1 ‰, δ18O: 
-0.2 ‰) are comparable to the sampled seawater 
(δ2H: -3.5 ‰, δ18O: -0.3 ‰). If the ice is originating 
from the continent and formed by precipitation, it 
would have much lower values (annual average δ2H: 
<-110‰, δ18O: <-15‰). 
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Stability and chemical reaction of organic matters 

are important factors in the deep carbon cycle 
through the subduction, since organic matters are one 
of major carbon sorce of sediments at the Earth 
surface. Polycyclic aromatic hydrocarbons (PAHs) 
are present in the sediments and are found in some 
mantle derivered rocks (e.g. [1]). Although stability 
and chemical reaction of PAHs under high pressure 
and high temperature conditions were investigated [2, 
3], roles of pressure and temperature in the reaction 
processes were not distingished. Here we report the 
influence of pressure on stability and chemical 
reaction of napthalene (C10H8), which is one of PAHs. 

 Napthanene was compressed using a Kawai-type 
mutianvil apparatus up to 5-23 GPa at room 
temperature. The recovered samples after the high-
pressure experiments were analyzed using GC/MS to 
identify and quantify the run products. After 
compression to >15 GPa, several reaction products 
were detected. The reaction products could be 
classified into three groups: dimers of a pair of 
naphthalene, binapthyl isomers formed by the 
naphthylation, and benz[a]anthrene formed by the 
condensation. Similar reactions are also found in the 
case of the pressure-induced reaction of benzene at 
room temperature above 13 GPa [4]. The molar yield 
of the reaction products increased with pressure up to 
23 GPa while most of napthalene were still remained. 
These results suggest that the possibility of the 
oligomerization occurred locally with the approach of 
the neighbor napthalene molecules with compression.  
 
[1] Garamin et al., Mosc. Univ. geol. bull. 66, 116-
225 (2011) 
[2] K. Mimura et al., J. Anal. Appl. Pyrolysis, 72, 
273-278 (2004)  
[3] C. Chanyshev et al., Carbon, 84, 225-325 (2015) 
[4] A. Shinozaki et al., J. Chem. Phys. 141, 084306 
(2014)  



Goldschmidt Conference Abstracts 
 
2844 

Geochemical characteristics and 
distribution of deep saline 

groundwater in the Osaka Basin 
T., SHINTANI1*, K., NAKANISHI1, H., MASUDA1, 

M., ONO2, A., MARUI2, T., ISHIKAWA3, K., 
NAGAISHI4 

1 Osaka City University, Osaka, Japan 
(shintani@sci.osaka-cu.ac.jp) 
2 Geological Survey of Japan, AIST, Tsukuba, Japan 
3 JAMSTEC, Kochi, Japan 
4 Marin Works Japan, Kochi 
 

Osaka Basin is a Quaternary sedimentary basin 
and a large reservoir of groundwater in Japan. 
Groundwaters in the deepest part of the basin have 
been mainly used for hot spas, and saline waters, of 
which maximum Cl concentration was >15000 ppm, 
were occasionally found among those waters 
(Kajikawa, 2004; Nakaya et al., 2009). Here, the 
origin of saline groundwaters from the deepest part of 
the Osaka basin and its surroundings were studied by 
the major and minor chemical compositions and O, H 
and B isotope ratios. 

Three-D mapping demonstrated that the highly 
saline groundwaters distributed in and just above the 
basement rocks of the basin, along Arima-Takatsuki 
tectonic line, beneath the Uemachi plateau and at the 
foot of Izumi mountains. All of these areas are 
closely related to active faults, implying that the 
faults play important roles as recharging paths of the 
saline waters. Groundwaters containing >100mg/L 
Cl- were classified into two types based on the O and 
H isotope characteristics; ones were plotted in the 
mixing lines between seawater and local meteoric 
waters, and the others were similar to the so-called 
Arima-type brine, of which O isotope shift was 
characteristic (Matsubaya et al., 1974). Relationship 
between Cl- and H isotope ratios of the former waters 
was clearly in the mixing lines between seawater and 
local meteoric waters. While, Li/Na ratios of these 
saline waters showed water-rock interaction at high 
temperature, however, seawater would be attributed 
to the salinity of those waters. The distribution of 
latter waters overlapped with the former waters, 
however, it seemed to be slightly in the southern part 
than the formers. The relationship between Cl- 
concentration and H isotope ratios is more 
characteristics than that of H and O isotopes; H 
isotope ratios of the former group of saline waters are 
-50‰ to -60‰, regardless to the increasing Cl-. Li/Na 
ratios and relationship between Cl- concentration and 
B isotope ratios showed the mixing of seawater and 
local meteoric water.  

From the results, saline groundwaters in the 
Osaka Basin would be originated from seawater and 
have undergone various processes to change 
chemistry and stable isotope characteristic. 

 



Goldschmidt Conference Abstracts 
 

2845 

 Chemical characteristics of 
irghizite: Implications for the 

nature of the projectile 
SHIRAI N., AKHTER R., EBIHARA M. 

1 Department of Chemistry, Tokyo Metropolitan 
University, Hachioji, Tokyo 192-0397, Japan, 
shirai-naoki@tmu.ac.jp 

 
Irghizites and zhamanshinites are tektite-like 

objects and impactites from the Zhamanshin impact 
crater, respectively. There are obvious chemical 
differences between irghizites and zhamanshinites. 
Irghizites have higher Co and Ni abundances than 
those of zhamanshinites [1]. These enrichements have 
been considered to be the due to the contamination of 
extraterrestrail materials [e.g., 1-3]. Based on the 
chemical compositions, it is likely that chondrite and 
iron meteorites are candidates of the impactor 
materials on the Zhamanshin crater [2-4]. However, 
no clear conclusion regarding the identification of 
impactor has been made. In this study, we determined 
the chemical compositions of irghizite, specially 
focusing on siderphile element in order to identify the 
meteoritic component. 

One irghizite sample was carefully ground in a 
clean agate mortars. Homogenized powder sample 
was taken for neutron irradiation for two different 
periods at Kyoto Univerisity Research Reactor 
Institute. 

Thirty elements were determined in irghizite by 
using INAA. Our analytical result are in good 
consistent with those of previous studies [1-4]. Being 
consistent with the results of the previous studies [1-
4], our Ni and Co values are higher than those of 
zhamanshinites [1,3] and similar to those of mafic 
materials. We consider a possibility that Cr, Co and 
Ni abundances for irghizite are controlled by the 
addition of chondrites or iron meteorites to crustal 
materials. In plot of Ni vs. Cr, both mixtures with 
chondrite or iron meteorite could produce Cr and Ni 
abundances of irghizite. For refined identification, 
platinum group elements should be determined. 
 
 [1] Taylor S. R. and McLennan S. M. (1979) GCA, 
43, 1551-1565. [2] Palme H. et al. (1981) GCA, 45, 
2417-2424. [3] Koeberl C. and Fredriksson K. (1986) 
EPSL, 78, 80-88. [4] Mizera J. et al. (2012) JRNC, 
293, 359-376. 
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Understanding how the early Solar System 
formed and evolved can be explored by 
characterizing the stable isotopic compositions of 
calcium-aluminum-rich inclusions (CAIs), the first 
solids to condense in the protoplanetary disk. For 
most elements, normal CAIs (non-FUN) found in a 
variety of meteorite types, contain uniform, yet 
distinct isotopic anomalies relative to terrestrial rocks 
[1-5]. This suggests that CAIs formed in an 
isotopically homogenous reservoir that was different 
from other bulk Solar System materials. One way 
these isotopic differences can be explained is by 
excesses or deficits in isotopes produced by certain 
nucleosynthetic processes (p-, s-, and r-process). 
Therefore, examining the isotopic composition of 
elements that are produced in various amounts by 
these processes, such as Er and Yb, can provide 
insights into why isotopic differences between CAIs 
and bulk Solar System materials exist.  

In this work, we outline a method to chemically 
isolate Er and Yb from meteoritc materials utilizing 
LN-Spec resin and various strengths of hydrocholoric 
acid. We report the isotopic character of these 
elements using both MC-ICPMS and TIMS. 

The Er and Yb isotopic compositions of Allende 
CAIs are characterized by a deficit in r-process 
material compared to terrestrial rocks. This 
observation is consistent with other high mass 
elements (A>140) previously reported from the same 
CAI sample set [1-2, 4]. These integrated studies 
demonstate the existence of a predominantly 
isotopically homogenous CAI reservoir that was 
spacially/temporally isolated from later formed 
material in the Solar System. Differences between the 
CAI reservoir and the terrestrial composition can be 
explained by variable amounts of p-, s- and r-process 
derived material. 
 
[1] Brennecka et al. (2010) Science, 327, 449. 
[2] Brennecka et al. (2013) PNAS, 110, 17241. [3] 
Burkhardt et al. (2011) EPSL, 312, 390. [4] 
Brennecka et al. (2014) LPS 45, #2280. [5] 
Shollenberger et al. (2015) LPS 46, #2593.  
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Los Azufres, the second most important 
geothermal field in Mexico, is located in a Miocene-
Pliocene andesitic volcanic complex covered by 
Quaternary rhyolitic-dacitic domes and affected by E-
W normal faults. It consists of two productive zones, 
SPZ in the south and NPZ in the north. The focus of 
this study is understanding the evolution of fluid 
circulation after nearly 30 years of extensive 
exploitation.  

 A multi-isotopic survey was carried out to 
constrain the fluid evolution. Major and trace 
elements, noble gas isotopes (He, Ne, Ar, Kr and Xe) 
and stable isotopes (δ2H and δ18O, δ81Br and δ37Cl, 
87Sr/86Sr as well as δ13C and δ18O of CO2 were 
obtained from 36 selected wells and 10 springs. The 
δ2H and δ18O values indicates mixing with fresh 
meteoric Generally, the NPZ is isotopically 
heterogeneous, while the SPZ show a narrower range 
of variations. In particular, 3He/4He ratios corrected 
for air contamination range between 4.3 and 7.9Ra in 
the NPZ while the SPZ shows a narrower range 
centred on 7.2Ra (where Ra is the helium 
atmospheric ratio of 1.382 x 10-6). The 40Ar/36Ar 
ratios are higher in the SPZ up to 600 and correlated 
with helium ratios, suggesting the addition of mantle 
Ar. In the NPZ, argon is close to the atmospheric 
ratio of 295.5. Similar characteristcs are also 
observed from the δ81Br and δ37Cl signatures, where 
the SPZ samples are isotopically homogeneous 
compared to those collected from the NPZ.  

The dichotomy between NPZ and SPZ seems to 
suggest a sustained recharge in the north and an 
isolated reservoir in the south, with more mantle He, 
Ne and Ar values measured in the SE area. A few 
wells, located closer to the western re-injection areas 
show clear evidences from heavier noble gases and 
stables isotopes that are contaminated by reused 
brines. 
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A column study was performed under 

geochemical and operational conditions simulating a 
North Sea oil reservoir to determine the effectiveness 
of perchlorate as a souring control. Glass columns 
(1m x 10cm), packed with crude oil saturated low 
iron sand, were flooded with sea water and produced 
water (60:40) with a 5 days residence time.  Flood 
waters sourced from the reservoir were the sole 
microbial inoculum.  After 2 weeks the influent was 
continually amended with a volatile fatty acid (VFA) 
mix based on the natural content of the reservoir 
produced fluids.  Sulfidogenesis commenced only 
after the VFA addition and on average ~1mM sulfide 
was continually produced throughout column 
operation in the absence of treatment (395 days).  
This was more than could be accounted for by the 
added VFA indicating consumption of crude oil 
components.  Oil degradation was supported by 
indepth analysis of the column crude content 
throughout operation.  Addition of 3.5mM 
perchlorate inhibited sulfide production after 50 days.  
Interestingly, crude oil transformation also decreased 
as a result of perchlorate addition.  Analysis of the 
effluent perchlorate indicated a loss of 30% and 
isotopic fractionation supported microbial 
consumption. 16S rRNA gene amplicon sequencing 
revealed a treatment specific shift in the seawater 
microbial community to be dominated by likely 
hydrocarbon degraders such as Sporotomaculum 
species with a relatively low abundance (<1%) of 
diverse sulfate reducing microorganisms (SRM). The 
presence of perchlorate resulted in a significant 
decrease in the SRM abundance and an increase in 
Marinobacter and Arcobacter species, both of which 
contain close relatives to known perchlorate reducing 
organisms. 

The results of the current study support our 
previous findings that perchlorate can control souring 
under oil reservoir conditions.  Our studies also 
suggest that VFA’s stimulate microbial crude oil 
metabolism and confirm that a much broader range of 
hydrocarbon structures are susceptible to anaerobic 
microbial attack than previously assumed.  



Goldschmidt Conference Abstracts 
 

2849 

The Geochemistry and 
Geochronology of the Kassa 
Volcanic Field (KVF) in Jos 

Plateau North Central, Nigeria 
MOHAMMED S. TSALHA 1 AND U.A LAR2     

1Centre for Geodesy and Geodynamics, Toro, 
National Space Research and Development 
Agency (NASRDA) 

Nigeria, mohtsalha@gmail.com 
2Department of Geology and Mining, University of 

Jos, Nigeria, ualaxanderlar@yahoo.co.uk 
 

The Kassa Volcanic Field (KVF) is located on the 
Jos Plateau in the north central Nigeria. The 
petrographic studies and microprobe analysis of the 
basaltic rocks in thin - section revealed the presence 
of plagioclase laths and magnetite in groundmass, 
olivine (forsterite), clinopyroxene (diopsite and 
augite), plagioclase phenocrysts (labradorite) and 
magnetite and /or ilmenite. In some of the samples at 
the northeastern part of KVF, some of the olivine 
crystals are altered from rim to the core (iddingsite), 
the state of alteration is prominent in the Older Basalt 
than in the Newer Basalts. The mineral phases in 
these basaltic rocks were further confirmed through 
the Scanning Electron Microprobe and the Electron 
Microprobe Analysis where a mineral morphology 
and analysis of minute portion in microns were 
carried out in some selected 15 samples deducted 
from this study. The Geochemical analysis conducted 
on 30 basaltic rock samples shows that they are 
alkaline- sub-alkaline magma series in a non-oceanic 
geotectonic environment. The chondrite normalized 
patterns of the Rare Earth Elements (REEs) are 
parallel to subparallel and generally uniform 
signifying that the magma series are of the same 
source. The geochronological studies of eight basaltic 
rocks revealed a partial progressive age increment 
from the northern extremity to the southern end of the 
KVF. The ages range from 1.97Ma, 1.66Ma, 1.38Ma 
and 1.34Ma with an age intervals of about 0.2Ma for 
the first 3 volcanoes and intervals of 0.045Ma 
between the last two volcanoes. This suggests that the 
last eruption in the KVF could be younger than 
25,000 years.  
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Nalgonda region forms NE part of the Neoarchean 
Eastern Dharwar Craton. Field observations reveal 
differences in texture, grain size, colour and 
deformation features reflecting the typology of 
granites. Degree of hybridization is varying from 
north to south in the study area. Mineralogical and 
textural studies differentiate five variants of granites; 
biotite-, amphibole-, K-feldspar-, plagioclase- rich 
and perthitic. Major elemental systematics suggest 
that these granites are primarily metaluminous and 
calc-alkaline. Variations in the Sr and Y 
compositions, REE fractionation and Eu anomalies 
are indicative of shallow to deeper depths of melting. 
These granites are divisible into all four variants 
(TTG, biotite- two mica, sanukitoids and hybrid 
granites) of the recent Neoarchean granites 
classification diagram [1]. Most abundant among 
them are the biotite-, two-mica granites, followed by 
those of sanukitoid affinity. Each group has distinct 
petrogenetic history and source characteristics. HFSE 
depletions relative to LILE and other trace elemental 
systematics are indicative of possible role of 
convergent margin tectonics in the evolution of these 
granites. Such diversity of granites in the study area 
implies the onset of modern-style plate tectonics 
during the Neoarchean. 
 
[1] Laurent, O., Martin, H., Moyen, J.-F and 
Doucelance, R (2014), Lithos 205, 208-235. 
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Bishusha is located in the Rutshuru region (North 

Kivu, D.R. Congo). This region belongs to the 
Mesoproterozoic belt that covers mainly the eastern 
D.R. Congo.   Quartzite, schist, pegmatite and 
volcanic slags due to Nyamulagira volcano are the 
principal types of lithology that predominate. 

This paper consists mainly in the study of the 
hydrogeological and hydrochemic characterization of 
Bishusha salted water. MARIBA, MAKERA and 
KAZIHIRO are the water source sampled. 

 The use of major and minor chemical elements 
helped to understand the process of mineralization of 
the study area waters. This mineralization is probably 
due to the dissolution and precipitation of the water-
bearing rock and exchange databases by chemical 
weathering. 

The major reactions are recognized as responsible 
of enrichment and depletion of elements in 
groundwater are the exchange of  Ca2+- Mg2+due to 
the water  and rock interaction . 

The conductivity is generally high and oscillates 
between 2020μs / cm and 7345μs / cm. More the 
water is charged with ions, more it’s conductive.  

Piper and Schoeller diagrams enabled better 
identification of facies, the qualitative aspects of 
groundwater and their evolution. These diagrams 
allow distinguishing essentially two chemical facies: 
The calcium and magnesium chlorinated water and 
the sodium and potassium chlorinated water. 

By this study, we found that the water of sampled 
sources is considered consumables and drinking, 
except the source Mariba 1 that differ from others and 
dangerous to the human health 

The hydrodynamic environment of saltwater 
sources of the study area varies from free and 
confined groundwater. 
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Polycrystalline Fe- and Mn-oxides are commonly 

found in geochemical weathering horizons, on fault 
surfaces, and associated with hydrothermal deposits.  
As these oxides can contain ppm concentrations of U 
and Th, they are amenable to (U-Th)/He 
geochronology, provided that open system behaviour 
of 4He (as well as U and Th) can be adequately 
understood.  Here, we discuss applicability of 
4He/3He thermochronometry to quantify the kinetics 
of He diffusion in these polycrystalline, multiple 
diffusion domain (MDD) aggregate systems, and 
numerical modelling methods to constrain both the 
timing of oxide precipitation and the thermal 
conditions following precipitation.  Since relative 
proportions of crystallite sizes can vary broadly 
between samples, and between individual aliquots 
within a sample, this approach has a broad range of 
temperature sensitivity, and provides important tests 
for internal consistency.  Thus, each individual 
aliquot may have unique resolving power on a given 
temperature interval.  In certain cases, it can be 
possible to constrain the timing of fracture filling 
associated with fluid flow and/or metamorphic 
conditions, as well as the timing and temperatures 
during fault motion and brittle slip.  In near surface 
weathering horizons, the diffusive loss of 4He 
constrains the long-term effective diffusion 
temperature (EDT) that the oxides experienced after 
precipitation.  Such information can be related to 
changes in local temperature and climate conditions 
over geologic time.  We present datasets from 
different geologic settings, discuss numerical 
modelling approaches to interpret the data for 
different geologic scenarios, and discuss resolving 
power and non-uniqueness of quantitative constraints. 
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The biosphere drives the cycling of gold under 

surface to near-surface conditions thereby 
contributing to gold dissolution and the formation of 
micrometre-scale ‘bacterioform’ structures on the 
surface of gold grains as observed from specimens 
sampled from a range of placer deposits. Nanophase 
colloids and euhedral crystals commonly occur on the 
surface of gold grains and are associated with clay-
silt sediments, residual organics and biofilms. The 
presence of these secondary gold particles suggests 
that a fraction of gold leached from the grain surface 
is re-precipitated within detrital material. Variations 
in secondary gold particle size and morphology can 
be interpreted as different ‘generations’ of gold 
dissolution and re-precipitation. Overall, these 
structures represent the biogeochemical processes 
that contributed to the transformation of gold within 
the natural environment. To test the hypothesis that 
gold grains can ‘grow’ under surface conditions, four 
experimental systems were constructed to represent 
simplified models of gold grain-bearing 
environments. Millimetre-scale gold grains and 
nanometre- to micrometre-scale gold particles were 
synthesized within these laboratory models. Surficial 
textures and morphologies of synthesized gold grains 
were analogous to those on natural gold grains. The 
structural and chemical characterization of natural 
and synthesized secondary gold structures provides a 
better understanding of how biogeochemical 
processes contribute to the dynamic transformation of 
grains. These transformations could provide greater 
insight into gold dispersion in natural environments 
and help refine targets for mineral exploration. 
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Glycerol dialkyl glycerol tetraethers (GDGTs) are 

membrane lipids that occur ubiquitously in a wide 
range of environments, including the ocean. The 
GDGT distribution patterns provide evidence that 
they might be an indicator for certain environmental 
parameters. As a result, proxies based on GDGTs are 
increasingly being utilized in palaeoclimatology to 
reconstruct palaeoenvironmental parameters. Core 
sediments collected from the mud area of the central 
South Yellow Sea were measured for TOC, δ13C, 
GDGTs, and related indicators to determine 
palaeoenvironmental variations in the South Yellow 
Sea during the last glacial-interglacial cycle. The 
results reveal: the source material of the sediment 
was derived mainly from ocean deposition; the 
climate warmed during this period; seawater  
generally was alkalescent, and the alkalinity 
increased as the sediment samples became younger; 
alkaliphiles were the dominant species, and the 
amount of alkaliphiles increased overall; trends in sea 
surface temperature (SST) and mean annual air 
temperature (MAAT) were consistent with each 
other, and demonstrate a generally decreasing 
tendency, but with SST consistently lower than 
MAAT; over the course of the period of interest, both 
the early stage and the late stage were characterized 
by the stabilization of environmental change, whereas 
the middle stage was characterized by diverse 
environmental fluctuations. 
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The systematic compositional variations of 

sericite through the different alteration zones within 
Hamand porphyry copper deposit used as an evidence 
for specifying halogen fugacity ratios of associated 
hydrothermal fluids. Sericite from the potassic zone 
(XSer = 0.94) possesses a moderate F content (0.1 to 
0.69 wt.%) that is significantly higher than in argillic 
zone (0.08 to 0.31 wt.%), producing  a positive 
correlation with XMg and negative correlation with Cl. 
The systematic variation of the logarithmic halogen 
ratios reflects a systematic variation of the F/Cl in 
sericites through different alteration zones. With a 
decrease in temperature, the log (fH2O/fHF) and log 
(fH2O/fHCl) values calculated for fluids equilibrated 
with sericite increase progressively from potassic to 
phyllic to argillic zones. The decrease in halogen 
content of hydrothermal fluids towards outer parts of 
the deposits reflects an increase in the degree of 
mixing between magmatic fluid and meteoric water. 

Experimental equilibrium constants are 
following: 
log Ksericite = log (Xx/XOH)sericite + log 
(fH2O/fHX)fluid,log K*sericite = 2100/T + 1.523(XMg) + 
0.416(XFe) - 0.11(XAl), 

The fugacity ratios of halogen-hydroxyl 
exchanges in the hydrothermal fluids are calculated 
using a combination of both equilibrium constant 
formulas. These are: 

log (fH2O)/(fHF) = log K* - log (XF/XOH), and 
log (fH2O/(fHCl) = log K* - log (XCl/XOH). 
 
 
 
 
 
 
 

 
 
 
 
Figure 1. Log (fH2O)/(fHF) against log 
(fH2O)/(fHCl) plot, defining the fugacity ratios of 
hydrothermal fluids. 
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The c. 3.0 Pongola Supergroup is the oldest 
continental volcano-sedimentary succession 
deposited on the southeastern Kaapvaal Craton in 
South Africa and Swaziland, and hosts some of the 
oldest carbonate rocks on Earth. Sedimentary 
carbonates older than 2.9 Ga are extremely rare in the 
geological record due to the absence of physico-
chemical conditions in the oceans favouring  biogenic 
and/or abiogenic carbonate precipitation. 

The stromatolite-bearing carbonate rocks of the 
Nsuze Group, Pongola Supergroup, are intercalated 
with shallow-marine siliciclastic deposits, and locally 
contain mafic-ultramafic ash-fall deposits. 
Microbialites occur in deep subtidal to supratidal 
shallow marine environments. They are locally 
closely associated with ash-fall lapillistones, which 
suggests that volcanic activity may have provided 
local geochemical environments ideal for microbial 
colonization and development.  

The negative δ18O (-11.9 to -19.7 ‰ VPDB) and 
radiogenic Sr isotope (Sri = 0.708 to 0.770) values of 
the carbonates are explained, in part, by isotopic 
exchange with a non-carbonate fraction during 
alteration and, possibly, by high continental influx 
into the epicontinental setting in which the carbonates 
were deposited. Petrographic and geochemical 
evidence which suggests the presence of oxygenic 
photosynthetic bacteria includes 1) the presence of 
conical stromatolites with features such as crestal 
thickening and inclination in different sets of 
laminae, similar to those that have oxygenic 
photosynthetic metabolism; and 2) a negative Ce 
anomaly (Ce/Ce*= 1.05 to 1.12) in carbonate rocks, 
indicating that seawater from which carbonates 
precipitated was oxidative. The localized oxidative 
removal of dissolved Fe2+ by photosynthetic 
microorganisms may have led to the carbonate 
precipitation within a restricted shallow marine 
setting. This does not preclude abiogenic carbonate 
precipitation. 
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Vast oil sands activities in northern Alberta, 

Canada produce large volumes of fluid fine tailings 
that are deposited in tailings ponds for containment. 
Tailings are aqueous slurries comprised of fine 
particles (fine silt and clay) in addition to 
unrecovered bitumen (<5% wt) and residual 
hydrocarbon solvent (<1% wt). Effective 
management of the current tailings inventory (~1 
billion m3) is a big challenge for all stakeholders 
where suspended fines hinder tailings consolidation. 
Previously, we discovered that microbial metabolism 
in oil sands tailings under methanogenic conditions 
increased settling of tailings by altering porewater 
and solid phase chemistry.  

In an effort to accelerate this process, a bench-
scale bioreactor study was performed where tailings 
were amended with hydrolyzed canola meal as a 
substrate for methanogenic activity by indigenous 
microbes. After anaerobic incubation in a bioreactor 
for 5 weeks, tailings were poured into glass columns 
and observed for consolidation and porewater 
recovery comparing with the unamended tailings that 
did not undergo any bioreactor treatment.  

 The results revealed that the amended tailings 
incubated in the bioreactor settled quickly yielding 
significantly higher volumes of porewater recovered 
at the surface, compared to unamended tailings. 
Chemical analyses showed higher concentration of 
ions (Ca2+, Mg2+, and HCO3

-) and trace metals (V, As, 
Co, Ni, Cu, and Sr) in the porewater recovered from 
amended tailings after consolidation as compared to 
unamended tailings. Concentrations of Zn and SO4

2- 
decreased below detection levels in the porewater 
recovered from the amended tailings. Iron 
fractionation revealed that FeIII clay minerals in the 
amended tailings were transformed into FeII minerals 
predominantly of  amorphous nature during microbial 
metabolism. The sequential extraction of metals from 
the tailings solid phase is in progress to determine the 
host phases of trace metals in tailings. The results 
have great implications in assessing water quality of 
end-pit lakes being established to manage huge 
volumes of tailings in Alberta. 
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The Curiosity Mars Science Laboratory rover 
(MSL) has traversed over 12 km across Gale Crater, 
covering more than 100 m of stratigraphy, about half 
of which is composed of lakebed mudstones. The 
Sheepbed mudstone, exposed at the lowest elevation 
of the traverse, is an alkali-rich basaltic mudstone 
with authigenic phyllosilicates formed in a mostly 
circum-neutral pH, anoxic, closed-system 
environment. The Murray mudstone begins 60 m 
higher in elevation, and records a more complex 
history of paleoenvironmental chemistry. Over 75 
Alpha-Particle X-Ray Spectrometer measurements of 
bulk composition, combined with 6 XRD-determined 
mineralogy observations of drilled samples were used 
to analyze the source and diagenesis of the 
mudstones. 

The source for the Murray mudstones was likely 
also alkaline basalts. However, the Murray has higher 
Chemical Index of Alteration (CIA) values, 
indicating that feldspars in the source area were 
chemically weathered and slightly depleted in Ca, Na, 
and K, relative to Al. Murray samples are also 
enriched in SiO2, TiO2, P2O5, Al2O3, and K2O relative 
to the Sheepbed, and depleted in FeO, MgO, CaO, 
and Cl. Mineralogically, the base of the Murray 
formation contains fewer phyllosilicates and more 
redox-sensitive iron oxides than the Sheepbed, and 
samples higher in the Murray have no phyllosilicates 
but significant amounts of tridymite and amorphous 
silica, associated with enrichments in TiO2, P2O5, and 
some K2O—a pattern that reverses itself at higher 
stratigraphic levels in the Murray. 

No simple model of depositional authigenesis or 
diagnetic alteration explains all of the compositional 
changes in the Murray formation. The mudstone 
source was chemically weathered, and may have 
shifted irregularly through time. The silica 
enrichment coupled with both TiO2 and P2O5 
enrichment observed in certain intervals within the 
Murray does not appear to reflect acidic weathering, 
but could record silica authigenesis in an evaporating 
lake. Variation in redox-sensitive iron mineralogy 
indicates alternating intervals of lake water anoxia, 
and/or later diagenetic events. Multi-component 
geochemical models are used to deconvolve these 
trends. 
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 Cadmium (Cd) is a trace metal that exhibts a 
nutrient-type dissolved distribution with a close linear 
correlation to dissolved phosphate throughout the 
global oceans [1]. Under Fe limiting conditions, this 
relationship changes as Cd is apparently taken up by 
phytoplankton preferentially to phosphate, resulting 
in a ‘kink’ in the Cd:P relationship. Studies have 
highlighted the influence of biogeochemical 
processes in the Southern Ocean on basin-wide 
distributions of Cd throughout the lower-latitude 
oceans [2, 3]. 
 Dissolved Cd stable isotope ratios (δ114Cd) can 
inform understanding of these source processes, 
which impart the distinctive δ114Cd and Cd:P 
signatures to southern-sourced water masses that are 
then transported northwards. Although the deep 
oceans are homogeneous for δ114Cd (~+0.3‰), 
Antarctic Intermediate Water carries a depleted 
δ114Cd signal (+0.45‰) into the far North Atlantic, 
whilst such a signal is apparently absent at 30°N in 
the Pacific [4, 5]. 
 Here we present new seawater dissolved Cd 
stable isotope  ratios obtained by double-spike MC-
ICPMS. The method uses Nobias PA-1 chelating 
resin to extract metals from seawater, purification by 
anion exchange chromatography, and analysis by 
111Cd-113Cd  double-spike Neptune MC-ICPMS [6]. 
We present further method development as well as 
the first water-column profiles of dissolved δ114Cd 
from the SW Pacific Ocean, using samples collected 
during the recent Japanese GEOTRACES GP19 
transect along 170°W. We use our new data to 
investigate the transport of Cd in water masses as 
they move northward from the Antarctic to the 
Equatorial Pacific Ocean, in order to gain insights 
into how southern-sourced water masses influence 
the Cd cycle in the Pacific, compared to the Atlantic. 
 
[1] de Baar, H. et al. Mar. Chem. 46, 261–281 
(1994). 
[2] Abouchami, W. et al. GCA 127, 348–367 (2014). 
[3] Baars, O. et al. Limnol. Ocean. 59, 385–399 
(2014). 
[4] Conway, T. M. & John, S. G. GCA 164, 262–283 
(2015). 
[5] Conway, T. M. & John, S. G.GCA 148, 269–283 
(2015). 
[6] Xue, Z. et al. Anal. Bioanal. Chem. 402, 883–893 
(2012). 
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Decarbonation of subducting slabs under the fore 

arc may lead to carbonation of ultramafic rocks in the 
overlying mantle wedge. We present an experimental 
study of carbonation of serpentinite and spinel 
peridotite beneath the fore arc region of the mantle 
wedge, to assess the effectiveness, rate and 
magnitude of this process. Using cylindrical natural 
serpentinite and spinel-peridotite cores as starting 
materials in piston-cylinder experiments we have 
simulated the natural fluid-rock interactions.  

With decreasing CO2,aq antigorite is replaced by 
quartz + magnesite, talc + magnesite and antigorite + 
magnesite (at 2 GPa, 600 °C) in distinct, metasomatic 
fronts along veins parallel to the serpentinite 
foliation. The reactions occur quickly and formation 
of magnesite may represent an unrecognized carbon 
reservoir in the serpentinized mantle wedge. The 
volume of solid phases decreases during antigorite 
carbonation, increasing porosity and promoting 
further reaction with subsequent fluids. Carbonation 
of peridotite occurs along grain boundaries forming 
reaction rims with decreasing XCO2 in the fluid: quartz 
+ magnesite and talc + magnesite replace primary 
enstatite and quartz + dolomite and dolomite + 
diopside replace diopside.. Hydration of olivine to 
antigorite + brucite is favoured over carbonation to 
talc + magnesite (all at 2 GPa, 600 °C). The volume 
of olivine increases during hydration and carbonation, 
which might have a shielding affect but may also lead 
to reaction driven cracking. 
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The concentration of siderophile elements in the 
Earth’s mantle is the end result of planetary accretion 
and core formation. These elements were partitioned 
between core-forming, iron-rich metallic phases and 
residual silicate mantle with their distribution 
controlled by a number of key variables including 
pressure (P), temperature (T), oxygen fugacity (fO2) 
and the chemical compositions of the metallic and 
silicate phases (X). Core formation models are 
constrained by the results of partitioning experiments 
that yield an allowable P–T–X space compatible with 
the observed siderophile distribution of the mantle. 
Elements poorly affected by volatility have received 
the most attention as their mantle depletions are 
imputable to core formation only and as their bulk 
Earth contents are well constrained. In this 
framework, a great deal of effort has been dedicated 
to the study of highly refractory elements partitioning 
such as Mo and W (e.g. Walter and Thibault, 1995; 
Cottrell et al., 2009; Siebert et al., 2011; Wade et al., 
2012; Righter et al., 2016; Shofner et al., 2016). 
However, thermodynamic expressions used to 
constrain the partitioning behavior of these elements 
are mainly established from large volume press 
experiments that do not cover the full range of 
potential P-T conditions for core-mantle equilibrium. 
In this work, we have extended metal–silicate 
partitioning measurements for Mo and W to 75 GPa 
and 4300 K, exceeding the liquidus temperatures for 
both metal and silicate (basalt or peridotite) and, 
therefore, achieving thermodynamic conditions 
directly comparable to those of the magma ocean. 
Additionally, the effect of sulfur on partitioning was 
investigated. We use the results to determine whether 
or not W and Mo partitioning are compatible with 
various models for core formation in Earth. For 
instance, scenarios of heterogeneous accretion 
proposing to account for Mo and W concentrations in 
the mantle by equilibration with S-rich metal towards 
the end of accretion will be discussed. 
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Many of the characteristics of the global mid-

depth and upper ocean (~1300 m depth and 
shallower) are strongly influenced by the lateral input 
of waters from the subpolar latitudes of the Southern 
Ocean. The global distribution of nitrate isotopes 
(especially nitrate 15N/14N, δ15N) is similarly 
impacted by the Southern Ocean. Nitrate δ15N is 
elevated at  mid-depths by the subduction of mid-
depth waters with residual nitrate from partial 
assimilation in both the Antarctic and Subantarctic 
Zones. In the abyssal ocean, nitrate δ15N is lowered 
slightly by the remineralization of the low-δ15N 
sinking particles originating from that partial nitrate 
assimilation. Recent nitrate δ15N and δ18O (18O/16O) 
measurements from the GEOTRACES program and 
other sampling campaigns will be used to elaborate 
on the high and low latitude processes that generate, 
transmit, and preserve the Southern Ocean signal in 
the lower latitude ocean. In some cases, the nitrate 
isotope data yield new insights into these processes. 
The alteration and destruction of the Southern Ocean 
signal can also be used as an approach to quantify 
predominantly low latitude processes such as 
nitrogen fixation. Finally, glacial/interglacial changes 
in the Southern Ocean’s imprint on the δ15N of the 
nitrate supply to low latitude ecosystems will be 
considered.  
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In the effort to identify the causes of the 

glacial/interglacial cycles in atmospheric CO2, the 
coupled biogeochemistry and circulation of the 
Southern Ocean have long been recognized as 
potentially important. Paleoceanographic 
reconstructions increasingly support such a role for 
the Southern Ocean in past CO2 changes. I will make 
the case for this focusing on recent and new data on 
the 15N/14N of organic matter bound in the fossils of 
diatoms, planktonic foraminifera, and deep sea corals 
from both the Antarctic and Subantarctic Zones of the 
Southern Ocean. In the Antarctic, the data point to ice 
age reductions in the exchange of water between the 
surface and the underlying ocean, leading to more 
complete consumption of the nitrate supply. In the 
Subantarctic, dust-borne iron fertilization appears to 
have been an important process, enhancing export 
production and thus leading to more complete nitrate 
consumption in this zone as well. With this 
combination of Antarctic and Subantarctic physical 
and biological changes, the full (~90 ppm) ice age 
CO2 decline is achievable.  

For the most part, the geochemical “knobs” for 
lowering ice age CO2 had been identified and 
characterized by the end of the 1980s. Subsequent 
work has largely focused on which physical and 
biological changes might have turned those knobs. In 
this context, the incapacity of reduced Antarctic 
overturning alone to achieve the full amplitude of ice 
age CO2 drawdown has much to do with (a) the 
apparent observational constraint that Antarctic 
export production was reduced during ice ages and 
(b) the model-based finding that reducing Antarctic 
oveturning increases the efficiency of both the 
ocean’s “soft tissue pump” and its “carbonate pump” 
(the former lowering CO2 but the latter raising it). 

If the paleoceanographic observations are 
interpreted as above, the key question becomes why 
the Southern Ocean underwent these changes, the ice 
age reduction in Antarctic overturning in particular. 
This point is underscored by the common result in 
climate model simulations that Antarctic overturning 
decreases under global warming. I will address this 
question in part by drawing a comparison to data 
from the subarctic North Pacific. I interpret the 
existing data to require a mechanism for reduced 
Antarctic overturning that involves more atmospheric 
than oceanic processes. 
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Factors other than strictly temperature are 

known to contribute to the variability in the 
correlation between the alkenone unsaturation index 
(UK’37) and mean annual sea surface temperatures 
(SSTs) used in the global calibration of this proxy. 
However, the effect of environmental biases on the 
accuracy of the UK’37 index for recording SST and 
alkenone productivity remains poorly quantified 
particularly in the Southern Ocean. We have 
examined the effects of nutrient concentration and 
light limitation on alkenone synthesis in natural 
populations of alkenone-producing haptophytes and 
the resultant temperature interpretations. We 
collected three seasons of surface mixed layer 
measurements and export production in contrasting 
high and low nutrient regimes. These subtropical and 
subpolar sites are closely situated across the Chatham 
Rise, New Zealand but have contrasting water mass 
properties which provides an exceptional opportunity 
to examine these effects on alkenone temperature 
response.  UK’37-based temperatures were compared 
with in situ temperatures, and in situ 13C incubation 
experiments in the upper ~175 m were used to 
determine production rates relative to standing stock 
to better constrain light, depth, and nutrient impacts 
on UK’37.  

Our results indicate nutrient are a dominate 
control and light levels are a contributing effect on 
alkenone production and UK’

37 temperature. At the 
subtropical northern site, UK’

37 temperature 
reconstructions consistently underestimated measured 
water column in situ temperatures during both austral 
summer (high light) and late autumn (low light) by 
~1°C when a strong thermocline resulted in a highly 
stratified and nutrient-poor surface mixed layer.  In 
contrast, UK’

37 temperatures were generally between 
1-4°C warmer than in situ temperature when 
isothermal mixing of the water column brought 
nutrients to the surface in late winter. At the nutrient-
replete subpolar southern site, alkenone UK’

37 
temperature accuracy varied in response to light 
levels.  High light levels in summer returned 
alkenone temperatures < 1°C cooler than observed, 
but the late autumn and winter decline in available 
light resulted in UK’

37 temperature overestimating in 
situ temperatures by 4°C or more. Measurements of 
alkenone UK’

37 temperatures in floating sediment 
traps directly below the euphotic zone indicate that 
the UK’

37 temperature in export production records 
water temperatures that are generally 1-2°C warmer 
than SST. These results support several hypotheses 
that non-thermal factors can affect alkenone 
unsaturation during production and alter the 
estimation of UK’

37 temperatures used in 
paleoceanographic reconstructions. 
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The study of comets is important for the 

understanding of the  origin of the solar system and 
life on Earth as they are considered remains of the 
earliest solar system.  The Comet SIMS analyser 
(COSIMA), a miniaturized time-of-flight secondary 
ion mass spectrometer (ToF-SIMS),  is one of the 
instruments onboard the orbiter of the Rosetta 
mission which arrived to comet 67P/Churyumov-
Gerasimenko in mid-2014. COSIMA analyses the 
mineral and organic composition of dust particles that 
are captured on metal targets exposed to space. Since 
mid-August 2014, COSIMA has detected more than 
25, 000 cometary particles of different morphology 
and composition from the inner coma at different 
positions along the pre- and post-perihelion orbit. 
After collection these particles have been imaged 
with the microscope COSISCOPE, and analysed by 
SIMS. In this presentation an overview will be given 
on the results obtained so far by COSIMA. The 
morphology and the composition of the detected dust 
will be described, including data on the organic 
component of the dust particles.   
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The objective of the study is to develope a 
methodology of nickel contamination tracing based 
on metal isotope analysis via TIMS (Thermal 
Ionization Mass Spectrometry).  

 The study area is located in the Barents region 
(Norwegian-Finnish-Russian border) where several 
nickel smelters and metal processing industries are 
located [1]. Environmental samples such as snow, 
lichens, mosses and soil profiles were collected, 
decomposed and firstly analysed for the metal content 
(ICP-MS). High levels of Ni were determined in all 
the types of samples (snow up to 3 mg/kg, lichens up 
to 220 mg/kg, mosses up to 90 mg/kg, soil organic 
horizons up to 500 mg/kg). The most significant is 
the contamination by Ni near the Nikel smelter and at 
the site located in the prevailing wind direction.  

Subsequently the two step matrix separation was 
performed to eliminate potential non-spectral 
interferences [2]. The overall required recovery of 
metal separation from sample matrix was more than 
95%. Several filament materials (Re, Ta, Pt) as well 
as several sample preparation techniques with 
addition of different reagents and additives were 
tested. Final mixture consists of about 1 ug of the 
high purity separated Ni in combination with silica 
gel, boric acid and Al, loaded on Re filaments. We 
prepared successfully the double spike solutions for 
Ni consisting of 61Ni and 62Ni enriched isotope 
standards. The calibration procedure includes natural 
standard analyses (CRM NIST 986) and pure double 
spike measurements. At the moment the analysis of 
the environmental samples is in progress. 

 
[1] Kashulina et al. (2014) Atmos. Environ. 89, 672-
682. [2] Gueguen et al. (2013) Geostandard Newslett. 
37, 297-317.  
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U and Mo isotopes are promising geochemical 
proxies for globally averaged ocean redox conditions 
in deep time. Because the Mo and U isotope 
compositions of seawater are controlled primarily by 
variation in ocean redox conditions, coupled Mo and 
U isotope records can be used to reconstruct variation 
in the relative sizes of oxic/suboxic, anoxic and 
euxinic sinks over geological time. The different 
sensitivities of Mo and U to anoxic and euxinic 
conditions creates a situation in which joint 
evaluation of the Mo and U isotope records provide 
greater constraints on variation in ocean redox 
conditions than either proxy can in isolation.   

 
Here we report new and published Mo- and U-isotope 
data from shallow and deep marine black shales 
spanning the OAE2 along the subtropical Western 
Tethys. These data are used to infer the evolution of 
the seawater Mo and U isotope compositions and to 
investigate changes in marine oxygen levels during 
this interval. Because the incorporation of Mo and U 
isotopes into organic rich sediments is influenced by 
local bottom water redox conditions, we also report 
Fe speciation data from which oxygen levels in the 
marine substrate were determined in a sample-by-
sample basis. Our Fe speciation data suggest 
expansion of the Oxygen Minimum Zones (OMZs) 
into the shallow western Tethys ocean waters; as well 
as the presence of an oxygenated deep Tethys ocean. 
These differences in bottom water redox conditions 
explain observed heterogeneities on black shale Mo-
isotope compositions within the Western Tethys. Box 
modeling of the seawater coupled Mo- and U- isotope 
system suggest that anoxic and euxinic bottom water 
redox conditions occupied approximately 40 % and 
15 % of the marine substrate respectively. These 
estimates are in accordance with previous estimates 
based on U-isotopes. The similar evolution of the 
seawater Mo, U and C isotope compositions suggest 
enhanced shallow marine anoxia as an important 
mechanism controlling the C-cycle during the OAE2. 
The observed heterogeneities in ocean bottom water 
redox conditions may explain the differences on the 
degree of affection of marine life during the OAE2.  
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 Yangsan fault, the major fault in the southeastern 

Korean Peninsula, is the key tectonic line to 
understand the tectonic evolution of the Korean 
Peninsula since the Cenozoic Era. It is because the 
Yangsan fault is known to be an active fault, to have 
been reactivated since the Cenozoic Era, and to be 
closely related to the opening of East Sea. Here we 
firstly present that a timing of activated event of 
Yangsan fault by using combined approaches of the 
optimized illite-polytype quantification, the K-Ar 
age-dating, and the recently developed illite-age-
analysis (IAA) approach for the fault gouges from 
Sangcheon-ri area of Yangsan main fault line. Using 
high-speed centrifuging technique, we separated the 
gouge samples into 3 grain size fractions of <0.1μm, 
0.1-0.4μm, and 0.4-1μm. All size fractions were 
dialyzed and were freeze-dried. The relative 
proportions of 2M1 illite were determined by using 
the iterative full-pattern-fitting method between the 
measured XRD patterns for each size fraction and the 
generated ones using WILDFIREⓒ simulation for 
variable populations of the illite-polytypes in the 2θ 
range of 15°~40°(Cu-Kα radiation). R% value 
((∑|(simulated-measured)/simulated|)/n×100) was 
employed to define the accuracy of the full-pattern-
fitting. The iteration was continued until the R% 
value reached in minimum. We tried to make the 
final R% values of all fractions to be less than 10%. 
From 3 fault gouges, we preliminarily determined 
one chronological record of brittle fault-activation 
event at about 42~ 46 Ma. It should be crucial to 
understand the regional processes that drive tectonics 
to form Yangsan fault, and if the dating results were 
added for other sites, it would be possible to establish 
the tectonic episodes and their periodicity of Yangsan 
fault. 
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There are no major dust sources in Europe in 

present day, but the widespread loess deposits are 
proof that the situation was very different in glacial 
times. We present dust-cycle simulations for Europe 
at the Last Glacial Maximum (LGM, about 21ka BP), 
performed with the LMDZORINCA configuration of 
the IPSL Earth System model (LMDZ for 
atmosphere, ORCHIDEE for vegetation and INCA 
for dust). The dust simulations are global, run on a 
zoomed grid with resolution of 1.25°x0.62° on our 
domain of interest. The LMDZ and ORCHIDEE 
versions are those that have been used in the frame of 
the CMIP5 exercise. The boundary conditions for 
them are derived from PMIP3 runs. The imposed 
vegetation is computed using the ORCHIDEE 
dynamic vegetation model. The INCA model is 
adapted to simulate European dust sources, transport 
and deposition by taking into account the state-of-the-
art knowledge on European loess deposits. The model 
results are compared with data for dust deposition 
and grain size. 
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Microorganisms persist to great depths in the 
terrestrial subsurface forming, by mass, the largest 
component of the global biosphere. Yet, we know 
precious little of their metabolic activities and the 
resulting geochemical impacts.  Lake Towuti is an 
ancient lake (1-4 Ma) situated on Sulawesi Island, 
Indonesia. Weathering of ultramafic rocks from its 
catchment basin delivers large fluxes of iron 
(oxyhydr)oxides to the lake leading to deposition of 
very iron rich (ferruginous) sediments. Furthermore, 
the dearth of sulfate in Lake Towuti offers an entirely 
new perspective, with more relevance to the 
terrestrial subsurface, than most studies of the deep 
biosphere, which to date have focused on marine 
sediments.  Here, we applied a suite of geochemical 
analyses with marker gene, small sub-unit 16/18S 
rRNA, based community profiling to explore the 
biogeochemistry and microbiology of sediment from 
Lake Towuti. These analyses reveal that reactive 
ferric Fe appears to persist throughout the sediment 
core at concentrations up to nearly 2 wt. %. Such 
reactive Fe is abundantly available to microbial Fe 
reducers, and thus, its persistence throughout the 
sediment core suggests that Fe reduction is limited by 
organic matter rather than by the availability of 
reactive ferric Fe.  We also sought to test the 
hypothesis that DNA would persist in Lake Towuti’s 
sediments for 10s or 100s of thousands of years due 
to shielding against degradation through Fe-mineral 
association.  We extracted DNA from samples 
corresponding to sediments 2000, 33000, and 60000 
years old, showing that ferruginous sediments can 
support a diversity of relatively common microbial 
taxa (Betaproteobacteria, Bacteroidetes, 
Actinobacteria and uncultivated Thaumarchaotea). 
Recovery of phototrophic and eukaryotic sequences 
throughout the core may indicate the presence and 
persistence of ancient DNA for up to 60,000 yrs. 
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The West Antarctic Ice Sheet is currently loosing 

mass at an accelerating rate. A powerful way to 
constrain its stability under warmer than present 
conditions is to study the geochemical provenance of 
marine sediments in the past. A good knowledge of 
modern shelf sediment composition and its 
relationship to continental geology is, however, 
paramount.  Here we present new geochemical data 
on the detrital fraction of 45 marine core top 
sediments in proximal to distal locations to West 
Antarctica. All samples were analysed for major and 
trace elements, strontium (Sr) and neodymium (Nd) 
isotopic compositions of the fine-grained (<63μm) 
fraction, and hornblende and biotite 40Ar/39Ar ages of 
the iceberg-rafted sediment fraction (>150μm). 

The geochemical fingerprint of marine sediments 
in proximity to exposed continental geology, such as 
in Marie Byrd Land or the southern Antarctic 
Peninsula, reveals excellent agreement between 
onshore and offshore compositions. In areas where 
hinterland outcrops are scarce, such as the Amundsen 
Sea Embayment (ASE), shelf sediment geochemistry 
can reveal information about the geology hidden 
under the ice. The western ASE is characterised by 
uniform Sr and Nd isotopic compositions from near 
shore to the shelf break (87Sr/86Sr: 0.709-0.710 and 
εNd: -2.2 to -2.8). This observation either points to a 
very homogeneous source rock in the direct 
hinterland, or a very constrained area of modern 
erosion. In contrast, proximal to distal sediments 
from the eastern ASE show a significantly larger 
range in Sr and Nd isotopic compositions (87Sr/86Sr: 
0.708-0.724 and εNd: -1.9 to -7.2), indicating that the 
geological provenance of the Pine Island Glacier 
drainage basin has a distinct isotopic composition 
compared to surrounding areas that shed sediment 
onto the shelf. Similar mixing trends across the shelf 
can be observed in the Bellingshausen Sea. 

Overall, geochemical analysis of detrital marine 
sediments off West Antarctica offers insights into 
continental geology, sedimentary mixing and 
transport pathways on the continental shelf. As such 
our results look very promising for reconstructing 
past changes and their relation to ice sheet dynamics 
in future down-core studies. 
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Isotopic fractionation in Ca-, Al-rich inclusions 
(CAIs) is largely controlled by chemical volatitily. 
Their isotopic compositions can be used to 
understand the conditions and processes present in 
the protoplanetary disk where they formed. At issue 
is the degree to which the measured isotopic 
signatures of Ca and Ti compare to each other, to 
moderately refractory elements such as Mg and Si, 
and to theoretical models of fractionation.  

Here we present Ca and Ti isotope data for Type 
A (Allende EK5-2-1), Type B1 (Allende AL4884 and 
Allende 461 “B”), reworked Type B (Northwest 
Africa, NWA 2364 “Crucible”), and fine-grained 
(Allende 3B3) inclusions. These data will be 
compared to mass fractionation modeling for 
condensation [2-4]. 

All studied CAIs have δ40/44Ca less than “normal” 
~0‰ planetary-like values [1,4]. Measured CAI 
values range from -0.6 to -11.3‰, clearly resolved 
from the bulk Allende value [1,4]. Type B’s 
“Crucible” and AL4884 were subsampled “in situ” by 
micro milling. No resolvable difference was observed 
between the core and outer edge of “Crucible”. In 
contrast, a clear difference can be seen in AL4884, 
with the core yielding δ40/44Ca = -1.66±0.08‰ (2σ) 
and the melilite mantle yielding δ40/44Ca = -
0.97±0.07‰ (2σ). The Ti isotopic compositions of 
“Crucible” and AL4884 are similar and unresolvable 
from a chondritic value, i.e., δ49/47Ti = 0.2±0.3‰ 
(2σ). 

This multi-element isotopic work attests to the 
complicated formation histories of CAIs. This first 
report of intra-CAI Ca isotopic zoning implies that at 
least AL4884 condensed with isotopically light Ca 
compared to planetary materials and experienced 
later evaporation and/ or a changing reservoir that 
significantly affected its surrounding melilite mantle. 
It is noteworthy that the polarity of Ca zoning is 
inconsistent with typical Mg isotopic zoning profiles 
that often decrease from “heavy” in the interior to 
“normal” values at the edge, implying that Mg in 
CAIs is susceptible to later modification in the solid-
state. 

[1] Huang S. et al. (2012) GCA, 77, 252-265. [2] 
Jordan M. et al. (2015) LPSC, Abst. #2472, [3] Young 
E.D. and Schauble E.A. (2012) MetSoc, Abst. #5382. 
[4] Simon J.I. and DePaolo D.J. (2010) EPSL, 289, 457-
466.  
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The June, 6, 1912 

eruption at Novarupta 
vent, Alaska was the 
largest of the 20th 
century (>13 km3 of 
magma). It ejected >7 
km3 of rhyolite, 
followed by andesite 
and dacite. Early 
ideas about the origin 
of pyroclastic flows 
and magmatic 
differentiation (e.g., 
compositional 
zonation of 
reservoirs) were 
shaped by this 
eruption. Despite 
being well studied, the timing of events that led to the 
chemically and mineralogically zoned magma 
reservoir remain poorly known. Here we provide new 
insights using the textures and chemical compositions 
of plagioclase and orthopyroxene crystals and by 
reevaluating previous U-Th isotope data. 
Compositional zoning of the magma reservoir likely 
developed a few thousand years before the eruption 
by progressive additions of mafic magma below an 
extant silicic reservoir. Hot, Mg-, Ca-, and Al-rich 
mafic magma intruded into, and mixed with, deeper 
parts of the reservoir (andesite and dacite) multiple 
times. Modeling the relaxation of the Fe-Mg 
concentrations in orthopyroxene and Mg in 
plagioclase rims suggests that the last recharge event 
occurred only weeks prior to the eruption. Rapid 
transfer of volatiles and heat from the recharge 
magma, coupled with volatile exsolution within the 
andesite and dacite, pressurized the reservoir and 
likely propelled a ~10 km lateral sill that allowed the 
overlying rhyolite to reach the surface.  
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Hematite concretions, referred to as blueberries 

have been reported from the Meridiani Planum on 
Mars [1]. The genesis of these diagenetic structures is 
thought to indicate a history of prolonged sub–surface 
fluid activity on the planet. Terrestrial analogues of 
Martian concretions can help to understand the 
mechanism of formation of the Martian ones [2]. 
Here, we describe the petrography and major-trace 
element geochemistry of hematite concretions in 
sandstones from the Jaisalmer basin in western India 
as a probable Martian analogue. Based on 
morphology and internal structure, four concretion 
types are identified, namely rind, layered, solid and 
ovoid with axial capillary. Interiors of rind 
concretions are poorly cemented while the rind is 
strongly cemented with goethite and hematite. 
Layered concretions have a goethite cemented core 
surrounded by layers with variable hematite 
proportion. The ovoid concretions have an axial 
capillary filled with goethite and hematite cement. 
Polygonal shrinkage cracks can be seen in the axial 
capillary. The goethite is replaced by hematite along 
these shrinkage cracks. The outermost layer in both 
layered and ovoid concretions is cemented with 
goethite. Microtextures indicate that concretion 
formation was a multi stage process involving the 
replacement of the primary carbonate cement by 
ferruginous cement. The earliest cement to precipitate 
must have been hydrous ferric oxides (Feroxyhite) 
which later dehydrated to goethite. Dehydration of 
the geothite produced polygonal desiccation cracks 
along which it was replaced by hematite. Presence of 
barite along with iron oxide/hydroxide indicates 
acidic condition during the precipitation of the iron 
oxide. The Fe-oxide cement in different layers have 
variable trace element concentrations. The chondrite 
normalized rare earth element (REE) patterns of the 
cement shows enrichment in the light-REEs 
accompanied by negative Eu anomaly. 

 
[1] NASA Jet Propulsion Laboratory (February–
March 2004) Mars Exploration Rover Mission. 
[2] Chan et al. (2004) Nature 429, 731-734.  
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North-eastern Indian Ocean is important in terms 

of global ocean circulation as it acts as conduit 
between the Indian and the Pacific Ocean. The 
Indonesian Throughflow (ITF) connects the Pacific 
and the Indian oceans and  transports ~10 million 
m3/s less saline and warmer water  from Pacific to 
Indian Ocean and hence impact climate phenomena 
such as ENSO and the Indian Monsoon. REEs and 
εNd are routinely being used to track the oceanic water 
masses, however these data are very sparse in the 
north-eastern Indian Ocean contraining the 
knowledge of transport of water from Pacific to 
Indian Ocean and about the water masses present in 
the Andaman Sea, a back arc basin. In this study an 
effort is being made to understand the water masses 
present in the north-eastern Indian Ocean, their 
movement and process influencing the 
biogeochemistry of trace elements in this region by 
measuring dissolved REEs and εNd in profiles from 
Arabian Sea to eastern Indian Ocean upto 13.82oS 
and 101.49oE and then to the Andaman Sea. εNd 
varies from -13.64 in Bay of Bengal to -2.94 in far 
east station (13.82oS and 101.49oE). Non-radiogenic 
values observed in the Bay of Bengal has been 
reported due to release of Nd from particles of the 
Ganga-Brahmaptra origin. In the far eastern Indian 
ocean εNd varies from -2.94 near surface to -7.97 near 
bottom at ~4000 m. Radiogenic Nd near surface in 
the eastern Indian Ocean indicates supply of 
Indonesian Throughflow to the Indian Ocean. εNd ~ -7 
in deeper water seems to be sourced from southern 
origin water. More radiogenic εNd of the intermediate 
waters of the eastern Indian Ocean compared to the 
NIIW in the Arabian Sea indicates acquisition of 
ragiogenic Nd from shelf sediments of volcanic 
origin through excahnge process. The Andaman Sea 
is characterise by εNd values ~-11 near surface to -9 at 
bottom, similar to those observed in nearby Bay of 
Bengal. In addition to water masses, particles of 
different sources such as those from the Ganga- 
Brahmaputra-Irrawady and volcanic origin seem to 
control the dissolved εNd of the north-eastern Indian 
Ocean. 
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Iron is known to have significant effect on 
environment as it controls biogeochemical cycles of 
many elements such as phosphorus, sulphur, and 
many other contaminants owing to redox controlled 
chemical activities. In the sediments, iron is mainly 
present in three operationally defined fractions FeHR 
(highly reactive iron in carbonate, easily reducible 
oxides, reducible oxides, and magnetite), FePR (poorly 
reactive iron in sheet silicates) and FeU (unreactive 
iron in silicates) where the total iron is represented as 
FeT. Sediments (channel, overbank, and suspended) 
of the Yamuna river along with its southern 
tributaries (Chambal, Ken, Betwa and Sindh) have 
been studied for their contributions of different 
fractions of Fe to the Ganga river. The sequential 
extraction procedure of Poulton and Canfield (2005) 
was applied and the concentrations of Fe in each of 
the fractions were analyzed using ICP-AES.  

The floodplain sediments and channel sediments 
of the tributaries were found to have large proportion 
of iron in the reactive fraction where FeHR/FeT values 
range between 0.43 and 0.59 as compared to that of 
the Yamuna mainstream where it ranges between 
0.21 and 0.31. It has been found through this study 
that before the confluence with the southern bank 
tributaries the suspended sediments of the Yamuna 
river have lower values of FeHR/FeT (0.30-0.40) as 
compared to that after the confluence, i.e., 0.5, at 
Allahabad. The tributaries were also observed to have 
more reactive fraction of iron in the suspended 
sediments (Chambal: 0.41, Betwa: 0.38, Ken 0.35) 
than from the locations in the upper reaches of the 
Yamuna river. FeHR flux at Agra was found to be 161 
million tons/year while it was calculated to be 
461.99, 304.50 and 161.42 million tons/year for 
Chambal, Betwa and Ken rivers, respectively. At 
Allahabad, FeHR flux was estimated to be 2312.64 
million tons/year. Therefore,   it is suggested that 
although the tributaries from the southern craton play 
an important role in supplying reactive iron to the 
Yamuna river, high runoff and sediment load at 
Allahabad indicate recycling of the FeHR from the 
alluvial floodplain. 
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Observations show that Indian summer monsoon 
rainfall over large parts of South Asia has declined 
over the past five to six decades. Identifying the 
primary drivers of this weakening trend is crucial to 
assess whether it is due to anthropogenic forcing and 
thus expected to continue  or due to natural climate 
variability and thus transitory. Recent experiments 
with climate models attribute the drying trend to 
anthropogenic forcing. However, any attribution of 
'forced' changes in the Monsoon rainfall warrants a 
careful consideration of its natural variability on 
decadal to sub-centennial timescales. Here we present 
a speleothem oxygen isotope based reconstruction of 
the summer monsoon rainfall over northern India 
over the last 6 millennia. We find that within the 
long-term context of our record, the current drying 
trend is not outside the envelope of monsoon's 
oscillatory variability, albeit at the lower edge of this 
variance. Furthermore, the magnitude of multidecadal 
oscillatory variability in monsoon rainfall inferred 
from our proxy record is comparable with model 
estimates of anthropogenic-forced trends of mean 
monsoon rainfall in the 21st  century under various 
emission scenarios. These results suggest that 
anthropogenic-forced changes in monsoon rainfall 
may remain difficult to detect against a backdrop of 
large natural variability. 
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The Kosi megafan is a well-known Himalayan 

megafan formed due to high sediment delivery of 
Kosi River and frequent migration of the trunk river 
at least since MIS 4. Several cycles of aggradation 
with lithological discontinuities are recorded in the 
sedimentary succession recovered through drill cores 
suggest that near-surface (∼20 m) strata of the 
megafan consist of large amalgamated sand bodies 
with have pockets of mud and silt whereas shallow 
sub-surface (∼50 m) deposits are largely sandy and 
devoid of mud and silt pockets. We have recorded 
five cycles of channel activity: (i) > 65ka (MIS4), (ii) 
32 to 50ka (MIS3), (iii) 12 to 28ka (MIS2), (iv) 9 to 
11ka (Early Holocene), and (v) 5ka to Modern (Late 
Holocene) in the studied cores. Multiple 
aggradational events and discontinuities due to 
migration of the river match with the major climatic 
shifts manifested in geochemical proxies, which in 
turn influenced the sediment flux from the 
Higher/Lesser Himalaya. Proximal to distal 
progradation of the megafan reflects gradual decrease 
in flow energy through time or change in sediment 
supply from the hinterland. Isotopic composition 
(87Sr/86Sr: 0.7785 to 0.8592; εNd: -21.2 to -17.8) of 
Kosi core sediments are the most radiogenic reported 
so far in the Gangetic basin, and also suggest binary 
mixing of sediments contributed from both Higher 
Himalayan (HH) and Lesser Himalayan (LH) 
sources. Down core isotopic variability shows 
variation in sediment provenance due to major 
climatic shifts - high 87Sr/86Sr and low 
εNdcharacterize the interglacial period whereas low 87Sr/86Sr and high εNddominate the glacial period. 
This is attributed to the litho-tectonic setting of the 
Kosi basin wherein deformed sequence of Himalayan 
zone exposes the HH rocks at a lower topographic 
level.  
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As the most abundant mineral, the crystal 

chemistry of MgSiO3–rich bridgmanite is 
fundamentally important to expand our knowledge on 
the Earth’s interior and its evolution. Recent 
experiments and theory suggest that spin crossover of 
iron occurs in bridgmanite within the middle part of 
the lower mantle, however, the depth of the crossover 
is highly controversial so far. This is mainly due to 
two possible valence states (Fe2+ and Fe3+) and the 
variable site occupancy of iron in bridgmanite. Here, 
we studied the valence and spin state of iron in well 
characterized Al-free Fe3+-rich bridgmanite by 
Mössbauer spectroscopy to understand the effect of 
Fe3+ concentration on the spin state. We found that a 
minor amount (~ 15 % in total iron) of Fe3+ is in the 
low spin state above 36 GPa, and that the proportion 
does not largely increase up to 83 GPa. This is 
consistent with recent experimental studies by 
Mössbauer and X-ray emission spectroscopy in well 
characterized bridgmanite. The proportion of low 
spin iron was saturated at 40 GPa, and such saturation 
was observed at higher pressure in a previous study 
with higher amount of Fe3+. In the Earth’s deep lower 
mantle, spin crossover may take place below 900 and 
1200 km depth in pyrolite and MORB, respectively. 
However, its effect on physical properties may be 
small due to the limited amount of Fe3+ in the low 
spin state. 
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This study is part of the DEMETERRES project 

which aims to develop new methods and technologies 
in the field of decontamination and remediation of 
contaminated agricultural soils and effluents, after a 
nuclear accident.  

The main aim of this work is to build a consistent 
thermodynamic databasis necessary to describe and 
predict the adsorption behaviour of Cs+ and Sr2+ onto 
natural clays and directly operational to predict 
contaminant migration in the case of a nuclear 
accident in France. In this database clay minerals are 
described as multisite ion-exchangers [1] where the 
different sites of sorption are characterized by their 
concentration (SCi) and their relative chemical 
affinity for major cations (Na, Ca, K and Mg), and Cs 
or Sr, expressed as the selectivity coefficients relative 
to protons (K*i

H+/M+).  
First, the three most representative clay minerals 

from the French agricultural soils – smectite, illite, 
and kaolinite – have been identified. Second, a wide 
review of available literature has been performed to 
obtain raugh sorption data from which retention 
parameters were fitted according to the ion-exchange 
formalism. These data are directly used to build the 
adsorption databasis. From this literature analysis, it 
comes out that the behaviour of strontium on smectite 
has been scarcely studied. In addition, adsorption 
experiments of strontium on a Na-smectite were 
realized: first at varying pH values, then at varying 
initial concentration of strontium. The competition 
between calcium and strontium was also studied.  

Therefore using the databasis, it is possible to 
predict the adsorption of strontium or cesium on 
natural clay minerals for various chemical conditions, 
at different ionic strengths taking into account the 
competitive adsorption of other cations. Now this 
databasis needs to be tested with more complicated 
environnements such as real soil samples. 

[1] Estela Reinoso-Maset and J. Ly (2014) Study 
of major ions sorption equilibria to characterize the 
ion exchange properties of kaolinite. J. Chem. Eng. 
4000-4009. 
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Though the presence of CO2 in gas fields is often 
produced through organic processes, low-grade 
metamorphic reactions (at T<500°C, P<2500 bar) can 
also generate CO2 from the devolatilization of 
carbonates, when they are associated to alumino-
silicate minerals. The ability to correctly predict the 
thermodynamic equilibrium of those reactions can be 
of great value to petroleum exploration, as it can help 
estimate the yield of CO2 generated as a function of 
the mineral assemblage considered. 

To verify the validity of our models, an 
experimental study was conducted on two different 
mineral assemblages with minerals common in 
sedimentary environments, containing (a) Ca-Mg-
SiO2-Al (dolomite, quartz, kaolinite) and (b) Ca-Mg-
SiO2-Al-K (dolomite, quartz, illite). Various 
experiments were conducted in batch reactors, at 300 
bar and between 250°C and 300°C, to compare the 
experimental results with those predicted numerically 
for partial (250°C) and total (300°C) devolatilization 
of the initial carbonates. 

The gas phase was sampled and quantified by 
gas-chromatography to follow the amount of CO2 
released through the experiments, and the liquid 
phase was analyzed by ICP-OES to determine the 
elements concentration released by the dissolution of 
the primary phase. The data was used for calculating 
the evolution of the fluid’s affinity with respect to 
various secondary phases. Those thermodynamic 
calculations were made using the Arxim-GEM code 
and a modified database with numerous clay solid-
solution phases. The analysis of the solid run 
products by x-ray diffraction and SEM shows a good 
fit with the models. In potassium-free systems, the 
initial dolomite (Ca,Mg)(CO3)2 is progressively 
replaced by secondary calcite (CaCO3), while the Mg 
released precipitates in a secondary phyllosilicate 
with a composition close to montmorillonite. On the 
other hand, in potassium-rich systems, an Mg-rich 
potassic mica, with a composition close to 
phlogopite, forms as illite dissolves. Those results 
allow us to discriminate between various 
thermodynamic data, while the good agreement with 
the models allow us to validate key reactions 
occurring at low temperature. 
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The late Quaternary Dead Sea is a terminal lake 
whose geochemical and physical characteristics 
reflect the regional hydroclimatic conditions in the 
Levant basin. Across the Last Glacial Maximum, the 
lake (Lake Lisan) was characterized by high water 
level, lake stratification, and gypsum precipitation. 
Pore fluids extracted from two long cores from the 
International Continental Drilling Program (ICDP) in 
the Dead Sea, one at the centre of the lake (Core 
5017-1-A) and one along the perimeter of the lake 
(5017-3-C), were used to reconstruct the limnological 
and redox conditions across that period. Pore fluid 
concentrations and isotope profiles of sulfate and 
dissolved inorganic carbon were analyzed from both 
cores and compared to each other and to the sulfate 
isotopes of the gypsum in Lake Lisan. The results 
suggest significant microbial sulfate reduction in the 
hypolimnion of the lake with partial oxidation of 
reduced sulfur species back into a heterogeneous lake 
sulfate reservoir. Based on the results, we develop the 
traditional paleolimnological mechanisms for Lake 
Lisan (e.g. the 'sulfur pump'), to one which explains 
robustly the evolution of the gypsum records and 
addresses the pore fluid anomalies.  
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Molybdenum stable isotope variations can 
provide insights into the fate and transport of Mo in 
the environment (e.g. Nägler et al., Chem Geol 
2011,289:1-11). In this study, Mo isotope 
fractionation was examined in a Mo-rich tailings 
impoundment at a mine site in the western Rocky 
Mountains. Historical water quality monitoring data 
show that Mo is attenuated between the upstream and 
downstream zones of the impoundment. 
Molybdenum stable isotope compositions (δ98Mo) 
were measured along the flow path.   

Tailings pond waters, representating the upstream 
portion of the flow path, are alkaline (pH ~7.5) and 
oxygenated.  Mo concentrations historically range 
from 1,000 to 3,000 µg/L and δ98Mo was 0.7 ‰ 
(relative to NIST-SRM-3134=+0.25 ‰).  

Downstream from the tailings dam, drainage 
emanates from an anoxic, basal drain.  Basal drainage 
is circumneutral (pH ~6.7), has elevated Fe and Mn 
concentrations, and contains dissolved sulfide. 
Relative to the pond waters, Mo concentrations are 
lower (~800 µg/L) and δ98Mo increased to 0.9-1.1 ‰. 
Processes which may have driven this shift in Mo 
concentrations and δ98Mo include precipitation of 
powellite (CaMoO4) and/or secondary Fe-Mo sulfide 
minerals in the saturated tailings impoundment.  

Oxygenation of basal drainage occurs below the 
impoundment in a sedimentation and collection pond 
resulting in Fe- and Mn-oxyhydroxide precipitation.  
Mo concentrations decreased to ~50 to 190 µg/L, 
accompanied by a further shift to heavy δ98Mo (1.3-
2.6 ‰). Fe oxyhydroxides were highly enriched in 
Mo (760-4,500 ppm) which was isotopically light (-
0.3 to +0.2 ‰), consistent with the isotopic shift 
observed in the aqueous phase.  

This study highlights the potential of Mo stable 
isotopes to track Mo attenuation processes and 
provides an indication of fractionation processes 
resulting from mineral precipitation and 
oxyhydroxide adsorption. 
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Arc lavas exhibit a characteristic geochemical 

signature, which is typically ascribed to fluids or 
hydrous melts that originate from the heated 
subducting slab. Recently, Freymuth et al. [1] have 
demonstrated the ability of Mo isotope and Ce/Mo 
ratios in tracing the slab component in the Marianas 
arc. In a companion study, we have analysed a suite 
of sediments and primitive arc lavas from the Lesser 
Antilles (Freymuth et al. this volume). The isotopic 
and trace element pattern of the northern islands are 
found to be consistent with a major fluid component 
from the basaltic crust, similar to what is found in the 
Marianas (δ98/95Mo slightly heavier than source 
MORB; Ce/Mo ≈ 0). Southern islands, in turn, are 
characterized by high Ce/Mo, as well as unusually 
high δ98/95Mo values. Isotopically, the source of the 
high δ98/95Mo is suitably well explained by euxinic 
sediments that have previously been suggested to 
contribute to the sources of the southern Lesser 
Antilles lavas [2]. The reason for the variable Ce/Mo 
fractionation, however, remains unknown.  

This study is therefore dedicated to identifying 
possible hosts for Mo and Ce in sediments at sub-arc 
depth. New piston cylinder experiments are 
performed (3 GPa, 800-900°C), using synthetic 
compositions that mimic sediments drilled in the 
vicinity of the Lesser Antilles arc. We found that 
sulphide and rutile are major hosts for Mo, whereas 
the presence or absence of monazite (Ca-poor 
sediments) and epidote (Ca-rich sediments) control 
Ce concentrations. Redox conditions are found to be 
of great importance for Ce/Mo ratios because of its 
influence on sulphide (and epidote) stability. 
Experimental run products further imply that rutile 
only hosts Mo at suitably reducing conditions where 
it should occur at Mo4+ (rather than Mo6+). The 
combination of Ce/Mo with experimental results thus 
place constrains on phase petrology and redox 
conditions in the subducted slab.  

 
[1] Freymuth et al. (2015) EPSL 272 199-211. 
[2] Carpentier et al. (2008) EPSL 432 176-186. 
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We explore the significance of monazite ages 

obtained in metamorphic rocks from the Ryoke Belt 
(SW Japan), where protracted magmatic activity 
generated a typical LP/HT metamorphic gradient. 

Monazite is present in low to high grade samples. 
In the biotite and muscovite-cordierite zones, it forms 
tiny Th-poor aggregates associated with xenotime 
and surrounding minute allanite relicts. Grain size 
increases with metamorphic grade, and concentric 
zoning can be observed in larger grains from 
anatectic gneiss. In higher grade samples, monazite 
mostly occurs in the matrix, but is also included in 
prograde andalusite or cordierite porphyroblasts. 

EPMA analyses reveal that Th concentration in 
monazite increases with metamorphic grade, which 
mirrors the increasing whole-rock Th content. No 
reliable age was obtained for Th-poor monazite from 
low grade schist. In high grade gneissic rocks, EPMA 
monazite ages range from 100 to 75 Ma, with a peak 
of the distribution at 85 Ma. In detail, older ages of 
about 95 Ma are preserved in relatively Th-poor 
monazite domains (cores, but not always), whereas 
younger ages come from domains with a higher Th 
content or riddled with tiny holes. One sample of Grt-
Crd anatectic gneiss, selected for additional LA-ICP-
MS dating, yielded U-Pb zircon ages of ca. 100 Ma. 
Textural observations suggest that this age 
corresponds to prograde to peak temperature 
conditions, and is in agreement with U-Pb zircon ages 
of the surrounding granitoids. 

Although several observations point to prograde 
monazite growth, most EPMA monazite ages are 
younger than those of prograde to peak conditions. 
We believe that they were partially reset by a 
combination of fluid-assisted recrystallization and 
intracrystalline diffusion at HT conditions. Similar K-
Ar results of ca. 85 Ma obtained in neighbouring 
granitoids indicate that monazite ages document 
cooling of the Ryoke metamorphic belt below ~500 
°C. We anticipate that this might be a general case in 
metamorphic terrains where relatively HT conditions 
have lasted longer than about 5 Ma. 
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Fibrous diamonds commonly contain polyphase 
microinclusions that are considered to be direct 
samples of the high-density fluids (HDF’s) from 
which the diamond grew. The composition of 
diamond-forming fluids enclosed as microinclusions 
in fibrous and octahedral diamonds from the Siberian 
craton have been well characterized for several 
separate kimberlitic mines [1-2] and placer deposits 
[3]. So far, carbonatitic to silicic HDF’s have been 
identified, while predominantly saline (brine) 
microinclusions appeared to be absent in Siberian 
diamonds. This is in contrast to studies of diamonds 
from the Kaapvaal and Slave cratons where saline 
HDF’s have been reported [4]. 

Microinclusions of high-density fluids (HDF’s) 
occur in cloudy diamonds from the Mir and 
Internatsionalnaya kimberlite pipes (Malobotuobia 
kimberlite field, Siberian platform). These HDFs are 
of typical high-Mg carbonatitic composition; a few 
diamonds contain microinclusions that define a low-
Mg carbonatitic to silicic trend. The observed 
variations are interpreted as resulted from mixing of 
two contrasting fluids derived from the partial 
melting mainly of carbonated peridotite (the high-Mg 
carbonatitic HDFs) and eclogite (silica-rich HDFs 
and HDFs with high Ca/(Ca+Mg+Fe)). Immiscibility 
of carbonatitic and silica-rich fluids provides a 
possible mechanism for the co-existence of the 
observed HDFs but needs further proof. The uniform 
carbon isotope composition of cloudy diamonds with 
high-Mg carbonatitic microinclusions from both 
kimberlite pipes imply a single peridotitic source.  

 
[1] Zedgenizov et al (2009) Lithos 112, 638-647. [2] 
Skuzovatov et al (2011) Rus. Geol. Geophys. 52, 85-
96. [3] Zedgenizov et al (2011) Rus. Geol. Geophys. 
52, 1298-1309. [4] Weiss et al (2015) Nature 524, 
339-342. 
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Raman spectroscopy is a powerful method for 
identification of carbon species not only by the 
presence of a characteristic frequency reflecting the 
covalent stretching or angle deformation in the 
lattice, but also by its ability to determine the 
crystallographic arrangement. The models of 
diamond origin, the composition of parental melts, 
and carbon speciation in host rocks are still debatable. 
Nondestructive study of the structure and phase 
composition of contact areas of diamond crystals with 
host rock provides evidence for the composition and 
evolution of diamond-forming systems. 

We studied the surfaces of diamond contact with 
kimberlite in 34 samples (kimberlites from the Mir 
and Udachnaya pipes, Yakutia; Rudenko collection). 
Morphology and composition of of contact phases 
were investigated by the scanning electron 
microscopy (CARL ZEISS LEO 1430 VP) equipped 
with an energy-dispersive spectrometer. Raman 
spectra were obtained on a Micro-Raman HORIBA 
Jobin-Yvon HR800 (632,8 nm), Micro-Raman 
RENISHAW (532nm, 785nm), and Micro-Raman 
BRUKER (532nm, 785 nm) instruments. 

The contact areas contained numerous amorphous 
and crystalline phases, such as oxides (magnetite, 
maghemite, hematite, wustite), carbonates (calcite, 
Mg-calcite and dolomite), silicates (olivine, forsterite, 
serpentine, diopside, enstatite), and sulfides. The 
presence of both carbonate and silicate peaks on 
some Raman spectra allowed us to distinguish 
silicate-carbonate phases (melts?). It is shown that 
application of Raman spectroscopy and SEM 
techniques is efficient in study of the structure of 
diamond-hosting layered forms (imprints) consisting 
of crystalline and amorphous phases. The results of 
Raman spectroscopy showed the presence of sp3 / 
sp2 hybridized carbon phases with various 
combinations at 1325-1600 cm-1 (micro-sized 
diamond, diamond-like, and carbon-bearing 
polycluster phases). 
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The Yangibana LREE deposit is hosted within 

the Proterozoic Gifford Creek Carbonatite Complex 
(GCCC) of the Gascoyne Province, Capricorn 
Orogen, Western Australia. At the prospect scale, 
REE mineralisation is hosted in “ironstone” dykes 
and sills that intrude the rocks of the GCCC [1]. The 
“ironstones” are heavily oxidized dykes and sills 
composed mainly of hematite, quartz, clay minerals, 
monazite and apatite. Based on detailed mapping of 
field relationships, we show that the “ironstones” 
emanate from ferrocarbonatites of the GCCC. The 
ferrocarbonatite dykes are composed of dolomite, 
ankerite, siderite, riebeckite, aegirine, annite-
phlogopite, apatite and monazite. Both the 
“ironstones” and ferrocarbonatites are enveloped by 
K-dominant, fenite alteration. Whole rock and trace 
element geochemical transects conducted across the 
“ironstones” show depletions of Si, Al, Ca, Na, K, 
Rb, Ta, and W and enrichment of Mn, P, Sr, Fe, Ni, 
Cu, Zn, Sr, Pb, Th, U and the REEs when compared 
to least altered samples. Similar transects conducted 
across the ferrocarbonatites show similar, though less 
pronounced, patterns. 

In order to determine the source of the 
ferrocarbonatites, in situ Sm-Nd isotope studies 
(using LA-ICP-MS) were conducted on monazite-
apatite pairs. The Sm-Nd analyses yielded values of 
εNd = -3.73 ± 0.3 and an isochron age of 1262 ± 17 
Ma. The results indicate a significant crustal input 
during the emplacement of the ferrocarbonatites. In 
situ U-Pb dating and Lu-Hf isotope analyses (using 
LA-ICP-MS) were conducted on zircons found in 
veins related to the ferrocarbonatites. The age for 
these zircons was found to be 1378 ± 17 Ma with εHf 
= -2.55 ± 0.4. These two ages indicate that the 
emplacement of the ferrocarbonatites and related 
REE mineralisation were associated with the 
Mutherbukin Tectonic Event (1385–1200 Ma). 
Nevertheless, the difference between the two ages 
(~100 m.y.) shows that there were at least two stages 
of magmatism/hydrothermal activity in the region. 

 
[1] Pearson et al. (1996), Aust. J. Earth Sci. 43(3), 
299-309. 
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Accurate identification of single volcanic events 

in the field is crucial for constraining eruption 
volumes and calculating recurrence intervals between 
eruptive episodes. Due to intra-unit textural 
variability as well as the complexities of pyroclastic 
transport and deposition, such identification can be 
challenging. We present a novel method for 
fingerprinting ignimbrites via trace element chemistry 
(V, Co, Nb) in biotite by laser-ablation inductively-
coupled-plasma mass spectrometry (LA-ICP-MS). 
Using samples from the alkaline ocean island of 
Tenerife, we are able to demonstrate: (1) clustering of 
previously-characterized units into distinct, 

homogeneous 
groups in 

biotite-
V/Co/Nb space; 
(2) preservation 

of 
homogeneous 

biotite-
V/Co/Nb even 

in the presence of extreme variation and zonation in 
other trace elements (Ba, Sr, Rb); (3) the magnitude 
of difference in biotite-V/Co/Nb space exceeds the 
magnitude of variability in major elements (e.g. 
Al2O3), meaning that the latter can be estimated from 
stoichiometry for LA-ICP-MS internal calibration, 
thus making microprobe analysis optional and 
underscoring the efficiency of LA-ICP-MS 
fingerprinting as a reconnaissance tool; (4) biotite 
compositions are homogeneous throughout a deposit 
and not changed by stratigraphic height or juvenile 
clast texture (crystal-rich vs crystal-poor). We 
propose that biotite trace element archives allow us to 
(1) fingerprint eruptions at least as large as the ones 
on Tenerife (VEI ~4) and correlate turbidite 
records/geographically-separated deposits and (2) 
biotite serves as a faithful marker of the magmatic 
melt environment throughout much of the evolved 
magmatic history. 
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To assess the risk posed by nanotechnology-
enabled products, the exposure of engineered 
nanoparticle (NP) through aqueous media must be 
considered, as it is a receptacle of these materials 
throughout their lifecycle. The low predicted 
concentrations of NPs in surface water systems 
implie that the probability that NPs interact with each 
other is lower relative to their collision frequency 
with natural - colloids present at higher 
concentration. Colloids may thus strongly affect the 
fate and transport of NPs via heteroaggregation 
processes. Thus, fate studies aimed at predicting 
realistic NP behaviour and concentration profiles in 
surface water must account for this 
heteroaggregation[1]. Here, we present a novel 
method for determining heteroaggregation 
mechanism by using a combination of experiments 
and modeling. Interactions between TiO2 NPs and 
different types of larger mineral colloids [2] were 
studied at low NP concentrations (0.1 to 4 mg/L) with 
regard to the colloid occurrence (100 mg/L). The 
effects of ionic strength, pH, and natural organic 
matter were also explored. 

Our data show that at relevant concentrations, NP 
behaviour is mainly driven by heteroaggregation with 
colloids, while homoaggregation remains 
negligible[3,4]. The NP/colloid number ratio was 
found to be a critical component in the 
heteroaggregation mechanism. Work funded by the 
French National Research Agency as NANOHETER 
program under the frame of ERA-NET SIINN.  
References 
[1] Sani-Kast N. et al. (2015), Science of the Total 
Environment 535, 150-159; [2] Slomberg D. et al. 
(2016),  Environmental Chemistry in press, DOI: 
10.1071/EN15065; [3] Praetorius A. et al. (2014), 
Environtal Science and Technology 48, 10690-
10698; [4] Labille J. et al. (2015), Environtal Science 
and Technology 49, 11, 6608–6616 
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During the orogenic cycle a variety of magmas of 

different compositions are formed. The most 
primitive diorites may occur at various stages of an 
orogeny, along with more abundant and evolved 
felsic rocks. In the Variscan orogeny, isolated diorite 
intrusions were formed at 350-340 Ma, during the 
syn- to late-collisional stage (e.g. monzodiritic rocks 
of Niemcza Zone, NZ, this study) and at 300-290 Ma 
during post-collisional extension (e.g. quartz diorites 
of the Gęsiniec Intrusion, GI). This latter stage was 
accompanied by voluminous felsic magmatism, 
which occurred throughout central Europe forming 
extensive rhyolites (e.g. in the Halle Volcanic 
Complex, HVC). 

In this study we compare ɛHf and trace element 
composition in zircon from intermediate and felsic 
rocks of different ages and orogenic stages: diorites 
(~350 Ma, NZ, ~300 Ma, GI), granodiorites (~350 
Ma, NZ), and rhyolites (~300 Ma, HVC).  

Comparable ranges of ɛHf values in zircon 
populations from both the NZ and GI diorites suggest 
similar mantle sources and/or extent of contamination 
processes for the older and younger diorites. Zircon 
data from both localities occupy distinct 
compositional fields in X-Y plots for many trace 
elements and elemental ratios. A greater variation in 
the NZ zircon data suggests crystalization over a 
longer fractionation path. Indeed, critical parameters 
such as Eu anomaly and Th/U or Yb/Gd ratios do not 
correlate with ɛHf, thus indicating that diorite magma 
contamination and fractional crystallization are two 
processes probably separated in time and space. 
Overall the composition of GI zircon is consistent 
with fractionation dominated by amphibole whereas 
that of NZ zircon is by plagioclase. However, trace 
element parameters vary consistently with ɛHf when 
diorite is compared to more felsic rocks of the same 
age. This implies that the evolution of the dioritic 
magmas themselves is a separate process from the 
general mafic-felsic evolution, which, in turn, follows 
a more predictable assimilation-fractional 
crystallization path. 

AP and ES aknowledge financial support from 
the Polish National Science Centre (UMO- 
2013/09/B/ST10/00032). 
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The nitrogen isotope contrast between the 15N-
enriched crust and 15N-depleted mantle allows for 
effective tracking of volatile cycles between the 
surface and interior of Earth. It has been suggested 
that the Archean mantle was much more 15N-depleted 
(δ15N ~ -40‰) compared to the modern mantle (-
5‰), where subduction recycling of crustal material 
over Gyr timescales led to the modern mantle δ15N 
value [1]. Diamonds, containing appreciable nitrogen 
impurities, provide one of the few constraints on the 
deep extension of the nitrogen cycle betweeen Earth’s 
surface and interior. 
 In order to investigate Archean volatile 
cycles and evaluate its bearing on early Earth 
processes, we conducted a SIMS isotopic study of 
placer Archean diamonds from the ca. 3.1 – 2.7 Ga 
Witwatersrand Supergroup (Kaapvaal craton, South 
Africa). Nitrogen aggregation states of the Wits 
diamonds are low to moderate (6–64 %B), 
corresponding to mantle residence times of up to 400 
Myr, which places diamond formation at 3.5-3.1 Ga. 
Thus, these diamonds provide some of the earliest 
mantle record of Earth’s deep volatile cycle. 
 δ15N values of the Wits diamonds range 
between -0.5 and +2.7 ‰, significantly more 
enriched than the isotopically depleted ancient and 
modern mantle. Based on positive δ15N values for >3 
Ga Kaapvaal craton sediments [2], we interpret that 
the positive δ15N values of the Wits diamonds require 
involvement of nitrogen from Earth’s surface that 
was transferred into the mantle via subduction 
tectonics during Kaapvaal continent formation. The 
Wits diamonds demonstrate that by 3.5 Ga, and 
possibly much earlier, surficial nitrogen was present 
within a mantle wedge environment above a 
subduction zone [3].  
 
[1] Cartigny & Marty (2013) Elements 9: 359-366. 
[2] Thomazo & Papineau (2013) Elements 9: 345-
351. 
[3] Smart et al. (2016) Nature 
Geoscience10.1038/ngeo2628 
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Traditional kinetic and thermodynamic 
biogeochemical models applied to the subsurface rely 
heavily on either microbial growth yields measured in 
the laboratory or predicted using standard 
thermodynamics-based methods. However, the 
impact of low energy supply on growth yields and 
their prediction is poorly constrained. In this study, 
the Gibbs energies of catabolism (ΔGcat) under non-
standard conditions were calculated for more than 
150 observed growth yields (Yobs) comprising mostly 
low-energy yielding anaerobic heterotrophic and 
autotrophic processes. The various methods for 
predicting growth yields were evaluated and showed 
a lower relative error in a modified Gibbs energy 
dissipation model (40%) over the more commonly 
used thermodynamic electron equivalents model 
(67%). In addition to predicting growth yields, we 
will also discuss our efforts to develop a kinetic and 
thermodynamic based biogeochemical model which 
explicitly accounts for energy used for both microbial 
maintenance and growth using a dynamic growth 
yield.  
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The westernmost part of the South Aegean arc is 

represented by the effusive magmatic centres of the 
Saronic Gulf. Volcanic deposits are mainly 
Quaternary lava flows and domes that contain up to 
10 vol% of more mafic enclaves, thought to reflect 
remobilisation of a differentiated crystal mush (host 
rock) upon replenishment by a more primitive magma 
(enclaves), of which a single, representative unit was 
studied in detail. 

Host rocks are porphyritic andesites-dacites, with 
plagioclase, amphibole, clinopyroxene and quartz, ± 
biotite, orthopyroxene, olivine or zircon. The 
prismatic phenocrysts commonly form a flow texture. 
In the basaltic-andesitic enclaves, phenocrysts are 
more abundant but randomly oriented into a crystal 
framework of  amphibole and plagioclase. Albeit 
with a higher abundance of mafic minerals, the 
enclaves´ mineralogy is strikingly similar to the host 
rocks - indicative of crystallisation under similar P-T 
conditions. Larger crystals in all samples show a 
range of disequilibrium textures, providing evidence 
of mingling between two distinctly different magmas. 
Whole rock major and trace element geochemistry 
and Sr-Nd-Hf-Pb isotopic compositions confirm the 
more primitive nature of the enclaves, and the overall 
geochemistry of this volcanic unit represents a single, 
continuous trend.  

Fractional crystallisation and/or magma mixing 
can reproduce the major element composition of all 
host rocks. The same processes, however, can explain 
the enclaves´ geochemical range only within a 
distinct sampling locality. Together with the larger 
amount of scatter in the enclaves´ geochemistry, this 
shows that enclave magma blobs are more sensitive 
to contamination than the  host rock magma. 

The large geochemical range of this single 
volcanic unit  results from mixing and mingling in a 
crustal magma reservoir, a late-stage differentiation 
process that obscures any subtle compositional 
differences that might occur in the earlier stages of 
melting and magmagenesis. All effusive deposits of 
the Saronic Gulf contain mafic enclaves, suggesting 
that mafic replenishment of a crystal mush is a key 
petrogenetic process,  perhaps even influencing the 
eruption style. This process may be driven either by 
the formation of new primitive melt that intrudes the 
crust, or by fault activation which facilitates the 
migration of magmas. 
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Large and exceptional gem-quality diamonds, 

like the famous Cullinan and Hope diamonds, tend to 
have a common set of characteristics that have led 
many researchers to regard them as a distinct family. 
The most noted characteristic is a low nitrogen 
concentration, such that these diamonds are often 
simply termed Type II’s, although not all Type II 
diamonds necessarily belong to this family. More 
broadly, diamonds that are Cullinan-like tend to be 
large, inclusion poor, relatively pure, irregularly 
shaped, and highly resorbed. These diamonds are 
especially valuable as gemstones and difficult to 
access for research. Even when made available, the 
inclusion poor nature of these diamonds has 
maintained a long-standing barrier to their study.  

In order to investigate this problem, diamonds 
from the routine grading operations of the 
Gemological Institute of America’s New York 
laboratory were systematically screened over several 
months to select Type II diamonds with inclusions. 
Inclusions were then studied using Raman 
spectroscopy. This approach produced multiple 
examples of what are otherwise extremely rare 
diamonds.  

After analysing more than fifty diamonds, 
including many diamonds greater than 5 carats, a few 
recurring inclusion phases emerge and two in 
particular establish a prominence. The first is CaSiO3 
walstromite, interpreted as former calcium-silicate 
perovskite. Some diamonds with CaSiO3 walstromite 
also contain orthopyroxene inclusions, interpreted as 
former magnesium-silicate perovskite, together 
suggesting a lower mantle origin. The second 
prominent inclusion type is a metallic phase, 
unidentifiable by Raman spectroscopy. Careful 
inspection reveals that the metallic inclusions are 
often elongate and/or grouped in chains that trend 
along a <111> direction. The chains are spatially 
associated with curvilinear features in 
cathodoluminescence, which are interpreted as healed 
cracks of {110} orientation that intersect along the 
chain-defining <111> vector. The features of these 
unusual metallic inclusions suggest their present 
distribution is related to deformation of the host 
diamond. Overall, the inclusions portray a clear 
deviation from the more common mineral 
assemblages of lithospheric diamonds. Instead, many 
large, gem-quality Type II diamonds may originate 
from the sublithospheric mantle and constitute a 
genetically distinct diamond variety. 
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Multicollector ICP-MS instruments are very 
specialized devices for high precison isotope ratio 
measurements.  For useful measurement of low 
abundant isotopes and mass-limited samples, signal 
enhancement is often required.  In addition, sample 
preparation and/or sample aerosol desolvation may be 
necessary to reduce or eliminate mass spectral 
interferences such as oxides and hydrides. 
     This poster will examine the application of MC-
ICP-MS with a desolvating nebulizer accessory for 
U-series dating of Late Pleistocene terrestrial snails.  
Experimental details such as sample preparation 
steps, MC-ICP-MS operating conditions, and 
desolvating nebulizer gas flows (Ar sweep gas and N2 
addition gas) will be presented. 
     The MC-ICP-MS signal enhancement provided 
via a desolvating nebulizer system enables the use of 
less sample (1 to 10 mg) for dating measurements.  
For terrestrial gastropods to be used in paleoclimate 
or archaeological studies, absolute errors on ages 
must be accurate and well constrained.  Our first 
results show that, for aragonitic samples, there is 
enough U to produce meaningful ages with small 
absolute errors.  For example, NM-Gstro-1, having a 
U concentration of 2.6 ppm, yielded an age of 23,344 
+ 107 years beore present from only 6 mg of sample.  
The desolvating nebulizer system makes these 
measurements routinely possible. 
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A detailed understanding of the solubility of 

sulfur in silicate melts is fundamental to fully 
understand a variety of igneous processes including 
volcanic degassing, the formation of magmatic ore 
deposits and planetary differentiation. In terrestrial 
igneous systems sulfide melts can contain upwards of 
20 weight percent Ni + Cu. Despite this observation 
most previous experimental investigations have only 
considered the solubility of pure FeS in silicate melts 
[1, 2]. To better understand the effects of sulfide melt 
composition on the solubility of sulfur in silicate 
melts we have carried out a series of experiments 
between 1.5 and 6 GPa and temperatures ranging 
between 1400 and 1800ºC varying the silicate melt 
composition as well as the composition of the 
immiscible sulfide melt. 

We have found that the addition of both Ni and 
Cu to the sulfide melt results in a decrease in 
solubility of sulfur in silicate melts. At mole fractions 
of NiS + CuS0.5 of 0.3 in the sulfide melt the 
solubility of sulfur decreases by approximately 30% 
in the silicate. The net decrease in sulfur solubility 
with the addition of Ni and Cu is independent of 
silicate melt composition and pressure although 
becomes slightly greater at lower temperatures.  

Based on the 94 results of this study in addition to 
those from previous experimental investigations we 
have derived an equation for the solubility of sulfur in 
silicate melts in equilibrium with an immiscible 
sulfide melt. This takes into account the effects of 
temperature, pressure, silicate melt composition as 
well as the effect of sulfide melt composition. Our 
results are in good accord with those from previous 
studies [2, 3] and we find the solubility of sulfur in 
silicate melt increases with increasing temperature 
and decreasing pressure and reaches a minimum at 
~4.5 wt% FeO in the silicate melt. However, our 
results show that without considering the composition 
of the immiscible sulfide phase the sulfur content of 
silicate melts can be significantly overestimated. 

 
[1] O’Neill and Mavrogenes (2002) Journal of 
Petrology 43, 1049–1087. [2] Li and Ripley (2005) 
Mineralium Deposita 40, 218–230. [3] Liu et al. 
(2007) Geochimica et Cosmochimica Acta 71, 1783–
1799. 
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Studies of Pb isotopes in lunar rocks are 
problematic, primarily due to their characteristically 
low bulk Pb concentrations [1]. Now, through in situ 
Secondary Ion Mass Spectrometry (SIMS) analyses 
of the Pb isotopic compositions in individual 
minerals, we have been able to circumvent some of 
the problems that have previously hindered 
measurements of Pb isotope compositions of lunar 
samples. Using this method we have obtained precise 
crystallisation ages (2σ errors typically within ±10 
Ma) for several lunar basalts. Furthermore, by 
assuming that the least radiogenic compositions 
measured in several of these samples represent initial 
Pb isotope compositions, we have begun to construct 
a multiple stage Pb isotope evolution model to 
describe the development of major lunar silicate 
reservoirs [2]. This model places important 
constraints on the timing of lunar formation and 
differentiation, indicating that the Moon formed no 
later than ~4495 Ma, and experienced a major 
magmatic event at 4376±18 Ma. 

These data also provide a new way to investigate 
the generation of the individual suites of lunar 
basalts. Previous studies have attempted to 
investigate the mantle sources of lunar basalts, 
primarily using the Rb–Sr, Sm–Nd and Lu–Hf 
isotope systems [3]. The difficulty in obtaining 
accurate initial Pb compositions has made a similar 
approach in the Pb isotope system more challenging 
[4]. The results obtained so far indicate systematic 
differences in initial Pb compositions between the 
low-Ti Apollo 12 and Apollo 15 basalts, as well as 
the high-Ti Apollo 11 basalts. 

 
[1] Tatsumoto (1970), Proc. Apollo 11 Lunar Sci. 
Conf. 2, 1595-1612. [2] Snape et al. (2015), Proc. 
78th Ann. Met. Soc. Abstract #5236. [3] Snyder et al. 
(1997), GCA 61, 2731-2747. [4] Gaffney et al. 
(2007), GCA 71, 3656-3671. 
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In the study of archaeological and fossil bone 

assemblages, diagenesis is an important factor to 
consider as it will affect the elemental and isotope 
composition of bone and teeth. Indeed, the carbonates 
present in bone and tooth apatite are prone to 
exchange with the surrounding environment. 
Thankfully, oxygen in also present in the phosphate 
fraction of bioapatites which is much less prone to 
exchanges than carbonates. Furthermore, these are 
present in much larger quantities allowing the 
analyses of small samples, which is crucial when 
dealing with precious archaeological and fossil 
specimens.  

Comparing the oxygen isotope ratios of the 
carbonates and phosphates provides insights into the 
degradation processes bioapatites underwent through 
time and allows for a better understanding of the 
exchanges that occurred between bioapatites and the 
burial environment. This paper presents preliminary 
results of δ18Op and δ18Oc analyses of a wide range 
of bioapatites from different contexts, highlights 
methodological difficulties, and discusses the 
interpretation of these results in the frame of 
diagenesis and palaeoenvironmental reconstructions. 
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The importance of characterizing composition 

and microstructure of aerosol particles is now well-
established for inferring key properties of the aerosol 
such as hygroscopicity, the activity of cloud 
condensation, the reactivity, the optical properties, 
etc. Aerosol particles consist of complex mixture of 
inorganic salts with hydrophilic and/or hygrophobic 
organic components which may evolved during their 
transportation into the atmosphere when they are 
exposed to gaseous traces and/or solar irradation. The 
properties of atmopsheric aerosols can be resolved at 
varying level of details including single particle level. 
Indeed, the physical state of a particle and its 
composition and heterogeneity can be resolved with a 
degree of spatial resolution by single particle 
analytical methodology [1-3]. In this work we have 
investigated chemical and microstructure evolution of 
unique particles composed of inorganic salts (NaCl) 
and organic species (long-chain carboxyl acid) when 
they are subject to UV/Vis light simulating the 
atmopsheric particle aging. The chemical 
composition and the surface tension of the particles 
were estimated using Atomic Force Microscopy 
(AFM) [Fig.1], Raman microspectrometry (RMS) 
and FTIR spectroscopy, performed on the same 
individual particles. The measurements were carried 
out for various irradiation times. Photodegradation of 
organic compounds distributed over the particle 
surface were correlated with the surface tension 
changes (σ). Complementary experiments using 
acoustic levitation device coupled with vibrational 
spectrocopy were achieved. 

 
 
 
 
 
 
Figure 1: AFM image of mixed NaCl/organic 

droplet 
 

[1] Krieger et al. (2012) Chem. Soc. Rev. 41, 6631-
6662. [2] Mikhailov et al. (2009) ACP 9, 9491-9522. 
[3] Morris et al. (2015) Chem. Sci. 6, 3242-3247. 
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Archean komatiites result from melting under 

extreme conditions of the Earth’s mantle. Their 
chemical compositions evoke very high eruption 
temperatures, up to 1600°C, providing clues to still 
higher temperatures in their mantle source [1]. This 
message is clouded, however, by uncertainty about 
the water content in komatiite magmas. One school 
holds that komatiites were essentially dry and 
originated in mantle plumes [2] while the other 
argues that these magmas contained several percent 
of water, which drastically reduced their eruption 
temperature and links them to subduction processes 
[3].  

We report contents of water and other volatile 
components, major and trace elements in melt 
inclusions in olivine  (up to Fo 94.5 mol%) and direct 
estimates of the composition and crystallization 
temperature of the parental melts of 2.7 Ga old 
komatiites from the Abitibi belt, Canada [4]. We 
show that their parental melt contained 30 wt.% MgO 
0.6 wt.% H2O, and yielded a potential temperature of 
1725± 50oC. This melt began to crystallize at around 
1510oC at shallow depth and under reducing 
conditions (QFM-1), and it evolved via fractional 
crystallization of olivine, accompanied by minor 
crustal assimilation. As its major and trace element 
composition are inconsistent with a subduction 
setting, we propose that the unusually high ratio of 
H2O to elements of similar compatibility (H2O/Ce > 
6000) was caused by entrainment into the komatiite 
source of hydrous material from the mantle transition 
zone [5]. These results confirm a plume origin of 
komatiites and high Archean mantle temperatures, 
and evoke a hydrous reservoir in the deep mantle 
early in the Earth history. 
 
[1]Herzberg, C. JGR 97, 4521-4540 (1992). [2]. 
Arndt, N. et al. Geology 26, 739-742, (1998). [3] 
Grove, T. L. & Parman, S. W. EPSL 219, 173-187, 
(2004). [4]. Sobolev et al, Nature 531, DOI 
10.1038/nature17152 (2016). [5]. Bercovici, D. & 
Karato, S. Nature 425, 39-44 (2003). 
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Two carefully dated large igneous provinces 
(LIP) represented by flood basalts are known within 
Siberian craton: Viluy province, with 40Ar/39Ar age of 
373.4±0.7 Ma [1] and largest terrestrial province with 
U/Pb age of main pulse 252 Ma [2]. The main 
activities of kimberlite magmatism are closely related 
in time with both provinces: 362-344 Ma and 245-
226 Ma [3] and started just after LIP emplacement.  

We report here on unusual compositional features 
of olivine macrocrysts from extremely rare 
hypabyssal varieties of some diamondiferous 
kimberlites represented complete lithosphere cross 
section of Siberian craton at different ages. 
Udachnaya (Devonian), Malokuonapskaya and two 
pipes from Kharamay field (Triassic) were selected. 
Concentration of Ni, Mn, Co, Ca, Cr, Al, Ti, P, Na 
and Zn were measured by EPMA using an innovative 
method with precision of 5-10 ppm [4]. 
Homogeneous cores of zoned olivine with Fo 77.3-93 
of Malokuonapskaya pipe are different in 
compositional range from those of Udachnaya 
olivines (Fo 85-94) [5]. The compositional range of 
olivines from Triassic kimberlites is also extended to 
the higher contents of Fe, Al, Ca, Cr and Ti at the 
same Fo content.  

The obtained features of olivine cores 
compositions in kimberlites likely reflect 
refertilisation of deep lithospheric mantle as a result 
of interaction with thermochemical mantle plume 
loaded by recycled crust [6]. The largest lithosphere 
refertilisation effect is indicated just after 
emplacement of Perm-Triassic Siberian LIP (245 Ma) 
and lasted at least for few tens million years. 

References: 
 [1] Coutrillot et al., (2010) EPSL, 300, 239-245. [2] 
Burgess et al., (2015) Cambr. Univ. 47-62. [3] Davis 
et al., (1980) Dokl. Ac. Sci. USSR, 254, 175-179. [4] 
Batanova et al, (2015) Chem. Geol. 419, 149–157. [5] 
Sobolev et al., (2015) Dokl. Earth Sci., 463, 828-832. 
[6] Sobolev et al., (2011) Nature 477, 312-316. 
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Permian–Triassic bedded chert sequences in the 

Jurassic accretionary complex of Japan provide 
important paleoenvironmental information for the 
evolutionary history of marine pelagic fauna after the 
end–Permian mass extinction [1, 2]. The chert 
sequences consist of the rhythmic alterations of chert 
and shale beds whose thickness variations are thought 
to be essentially related to astronomical cycles [3]. A 
cyclostratigraphic approach revealed that a single 
chert-shale couplet represents a precession cycle of 
~20-kyr. In this study, compositional data analysis 
with bed-by-bed (~20-kyr) resolution was conducted 
using the 1,186 major and trace element 
measurements on the Triassic bedded chert sequence 
in the Mino Belt, central Japan. 

Remarkable behaviors of the redox sensitive 
elements (V, Cr, S) in the Middle Triassic black 
shales suggest that the oceanic anoxic events 
developed frequently in the Anisian, despite the fact 
that the Anisian was the time of the recovery stage 
from the Superanoxia [1]. Cyclic oscillations of the 
biogenic apatite abundances have maximum values 
after the Anisiasn OAEs, suggesting a marked 
increase in pelagic vertebrates (such as conodont) in 
the late Anisian. A spectral analysis of major element 
data reveals that the time–series fluctuations in the 
chemical weathering intensity were controlled by the 
Milankovitch cycles and probably affected the 
oceanic redox condition during the Middle Triassic. 
Amplitude modulations extracted from the chemical 
weathering intensity suggest that the climate 
experienced a transition from a grand eccentricity 
cycle to a relatively short cycle in the early Ladinian. 
We hypothesis that a mechanism for the transition 
may have resulted in changes in organic carbon burial 
rates during the OAEs and consumption of 
atmospheric CO2 by intensified chemical weathering. 
 
[1] Isozaki (1997) Science 276, 235–238. [2] Alroy 
(2010) Science 329, 1191–1194. [3] Ikeda & Tada 
(2014) EPSL 399, 30–43. 
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We report the occurrences of the phlogopite-
bearing peridotite from the 25°S oceanic core 
complex (OCC) located near the Rodriguez Triple 
Junction in the Indian Ocean [1]. The submersible 
SHINKAI 6500 collected peridotite, gabbro, basalt, 
granitic rock (plagiogranite) and their metasomatic 
equivalents around there. 

The studied peridotite is a phlogopite-bearing 
harzburgit mainly composed of olivine, 
orthopyroxene, Cr spinel  and phlogopite, and 
develops ductile deformation textures. Olivine and 
orthopyroxene vary in chemical composition. Fe rich 
olivine (Fo; 80-70) is distributed in a vein-like 
manner. Compositional zoning is observed in the 
orthopyroxene grain, decreasing Al and Ca content 
toward the rims. 

Phlogopite shows syn-tectonic growth, and array 
of planer grains defining the foliation of the 
peridotite. Well foliated chloritized phlogopite 
domain exists in the altered part of the sample. The 
fresh phlogopite has Mg# ranging from 89 to 93, low 
Al2O3 contents (<13 wt%), and high K/(K+Na) 
(>0.93). TiO2 and Cr2O3 contents are very low (<0.03 
and 0.14 wt%, respectively). 

REE abundances of orthopyroxene are high 
(YbCN=6-15) relative to those of orthopyroxene in 
residual peridotite (phlogoite free) from the 25°S 
OCC [1]. Treace-element compositions of calculated 
melt in equilibrium with the orthopyroxene are 
almost equivalent to those of granitic rock [2]. These 
indicate that the magmatic process forming granitic 
rock is involved in the alteration of residual peridoite, 
such as formation of the phlogopite-bearing 
peridotite. 

The studied peridotite records the geological 
history from mantle to oceanic floor accompanying 
with the OCC development. Crystallization of 
phlogopite would weaken the strength of peridotite at 
the place of gabbro emplaced. Phlogopite in 
peridotite is rarely reported from other OCCs. 
Relativity faster rate of spreading (49 mm/year [3]), 
comparing with other slow spreading regions, would 
make the tectonic setting form phlogopite in the 
peridotite. 

 
[1] Morishita et al. (2009) Jour. Petrol. 50, 1299-
1325. [2] Nakamura et al. (2007) Geochem. Jour. 41, 
135-140. [3] DeMets et al. (1990) Geophys. Jour. Int. 
101, 425-478. 
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Numerous research works reveal that quality of 
drinking water is defined by its chemical 
composition. One of the important public health 
value in water is hardness. We can observe a process 
of limescaling at its high rate. As Ca2+ and CO3

2- are 
dominant components in freshwater, limescale is 
predominantly made of carbonates. In our opinion 
these media could be useful in environmental studies. 

We collected and processed a database (> 700 
samples) on chemical composition of drinking water 
limescale in several regions of Siberia, Urals and 
Kazakhstan that characterized by different natural 
and anthropogenic conditions. Analytical methods 
used include NAA, ICP-MS, XRD, SEM, fission 
radiography. 

Rationing of chemical elements average 
concentration in the limescale to that obtained from 
water of Lake Baikal taken as background value 
shows that each territory has its geochemical 
specialization. 

Thus, chemical elements common for all regions 
are Zn, Fe, Ag, which concentration coefficients (CC) 
range within wide limits. Moreover, Zn takes the 
leading role in all geochemical series. 

The revealed geochemical specifics of the 
limescale correlate sufficiently with the geological 
structure and metallogeny of territories. The good 
example is the mountain-folded regions, such as 
Gorny Altai (CC>1 for Cr, As, Sb), Baikal region 
(6<CC<16 for U). These data correlate rather well 
with the geological data. Rifting processes in Baikal 
region manifest themselves also in element 
composition of the limescale. In such areas, CC had 
the highest values, moreover list of elements with 
CC>1 is 18 of 28 studied especially rare earth and 
radioactive elements. 

Anthropogenic load also finds its reflection in 
chemical composition of the limescale, especially in 
the vicinity of industrial plants (e.g. nuclear reactors, 
) or tailings (e.g. Dzhida W-Mo district, Novo-Ursk 
Ag-Au deposit, Komsomolsk Au deposit). 

 
The research was supported by grant from 

Russian Science Foundation (project № 15-17-
10011) 
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Pyromorphite Pb5(PO4)3Cl and vanadinite 

Pb5(VO4)3Cl are comparatively rare secondary 
minerals, which belong to the apatite supergroup. 
Lead apatite, especially pyromorphite, have gained 
considerable attention as metal sequestration agents 
in water treatment and contaminated soil remediation 
[1, 2]. This is caused by the fact that they are one of 
the most stable lead compounds in the earth-surface 
environments. However, the crystal structure and 
chemistry of these minerals allow for numerous 
substitutions [3]. Natural pyromorphite often exhibit 
a certain degree of anionic substitutions, mainly 
arsenates and vanadates. Therefore, the knowledge 
about the impact of anionic substitutions on the 
thermodynamic stability of these minerals is very 
important. 

Pyromorphite-vanadinite solid solutions were 
synthesized from aqueous solutions to obtain 
homogeneous phases. The precipitates were 
characterized by X-Ray diffraction (XRD), scanning 
electron microscopy (SEM/EDS), infrared absorption 
spectroscopy (FTIR) and Raman spectroscopy 
methods. Thermodynamic properties of studied 
samples were calculated based on results of the 
dissolution experiments. Synthetic phases were 
dissolved in 0.05 M NH4NO3 solution at three 
different temperatures (25, 45 and 65°C) with initial 
pH values between 2.0 and 6.0. The content of Pb(II) 
and V(V) were measured using atomic absorption 
spectroscopy (AAS). P(V) and Cl concentrations 
were determined colorimetrically by UV-Vis 
spectrophotometry. The results show that 
thermodynamic stability of studied solid solutions are 
correlated with regularities of changes in their 
structure and chemical composition. 

The project was financed with resources of the 
National Science Centre, Poland, granted based on 
decision no. DEC-2013/09/N/ST10/00677. 

 
[1] Ma et. al (1993) Environ. Sci. Technol. 27, 1803-
1810. [2] Ruby et. al (1994) Environ. Sci. Technol. 
28, 646-654. [3] Pan & Fleet (2002) Rev. Mineral. 
Geochem. (Kohn, Rakovan & Hughes, eds.) 48, 13-
49. 
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The physical properties of silicate melts within the 
Earth’s mantle affect the chemical and thermal 
evolution of the Earth’s interior. To understand 
melting processes within the Earth, it is imperative to 
determine the structure of silicate melts at high 
pressure. It has been proposed that iron-bearing 
silicate melts may exist in the lower mantle just 
above the core-mantle boundary [1]. The behavior of 
iron in mantle melts is poorly understood, but in 
some cases may be approximated by iron-bearing 
silicate glasses. Previous studies have conflicting 
conclusions on whether iron in lower mantle silicate 
melts goes through a high-spin to low-spin transition 
[2-4]. Additionally, the average coordination 
environment of iron in glasses is poorly constrained. 
XANES experiments on MORB glasses have 
demonstrated that both four and six-fold coordinated 
iron may exist in significant amounts regardless of 
oxidation state [5] while conventional Mössbauer 
experiments have observed five-fold coordinated Fe2+ 
with small amounts of four and six-fold coordinated 
Fe2+ [6]. In an attempt to understand these 
discrepancies, we have measured the hyperfine 
parameters of iron-bearing rhyolitic glass up to ~115 
GPa in a neon pressure medium using time-resolved 
synchrotron Mössbauer spectroscopy at the Advanced 
Photon Source (Argonne National Laboratory, IL). 
Our spectra are well explained by three high-spin 
Fe2+-like sites with distinct quadrupole splittings. Our 
results indicate that iron experiences changes in the 
coordination environment with increasing pressure 
without undergoing a high-spin to low-spin transition. 
Changes in the electronic configuration, such as the 
spin state of iron affects the compressibility and 
thermal properties of melts. With the assumption that 
silicate glasses can be used to model structural 
behavior in silicate melts, our study predicts that iron 
in chemically–complex silicate-rich melts in the 
lower mantle likely exists in a high-spin state.  
 
[1] Williams and Garnero (1996) Science 273, 1528–
1530. [2] Nomura et al. (2011) Nature 473, 199–202. 
[3] Gu et al. (2012) Geophys. Res. Lett. 39. [4] Mao 
et al. (2014) Am. Mineral. 99, 415-423.  [5] Wilke et 
al. (2005) Chem. Geology 220, 143-161. [6] Cottrell 
and Kelley (2011) Earth Planet. Sci. Lett. 305, 270-
282. 
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Middle Ordovician metamorphosed (greenschist 
facies) volcanogenic massive sulfide deposits of the 
Bathust Mining Camp are investigated for mineral 
compositional variation. Phyllosilicates (white mica 
and chlorite) and pyrite, are ubiquitious phases in the 
host rocks. The proportion of chlorite and pyrite 
increases toward the ore horizon, whereas white mica 
is more widespread outboard of the hydrothermal 
zones. LA-ICP-MS analyses of white mica (n=733), 
chlorite (n=403), and pyrite (n=1540) were conducted 
to document their volatile element contents (As, Tl, 
Sb, Hg, In, Cd, Sn, Se, and Bi).  Hg and Sn are 
enriched in white mica, followed by chlorite and 
pyrite, whereas Sb is higher in pyrite, and Tl is 
elevated in white mica relative to pyrite and chlorite. 
In the proximal footwall and hanging wall zones (< 
50 m of the ore horizon), the Tl, Hg, Sn, Sb, and In 
contents of all three mineral phases increase with 
proximity to the ore horizon. In the distal zones, i.e., 
greater than 50 m stratigraphically below or above 
the massive sulphide lens, depending on the main 
lithology, white mica plays a significant role in 
concentrating Sn, Tl, Hg, and Sb. Redistribution of 
these elements via metamorphism can  result in a 
geochemical halo that can be potentially used as a 
vectoring tool in VMS exploration.  
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The Nanoscopium[1] 155 m long beamline of 
Synchrotron Soleil is dedicated to scanning hard X-
ray nanoprobe techniques in the 5-20 keV energy 
range. For the first user experiments Nanoscopium 
offers hierarchical length-scale X-ray Fluorescence 
imaging providing information about the main 
sample composition and trace element content for 
elements having Z>13. Fast sample scanning[2] 
provides the possibility of large overview scans of up 
to mm2 sample areas with micrometer spatial 
resolution in some minutes. Then high, ~200 nm, 
spatial resolution maps can be obtained of sample 
regions chosen from the overview maps.  

 
As next step, multi-technique scanning imaging 

and tomography including X-ray fluorescence 
spectrometry and spectro-microscopy (X-ray 
absorption spectrometry), absorption, differential 
phase and dark field contrasts is being implemented 
at the beamline in order to provide simultaneous 
information about the elemental distribution, 
speciation and sample morphology. A dedicated 
freeware[3] developed for the treatment of such 
scanning multi-technique data-sets provides easy to 
use data exploitation for the user community.  

 
This poster presents the Nanoscopium beamline 

through proof of principle multi-technique fast 
scanning X-ray imaging and tomography 
experiments.  

 
 
[1] Somogyi A., Medjoubi K., Baranton G., Le Roux 
V., Ribbens M., Polack F., Philippot P. & Samama 
J.P. (2015), Journal of Synchrotron Radiation 22, 
1118–29 [2] Medjoubi K., Leclercq N., Langlois F., 
Buteau A., Lé S., Poirier S., Mercère P., Sforna M.C., 
Kewish C.M., Somogyi A. (2013) Journal of 
Synchrotron Radiation 20, 293–299 [3] Bergamaschi 
A., Medjoubi K., Messaoudib C., Marco S., Somogyi 
A. (2016), Journal of Synchrotron Radiation, in 
press. 



Goldschmidt Conference Abstracts 
 
2910 

Investigation on natural 
bitumen occurrence in Birch 

Mountains kimberlite pipes in 
northern Alberta  

R. SONEI1*, E. GHENT1, M. BROWN1, T.B.P. 
OLDENBURG1, S.R. LARTER1 

1 Department of Geoscience, University of Calgary, 
Calgary, AB, Canada (*correspondence: 
rsonei@ucalgary.ca) 

 
During diamond exploration from 1990 to 2010, 

kimberlitic rocks were discovered in three separate 
areas of northern Alberta; Mountain Lake cluster, 
Buffalo Head Hills and Birch Mountains fields, of 
Late Cretaceous and Paleocene [1]. These pipes 
comprise mainly lapilli-bearing olivine crystal tuff 
and volcaniclastic rocks, interpreted as pyroclastic 
crater facies. The Birch Mountains kimberlite cluster 
lies on the NW margin of the Athabasca oil sands. 
Radiometric age dates have been determined for the 
kimberlites, thus their spatial and temporal 
relationship to the bitumen provides key information 
on petroleum charge time and residence time of the 
Athabasca oil sands. These dates  constrain basin 
modelling and charge history studies in the Alberta 
Basin. Bitumen is described for only three of the 
exploration drill holes in the Birch Mountains fields, 
the Phoenix, Valkyrie, and Legend kimberlites [2]. In 
all three cases, the drill hole descriptions suggest that 
the bitumen in the kimberlites is live and has not 
suffered thermal alteration. Radiometric ages for 
Phoenix, Valkyrie, and Legend kimberlites are 70.3 ± 
1.6 Ma (U-Pb perovskite), 75.8 ± 2.7 Ma (U-Pb 
perovskite), and 77.6 ± 0.8 Ma (Rb-Sr phlogopite), 
respectively [2].  

To investigate thermal alteration of the bitumen 
in the kimberlites, 30 bulk rock samples were 
collected from these kimberlites in the Birch 
Mountains fields. Bitumen was extracted and 
analyzed by gas chromatography - mass spectrometry 
(GC-MS) technique. Extractable Organic Matter 
(EOM) yield is very low for this suite of samples, 
with only a few detectable compounds by GC-MS. 
However, Legend samples show subtle traces of oil-
like compounds. Average δ13C values of whole oil in 
the studied suite vary in a narrow range from -30.3 to 
-28.3 ‰. The carbon isotope ratios are within the 
range of reported δ13C values for Exshaw-sourced 
marine oil samples in the Athabasca oil sands.  

We discuss further analyses conducted using 
ultrahigh resolution mass spectrometry to 
characterize the EOM from the kimberlite samples 
and examine any potential relationship of the bitumen 
with the Athabasca oil sands. 
[1] Eccles, D. R., (2011). ERCB & AGS Bull., v. 65, 
119 p. 
[2] Tozer et al., (2014). AAPG Bull., v. 98, no. 3, 
429–447. 
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It has been known that various biogeochemical 

processes control dissolved magnesium isotope 
compositions in rivers. In the glacial streams, it is 
important to investigate how and to what extent Mg 
isotope fractionation may occur during chemical 
weathering. We collected water samples at three 
different glacial streams in July 2015 along 
downstream transects between glacial margin and the 
fjord. On an average molar basis, major ion 
abundances in all streams are characterized by the 
highest Ca (61%) and HCO3 (77%) abundances, 
regardless of bedrock type. Mg isotope compositions 
(δ26Mg) in streams range from -0.85‰ to -1.75‰, of 
which three streams in northeastern area display 
lower δ26Mg values than one in southwestern area. 
Although the former drains silicates, dissolved δ26Mg 
values display an average value of -1.30‰, indicating 
the dissolution of easily weatherable minerals such as 
carbonates. However, the latter draining silicates 
displays relative higher δ26Mg values ranging from –
0.85‰ to – 0.27‰, indicating that congruent 
weathering and/or clay formation controls δ26Mg 
values.  
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The Cretaceous volcanic and granitic rocks occur 
along the NEE trend in the southern coastal region of 
the South Korea. The study area, the Yeosu, is 
located in the south-western part of the Yeongnam 
massif, and mainly consists of the Cretaceous 
sediments, andesitic to rhyolitic tuffs and tuffaceous 
sediments intruded by the Cretaceous granitic rocks. 
This study is focusing on mainly geochemical 
characteristics of the Cretaceous volcanic and granitic 
rocks in the Yeosu area. 

Most of the Cretaceous volcanic rocks belong to 
sub-alkaline series, and show compositional 
variations ranging basaltic andesite-andesite-dacite-
rhyolite. The other volcanic rocks belong to alkaline 
series trachy-andesite to trachyte ranges. Most of sub-
alkaline series volcanic rocks samples belong to 
High- to Medium-K calc-alkaline series whereas the 
others belong to shoshonite-series or Low-K tholeiite 
series in SiO2 vs. K2O plot. The whole-rock K-Ar 
ages dating for volcanic tuffs are 84.7±1.7 Ma, 
84.4±1.7 Ma, 79.5±1.6 Ma, 66.7±1.3 Ma and 
60.4±1.2 Ma. Rhyolite and andesite show wide age 
variation ranging 82.0-57.2 Ma and 81.1-63.2 Ma. 

The Cretaceous granites show wide 
compositional variation ranging from diorite through 
granodiorite to granite in TAS diagram. Granodiorite 
porphyry belongs to granodiorite range whereas 
Dolsan granite belongs to diorite-granodiorite-granite 
ranges. As SiO2 content increases, Al2O3, Fe2O3, 
MgO, and CaO contents of the granites decrease 
whereas K2O content increases in Hacker diagrams. 
The 206Pb/238U age for zircon rims of granodiorite 
porphyry is 85.3±1.2 Ma and weighted mean of 
SHRIMP zircon 206Pb/238U age of the Dolsan granie is 
67.38±0.80 Ma whereas weighted mean of LA-MC-
ICP-MS zircon 206Pb/238U age of YS-58 is 78.76±0.36 
Ma. 

Based on geochemical analysis, the Cretaceous 
volcanic and granitic rocks in the Yeosu area was 
formed under the subduction-related primitive arc 
magmatic environment in an active continental 
margin. 
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Long-term temporal change of Pb isotopes in 

coral from the South China Sea was investigated 
during the period 1910-2006 for the first time. In 
addition to the Pb concentration, the Pb geochemical 
behavior in coral and coral-recorded Pb pollution 
history are analysed. Coral 206Pb/207Pb and 208Pb/206Pb 
ratios changed from 1.1523 to1.1554, and 2.1196 to 
2.1240. During the two periods with high Pb 
concentration, ~1920-1940 (before 1960s) and 
~1970-2006 (after 1960s), it was found that Pb 
isotopes ratios changed significantly in coral samples 
after the introduction of leaded gasoline. The values 
of 206Pb/207Pb and 208Pb/206Pb in coral sample fall into 
the range of a mixture of vehicle exhaust, coal and fly 
ash, which dominant Pb pollution source of aerosols. 
It is indicated that coral Pb was transported by 
aerosol from human activities on the Chinese 
mainland. 

According to estimation and calculation of Pb 
emission from coastal regions around the South 
China Sea (including Fujian, Guangdong, Guangxi, 
Hainan, HongKong and Taiwan) in 1978-2006, the 
coal combustion and vehicle gasoline are the main 
sources of Pb in aerosol. Total Pb emission 
estimation in 1978-2006 confirmed that Pb in Sanya 
coral mainly came from vehicle exhaust after 1960s. 
However about 75% of aerosol Pb was from vehicle 
gasoline consumption contributed over 80% of coral 
Pb. But in Hong Kong and Taiwan, coal combustion 
made a more significant contribution to Pb 
concentration in corals. Results of Pb emission 
estimation and Pb isotopes in coral implied that Pb 
pollution surces of South China Sea change from coal 
combustion to leaded gasolin consumption in 1960s. 
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The viscosity (η) is an important and fundamental 

property to characterize to classify the phase 
behaviour of organic aerosols. The viscosity of an 
atmospheric aerosol can influence many particle 
properties such as mass transfer, morphologies, 
particle reactivity, composition, and aerosol removal 
processes. 

The aim of this research is to measure the 
viscosity of proxy organic atmospheric aerosol. 
Arrange of organic compounds are considered in this 
study as surrogates for atmospheric secondary 
organic aerosol components such as disaccharides, 
diol, triol, and tetraol groups. The viscosity can be 
inferred from measurements of the binary 
coalescence process between two trapped aerosol 
particles using holographic optical tweezers (HOT) 
which coupled with Raman spectroscopy. The 
timescale of coalescence is measured by combining 
three techniques: light scattering, brightfield imaging, 
and cavity enhanced Raman spectroscopy. The three 
methods cover with a viscosity range of 12 orders of 
magnitude (10-3 to 109 Pa s) [1]. During 
measurement, particle size and refractive index of a 
trapped droplet is determined from the unique 
fingerprint of whispering gallery modes (WGMs) 
appearing in the cavity-enhanced Raman spectrum 
[2]. 

In this study, we investigate the dependence on 
RH of viscosity model systems reporting the 
dependence on compound structure, molecular 
weight, and the number of OH. 

  

 

Figure 1. The binary coalescence process. The final 

radius is 6.2um and their viscosity is 105.79 Pa.s. 

 

[1]Power, R. M., & Reid, J. P., (2014) Rep. Prog. 
Phys. 77, 1-27 [2] Preston, T. C. & Reid, J. P. (2013), 
J. Opt. Soc. Am. B 30, 2113-2122. 
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At present, the debate regarding the 

Quaternary glacier of eastern China has risen 
once again. Actually，the origins of so-called 
“glacial pothole”in different locations, different 
landforms and different rocks are different. In 
recent years, some scholars have put forward 
that there is a lot of Quaternary glaciers relics in 
Laoshan, Qingdao, Shandong Province, one of 
which is the “glacial pothole”, but the fact that 
Laoshan is composed of “miarolitic granite” has 
been neglected. In this region, miarolitic caves 
with diameters of several cm are very highly 
developed with influences on the formation of 
mortar, which is clearly an inevitable factor. 
Through multiyear investigations, it has been 
found that there is a large number of Laoshan 
granitic miarolitic caves with diameters of 1-2 
m and maximum diameter of 3.1 m (bubble-like 
caves). These caves are nested in the cliff 
bedrock, and are characterized by spheroid 
shape, round and smooth cave walls, and are 
fresh without weathering. Clearly, such large 
granitic native caves are not specified in classic 
geology, in which their geneses are the same to 
granitic miarolitic caves. However, many 
miarolitic caves have no crystals, and these are 
known as “bubble-like caves”. 

  In Type-A Laoshan granites, some large 
bubble-like caves are found, i.e. miarolitic 
caves, with a maximum diameter of 3.1 m, 
significantly larger than that of previously 
reported granite miarolitic caves, providing new 
geological knowledge. This is of important 
significance to the research regarding the native 
environment for the formation of Laoshan 
granites. Meanwhile, the real genesis of the 
“natural mortar” micro-topography in the 
Laoshan granites may be revealed. This 
discovery also affirms a new genetic type in 
speleology, the “granitic bubble-like cave”. 
Granitic bubble-like caves are rare geological 
relics with high ornamental, popular science and 
tourism value. 

Acknowledgement: The current study is 
supported by the National Natural Science 
Foundation of China (NSFC) (41472155). 
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A decade of research on the natural variations in 
mercury (Hg) stable isotope abundances has shown 
large variations across biogeochemical reservoirs. 
These variations result from the gradual separation of 
heavy/light or even/odd Hg isotopes during the 
numerous physicochemical processes that shuttle Hg 
across the Earth’s surface. As a result, a Hg isotopic 
measurement gives rise to multiple isotope 
fingerprints that may characterize its source, or code 
for the transformations that Hg has undergone in the 
past. 

In this presentation we will review Hg isotope 
observations of atmospheric Hg. We will show how 
Hg isotopes may help answer outstanding questions 
on atmospheric Hg cycling, and we will discuss 
opportunities for Hg isotope tracing of Hg emission 
sources. 
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Enhanced Geothermal Systems (EGS) in high-
temperature rock near magma bodies are under 
development or planned at several sites worldwide. 
Although there are many scientific reasons to explore 
this technically-challenging regime, the potential 
economic benefits of high enthalpy systems are an 
important driver. Permeability stimulation and 
assessment of long-term sustainability has typically 
been guided by reservoir (thermal-hydrological-TH) 
and rock mechanical modeling. However, at higher 
temperatures the effects of water-rock-gas-
(supercritical fluid) interaction and inelastic 
mechanical deformation control many aspects of 
permeability creation and its temporal/spatial 
evolution. Successful prediction of TH processes in 
EGS benefits from a well-constrained “native-state” 
model that can capture the fluid 
geochemistry/isotopic characteristics, alteration 
mineralogy, and pressure-temperature-stress 
conditions. At Newberry Volcano (Oregon, USA), a 
borehole was drilled into volcanic and intrusive rock 
to a depth of ~3000m with a bottom-hole temperature 
of 330°C. The planned stimulation volume overlaps 
with a supercritical region adjacent to a magma body 
at 4-5 km depth.  Thermal conductivities and 
permeabilities were first calibrated in a native-state 3-
D model of Newberry Volcano using measured 
borehole temperature and pressures. These P-T 
conditions were then used to simulate the 
hydrothermal mineral distibutions and fluid 
compositions over ~100ky. To capture the deep 
calcite and  sulfide mineralization, high Cl fluid 
inclusions, and elevated 3He/4He, along with quartz-
chlorite-epidote alteration required slow convection 
of groundwater through low permeability altered 
subvolcanic tuffs and silicic intrusives mixing with 
magmatic fluids high in CO2, HCl, H2S, and He. 
Thermal-hydrological-mechanical-chemical (THMC) 
models provided the initial stress distribution for the 
reservoir stimulation model that was then used to 
simulate  injectivity increases owing to shear failure, 
and geochemical/isotopic compositions in flowback 
water/gas. These studies proved the value of 
combining advanced approaches in reactive transport 
and reservoir modeling for planning EGS 
development as well as probing the TH and 
geochemical evolution of magmatic-hydrothermal 
systems. 
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Around 12700 BP  marks the onset of abrubt 
climate change, the Younger Dryas (YD). Near the 
onset of YD there is a sharp rapid increase 
atmospheric radiocarbon (14C). Atmospheric 14C is 
affected by the changes in solar activity, the carbon 
cycle and Earth`s magnetic field. There is little 
evidence to support a change in the Earth`s magnetic 
field nor changes in the carbon cycle via deep ocean 
circulation caused the increase in atmospheric 14C. 
Therefore, it has been theorized that the increase in 
atmospheric 14C is due to an increase in cosmic rays 
reaching earth because a weaker magnetic field from 
the sun. A weaker sun would aid in explaining why 
there was a rapid shift to colder tempertures at the 
start of YD. At the Laboratory of Ion beam Physics 
we are measuring tree-rings in high temporal  
resolution between 13000-12500 BP to better 
understand varitions in atmoshpheric 14C during the 
YD.  



Goldschmidt Conference Abstracts 
 

2919 

Chemical weathering indicators 
at Archean–Proterozoic 

transition in the Pechenga, 
Imandra-Varzuga Greenstone 

Belts and Onega Basin 
S.SOOMER1*, A. LEPLAND2,3, P. SOMELAR1, K. 

KIRSIMÄE1 
1Department of Geology, University of Tartu, Estonia 

(*correspondence: sigrid.soomer@ut.ee)  
2Centre for Arctic Gas Hydrate, Environment, and 

Climate, University of Tromsø, Norway  
3Geological Survey of Norway, Trondheim, Norway,  
 

Oxygenation of the atmosphere ca 2.3 Ga ago 
principally changed the redox state of the Earths 
near-surface environments. Oxidation possibly 
intensified the weathering of rocks exposed on 
continents and caused the increased mobility of 
different species dissolved under oxidative attack. 
Particularly, the oxidative weathering of sulphide 
minerals resulting in sulphuric acid as the by-product 
of oxidation has been viewed as a driver of strong 
acidic weathering, and causing delivery of sulphate 
into the oceans. The oxidation of atmosphere caused 
change in continental weathering style which resulted 
in build-up of sulphate reservoir and dawn of 
phosphogenesis being also accompanied by large 
perturbations in global carbon cycle, namely the 
Lomagundi positive carbon excursion. 

 In this contribution we study the weathering 
indicators in the FAR DEEP project rock record 
obtained from Petchenga and Imandra-Varzuga 
Greenstone Belt, and Onega Basin sequences that 
expose the transition from a largely anoxic to an 
oxidised atmosphere, and also reveal other major 
changes as the Lomagundi isotopically heavy δ13C 
event and appearance of the first phosphorites. The 
paleoweathering surfaces and shale units penetrated 
by FAR DEEP drillholes provide an opportunity to 
document the influence of an oxic atmosphere on 
weathering processes.  

The values of Chemical Index of Alteration 
minus potassium (CIA-K) of weathered mafic 
volcanics and shale units corrected for evident K-
metasomatic alteration and authigenic carbonate 
minerals show values reaching >90 both in the 
uppermost parts of the weathered units and in shales  
indicating strong and deep weathering. Moreover, the 
intensified weathering during the onset of the 
Proterozoic and particularly the Lomagundi excursion 
is evidenced by abundant sandstone-siltstone units 
deposited in this time interval that are typically 
supermature quartz arenites indicating complete 
destruction of other rock forming minerals that would 
be a achieved only by strong chemical weathering.  
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Reaction Experiments at Hot Spring 

Regarding geochemical processes associated with 
geological CO2 storage (GCS), both precipitation and 
dissolution of carbonate minerals are important from 
each perspective of storage potentials and leakage 
risks. However, there have remained many 
uncertainties on their kinetics under conditions of 
GCS. In this study, to obtain reliable dataset on 
carbonate kinetics, we performed reaction 
experiments of carbonate minerals over a period up to 
24 hours at bicarbonated springs, which can be 
regarded as a natural analogue of GCS. Present 
experiments focused specifically on the effects of 
injecting CO2 and MgCl2 into the water. Cleaved 
samples of various carbonate species were dipped 
into the spring water, and then taken out one by one 
at predetermined time. Reaction rate was estimated 
from measurements of the height level difference 
between original and reacted surfaces by using a 
phase-shift interferometer and a laser microscope. 

 
Results and Discussion 

An input of CO2 gas and/or Mg ions into spring 
waters highlighted the effects of these chemical 
species on reaction rates and precipitating phase of 
carbonate minerals. The result showed that both 
growth and dissolution rates of carbonate minerals 
depend on water compositions and carbonate species. 
Specifically, the measured growth rate of calcite was 
much lower than that calculated from the empirical 
equation, which was compiled based on laboratory 
experiments. This is possibly because the equation 
includes no inhibitor effect of dissolved ions (mainly 
magnesium ions) and uses unrealistic function form 
with respect to the saturation-state dependency. We 
also found that dolomite is unlikely to form under the 
GCS condition in spite of its highest degree of 
supersaturation. 

 

   
Figure 1: Crystal surfaces after reaction in the spring 
water: a) calcite, and b) aragonite. 
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Supergene enriched  iron ore deposits are 
typically protected by a goethite-cemented 
ferruginous duricrust layer referred to as canga [1]. In 
these deposits, canga forms extensive deposits 
blanketing ancient erosion surfaces, is tough, 
moderately hard, well consolidated, permeable and 
very resistant to erosion and chemical weathering, 
protecting the relatively soft enriched iron ore below. 
This protective canga horizon is therefore, essential 
to supergene iron ore enrichment and formation of 
high-grade iron ore. Remarkably, the duricrusts in 
Brazilian tropical rainforest environments yield 
geochronological results that not only indicate that 
duricrust formation started in the remote past (> 50-
60 Ma), but that they remain active today [2]. Active, 
biogeochemical iron cycling is essential for the ‘self’ 
healing cementation/re-cementation occurring in 
canga, suggesting that iron reduction and subsequent 
iron oxidation are responsible for canga formation. 
Recently, the formation of canga possessing 
macroscopic ‘organic’ textures, has been linked to the 
biogeochemical cycling of iron, which was revealed 
by the preservation of fossilised cell envelopes and 
permineralisation of biofilms using secondary, and 
backscattered electron, field emission scanning 
electron microscopy. In addition, growth of grasses 
over several years, forming authigenic iron oxides 
that consolidate over time suggest that the 
rhizosphere also contributes to canga formation. At 
the canga surface, these often unique, endemic plants 
carve out an existance without ‘soil’. The 
fossilisation of microorganisms and the rhisosphere 
consolidate canga, affecting permeability, i.e., canga 
hydrology, limiting water transport and affecting 
biogeochemical cycling. The formation of canga has 
been essential for our anthropogenic exploitation of 
these iron ore deposits, and will ultimately be 
required for remediation of these unique ecosystems.  
 
[1] Dorr (1964) Economic Geology 59, 1203-1240. 
[2] Monteiro, Vasconcelos, Farley, Spier, Mello 
(2014) Geochimica et Cosmochimica Acta 131, 267-
289. 
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This study highlights the preliminary results of a 

compound-specific stable isotope analysis of fatty 
acids (CSIA-FA) in scleractinian coral skeleton for 
establishing a new proxy of coral paleo-heterotrophy. 
Corals have both heterotrophic (feeding) and 
autotrophic (photosynthesis) modes of assimilation 
for acquiring nutrients [1]. Although most of the 
metabolic energy is obtained from autotrophy, 
heterotrophy could account for as much as 66% of the 
carbon incorporated into the skeleton depending on 
coral species and environmental conditions. By the 
CSIA-FA in zooxanthellae and coral tissue, previous 
studies found that different feeding behaviors were 
specific to each coral colony [2]. Therefore, these 
isotopic features of coral skeleton could be a new 
proxy of paleo-heterotrophy rate for corals. 

    To establish an effective analytical protocol, 
we examined several pretreatments of Porites coral 
skeleton (JCp-1). Dichloromethane (DCM), and not 
NaOH, was the most suitable solvent for 
pretreatments in coral skeletons. Approximately 100 
mg of coral powder was adequate for CSIA-FA. 
Results will be discussed in the context of 
establishing the new proxy by CSIA-FA in the 
Porites coral skeleton. 
 
[1] Teece, Estes, Gelsleichter & Lirman D (2011), 
Limnol Oceanogr 56, 1285-1296. 
[2] Houlbreque, Ferrier-Pages (2009), Biological 
reviews of the Cambridge Philosophical Society 84 
(1), 1-17 
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An important effect of CO2 and some preexisting 
organic compounds in deep saline aquifers, e.g., 
acetate, is chemical buffering, i.e. making system pH 
less sensitive to the release of cations from the 
dissolving rocks [1]. This buffering effect changes 
the apparent reaction order of water-rock interactions 
and affects the microstructural evolution [2]. 
Evaluating the residence time distribution and 
earliness of mixing of a reactive fluid [3] in porous 
media based on high resolution tomography allows us 
to predict the dissolution-driven structural changes of 
rocks from nanoscale. Here we show that the 
chemical buffering effects of aqueous species may 
lead to a more homogeneous pattern of rock 
dissolution because the first and the second 
derivatives of the apparent rate law regarding the 
reactant concentration in a buffered system favors 
both macro- and micro-mixing. In contrast, an 
unbuffered system with an identical initial geometry 
tends to form channelized structures in which solid 
removal is occuring primarily at the fluid-rock 
interface of the channels. Our results concorded with 
in situ synchrotron X-ray microtomographic 
measurements and laid a foundation for a 
computationally affordable simulation approach for 
emergent processes in geologic carbon storage 
systems.  

UNBUFFEREDREACTED
(Porosity =  41.5%)

INITIAL STRUCTURE
(Porosity =  21.5%) 6 µµm

BUFFEREDREACTED
(Porosity =  41.4%)

Regional Porosity

Fluid Throughput

Solid Removal

Flow 
Direction

 
Figure 1: Comparisons of simulated microstructure 
development (gray), flow field (blue) and chemical 
reaction (red) between a buffered and an unbuffered 
system with an identical initial geometry. Colorbars 
are normalised and shared among the same type of 
images. A buffered system showed homogeneous 
removal of materials while the unbuffered system 
showed channelised morphology with surface 
controlled dissolution. 

[1] Yang et al. (2011) Energy Environ. Sci 4, 4596-
4606. [2] Noiriel (2015) Rev. Mineral. Geochem 80, 
247-285.  [3] Levenspiel (1999) Chemical reaction 
engineering, Wiley & Sons, Inc. 
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Sulfamethoxazole (SMX) is a sulfonamide 

antibiotics widely spread in natural soils and waters. 
Its sorption and reactive transfer properties were 
investigated on a surveyed silty-loam agricultural soil 
(INRA Versailles, Feucherolles). SMX revealed to be 
a weak sorbent (only 10% sorbed at a solid/solution 
mass ratio of 0.1 at the soil pH of 6.1), its sorption 
strength increased at pH < 6. Covering parts of the 
surface sites with copper(II) or zinc(II) ions increased 
the sorption strength of SMX. The equilibrium 
analysis of the batch data evidenced the existence of 
Soil-Cu(II)-SMX type ternary surface complexes and 
the major role of soil organic matter. We determined 
that SMX sorbs on humic acids with a comparatively 
slightly decreased sorption strength. Thus the high 
reactivity of degraded organic matter relates 
primarily to its comparatively higher site density (4.3 
for humic acid versus 0.1 mmol/g for the whole soil 
in our experiments). Also, other binding modes than 
ternary complexes necessarily account for the 
sorption of SMX, in agreement with studies 
performed on model compounds [1].  

The PHREEQC-based equilibrium model derived 
from the batches reproduced conveniently the column 
transfer experiments (SMX spikes in saturated 
conditions, Figure 1) including the effect of Cu(II) 
and Zn(II) added to the soil.       

Figure 1. Concentration (V0) and pore volume 
(V0) normalised column elution curve data (points) 
and models (lines) of KBr tracer (black) and SMX 
spikes of soils contaminated (light grey) or not (dark 
grey) with Cu(II).  
 
[1] Wu et al. (2012) Sci. Total Environ. 427–428, 
247–252. 
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The dissolution rate of spent nuclear fuel depends 
on intrinsic factors such as fuel structure and burn-up, 
as well as environmental factors, including 
groundwater composition.  

The burn-up of future spent fuel is expected to 
increase, which causes actinide accumulation in the 
rim zone and an increase of the content of lanthanides 
and other fission products in the UO2 matrix. The 
formation of a high burn-up structure at the fuel rim 
is characterised by much smaller fuel grains and a 
large number of submicron fission gas bubbles, 
which both increase the surface area The increased 
actinide content in spent fuel at higher burn-ups leads 
to a higher α-dose rate. The higher dose rates 
together with the increased surface area are expected 
to increase the dissolution rate. All available 
experimental results show that the presence of fission 
products like lanthanides and other dopants in the 
UO2 matrix has an inhibiting effect on UO2 
dissolution. The increase of non uranium cation 
concentration at high burn-up seems to counteract 
effectively the influence of higher surface area and 
higher dose rates 

The anoxic corrosion of massive iron containers 
considered in most deep disposal concepts produces 
large amounts of dissolved hydrogen in the 
groundwater. During the last decade, a large impact 
of dissolved hydrogen on the dissolution of the LWR 
or MOX fuel and UO2(s) doped with 233U or 238Pu has 
been observed. In most spent fuel experiments carried 
out under hydrogen, a decrease in concentration of all 
redox sensitive nuclides originating from a pre-
oxidized layer is observed. This and other 
experimental observations during the leaching of 
spent fuel or model systems (such as alpha doped 
UO2) under reducing conditions will be discussed 
from the point of view of understanding the 
mechanism of the oxidative dissolution. A discussion 
of the relative importance of the oxidative versus the 
non-oxidative dissolution of the fuel matrix will also 
be given.   
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Subducted sediments play a crucial role in global 
element recycling and the generation of arc magmas, 
and significant progress has been made in 
understanding their petrological evolution during 
subduction. Nonetheless, knowledge of the 
distribution and equilibration of trace elements 
between minerals of subducting metasedimentary 
rocks is limited. 
 Here, we present trace element and Sm-Nd 
isotope data for minerals from a suite of HP and UHP 
metasedimentary rocks from New Caledonia and the 
Italian Western Alps. The samples were chosen to 
represent a range of protoliths (shale, marl, limestone, 
seafloor massive sulfide) buried to varying depths in 
a subduction zone. The rocks range from lawsonite 
blueschists (T ~400 ºC) to coesite eclogites (T ~700 
ºC). 
 Anaysis of the trace element inventory of 
these samples shows that white micas are the main 
host of LILE at all metamorphic grades and protolith 
compositions. REE plus Th+U are hosted by 
lawsonite and apatite in low grade rocks, whereas 
apatite tends to be an insignificant trace element host 
in eclogite-facies rocks; instead these elements are 
mainly distributed between garnet for HREE, and 
epidote/allanite for LREE plus Th+U. HFSE are held 
in titanite and/or rutile, and zircon. In the lawsonite 
blueschists Sr is hosted by white mica and lawsonite, 
and Pb is mainly held in white mica. In the pelitic 
eclogites, both Pb and Sr are hosted by phengite and 
epidote/allanite. Calcite is the major host for Sr, and a 
minor host for M-HREE, in the metamarl and marble 
samples.  
 In situ Sm-Nd isotope analysis of key REE 
bearing minerals (lawsonite, apatite, epidote/allanite) 
was conducted to evaluate chemical equilibration 
during subduction-zone metamorphism. Apatite 
grains from the low grade samples have variable Nd 
isotope compositions, which indicate preservation of 
detrital signatures to metamorphic conditions of up to 
500 ºC. At conditions above 600 ºC, all REE phases 
in each rock have homogenous Nd isotope 
compositions, indicating complete isotopic re-
equilibration. The implication for subduction zones is 
that the Nd isotope composition of UHP hydrous 
melts of subducted sediments will directly reflect the 
source. In this case, the Nd isotope composition of 
arc magmas may be reliably used to calculate the 
efficiency of recycling subducted sediments through 
subduction zones.     
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Rare metal mineralisation associated with silicate 

magmatism is mainly hosted by alkaline plutonic 
rocks and pegmatites where the primary ore textures 
and mineralogy may be modified during slow 
cooling. The Toongi deposit, located near Dubbo in 
central NSW, Australia, hosts significant resources of 
Zr, Hf, Nb, Ta, Y and HREE within a small, rapidly-
cooled trachyte laccolith, and hence, may provide 
unique insights into the primary processes of rare 
metal ore formation. Toongi is just one of many small 
Jurassic alkaline volcanic bodies in the region, which 
(based on bulk-rock geochemical and Nd isotope 
data) are interpreted to represent the extrusive 
products of highly-fractionated mantle-derived 
magma. Despite the common source, the Toongi 
deposit is distingushed from other trachytic bodies in 
the region by its peralkaline composition and 
economically-significant rare metal content that is 
homogenously distributed throughout the trachyte 
body.  

The Toongi trachyte is fine- to medium-grained, 
sometimes porphyritic rock composed of aegirine and 
feldspar crystals with oscillatory zoning between K-
feldspar and near end-member albite. The primary 
ore minerals are evenly dispersed throughout the rock 
and include natroniobite and complex Na-Fe-Zr 
silicate minerals that likely belong to the eudialyte 
mineral group, based on chemical composition and 
Raman spectroscopic analysis. These Na-Fe-Zr 
silicate phases account for more than 90% of the ore 
metal inventory. They occur in a unique textural 
setting in the rock, commonly forming spheroidal or 
irregular-shaped ‘globules’ (up to 300 µm) within the 
rock matrix. These globules are often protruded by 
aegirine and/or feldspar phenocrysts, and contain 
swarms of fine aegirine and feldspar grains that often 
form spiral or swirling patterns within the globule. 
Secondary ore minerals include REE carbonates, Y-
milarite and a second phase of eudialyte that fill 
fractures and vesicles in the rock.  

We propose an ore genesis model that involves 
extensive fractionation of alkaline parental magma 
under low fO2 and low H2O activity conditions. 
Limited volatile release allowed build-up of rare 
metal (+F) contents to ore grades. We speculate that 
the Zr ore minerals originally formed from rare metal 
rich sodic-silicate fluid or ‘gel’ that formed 
immiscible globules (subsequently crystallised to 
eudialyte) in the magma shortly before emplacement 
and rapid cooling.  
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Nitrogen (N) belongs to the most important 

elements on Earth, as it is one of the key constituents 
of our atmosphere and forms the basis of life. 
However, the geochemistry of N, i.e. its distribution 
and isotopic fractionation between Earth’s reservoirs 
is not well constrained at present.  

Our ultimate goal is to experimentally determine 
N solubility in metal melts as relevant for core 
segregation during the accretion of planetesimals or 
the Earth.  For this purpose, the nitrogen solubility in 
metallic liquid was investigated at 1400 °C and 1 to 
3.5 GPa using a piston cylinder apparatus. First 
results show that the applied double capsule 
technique, using a metallic outer and non-metallic 
inner capsule, is not conservative with respect to N, 
as only one portion of the starting bulk nitrogen is 
recovered in the metal and a few gas bubbles after the 
experiment. The rest is likely to be stored in the 
porosity of the inner graphite capsule and/or has 
diffused through the outer noble metal capsule due to 
its high metal affinity [1] which show perfectly flat 
plateaus of N-concentrations across the entire capsule 
thickness. N in the metal was analysed by an 
elemental analyser, however, the low amount of 
sample material and the N yield in the high pressure 
experiments required the establishment of new 
analytical routines. Despite these experimental and 
analytical difficulties, we were able to determine the 
N solubility in Fe-dominated metal melt from 1.1 
wt% at 1 GPa increasing to 1.3 wt% at 3 GPa. These 
concentrations extrapolated to higher pressures would 
potentially allow storing all the N initially accreted 
into the Earth in the core. Nevertheless, only N 
partitioning between metal and silicate melts under 
oxygen fugacities relevant for the early Earth (IW to 
IW-4) will allow to assess how much N may 
effectively be contained in the core. 

 
[1] Libourel et al., (2003) Geochim. Cosmochim. Acta 
67, 4123-4135 
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Soil microbial biomass is a primary component of 

SOM and is therefore expected to play a crucial role 
in the biogeochemical cycling of carbon. Ubiquitous 
and abundant in soils, clay minerals are important 
natural adsorbents of SOM, and therefore, serve as 
natural modulators of the rate and extent of soil-
atmospheric carbon fluxes. Although such effects 
have been noted, the spatial distribution of OM on 
clay surfaces and the factors controlling it remain 
poorly understood. 
 In attempting to address these knowledge 
gaps, HR MAS NMR spectroscopy and allied 
analytical techniques are applied to provide 
molecular-level information on which organic 
structures preferentially associate with clay minerals, 
which may be accessible to decomposers; and which 
are physically protected from biodegradation and acid 
hydrolysis—the harshest possible condition such 
complexes are likely to experience in the 
environment.     

Surface and interlayer interactions of soil 
microbial biomass with montmorillonite have been 
confirmed by SEM and XRD, respectively. Further, 
elemental X-ray analysis of SEM images shows 
spatial co-variations of microbial-derived OM with 
Fe, Al and Si, suggesting important roles of these 
mineral components in clay-microbial interactions. 
There is also good evidence to suggest that aliphatic 
components preferentially adsorb to the mineral and 
remain dominant after degradation and acid 
hydrolysis. Acid hydrolysis using 6M HCl is a 
chemical degradation approach frequently used to 
depolymerize SOM to yield monomers suitable for 
chemical analysis and thereby provides a means to 
distinguish between labile and sorptive protected 
fractions of microbial-derived OM. Although not as 
abundant as aliphatic components, proteins/peptides 
and carbohydrates are also strongly adsorbed and are 
protected as macromolecular structures. 
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Carbonate “clumped” isotope paleothermometry 

provides the formation temperature of carbonate 
minerals based upon the relative abundance of the 
13C18O16O isotopologue within CO2 (i.e., Δ47) 
liberated by the reaction of carbonate minerals with 
phosphoric acid. When precipitated in isotopic 
equilibrium from parent water, the Δ47 values of the 
equilibrium carbonates are inversely proportional to 
their growth temperature, where the relative 
abundance of 13C18O16O is greater at lower 
temperatures. To determine this temperature-
dependent relationship at Earth’s surface 
temperatures, synthetic calcites have been prepared 
using various precipitation techniques, such as the 
forced CO2 degassing, the passive CO2 degassing, 
and the CO2 diffusion methods. Despite these efforts, 
substantial disagreement still exists among proposed 
carbonate “clumped” isotope calibrations. 

To investigate the source of this discrepancy, 
calcite was precipitated between 15 – 40 °C from a 
HCO3

-
(aq)-dominated solution using an upgraded 

constant addition method where δ18OH2O and δ13CDIC 
values of parent solution were simultaneously 
controlled during calcite growth. Observed oxygen 
isotope fractionation between calcite and parent water 
is in agreement with Kim and O'Neil [1]’s findings, 
providing robust evidence of calcite precipitation in 
oxygen isotope equilibrium. For clumped isotopes, 
our reproducibility of Δ47 measurements among 
calcite precipitation experiments conducted at the 
same temperatures is unsurpassed compared to 
synthetic calcites used in previous experimental 
calibrations. The findings of this study will be 
presented at the meeting. 

 
[1] Kim and O'Neil (1997) Geochim. Cosmochim. 
Acta. 61, 3461-3475. 
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Sub-Moho granitoid dykes of the Oman-UAE 
Ophiolite host the highest δ18O values ever reported 
for magmatic zircon, exceeding +27‰ (VSMOW), as 
measured by Cameca 1270 and 1280 ion 
microprobes.  The 2-10 m wide meta- to 
peraluminous granitoid dykes intrude harzburgite. 
This massive harzburgite is up to fifteen kilometers 
thick from the base of the ophiolite to the petrologic 
Moho.  The isotopically enriched granitoid melts 
require contributions from either molten altered 
basaltic crust producing zircon with δ18O < ~12 ‰ or 
high-δ18O seafloor sediments producing zircons with 
δ18O > ~15 and as high 27 ‰.  The zircon δ18O 
values, supported by whole rock oxygen isotope, 
trace element, and petrologic data, indicate the 
presence of continental crustal material in the 
asthenospheric wedge. This implies the Oman-UAE 
ophiolite was formed in a supra-subduction setting. 
The high values further indicate that the 
asthenospheric wedge contained substantial 
compositional heterogeneity. Granitoid dykes 
produced from pure crustal melts provide insight into 
the nature of mass transfer in subduction zones. In 
addition, granitoid dykes derived from the melting of 
altered basaltic crust (similar to the sheeted dykes and 
pillow basalts exposed in the Oman-UAE Ophiolite) 
offer an alternative explanation for mildly δ18O-
enriched Hadean and Archaean zircon. We 
hypothesize that mild δ18O enrichments in Archaean 
and Hadean zircon could have been produced by the 
melting of altered basalt to produce low-volume, 
high-δ18O granitoids in the ultramafic mantle 
lithosphere. 
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Individual trees differ in their rates and forms of 
nutrient input into the soil as well as in their nutrient 
uptake from the soil through their root system, and/or 
mycorrhizae. Thus, trees likely contribute to soil 
heterogeneity patterns in forests. This study analyzes 
the interaction between P distribution and speciation 
in soils of two sites with contrasting P availability 
and the root system of single European beeches at 
scales, ranging from aggregate surfaces to the scale of 
single tree influence patches.  

The spatial heterogeneity of soil P and related soil 
parameters has been investigated with a combination 
of NanoSIMS, μ-XRF, μ-XANES, enzyme assays, 
wet chemical analyses, biomarker approaches and 
geostatistics.  

We found clear gradients of increasing contents 
of easily available inorganic P (Pi-NaHCO3) and 
citric-acid extractable P with increasing distance from 
the stem and root system of single beeches. 
Moreover, the activity of alkaline phosphatase 
decreased in the inner zone of tree influence, whereas 
the activity of acid phosphatase was highest in 
strongly rooted patches below the tree crown. Soil 
organic matter (SOM) from root input (analysed as 
suberin-derived monomer concentration) was the 
dominant factor for the formation of pedon scale 
heterogeneity patterns of Ptot and Porg stocks 
throughout the whole profile at the P rich site. In 
contrast, the spatial distribution of suberin-specific 
monomers was not spatially correlated with Ptot or Porg 
in the soil of the P poor site. Here,  dithionite-
extractable Fe (Fedith) and Al (Aldith) depth gradients as 
well as microbial C, N and P were the most important 
parameters governing the pedon-scale spatial patterns 
of Ptot and Porg stocks. Soil aggregates sampled from 
both pedons differed considerably in their P 
distribution patterns: P was finely dispersed in Al and 
Fe mineral assemblages of the P-rich soil, but 
concentrated in the quartz grain coatings of thesample 
taken from the P-poor soil. NanoSIMS, μ-XRF, and 
μ-XANES data show that P in both aggregates is 
primarily co-localized with and bound to Fe and Al. 
Contrarily, SOM in both aggregates seems to play a 
minor role for P distribution and storage. These 
results indicate that abiotic factors rather than biotic 
ones were the most important paramters governing 
soil P distribution at single aggregate surfaces.  
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Ferromanganese (FM) crusts, coatings of Mn and 

Fe oxide minerals, occur on a range of surface 
materials in the subaerial environment. Manganese 
oxide minerals in particular, have very high 
adsorption capacities for heavy metals and trace 
elements. Thus in the scenario whereby metals from 
ore deposits are liberated and mobilized to the surface 
and interact with FM crusts, there is potential for 
such crusts to adsorb anomalous concentrations of 
target and pathfinder elements, thereby offering 
potential for geochemical exploration. 

 
A case study on FM crusts from a known fault-

hosted Zn deposit from the Capricorn Orogen, in 
semi-arid Western Australia, shows that Zn liberated 
from an ore deposit by meteoric fluids can be 
preferentially adsorbed onto Mn oxide minerals 
within FM crusts[1]. Concentrations of Zn in FM 
crusts are demonstrably high in close proximity to 
primary ore mineralization but decrease distance to 
mineralization. To further test a possible genetic link 
between the Zn in FM crusts to primary ore, non-
traditional Zn isotopic analysis was performed.  

 
Isotope tracing has emerged as a new technique 

applied to the petrogenesis and evolution of ore 
deposits from their  formation to later alteration. 
Recently, non-traditional isotopic systems, e.g. Li, 
Fe, U, Tl, Mo, have been proposed to use as an 
exploration tool. Here we present low δ66Zn values 
for orezone sphalerite, typical for hydrothermal Zn 
mineralization, and similarly low δ66Zn values for 
FM crusts in close proximity to mineralization. 
However, δ66Zn values for FM crusts become 
progressively higher with increasing distance from 
mineralization, more typical of slow Zn precipitation 
in low temperature surface environments. Our results 
show that the source of anomalous Zn concentrations 
in FM crusts can be linked to Zn mineralization using 
Zn isotopes. Thus analysis of Mn oxide minerals in 
FM crusts can be a useful tool for geochemical 
exploration, but combined with Zn isotopic analyses, 
FM crusts offer a robust capacity to vector to Zn 
mineralization. 
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 Understanding processes that alter 
subsurface fractures is critical to identifying 
important leakage pathways and predicting the 
potential for migration of environmentally-relevant 
fluids. Many studies have highlighted the effects of 
mineral dissolution that occur from reactive fluid 
flow. However, these studies often ignore 
geomechanical forcings present in subsurface 
fractures. To investigate these effects, this study 
couples a two-dimensional reactive transport model 
[1] with a mechanical deformation model [2] to 
simulate reaction, flow and deformation in fractured 
rock. This study investigates the effect of different 
confining pressures on the evolution fracture aperture 
and permeability. Normal mechanical loads of 10, 30 
and 50 MPa are simulated, using a fracture with 
2.5cm by 5cm dimensions.  

 Results indicate that subsurface confining 
stress can lead to fracture wall closure when reactive 
flow results in mineral dissolution. Therefore, failure 
to account for geomechanical forcings in reactive 
flow simulations would overestimate permeability 
increase in subsurface fractures. In fractures where 
dissolution results in channelization, the amount of 
normal stress applied to the fracture effects the 
progression of the reaction front and the breakthrough 
time needed for the channel to penetrate the length of 
the fracture. Therefore, normal stresses dictate the 
time required for the rapid increase in permeability 
resulting from channelization.  

 
Figure 1: Permeability increase in a limestone 
fracture exposed to CO2-acidified fluid, with normal 
stress effects. 
[1] Deng, H. (2015) Doctoral Dissertation, Princeton 
University. [2] Pyrak-Nolte, L.J., Morris, J.P. (2000). 
Int. J. Rock. Mech. Min. Sci., 37(1-2), 245-262.  
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The present-day open ocean seawater 187Os/188Os 

value of ~1.06 is seen to reflect the balance between 
unradiogenic mantle derived osmium (Os) and 
radiogenic continental Os [1]. However, Os released 
by anthropogenic activities has been detected in 
coastal sediments, lakes, estuaries, rain and snow 
from sources such as sewage sludge, catalytic 
convertors, smelting, fossil fuel burning and use as a 
staining reagent, thereby impacting the global Os 
budget [2][3]. 

Despite over two decades of research, 
contemporary Os inputs into the ocean are believed to 
be underestimated by a factor of ~3, leading to 
discrepancies in oceanic Os residence times estimated 
from mass balance calculations [4]. This, in part, is 
due to the problems associated with directly 
measuring ultra-low concentrations of Os in seawater 
[5][6]. Recently, it has been proposed that the 
187Os/188Os of macroalgae (seaweed) reflects that of 
the seawater in which it lives [7]. This suggests 
macroalgae can act as a proxy for the Os isotopic 
composition of seawater. 

We present Os isotope data for macroalgae 
collected from Tokyo Bay. Macroalgae close to 
central Tokyo exhibits unradiogenic 187Os/188Os 
values as low as 0.45, in agreement with published 
sediment data [8]. As you move away from central 
Tokyo 187Os/188Os values become more radiogenic, 
reaching values as high as 0.86 at the tip of the Boso 
peninsula. We propose macroalgae is recording the 
influence of anthropogenic processes on the Os 
budget of Tokyo Bay. Therefore, macroalgae could 
become a useful pollution indicator and tracer of 
continental Os inputs. 

 
[1] Peucker-Ehrenbrink & Ravizza (2000) Terra 
Nova 12, 205-219. [2] Chen et al. (2009) PNAS 106, 
7724-8. [3] Turekian et al. (2007) Geochim. et 
Cosmochim. Acta 71, 4135-4140. [4] Oxburgh (2001) 
G3 2, 1525-2027. [5] Gannoun & Burton (2014) JAAS 
29, 2330-2342. [6] Chen & Sharma (2009) Anal. 
Chem. 81, 5400-5406. [7] Racionero-Gómez et al. 
(2016) Geochim. et Cosmochim. Acta, Submitted. [8] 
Zheng et al. (2014) Applied Geochemistry 40, 82-88. 
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Following Great Oxidation Event (GOE) at ~ 

2.32 Ga, the Paleoproterozoic period witnessed return 
of reducing conditions at ~ 1.9 Ga as indicated by the 
presence of Granular Iron Formations (GIFs) [1] and 
also as suggested by the redox trace element 
concentrations in black shales. Contrary to this, it is 
suggested oxidative weathering was initiated at this 
period as indicated by the negative excursions in 
carbonate and organic fractions during this same 
period coupled with enrichment of  Uranium referred 
to as Shunga-Fracevillian Event [2]. The Shungites of 
Jatulian sequences of ~ 1.9 Ga known as the earliest 
occurrence of organic burial event of the geological 
history are also significant for the presence of natural 
fullerenes [3]. In this work we present the evidence 
for the occurrence of fullerenes restricted only to the 
lustrous portions of shungites. The non-lustrous 
portions of shungites contain poly-aromatic 
hydrocarbons. The maturation was sufficient to 
synthesize naturally occurring fullerene molecules in 
the lustrous veins. We suggest here that the lustrous 
shungite veinlets are probably a result of 
remobilization during low grade (green schist facies) 
metamorphism that affected these carbonaceous 
sediments. 

 
The Carbon isotope data (δ13C) of shungites 

ranging from -44 to -26 ‰ V-PDB  [4] indicate that 
the carbon is mostly organic in nature. The lustrous 
portions do not show any significant deviations from 
the average reported δ13C values of other varieties of 
shungites. The δ34S values of the sulfides associated 
with these carbonaceous sediments show a large 
range from -22 to +32 ‰ V-CDT and most of the 
values are being on the positive side indicating a 
closed basinal depositional conditions. Interestingly, 
the sulfides from the  carbonaceous strata of the 
Mangampeta fromation, Cuddapah Supergroup, India 
that bear natural fullerenes suggest similar conditions 
for the paragenesis of natural fullerenes. 

 
 
[1] Rasmussen, B. et al. (2012) Nature 484, 498. 
[2] Kump, L.R. et al. (2011) Science 334,1694. 
[3] Parthasarathy, G. et al., (1998) GCA 62, 3541. 
[4] Melezhik, V.A. et al. (1999) Earth Sci. Rev. 

47, 1. 
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Rusinovite, Ca10(Si2O7)3Cl2, rare chlorodisilicate 
was recently discovered at the endocontact zone of 
carbonate xenoliths, altered in sanidinite facies 
conditions, within ignimbrites of the Upper Chegem 
Caldera [1]. We proposed, that rusinovite origin is 
connected with cross bimetasomatism  affected by 
fluid enriched in Ca coming from carbonate xenolith 
and volcanic gases/fluids enriched in Cl penetrated 
the contact zone of xenolith. Verification of this 
hypothesis is based on detail study of xenoliths in 
volcanic rocks from different localities, what led to 
detect of abundant aggregates of rusinovite in the 
contact zones of xenoliths in the central part of the 
Bellerberg volcano, Germany and northern-west part 
of the Shadil-Khokh volcano, Southern Ossetia. 
Rusinovite from the both localities has stoichiometric 
composition, forms coronites on quartz 
porphyroblasts and pseudomorphs after rankinite and 
wollastonite as well as fine veins at the endocontact 
zones, where Ca:Si ratio in silicates is <<2. At the 
exocontact zones (Ca:Si ≥ 2) Cl-bearing minerals: 
rondorfite and wadalite, as well as larnite, bredigite, 
monticellite, merwinite, ellestadite, spurrite - 
minerals typical for sanidinite facies occurre. 
Rusinovite forms at temperature higher than 800°C 
[1]. Raman spectra of rusinovite from Germany and 
Ossetia are analogous to the Raman spectrum from 
Balkaria.  

 
This project is financed by the National Science 

Centre, Poland under research project No. 
2015/17/N/ST10/03141 
 
[1] Galuskin et al. (2011) Eur. J. Mineral. 23, 837 – 
844.  
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Recent models of planets formation have faced the 
possibility that volatile-rich carbonaceous chondrites 
are the possible carrier of water and complex carbon 
molecules. The Tagish Lake (TL) meteorite is an 
ungrouped C2 chondrite whose bulk and organic 
chemistry compositions have received a considerable 
attention owing to the short-time exposure before 
sample collection. Recent studies on the spatial 
distribution and mineralogical association of organics 
in TL meteorite show affinity of organic compounds 
for S-bearing phases such as Fe-Ni sulfide coexisting 
with abundant carbonate, magnetite and serpentine 
phases. Therefore, the knowledge of the speciation of 
carbonaceous matter during the history of a meteorite 
at extreme pressures-temperatures is of fundamental 
importance to understand the volatile contribution 
during planet accretion and solve the mystery on the 
origin of life.  
We carried out experiments at 5 GPa and temperature 
between 800-1600 °C using multi anvil apparatus. 
The recovered samples were polished for textural and 
chemical characterization of the mineral phases using 
FE-SEM, electron microprobe, respectively. Ultra-
thin sections, ~100 nm thick, were prepared from the 
recovered samples using a focused ion beam, and 
then transferred to TEM grids for x-ray absorption 
near-edge spectroscopy (XANES) analyses of carbon 
using a scanning transmission X-ray microscope 
(STXM) at the Advanced Light Source, Lawrence 
Berkeley National Laboratory. Preliminary results 
show the stability of the aromatic component with 
development of graphene structure after high 
temperature and pressure experiment. Results are 
used to derive a model of accretion that takes into 
consideration the possible stability of polymerized 
carbon species along with elemental carbon and 
carbonate either liquid or solid. Possible implications 
for the evolution of the mantle redox state will be 
also discussed. 
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The geochemistry and mineralogy of the mantle 

source for primary kimberlite melts is still very much 
debated. The primary melt is argued to be either of 
carbonatitic or kimberlitic nature and proposed 
melting mechanisms range from low-degree partial 
melting of a carbonated peridotite to high-degree 
melting of strongly metasomatized veins.  

We performed forced multiple saturation 
experiments at 7 GPa and 1400-1650 °C mixing a 
modified composition of the previously proposed 
primitive melt from the Jericho kimberlite [1] with a 
peridotite. In these experiments, the peridotite’s 
mineral mode was adjusted such that the Jericho 
kimberlite could saturate in olivine, opx, cpx and 
garnet. Volatiles varied between 5-15 wt% CO2 and 
0.23-4.7 wt% H2O. Mineral stability is mostly 
controlled by the CO2 contents of the starting 
materials. A lherzolitic mineral assemblage is 
obtained over a wide temperature range (1400-1650 
°C) for a starting composition with 10 wt% CO2 and 
0.23 wt% H2O. At <7.5 wt% CO2 opx was absent, 
while at >12.5 wt% CO2 olivine and cpx were not 
stable. Variable H2O contents do not influence the 
mineral saturation paragenesis but lowers the range of 
multiple-saturation temperatures: Under near 
anhydrous conditions (0.23 wt% H2O) kimberlitic 
melts in equilibrium with olivine, opx, cpx and garnet 
are obtained at >1500 °C, while at 2.5-3.5 wt% H2O 
melt compositions with 18.3-24.2 wt.% SiO2 and 
23.4-24.2 wt.% MgO already occur at 1400 °C. 
Olivine in these melts has Mg# of 92.5-93.0 and 
garnets display low TiO2 and lherzolitic CaO and 
Cr2O3 contents.   

The obtained melts can be compared with 
previously proposed close-to-primary kimberlitic 
compositions in regard of their SiO2 and MgO. 
However, Mg# of 83.8 to 85.5 are slightly lower and 
Na2O contents of 1.8 and 2.8 wt% are much higher 
than for previously proposed melt compositions. 
These results are consistent with kimberlitic melts 
being produced by moderate partial melting of a 
strongly metasomatized (alkali- and volatiles-rich) 
mantle source, temperatures at 7 GPa would be 1400-
1550 °C.  

 
[1] Kopylova et al. (2007), GCA, 71, 3616-3629 
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The effects of Al-bearing mineral structural Si 

and Fe(III) on Fe(II)-Al(III)-layered double 
hydroxide (LDH) phase formation were examined.  
Results of our study are shown in Figure 1. 

Figure 1: a) LDH formation kinetics during Fe(II) 
sorption reactions with pyrophyllite, an Al-bearing 
phyllosilicate, were examined through batch reactions 
of 3 mM and 0.8 mM Fe(II) with 10 g/L pyrophyllite 
at pH 7.5 in an inert atmosphere (4% H2 – 96% N2). 
b) EXAFS linear combination fits of sorption samples 
that were taken for up to 4 weeks of reaction time. 
 

From X-ray absorption spectroscopy (XAS) and 
57Fe Mössbauer spectroscopy analyses, an Fe(II)-
Al(III)-LDH phase formed during the 4-week 
reaction time.  These results demonstrate the 
formation of Fe(II)-Al(III)-LDH phases from 
reactions of Fe(II) in model systems that contain 
Fe(III) and Si, and they suggest surface-sorption-
induced electron-transfer oxidation as a source of 
oxidation in this system.  By increasing the 
understanding on Fe(II)-Al(III)-LDH phase formation 
in laboratory model systems, we will be able to 
improve models of Fe redox geochemistry in natural 
systems. 
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Large Igneous Provinces (LIPs) are believed to 

result from major mantle melting events. Mafic dyke 
swarms associated with LIPs are important for testing 
plume and non-plume related models for their 
formation as well as for understanding global 
tectonics and geodynamics. The Archean Yilgarn 
Craton in Western Australia and the Paleoproterozoic 
Bunger Hills cratonic block in East Antarctica are 
intruded by a large number of mafic and ultramafic 
dykes of different ages, orientations and magnetic 
signatures. Only a small fraction of these dykes have 
precise isotopic ages or systematic geochemical and 
paleomagnetic data. In the Yilgarn, previous studies 
have identified several dyke generations with two 
major suites at ca. 2.4 Ga and 1.2 Ga. At Bunger 
Hills, no precise isotope ages for mafic dykes exist 
but previous investigations suggest that five 
compositionally distinctive dyke suites may be found 
there. We present new in situ SHRIMP U-Pb 
geochronology and geochemistry for two previously 
unreported dyke suites in the southern Yilgarn and 
provide geochemistry and first high precision isotope 
age for one dyke suite at Bunger Hills.   
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We report on last glacial stable C and O isotope 
records from two Romanian speleothems. Between 
30-50 ka, δ13C in the southerly record (Ascunsa 
Cave) from the Danube region matches the pacing 
and relative change in amplitude of the Greenland ice 
δ18O record as well as the abundance of coastal 
winter sea ice in the Black Sea. A second record 
(Tausoare Cave) from northern Romania lacks any 
similarity with the Greenland or the southern 
Romanian record in δ13C and δ18O, but matches 
northern Black Sea summer temperature change. This 
is in agreement with the first-order temperature 
sensitivity of speleothem δ18O in northern Romania 
[2]. Based on similarity with the Black Sea climate 
proxy records we interpret the combined two 
speleothem records in terms of seasonal temperature 
change in central eastern Europe.    

The Austrian Willendorf-II loess-paleosol profile 
in the upper Danube Valley contains some of the 
oldest finds of Early Aurignacian lithic artifacts of 
Europe attributed to anatomically modern humans 
(AMH) [1]. Speleothem δ13C generally reflects soil 
formation above the cave. This allows a mechanistic 
correlation along the Danube watershed of the U-Th 
dated Ascunsa Cave record to the 14C dated 
Willendorf-II profile and therefore to AMH 
evolution. The emergence of the Early Aurignacian 
after ~ 43 ka BP and the expansion of Gravettian 
artifact assemblages after ~ 35 ka BP happened 
immediately after GS 12/11 and GS 7/6, each marked 
by extreme winter cooling. An extended cold interval 
in both seasons that comprises GS 10/9 and 
subsequent Heinrich stadial HS4 (GS 9/8) – from 
40.6 to 38.0 ka – may have been an important cause 
of the termination of Neanderthal population in 
Europe, recently re-dated to 41.0 to 39.3 ka [3].  

[1] Nigst et al. 2014, PNAS, 111, 14394–14399; 
[2] Dragusin et al 2014, Clim. Past., 10, 1363-1380; 
[3] Higham et al., Nature, 512, 306-309.  
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The end-Permian mass extinction, the largest 

extinction in Earth's history, was coincident with 
widespread oceanic anoxia.  The timing of the onset 
of the event is uncertain and likely varied within and 
between ocean basins. In this study, we present 
framboidal pyrite size distributions, δ34Spyr values, and 
sulfur to carbon (S/C) ratios for three Late Permian 
sections (Mud, Lingti, Attargoo) from the southern 
Neo-Tethys (Spiti Valley, Himachal Pradesh, India) 
to determine bottom-water oxygenation conditions of 
this region. Each section consists of black to silty 
shales from the Late Permian Gungri Formation 
which is uncomformably overlain by a 5-10 cm 
ferruginous layer (FL).  The FL is thought to be a gap 
in sedimentation and broadly marks the transition 
from the Late Permian shales to the Early Triassic 
limestone consequently encompassing the Permian-
Triassic boundary for these sections. This study seeks 
to identify the long-term trends in oxygenation 
conditions during the Late Permian, prior to the end-
Permian extinction, for this understudied region in 
the Neo-Tethys, using pyrite framboid size 
distributions, S/C, and S isotope ratios. The diameter 
of individual pyrite frambiods is measured using a 
Scanning Electron Microscope in backscatter electron 
mode. Pyritic sulfur was extracted using the 
chromium reduction method and isotopes values are 
measured by Isotope Ratio-Mass Spectrometry.  
Organic C concentrations were measured by 
elemental analysis. 

Results suggest that, in the Late Permian, the 
bottom-waters of the southern Neo-Tethys 
experienced consistent anoxia to euxinia well prior to 
the Permian- 
Triassic transition. However, oxygenation conditions 
shift to mainly dysoxic with epsiodic euxinic 
intervals directly below the FL. Nevertheless, this 
study suggests that oxygen limititation was present in 
the bottom-waters of the southern Neo-Tethys on a 
long period of time (Wuchiapingian-Early 
Changhsingian) well prior to the end-Permian 
extinction.   
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To know the total amount of carbon that can be 
trapped in mineral form and the effects of CO2 
injection on the properties of subsurface formations 
requires that we are able to predict mineral reaction 
rates in natural porous media.  However, most kinetic 
studies of mineral dissolution and precipitation have 
been carried out in well-stirred reactors in the 
laboratory, where both transport effects (e.g., partial 
diffusion control) and “porous media” effects (e.g., 
restricted and/or inaccessible pores) are absent. Here 
we introduce a microcontinuum modeling approach 
that builds on high resolution microscopic imaging 
that can be to investigate the extent to which the 3-5 
orders of magnitude lab-field discrepancy is due to 
porous media effects. The approach is applied to the 
study carbonate mineral trapping rates in the lower 
Tuscaloosa Formation at the Cranfield pilot injection 
site in Mississippi. Bulk reaction rates in the 
heterogeneous sediment are estimated by carrying out 
2-D diffusion-reaction simulations using volume-
averaged porosity and mineral distributions 
determined based on 2-D Back Scattered Electron-
Scanning Electron Microscopy (BSE-SEM mapping..  
The 2-D BSE-SEM data was augmented by 35 nm 
resolution FIB-SEM characterization of nano-porous 
chlorite zones, which was then used as the basis for 
numerical simulations to estimate effective diffusion 
coefficients for the material.   The sparse distribution, 
limited connectivity, and low diffusivity of chlorite in 
the sediment all contribute to the low bulk reactivity 
of the sandstone. 

A second effort involves the interpretation of 
detailed characterization data from the Nagaoka 
Formation in Japan, the site of a pilot CO2 injection 
field experiment. In this study, a range of reactive 
surface area estimates were developed and evaluated 
for their ability to predict dissolution rates in well-
stirred and intact core reactor experiments.  Reactive 
transport modeling was used to determine which of a 
number of reactive surface area models provide the 
best match with the effluent chemistry. The closest 
match with the well-stirred experiment were obtained 
by using specific surface area estimates from a newly 
developed image-based approach, while the porosity-
accessible reactive surface area (10 to 20X lower) 
provides the best match to the intact core data. 
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Reactive transport modeling offers a powerful 

tool for evaluating and optimizing architected 
materials.  Architected materials are essentially 
synthetic rock analogues that can show controlled 
and/or understandable geochemical behavior, in 
many cases without all of the complexity of natural 
geological materials.  In other words, the materials 
can be designed so that complexity is controlled. 
There are several possible roles for reactive transport 
modeling (RTM), which of course can be thought of 
as model systems applied to virtual synthetic 
mineralogical and geochemical systems.  One 
important role for RTM is pre-modeling for the 
purpose of material and experimental design such that 
the cost of fabrication, characterization, and 
experimentation are minimized.  A second role for 
RTM is to carry out sensitivity analyses so as to 
choose material properties and experimental 
conditions such that the “signal” is maximized—this 
reduces the likelihood that a potentially expensive 
experiment is performed that yields very little 
information because of a poor choice of conditions.  
A third role is in the interpretation of more complex 
architected materials, since even though they are 
synthetic, their behavior may still be difficult to 
unravel. 

As an example, we consider two model systems: 
1) one involving ion transport subject to electrostatic 
effects in clay and clay-rich rock, and 2) carbonate 
mineral trapping in synthetic subsurface materials 
due to the injection of CO2.  We present some 
examples in which modeling can be used to optimize 
the design of the material and associated experiments 
and characterization. 
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Confocal Raman Imaging Spectroscopy (CRIS) is 

a technique that enables further analyses. The ability 
to depth profile through samples and interrogate 
specific areas of interest within a sample enables 
modern sample preparation techniques such as 
focused ion beam milling to target the area of interest 
for further high resolution analyses including 
nanoSIMS, ToFSIMS, TEM, STXM. We will present 
specific examples of  how this enabling technology 
can be used by referencing specific examples from 
Martian meteorites studies. Furthermore, with high 
resolution and increased detection sensitivity, 
imaging minute changes in chemistry and mineralogy 
becomes possible. This allows the detection of trace 
phases in miniscule quantities within translucent 
materials. Specific examples include the detection of 
methane in diamonds, chloromethane in halite grains, 
organic carbon in Martian meteorites and the 
elucidation of mineral grain orientation in ancient 
fossils. 
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Chromium isotope compositions are measured in 

a variety of natural materials to investigate questions 
ranging from tracing the mixing of nucleosynthetic 
sources in the early Solar System[1] to the records of 
changes in oxygenation of seawater in Earth’s past[2]. 
Chromium has been measured to high precision by 
both MC-ICPMS[2,3] and TIMS[4]. 

In the last fifteen years, the limits of precision 
achievable for isotope ratios measured by MC-
ICPMS have steadily increased[5]. For some elements, 
especially those with a high work function, e.g. W, 
MC-ICPMS offers obvious advantages over TIMS. 
Other elements, e.g. Cr, are ionised easily by TIMS 
and require high mass resolution in MC-ICPMS to 
resolve molecuar interferences resulting in signifcant 
loss of transmition. For these elements TIMS has 
remained the highest precision technique. In a recent 
contribution, Schiller et al. 2014[3] described a 
technique by which Cr isotope compositions are 
determined by MC-ICPMS to precision which rivals, 
or even exceeds, that achievable by TIMS. 

In this study, we obtained Cr isotope 
compositions both by TIMS and MC-ICPMS. We 
compare new measurements performed at ETH with 
the most precise data available in the literature. The 
data are assessed both in terms of ultimate precision, 
where Cr is not limited, but also precision achievable 
per μg of Cr. Our results demonstrate that for sample 
masses of <5 μg, TIMS achieves the highest 
precision. However, when Cr available for analysis is 
not limited, preliminary results indicate MC-ICPMS 
yields higher precision of ~2-3 ppm for ε53Cr50/52 and 
~8-10 ppm for ε54Cr50/52. We tentatively attribute this 
crossover in achievable precision to the more stable 
analytical conditions in MC-ICPMS from sample to 
sample. These stable conditions allow a more precise 
correction for non-exponential mass bias by sample-
standard bracketing. These findings have implications 
for the choice of analytical technique for future 
studies and may expand the range of questions which 
can be investigated. 

[1] A. Trinquier, et al. 2008, JAAS, 23, 1565–
1574. [2] P. Bonnand, et al. 2013, EPSL, 382 10–20. 
[3] M. Schiller, et al. 2014, JAAS, 29, 1406–1416. [4] 
A. Trinquier, et al. 2008, GCA, 72, 5146–5163. [5] R. 
C. J. Steele, et al. 2011, GCA , 75, 7906–7925. 
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We present a study from acidic natural forest 

soils (Chaux Forest, Eastern France) subjected to 
seasonal waterlogging, which is a widely known 
phenomenon in wetland soils. Waterlogging led in 
the present case to reducing redox conditions, 
triggering the dissolution of Fe-oxyhydroxides and 
the release of REE to soil water. 

Figure 1: PAAS-normalized REE patterns of soil 
waters with enrichment of the middle REE and 
depletion of the HREE. 
 

The soil waters were sampled in piezometer tubes 
at 0.5 and 1 m depth and at 3 different dates in winter 
in order to limit the influence of biological activity 
(December 2010 and 2012, Februrary 2011), and 
filtered at 0.45 µm. The patterns showed an 
enrichment of the medium REE (MREE, Eu-Tb) and 
were depleted in the heavy REE (HREE, Dy-Lu; 
Figure 1). The degree of MREE-enrichment and 
HREE-depletion was monitored with Gd/La and 
La/Yb ratios, respectively. A comparison with the 
general soil water chemistry showed that these ratios 
were highly correlated with Al, suggesting that 
fractionation of the REE patterns was due to a 
competition with Al. This is in agreement with the 
study of Marsac et al. 2012 (GCA 89, 1–9) who 
showed, based on modeling and laboratory 
experiments, that Al3+  competes with the HREE for 
binding sites on humic acids. Our study is to our 
knowledge the first one to describe this competition 
under natural field conditions, and may therefore 
furnish useful information on the environmental 
behavior of anthropogenic REE under similar 
conditions. 
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The role of – and crucially the sensitivity of the 

climate to – pCO2 is a critical research question, still 
unsolved for the Cenozoic, as well as for present and 
future climate change. Here we present a terrestrial 
stomatal proxy-based pCO2 record from Saxony, 
Germany, derived from the extinct fossil plant 
species Eotrigonobalanus furcinervis, spanning the 
mid–late Eocene, the earliest Oligocene, as well as 
the late Oligocene. The Saxony record suggests that 
pCO2 decreased continously throughout the late 
Eocene, parallel to marine isotope temperature 
records, but does not record the precipitous fall in 
temperatures and/or increase in ice growth that 
characterizes the Eocene–Oligocene boundary in the 
marine records. This could be related to to the 
“tipping point” effect previously proposed – where a 
certain threshold of pCO2 change was crossed before 
the cumulative climate change effects caused a rapid 
decline in temperatures and thus climate mode. 
Terrestrial stomatal proxy-based pCO2 record can 
thus help solve the question of climate senitvity in the 
Cenozoic by providing records independent of the 
marine isotope temperature and pCO2 records. 
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In this talk, I will highlight the role of surface 

structure in solid-liquid intefaces. In particular I will 
show how an alternation of different domains (mostly 
hydrophobic and hydrophilic) at a length scale that is 
molecular is responsible for a structural component of 
the interfacial energy that was overlooked to date. 
Various substrates will be described where this 
coexistance is characterized either by scanning probe 
microscopy or by small angle neutron scattering or 
both. In all cases the interfacial energy will be 
determined by classical methods (contact angle, 
pendant drop, etc.) or by a newly developed methods 
based on small amplitude atomic force microscopy. 
The main conclusion of this presentation will be that 
there exist a structural component to the interfacial 
energy, and that such component can be responsible 
for a large fraction of the total wetting of a substrate. 
Such component is due to the geometrical constraints 
that the solid imposes on the liquid. 
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Nitrate was recently detected (≤0.1%w/w) in both 
unconsolidated aeolian drift sediments and ancient 
sedimentary rocks in Gale Crater on Mars at [1]. The 
detection of nitrate suggests that fixed N on Mars 
may not only have a broad spatial distribution, but 
also that N fixation mechanisms may have existed 
both in the past and present. The key questions are 
whether a nitrogen cycle ever developed on Mars, 
and if one continues to operate today. Either case 
would require a mechanism to recycle fixed N back 
into the atmosphere, a chemical equivalent of 
biological denitrification on Earth.  

Terrestrial Mars analogs, Mars meteorites, and 
other solar system materials can help establish a 
context for interpreting in situ nitrate measurements 
on Mars. In this study we compare the relative 
abundance of nitrates to oxychlorine salts on Mars 
and in hyper-arid terrestrial Mars analogs. On Earth, 
these species are well correlated in environments 
dominated by atmospheric nitrate deposition, and 
deviations from this correlation can suggest other 
processes. In addition, nitrate/perchlorate ratios on 
Earth can be indicative of biological activity. The 
nitrate/perchlorate ratio on Mars is < 1, significantly 
lower than anywhere on Earth (nitrate/perchlorate > 
103) or in Mars meteorites [2,3]. Using terrestrial 
analogs as a guide, we examine possible mechanisms 
and their timing for creating and altering the nitrate 
and perchlorate reservoirs on the Martian surface. 
 
[1] Stern et al. (2015) PNAS 112(14)4245-4250. [2] 
Jackson et al. (2015) GCA 164:502-522. [3] 
Kounaves et al. (2014) Icarus 229:206-213. 
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Kandalaksha-Kolvitsa complex  located in the N-

E part of Baltic shield and consists of three parts. 
Marginal zone (mesocratic metanorite) lies at the 
base of the massif. Main zone is composed of 
leucocratic metagabbro. The upper zone is alteration 
of mataanorthosite and leucocratic metagabbro. All 
rocks were subjected to granulate metamorphism. 

Three fractions of single zircons from anorthosite 
of the Kandalaksha massif gave U-Pb age 2450± 3 
Ma. Leucocratic gabbro-norite were dated by U-Pb 
on single zircon, with age up to 2230±10 Ma. This 
age reflects the time of granulite metamorphism 
according to [1]. Two fractions of rutile have been 
analyzed by U-Pb method and reflect age of 1700 ± 
10 Ma. It is known that the closure temperature of U-
Pb system rutile 400-450 ° C [2], thus cooling of the 
rocks to these temperatures were about 1.7 Ga. These 
data suggested two stages of metamorphic alterations 
of the massif. 

Two fractions of single zircons from metagabbro 
of the Kolvitsa massif yield U-Pb age 2448 ± 5 Ma 
and reflects the time of magmatic crystallization. 
Distribution of REE (ICP-MS) in zircon have a 
typical magmatic nature: a positive Ce,  negative Eu 
anomaly and HREE flat spectrum. 
Titanium content in zircons was measured for the 
calculation [3] of their crystallization temperature 
with 8690C. These data are evidence of magmatic 
origin of zircon. Metamorphic minerals (amp,grt,rt) 
were analyzed using Sm-Nd method and reflect 1.9 
Ga. This age is interpreted as the peak of granulite 
metamorphism, which is widely expressed in the 
Kola region.  

All investigations are devoted to memory of 
academician PAS F. MItrofanov. 

The scientific researches are supported by RFBR 
15-35-20501, 16-05-00305, 16-05-00367. 
 
[1] Mitrofanov,Nerovich (2003) Petrology. 11. 4. 
381-390. [2] Mezger et.al. (1989) EPSL. 96. 106-118. 
[3]Watson (2006)  Contrib. Miner. Petrol.  151.  413-
433. 
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We present evidence of iron stable isotope 

fractionation in subglacial streams. We measure δ56Fe 
[(δ56Fe, ‰ = (56Fe/54Fe)sample/(56Fe/54Fe)standard-1) x 103] 
compositions of both the dissolved load and 
suspended sediments in the bulk subglacial outflow. 
We sample from five distinct land-terminating 
glaciers draining the Greenland Ice Sheet (GIS), 
which vary geologically, geographically and with 
local climate. Suspended sediments have δ56Fe 
compositions that predominantly lie within the crustal 
igneous array (δ56Fe ~0).  In contrast, the δ56Fe 
composition of all dissolved loads are consistently < 
0 ‰, and highly variable both geographically and 
temporally (daily), reaching as low as -2.1 ‰. 

Using major element chemistry and mineral 
saturation state modeling we identify incongruent 
silicate weathering processes and sulphide oxidation 
as drivers of subglacial stream Fe chemistry, the 
extent of which is variable between sites. We find the 
degree of chemical weathering influences the δ56Fe of 
aqueous Fe. The largest isotopic fractionation, 
between suspended sediment and dissolved load is 
found in the inferred least chemically weathered 
outflow (southwest GIS), where δ56Fe = -2.1 ‰. 
More mature subglacial systems have dissolved loads 
with δ56Fe ~ 0 ‰, and tend to be indistinguishable 
from suspended sediment counterparts. 

Ultimatley, the dissolved Fe in modern subglacial 
runoff from the GIS was a previously unrecognized 
source of isotopically light Fe into the hydrosphere, 
and these data show that the dissolved Fe supplied 
from glaciers can take highly negative δ56Fe 
compositions. As a result δ56Fe isotopes may be used 
in the future to trace Fe loss from subglacial streams 
downstream to the coastal oceans to place better 
constraints on the chemical processing of Fe loss 
and/or the degree of bioavailability. 
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To determine coal mine drainage rare earth 

element (REE) sources and strategic enrichment 
processes, REE concentrations were measured in 
abandoned mine discharges and in mine drainage 
treatment system precipitates within the coal-
producing regions of the Appalachian Basin, eastern 
USA.  Water chemistry and REE were determined 
from 18 separate mine discharges, and compared to 
different types of treatment precipitates from an 
additional 21 sites throughout the region.  The waters 
ranged from acidic mine drainage (AMD) to net 
alkaline mine drainage (NAMD) with a wide range of 
pH (2.9 to 6.6) and dissolved ion concentrations.  
Precipitate chemistry is additionally influenced by 
treatment methods and ranges from relatively pure 
metal oxy-hydroxides to Ca/Mg-dominated (“lime”) 
solids. 

The REE patterns of most discharges, normalized 
to the North American Shale Composite (NASC), 
displayed a characteristic enrichment in the middle 
REE (MREE), with greater depletion in the light REE 
than in the heavy REE.  Discharges from the 
Appalachian Basin also show a wide range (factor of 
104) in total REE concentrations.  There is no clear 
correlation of REE abundance with water chemistry 
characteristics.  The likely lithologic units that 
interacted with the mine water (Paleozoic shales and 
coals) have REE patterns similar in shape and 
magnitude to NASC [1], and distinct from the mine 
water.  While REE patterns of coal pyrite [2] are 
somewhat similar to those of mine drainage, average 
ΣREE/S in the pyrite is ~10x lower, suggesting non-
conservative behavior of S and/or additional REE 
sources. 

Mine drainage treatment precipitates have REE 
patterns that reflect those of the discharges, with Fe 
oxy-hydroxide MREE values 0.3–3.3x NASC, and 
lime slurry MREE 0.2–8.5x NASC.  Ongoing work 
focuses on the factors controlling discharge REE 
abundances and identifying precipitation processes 
that could concentrate strategic REE from solution. 

 
[1] Schatzel & Stewart (2003) Int. J. Coal Geol. 54, 
223-251; [2] Wolfe et al. (2016) Chem. Geol. 
doi:10.1016/j.chemgeo. 2016.02.015. 
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The electronics revolution has given us analytical 
facilities that make it possible to see directly at the 
molecular level. Although designed for characterising 
nanoscale technological materials, these facilities can 
effectively be applied to natural systems, to provide 
insight about reactions that take place at the solid-
fluid interface, to reveal the nanometer scale structure 
of solids, and to provide new ideas for solving 
problems through fundamental understanding of how 
nature works. There are many examples. 

We have demonstrated that pore surface 
wettability is heterogeneous at the nanometre scale, 
using atomic force microscopy (AFM) with 
functionalised tips in chemical force mapping (CFM) 
mode. X-ray photoelectron spectroscopy (XPS) 
proves that all mineral surfaces have associated 
organ-ic compounds, even those that have never seen 
oil, and this material offers anchor points for 
hydrophobic compounds, regardless of the wetting 
properties of the underlying mineral. Results from 
CFM and XPS complement predictions from density 
functional theory (DFT) and molecular dynamics 
(MD), to show that sorption of organic molecules or 
ions can change surface tension dramatically. Only 
10% substitution of Mg2+ and SO4

2- in calcite for 
example, decreases the oil-water contact angle by 45 
º or more, depending on its initial value. X-ray 
nanotomography (XNT) and focused ion beam 
scanning electron microscopy (FIB-SEM) yield 3D 
images with <40 nm voxel dimension, of the internal 
structure of rocks, allowing prediction of porosity, 
permeability and other petrophysical parameters from 
drill cuttings. 

An exciting aspect of our partnership with oil 
companies is that our insight about solid-fluid 
interactions and our new methods and software for 
observing fluid flow can be applied across a range of 
disciplines, because the work is fun-damental, 
revealing basic chemical, physical and biological 
relationships. So new knowledge about how to 
change pore surface properties to release more oil can 
be used for remediating contaminated soil and 
groundwater. The effect of surfactants on pore 
surfaces provides insight into how organisms control 
their environment, to biomineralise shells, bones and 
teeth. The ability to predict fluid behaviour in core 
plugs is easily transferred to other porous media, such 
as catalysts, filtration membranes and biomineralised 
material.  
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The biogeochemical cycling of cadmium (Cd) is 
likely to be an important component of the ocean’s 
biological pump and thereby global climate. 
Moreover, the nutrient-like distribution of Cd and its 
linear relationship with phosphate makes Cd a useful 
proxy of past nutrient utilisation in the oceans. 
However, the processes controlling the distribution 
and uptake of Cd remain poorly understood, 
especially in oceanic areas where the supply of Cd 
and other trace metal micro-nutrients, such as Fe and 
Zn, is extremely limited.  

As a diagnostic tracer, stable isotopes of Cd have 
the potential to offer additional insight into the 
biogeochemical cycling of Cd in the oceans. The 
simultaneous collection of Cd isotopes using Multiple 
Collector Inductively Coupled Plasma Mass 
Spectrometry (MC-ICPMS) with double spiking 
protocols has increased the ability to measure Cd 
isotopic fractionation with uncertainties at the 0.01% 
level.  

Using these methods, we present paired 
measurements of Cd isotopic composition and 
concentration for water column samples collected 
from a comprehensive suite of 8 depth profiles along 
the GEOTRACES GP13 zonal section. This cruise 
transect extends for 5,500 km from offshore Australia 
to the remote interior of the subtropical Pacific 
Ocean, an understudied region of the world’s oceans, 
where Cd concentrations in the upper water column 
are at ultra-trace levels, and some of the lowest 
detected globally. There is also a strong longitudinal 
gradient, with respect to the supply of trace metal-
bearing dust and phytoplankton biomass, along this 
transect, allowing the biogeochemical cycling of Cd, 
in relation to other micro- and macro-nutrients, to be 
systematically investigated across a gradation of 
changing oceanographic settings. This comprehensive 
dataset provides important constraints on the 
systematics of the oceanic Cd isotope system when 
Cd concentrations are at sub-picomolar levels, and 
reveal an unexpected cyclicity in the character of Cd 
isotope fractionation from west to east across this 
zonal section that is not detected from measurements 
of Cd concentration alone.  
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Mineral optical constants (n, k) are critical for 
radiative transfer spectral modeling and analysis 
techniques pioneered by Bruce Hapke. Building upon 
[1, 2], Trang et al. [3] published optical constant 
regression coefficients for natural and synthetic 
pyroxenes and naturally occurring olivines. The 
samples used include synthetic pyroxene samples 
created by [4, 5] and natural olivine samples 
previously characterized by [6-8]. This analysis was 
performed using a combination of MGM and 
statistical regression analysis techniques. In this way, 
regression coefficients are determined that allow a 
computation of optical constants with changing 
composition.  

This study noted an apparent influence of Mn2+ 
on absorption strengths of natural olivine spectra [3]. 
As the abundance of Mn2+ increases and Mg2+ 

decreases, the compositional relationship between 
Fe2+-Mg2+ becomes a non-linear relationship; the 
strength of all three of olivine absorptions is curbed 
when fit, and increases the scatter of k variance with 
composition. However, neither olivine absorption 
centers nor widths show any changes in their 
systematic variation with Fe2+-Mg2+ composition. 
Interestingly, a recent study by Lucey et al. [9] 
effectively constrained optical constants for silicates 
directly from near-infrared spectra of lunar soils. 
While this method and optical constants appear to be 
effective, it is unclear exactly why lunar mineral 
optical properties would be different and result in 
underestimating feldspar and overestimating mafic 
silicates in spectral models of the lunar surface. 
However, likely influences upon these measurements 
include trace elements, shock, melting, and 
devitrification. Here we compare synthetic olivine 
relative to naturally occurring olivine.  
 
References: [1] Lucey (1998) JGR, 103, 1703; [2] 
Denevi et al. (2007) JGR, 112, 
doi:10.1029/2006JE002802; [3] Trang et al. (2013) 
JGR, 118, 708; [4] Turnock et al. (1973) AmMin, 58, 
50; [5] Menzies et al. (2001) LPSC, XXXII, 1622; [6] 
Sunshine and Pieters (1998) JGR, 103, 13675; [7] 
Cloutis et al. (1986) JGR, 91, 1641; [8] King and 
Ridley (1987) JGR, 92, 11457; [9] Lucey et al. 
(2014) AmMin, 99, 2251; [10] Dyar et al. (2009) 
AmMin, 94, 883; [11] Cahill et al. (2016) JGR, in 
preparation.  
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CO2 has long been suspected as a primary driver 

for climate changes over the Cenozoic, but the 
linkages between CO2, temperature change, and ice 
sheet buildup have been difficult to establish because 
of the many challenges in producing quantitative 
CO2 estimates for this timescale.  In this 
contribution, we review the new perspectives that 
may be gleaned on CO2 evolution from 
quantification of adaptation of marine phytoplankton, 
organisms highly sensitive to CO2 because of its 
importance to thei photosynthesis.  Coccolithophorids 
have dual requirements for carbon for both 
photosynthesis and calcification.  The ACTI-CO 
model of carbon isotopic composition and fluxes into 
the cell shows that in modern cultures, at low CO2 
the cells reallocate intracellular bicarbonate transport 
from calcification to photosynthesis.  This adaptation 
is evident in the carbon isotopic fractionation of 
coccolith calcite, epsilon coccolith.  This reallocation 
of cellular carbon from the calcification process to 
photosynthesis at low CO2 can also be manifest in 
reduced cellular calcification, which can be 
reconstructed from measurements of coccolith 
thickness.  Finally, as suggested by previous authors, 
coccolithophorid mean cell size may be reduced with 
decreasing CO2 to relieve diffusive CO2 limitation.  
We show evidence for all three adaptations becoming 
important in response to CO2 decline since the mid-
Miocene.  We show how incorporation of these 
adaptations in cell models implies significantly 
higher absolute CO2 estimates in the Mid-Miocene 
from measured alkenone carbon isotopic fractionation 
during photosynthesis.  Finally, we show initial data 
on changes in epsilon coccolith during other key 
transitions of the Cenozoic which suggest and 
important role for CO2 decline and resulting 
adaptation by coccolithophorids.  

Diatoms provide a complementary perspective on 
CO2 evolution because it is possible to obtain records 
of their carbon isotopic fractionation during 
photosynthesis – a CO2 proxy – from cells of 
constant size and geometry.  This contrasts with 
alkenone-derived records which require correction for 
changing cell geometry.  Separation of pennate 
diatoms and measurement of the carbon isotopic 
fractionation in frustule-bound organic matter 
confirms a strong pCO2 decline over the last 11 Ma.   
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The spatial variability in benthic particulate 
organic carbon (POC) mineralization kinetics, hence 
POC preservation efficiency, in marine sediments 
throughout the ocean is poorly defined. This creates 
considerable uncertainties when diagenetic models 
are used to estimate POC mineralization and 
preservation rates as well as the rates of 
corresponding redox transformations and solute 
exchange fluxes between sediments and seawater. In 
this communication, we present an empirical 
approach to predict POC mineralization in 
bioturbated marine sediments at the global scale.  

We have derived a power law function that 
describes POC degradation with depth in the 
sediment. It requires only the rain rate of POC to the 
seafloor as the master variable. Using a diagenetic 
model, this function was found to be able to fit pairs 
of measured benthic O2 and NO3

- fluxes to within 
50% at 132 out of 185 stations. It further provides 
realistic geochemical concentration-depth profiles, 
NO3

- penetration depths and apparent first-order POC 
mineralization rate constants. The model performs 
less well on the continental margin shelf due to the 
high heterogeneity there. When applied to globally 
resolved maps of rain rate, the model predicts a 
global POC burial rate of 107 ± 52 Tg yr-1 of C with a 
mean carbon preservation efficiency of 6.1%. The 
model also predicts a global denitrification rate of 
182 ± 88 Tg yr-1 of N. These are in excellent 
agreement with previous estimates. 

The proposed function is conceptually simple and 
requires less parameterization than multi-G type 
models. It provides a basis for more accurately 
simulating benthic nutrient fluxes and POC 
preservation and mineralization in Earth system 
models. 
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Over the past two decades, robust 

biogeochemical cycles have been elucidated for the 
metalloids arsenic and selenium that result from 
microbial reduction, oxidation, methylation and 
demethylation processes.[1] As(V) is a potent 
electron acceptor used by a phylo-genetically diverse 
assortment of Bacteria and Archaea and As(III) has 
been shown to serve as an electron donor in 
photolithoautotrophy and chemolitho-autotrophy. 
Distinct enzymes are involved in arsenic resistance 
(Ars), methylation (ArsM), and energy generation 
(Arr, Aio, Arx).[2] Light dependent As(III) oxidation 
could provide a source As(V) even in the absence of 
appreciable molecular oxygen (e.g., in the 
Archean).[3] The requirement for selenium stems 
primarily from its incorporation into selenocysteine 
and its function in selenoenzymes.[1] Selenium 
oxyanions can serve as an electron acceptor in 
anaerobic respiration, forming distinct nanoparticles 
of elemental selenium with unique isotopic 
composition. Like arsenic, selenium transformations 
involve specific and probably ancient enzymes (e.g., 
Ser, respiratory selenate reductase), however much 
less is known about selenite reductase and 
methylases. Microbial mediated sedimentary deposits 
with arsenic and selenium containing minerals 
provide evidence of these activities in the past.[4] 
This presentation will review the microbial 
metabolism of arsenic and selenium and consider 
implications for both the evolution of life on Earth, as 
well as other planetary systems. 
 
[1] Stolz, et al. (2006) Annu. Rev. Microbiol. 60, 107-
130. [2] Stolz, Basu, & Oremland (2010) Microbe 5, 
53-59. Oremland et al., Geomicrobiol. J. 26, 1-15. [4] 
Sforna et al. (2014) Nature Geosci.7, 811-815. 
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Recent advances in precision and accuracy in the 

in situ analysis of oxygen isotopes have led to a series 
of studies using isotope zoning in garnet to provide a 
relative timing for metasomatic fluid events in 
subduction zone metamorphic rocks. However, garnet 
is not stable at the earliest part of the prograde 
subduction path, nor is it stable during the final stages 
of exhumation, particularly in low-T circum-Pacific 
type eclogite. Rutile and titanite are commonly found 
in high P/T subduction-zone metamorphic rocks and 
may preserve a complementary geochemical record 
of slab and subduction-channel fluids that can be 
compared to and potentially extend the garnet record. 
Futhermore, coupled trace-element analysis of these 
phases presents the possibility of correlating the 
temperature of formation as well as chemical 
evidence of metasomatism with the oxygen record 
 In order to test this new window on 
subduction fluids, we analyzed oxygen isotope ratios 
in rutile and titanite by ion microprobe and correlated 
trace element compositions by LA-ICPMS in rutile 
from 9 samples of eclogite, garnet blueschist, and 
garnet hornblendite from the Franciscan Complex of 
California, USA. These samples all contain garnets 
zoned in δ18O. In 6 samples of eclogite and 
hornblende eclogite containing rutile rimmed with 
titanite, the δ18O of titanite rims (4.6-5.9‰, 
VSMOW) is equal to (or less than) that of rutile cores 
(4.2-7.3‰). These disequilibrium values are 
consistent with textural observations of replacement, 
but could represent equilibrium with the same oxygen 
reservoir at ~600˚C for rutile and <400˚C for titanite.  
Rutile grains are unzoned and generally poor in trace 
elements. Zr concentrations in rutile are similar for all 
samples of eclogite (60-110ppm), yielding 
temperatures of 580-620˚C, matching independent 
estimates of peak T. The average δ18O of rutile in all 
samples is in equilibrium with garnet rims, consistent 
with metasomatism in the subduction channel at the 
metamorphic peak.  However, garnet in one eclogite 
sample with textural evidence of multiple episodes of 
resorption and regrowth has a ~400˚C blueschist-
facies inclusion assemblage that formed prior to 
metasomatism and ~600˚C rutile growth, suggesting 
multiple episodes of burial and exhumation. We will 
also present rutile data from a range of other 
lithologies in LT-HP terranes in the western Alps and 
Syros. 
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Arc magmas have typically low ratios of 

Ce/Pb<10 that are considered to reflect the addition 
of Pb-rich components from subducted slab. 
Quantification shows that the slab flux contributes ca. 
80-90% of arc Pb while the mantle wedge 
contributrion are negligible [1]. Consequently, the 
slab flux must control the Pb isotope composition of 
arc magmas, implying that the typical linear arc 
arrays in Pb isotope space reflect binary mixing 
between ‘continental’ (sediment/eroded continental 
crust) and ‘mantle-type’ (crust formed at midocean 
ridges and intraplate volcanoes) components from the 
subducted slab. Comparative studies of Pb isotope 
compositions of arc magmas and sediments and/or 
eroded crust from the conjugate trenches confirmed 
strong links to recycled continental material, but the 
connection between the arc chemistry and the 
subducted igneous crust is less well explored. 
However, given its large volume, the depleted 
subducted igneous crust should provide a Pb flux that 
rivals the Pb flux of the enriched continental 
components, and that should transmit the Pb isotope 
heterogeneity of the oceanic crust (e.g. Pacific vs 
Indian domains, or MORB vs. intraplate domains) to 
arc magmas. 

This hypothesis is being tested by a systematic 
evaluation of arc magmas composition using 
combined Pb isotope and trace element systematics. 
This allows for isolating the Pb isotope signals of the 
igneous oceanic crust from the signals of the recycled 
continental crust and the subarc mantle. First results 
confirm that Pb isotope diversity of the igenous 
oceanic crust can be traced (e.g Indian vs. Pacific 
MORB, intraplate crust vs. MORB-type crust). 
Remarkably, the arc Pb isotope systematics seem to 
require a normal MORB-type crust that is on average 
less radiogenic in Pb (206Pb/204Pb ~18.1) than the 
average global MORB based on surface samples 
(206Pb/204Pb ~18.4, [2]). This discrepancy may either 
reflect temporal variations in the Pb isotope 
composition of MORB, or possibly a systematic 
difference in the MORB average obtained from the 
top of the extrusive layer, and the overall Pb flux to 
arcs that should integrate Pb from the entire 
subducted MORB-type crust. 

 
References: [1] Straub SM, Zellmer GF (2012) 
Gondwana Res 21(2-3) 495-516; [2] Gale A, Dalton 
CA, Langmuir CH, Su Y, Schilling JG (2013) G3 
14(3). 
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Gold in orogenic systems is commonly associated 

with pyrite mineralization and pyrite trace element 
content provides insights into hydrothermal fluid 
chemistry, metal content and mobility, and gold 
mineralization. Synchrotron X-ray spectroscopy 
provides non-destructive, micron scale trace element 
analysis and mapping of ore and alteration minerals 
with ppm detection limits by uXRF (micro-X-ray 
fluorescence), and speciation information using 
XANES (X-ray absorption near-edge structure) 
spectroscopy. These techniques have been applied to 
samples from the Dome mine in Timmins, Ontario, 
Canada to reconstruct the mineralization history of 
the deposit and provide insights into mineralizing 
mechanisms. There are multiple generations of 
veining at the Dome mine and gold is intimately 
related to pyrite mineralization, however, the 
geochemical fingerprint of gold and fluid events, and 
the nature of refractory gold, was not well 
understood. 

uXRF mapping of pyrites identified 3 distinct 
fluid events with consistent variability in trace 
element and gold content. The earliest stages of 
mineralization are enriched in metals and metalloids 
such as Cu, As and Ni, with respect to main stage 
mineralization. These enrichments are observed both 
as inclusions in early pyrite cores, and in growth 
haloes. Additionally, the gold in each event has 
variable trace element content, and by using the 
fundamental parameters based spectral deconvolution 
(fitting) and dynamic analysis capabilities of 
GeoPIXETM, quantitative composition analysis for 
individual mineral grains can be ascertained. 
Invisible/refractory gold was identified by uXRF and 
was correlated with As content using SIMS which 
identified nano-inclusions of gold, and potential 
lattice bound gold. However, using XANES analysis, 
Au was identified as metallic. Together, this supports 
a predominantly inclusion style of metallic nano-Au 
incorporated into arsenian pyrites rather than lattice 
bound Au.  

Unlike with conventional geochemical analysis, 
we applied uXRF and XANES to whole rock samples 
at the beginning of the workflow. This is a paradigm 
shift in the application of high-resolution techniques 
and provides a new framework for investigating 
mineralizing fluids and depositional mechanisms.  
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Selenium is an essential micronutrient for many 

organisms and strongly redox sensitive within the 
stability field of liquid water. The biogeochemical 
selenium cycle is therefore likely to have responded 
to redox and productivity changes over Earth’s 
history. The six stable selenium isotopes are 
primarily fractionated during abiotic and biotic 
reduction reactions [1], making them ideal tools for 
tracking perturbations in aqueous selenium cycling. 
To assess this hypothesis, selenium isotopes were 
measured in marine black shales across two 
previously noted event horizons, the Neoarchean 
‘whiff’ of oxygen and the Permian-Triassic mass 
extinction. The Archean section from the Mt. McRae 
Shale in Western Australia (2.5 Ga) shows a small 
but statistically significant positive excursion in 
δ82/78Se from background levels around +0.3 ± 0.3 ‰ 
to a maximum of +1.4 ± 0.0 ‰, which is best 
explained as enhanced oxidative selenium weathering 
and isotopic fractionation during transport to the 
ocean [2]. The Permian-Triassic section from the 
Western Canada Sedimentary Basin (252 Ma) shows 
a marked negative excursion from around 0.0 ± 0.5 
‰ down to -1.8 ± 0.3 ‰ near the peak extinction 
horizon, reflecting partial oxyanion reduction and 
isotopic fractionation at the site of deposition [3]. 
These results exemplify two critical aspects about the 
selenium isotope proxy. First, selenium isotopes are 
sensitive to biogeochemical events down to 
centimeter-scale. This is likely a reflection of the 
short residence time of selenium in seawater. Second, 
isotopic signals appear to be very sensitive to the 
ratio of oxyanion supply to biological demand. A 
decrease in the demand under oxic conditions allows 
for non-quantitative oxyanion reduction and large 
negative fractionation, whereas a high demand in an 
anoxic setting leads to quantitative selenium 
drawdown and the preservation of the source 
composition. In conclusion, selenium isotopes may 
allow tracking spatial and temporal heterogeneity in 
redox and productivity at fine scale and can be 
powerful addition to the biogeochemical toolbox. 

 
[1] Johnson & Bullen (2004) Rev. Mineral. Geochem. 
55, 289-317. [2] Stüeken, Buick & Anbar (2015), 
Geology 43, 259-262. [3] Stüeken, Foriel, Buick & 
Schoepfer (2015), Chem. Geol. 410, 28-39. 
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Carbon isotopic value in oil is dependent upon 

the value of the kerogen in the source rock from 
which it was derived. The value of kerogen depends, 
in turn, on the types of organisms preserved and the 
values of its substrate. Therefore, carbon isotopic 
value is widely used as oil-source correlation 
parameter. In the case of the Palaeozoic oils in the 
Tarim Basin, majority oils have their δ13C values of 
in the range of -31.0‰ and -33.0‰ with a few 
exceptions (Zhang et al., 2004; Cai et al., 2009). 
Because TD2 oil has the heaviest δ13C value and it is 
reservoired in Cambrian strata, it was regarded as 
standardized end member for the Cambrian sourced 
oils in all studies. Only a few oils from wells 
TZ62(S), T904(O) and  ZS1C(�) have similar bulk 
carbon isotopic values as TD2 oil, which were 
regarded as pure �-O1 origin (Tian et al., 2012; Jia et 
al., 2013). The most δ13C depleted oil is 
automatically selected as the O2-3 sourced end 
member. The early selection with δ13C around -35‰ 
was an oil from well YM2 (Li et al., 2010). Recently, 
Li et al. (2015) reported one more δ13C depleted oil 
from well YG2 with δ13C value of -37‰, which was 
selected as new end member for the O2-3 sourced oil. 
Majority other oils were considered as mixture from 
both the O2-3 source rocks and the �-O1 source rocks.  

Carbon isotopes of bulk organic matter can be 
influenced by many factors including carbon isotope 
fractionation during primary and secondary 
production, detrital organic carbon input, post-
depositional alteration through diagenesis/ 
metamorphism, and hydrocarbon contamination. 
Thermal simulation experiments of the heavy oil 
from well S74 illustrated that carbon isotope of the 
residual extracts increase gradually with temperature 
(Liu, 2008). Well ZS1C condensate contains only 
trace amounts of biomarkers, and high δ13C value of 
n-alkanes. It is characterized by ultra-high thermal 
maturity. Unusually high concentrations of 
dibenzothiophenes (DBTs) and heavy δ34S value of 
DBTs suggest a close genetic relationship with TSR 
alteration (Li et al., 2015). High δ13C values result 
from TSR alteration rather than indicate Cambrian 
source signature. Thus, under the  thermal maturation 
of carbon isotope composition of the dramatic 
changes, the carbon isotope of abundant n-alkane 
may be affected by different degree of isotope 
fractionation. 
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Continental weathering plays an important role in 

earth surface processes by linking Earth’s spheres and 
producing material for cycling. This study presents 
elemental and Sr-Nd-U-Th-Pb-Hf isotopic 
geochemistry of a 1m-thick spheroidal weathering 
profile on granodiorite in a mountainous watershed of 
southeast China, and aims to investigate element 
mobility and isotopic fractionation during 
weathering. The element mobility is featured by 
substantial loss of SiO2, MgO, CaO, Na2O, K2O, 
P2O5, Sr, Y and Ba, and moderate loss of Al2O3, 
Fe2O3(T), MnO, V, Cr, Rb, Hf and Pb. Variables in the 
loss of rare earth elements (REE) show that light REE 
are less mobile than heavy REE. Ti, Zr, Nb, Ta, Th 
and U are immobile elements during weathering. 
Meanwhile, the εNd overall decreases from -5.356 in 
bedrock to -5.506~-5.786 in soils, corresponding to 
the enhanced weathering. Similarly, various 
fractionation patterns of Sr-Pb-Hf isotopes are also 
recorded in this profile, which suggest the mineral 
fractionations during weathering/pedogenic processes 
as revealed by the XRD and SEM-EDX data. 

While the chemical weathering rate of silicates 
potentially provides valuable constraints on the 
balance between surficial weathering and denudation 
through time, U-series isotope ratios of 234U/238U, 
230Th/234U and 230Th/232Th will be applied to 
determine the evolution of weathering. Bulk soils 
have 234U/238U ratios above the equilibrium (soils: 
1.022~1.186; bedrock: 0.951), increasing gradually 
with weathering degree in the soil profile. This 
suggests a congruent leaching of U and Th isotopes, 
which is a prerequisite for a widely-used closed-
system leaching model. The weathering rates deduced 
from our data using U-series isotopes could be a 
valuable study for further comparing weathering 
processes between mountainous and large river 
basins in East Asia continental margins. 
Acknowledgement: This work was supported by 
National Natural Science Foundation of China (Grant 
Nos. 41225020 and 41506058) and China 
Postdoctoral Science Foundation (Grant No. 
2014M551443). 
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The sources of ore-forming fluids of iron oxide-

copper-gold (IOCG) deposits remain highly debated. 
Alternative models invoke either magmatic origin or 
circulation of basinal brines, and some studies 
suggest that ore fluids of IOCG deposits might have 
more than single source. Boron isotopes of 
tourmaline, having large variation at different 
reservoirs, potentially provide an approach to unravel 
this problem.  

Three types of tourmaline have been identified in 
the IOCG deposits of Kangdian region. Type 1 
tourmaline occurs in the cement of breccia body 
associated with the orebody. Type 2 tourmaline is 
disseminated grain in massive Fe ores. Type 3 occurs 
as barren veins in albitite country rocks nearby the 
Cu-Fe orebodies. The δ11B values of the three types 
of tourmaline, analyzed by LA-MC-ICPMS, span 
from -15.4‰ to +19.5‰. Type 1 tourmaline yields 
δ11B values from -15.4‰ to -4.6‰, within the range 
of tourmaline of pegmatite and granite worldwide, 
indicating a magmatic source. In contrast, type 3 
tourmaline has δ11B values from +10.8‰ to +19.5‰ 
with an average value of +16.7‰, indicating a source 
from marine evaporate or basinal brine. Type 2 
tourmaline from massive Fe ores has intermediate 
values from -2.5‰ to +0.6‰, which are plotted 
between the Type 1 and Type 3 tourmaline and are 
hence interpreted as mixing of fluids from the 
magmatic and marine-derived sources.  

Our work highlights that the incorporation of 
external fluids may act as key triggers for formation 
of IOCG deposits and the utility of tourmaline B 
isotopes as indicator of fluid sources. 
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Abiogenic hydrocarbons have been reported in 

serpentinite-hosted systems [e.g., 1, 2], though the 
mechanism of hydrocarbon formation in serpentinite–
hosted sytems has been poorly understood. We have 
conducted position–specific and compound–specific 
carbon isotopic analyses of hydrocarbons derived 
from serpentinite–hosted Hakuba Happo hot spring in 
Japan [3]. The C1 to C5 hydrocarbons showed isotopic 
depletion trend with increasing molecular weight. 
The isotopic distribution among C1 to C5 n–alkanes 
could be explained by the polymerization through 
step-wise addition of a single–carbon compound CH4 
or potentially HCOO-. The observed δ13C pattern was 
similar to those of Lost City and Logatchev–II 
hydrothermal systems [1, 4], thus the model was also 
applicable to other seafloor serpentinization fields. 
Furthermore, a novel isotopic analysis, intramolecular 
13C analysis of propane [5], was applied to natural 
sample from serpentinite–hosted Hakuba Happo. The 
Happo C3H8 showed that the δ13C difference between 
terminal and central carbon–atom positions of 
propane was significantly smaller than that of 
thermogenic origin. The observed isotopic 
distribution within propane molecule agreed with the 
model prediction from the compound-specipic 
isotope analysis. Based on the systematic isotopic 
study, we present a conceptual model for abiotic 
hydrocarbon systhesis in serpentinite–hosted systems. 

 
 

[1] Proskurowski et al. (2008) Science 319, 604–607. 
[2] Etiope et al. (2011) EPSL 310, 96–104. [3] Suda 
et al. (2014) EPSL 386, 112-125. [4] Charlou et al. 
(2010), 265–296. [5] Gilbert et al. (2016) GCA 177, 
205–216. 
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Water-swelling of clay minerals is one of the 
most important phenomena that can be applied in 
many industrial fields related to agriculture, catalysis, 
petroleum, waste shielding, and so on. Many research 
efforts have been made for swelling properties of clay 
and clay minerals until now, and the knowledge of 
these properties has been accumulated, that is, for 
example, many micas and several some smectites 
does not seem to swell easily in a typical situation 
(and/or swelling is limited to some extent), or some 
of the others may exhibit unlimited swelling (i.e. 
nanosheets). For understanding of these phenomena 
more comprehensively using the numerical methods, 
we have investigated theoretical approaches to find 
equilibrium swelling-phases of such substance as a 
clay mineral. 

In general, an environmental humidity should 
have an important influence to a swelling degree of 
clay minerals. For modelling this situation, we 
employ a grand ensemble picture where a clay 
mineral is connected to a particle reservoir of water 
molecules. In this picture, the environmental 
humidity, i.e. vapour pressure of water, is defined as 
the chemical potential parameter, μ, of a H2O 
molecule, and each phase energy for finding a stable 
phase can be directly compared through the swelling 
energy, Ω, that has a grand potential scheme [1]: 

 
Ω(μ,n) = E(n)  E(0) - nμ 

 
where E(n) is the lattice energy of the swollen phase 
with n water molecules estimated by the first-
principles density-functional theoretical (DFT) 
calculation. We present here an adaptation of this 
scheme to a model vermiculite swelling system with 
typical interlayer cations and discuss the swelling 
trend of them based on the DFT calculation results 
with related our previous works[2]. 
 
[1] Sholl and Steckel (2009) Density Functional Theory, A 
Practical Introduction. John Wiley & Sons Inc., New York 
(Japanese translation text by Yoshioka Shoten is also 
available). [2] Suehara and Yamada (2013) GCA 109, 62-
73; Suehara, Yamada and Sasaki (2012) Phys. Rev. B 85 
224203.  
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Theory and Setting 

Fission-track (FT) thermochronometric analyses 
were carried out to constrain timing of faulting 
accompanied by plastic deformations of biotites. 
Biotites are plastically deformed when the host rock 
is at higher temperature than about 200–300°C [1, 2]. 
At such a high temperature, FTs of apatite are 
expected to be annealed in a geologically short 
period. Therefore, thermal history of the host rock 
around the faults reconstructed based on apatite FT 
thermochronometry can be useful to constrain the 
timing of the fault slips.  

FT analyses were conducted around faults 
distributed in the late Cretaceous Kojaku Granite, 
southwest Japan. The faults are grouped into ENE-
strike left-lateral α system and NNE-strike right-
lateral β system, which are conjugated [3]. A minor 
right strike-slip overlapped along a part of α system 
was idetified as the latest surface based on the cross-
cutting relationships. Biotites deformed plastically 
were commonly observed along the faults including 
the latest surface [3]. 
 
FT Analytic Results and Interpretation  

Apatite FT ages ranged 48–17 Ma. Younger ages 
were obrained around the latest surface, while the 
ages got younger with distance from a basaltic dyke 
formed at ~19 Ma [4]. Considering the age errors and 
FT length patterns, host rocks around the latest 
surface are thought to be reheated due to the basaltic 
intrusion. Forward modeling was performed to verify 
the interpretation; time-temperature history after the 
basaltic intrusion was computed at each distance from 
the dyke and converted into FT parameters. The 
calculated parameters were consistent with the 
observed FT parameters, implying the younger ages 
reflect the dyke intrusion. Considering the results and 
bulk thermal history of the Kojaku Granite [4], the 
fault slips could have occurred just after the granitic 
emplacement at ~68 Ma and/or basaltic intrusion at 
~19 Ma. 

 
[1] Stesky et al. (1974) Tectonophys 23, 177-203. [2] 
Stesky (1978) Can J Earth Sci 15, 361-375. [3] JAEA 
(2014) 
http://www.jaea.go.jp/04/turuga/jturuga/press/2014/0
3/p140314-2.pdf, (J). [4] Sueoka et al. (2016) J 
Geogr 125, in press, (J+E). (J: in Japanese, J+E: in 
Japanese with English abst) 
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Atmospheric deposition is a main source of 
essential nutrients and micronutrients (e.g., sulfur and 
selenium) to terrestrial systems, including agricultural 
soils. However, due to stricter controls on industrial 
emissions, especially in Europe and the United States, 
concentrations of sulfur, selenium and other elements 
in atmospheric deposition have declined. This decline 
has resulted in lower inputs of (micro)nutrients to 
soils, which may eventually result in deficiency in 
soils and crops and affect human health. Furthermore, 
declining industrial emissions may lead to a higher 
relative importance of natural sources to 
biogeochemical cycles, potentially causing changes 
in the distribution of (micro)nutrients in terrestrial 
systems.  

The main natural source of atmospheric sulfur 
and selenium are biogenic emissions. Therefore, 
given the decrease in industrial emissions, the 
contents of sulfur and selenium in rainfall and in soils 
may be increasingly dominated by natural sources. 
We investigate biogenic sources of sulfur, selenium, 
and other trace elements in rainfall and their temporal 
dynamics at different locations in Europe. In addition 
to measuring total concentrations of sulfur, selenium, 
and dissolved organic carbon (DOC), we are 
measuring the isotopic composition and speciation of 
sulfur and selenium and analyzing atmospheric 
pathways for specific rain events. Preliminary data 
show that the total sulfur, selenium, and DOC 
concentration time-series were markedly different for 
continental and coastal locations. We found 
indications that sulfur, selenium and other trace 
elements were of biogenic origin, with stronger 
signals in the maritime-influenced areas. Information 
on the origin of these soil (micro)nutrients, chemical 
speciation, and quantification of biogenic inputs to 
soil systems via rainfall is of key importance in 
atmospheric and terrestrial models for predicting 
fluxes and fate of (micro)nutrients to soils. 
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Although the carbon compounds are mainly 
contained in the matrix of Allende CV3, their natures 
and occurrences have not been described in detail. In 
this study, we applied a scanning transmission X-ray 
microscopy (STXM) analysis combined with a 
focused ion beam (FIB) technique to in-situ their 
functional groups analysis. Thin foil sample for the 
STXM analysis was prepared using FIB from 
portions of interest under in-situ sample extraction 
protocol with no chemical treatments. Subsequnetly, 
TEM analysis was also conducted for the textural 
observation. 

The carbon compounds were found along with 
the grain-boundaries of fine-grained olivine crystals 
(diffusional). Several dense carbon compounds were 
also found in the diffusional carbon components 
(particulate). Based on carbon K-edge NEXAFS, the 
particulate carbon (aromatic-rich and carboxylic-
poor) was similar to insoluble organic matter of 
Allende CV3 reported in Cody et al. [1]. The 
diffusional carbon portion, on the other hand, mainly 
consists of aromatic-poor and carboxylic-rich 
components. Iron L- and oxygen K-edge NEXAFS 
spectra and TEM observations showed that 
submicron-sized spinel and chromite crystals are 
embedded in the particulate carbon, which may be the 
fragments of high temperature condensation minerals 
such as CAIs. 

Our FIB-STXM analyses revealed existences of 
two types of carbon components in the Allende CV3. 
Assuming that each carbon components had different 
origins, (i) the particulate carbon component might 
had formed on the spinel and chromite crystals in the 
solar nebula, and accreted into the Allende parent-
body. In some cases, silicate-minerals are surrounded 
by the nano-globules in carbonaceous chondrites [2]. 
On the other hand, (ii) it is possible that the 
diffusional carbon component formed through 
aqueous alteration occurred in the Allende parent-
body, because these NEXAFS spectra are similar to 
diffuse organic matter in the Orgueil and Murchison 
[3], except for the carbonate peak. 
 
[1] Cody et al., (2008) MAPS 43, 353–365.  
[2] Nakamura-Messenger et al., (2012) 43rd LPSC, 
#2551.   
[3] Le Guillou et al., (2014) GCA 131, 368–392.  
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Migmatites, formed by anatexis in high-grade 

metamorphic terranes [1], are divided into two broad 
types [2], metatexite migmatites (metatexite) and 
diatexite migmatites (diatexite). Based on the 
petrological and geochemical (e.g. zircon Lu–Hf and 
whole-rock Nd–Sr isotope) data for migmatites from 
the Higo metamorphic terrane, central Kyushu, Japan, 
the metatexite is interpreted to have formed by in situ 
partial melting in which the melt did not migrate from 
the source, whereas the diatexite included an 
externally derived melt with a juvenile component [3, 
4]. 

The Cretaceous high-temperature metamorphism 
of the Higo metamorphic terrane is interpreted to 
reflect emplacement of mantle-derived basalts under 
a volcanic arc along the eastern margin of the 
Eurasian continent, and mass transfer and advection 
of heat via hybrid silicic melts from the lower crust 
(Fig. 1). The hybrid silisic melt due to mixing of 
crustal and residual silicic melts at lower crustal 
depths, which dissolved apatite, zircon, and monazite, 
transferred the significant mass to mid-crustal depths 
through diatexite magma channels [4]. The effective 
heat transfer by melt migration within migmatites 
expanded a high-temperature region with a lower 
apparent thermal gradient [5, 6]. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Genesis of migmatites and mass and heat 
transfer (modified from Suga et al. [4] and Miyazaki 
[6]). 

 
[1] Sawyer et al. (2011) Elements 7, 229–234. [2] 
Brown (1973) Proc. Geol. Assoc 84, 371–382. [3] 
Maki et al. (2014) J. metamorphic. Geol 32, 301–
323. [4] Suga et al. (2016) Int. Geol. Rev 58, 405–
423. [5] Miyazaki (2004) J. metamorphic. Geol 22, 
793–809. [6] Miyazaki (2007) The Island Arc 16, 69–
82. 
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Department of Earth and Planetary Sciences in 
School of Science, Nagoya University offers a unique 
opportunity for undergraduates. It is a off-campus 
geoscience seminar of three days and two nights. The 
organizers of the seminar are graduates (Master and 
Ph.D. students) from various fields in geoscience, 
including geochemistry, geology, mineralogy, 
palaeontology, geophysics, planetology, 
environmentology, etc. The purpose of the seminar is 
to attract the interest of undergraduates into 
geoscience, as well as to encourage graduates to 
broaden their knowledge. Approximately 40 students 
participate the seminar every year and more than half 
of them are undergraduates. Normally, 4 researchers 
from the department accompany to the seminar to 
give lectures. The participation fees are kept low to 
encourage the participation of undergraduates, with 
the support from the department. 

The off-campus seminar composed of many 
activities related to geoscience. They include field 
trip to geological or seismic sites, onsite geochemical 
analysis of geological or environmental samples, visit 
to scientific institutes and science museums, lectures 
from researchers, and research presentations in 
posters by graduates. The visiting area is changed 
every year, depending on the theme of the year. For 
example, the foot of Mt. Fuji is one of the well-
visited areas. There, we visit volcanological sites to 
observe lava flow or other features that related to the 
eruption of Mt. Fuji and Hakone volcanoes. In 
Hakone hot spring, we analyze pH of geothermal 
water using a paper pH indicator. At each site, not 
only researchers but also graduates who expertize that 
area give explanation. We all stay in cheap hostels 
together and the lectures and the research 
presentation were given in the night.  It is a great 
opportunity for undergraduates to get familiar with 
geoscience, as well as with the researchers and senior 
students. It is also good for graduates to expand their 
knowledge in other field of geoscience. It also 
encourages them to build a close relationship among 
them. This mutual relationship increases satisfaction 
of the academic life and help them to organize 
collaborative studies in the future. 
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Solar system objects show great variation in the 

nitrogen isotopic composition, which ranges from -
400‰ of the Sun [1] and Jupiter [2] to +1500‰ of 
comets and chondrites (in bulk) [3] and further 
extends to +5000‰ of nanometer scale organic 
materials in carbonaceous chondrites [e.g., 4, 5]. The 
large 15N-enrichments in the pristine solar system 
materials are possibly originated in cold molecular 
clouds and/or in the outer solar nebula [e.g., 6], but 
the likely scenario has still not been well understood. 

In the study, we propose adsorption of ammonia 
onto grain surface as an alternative scenario to 
produce 15N-enrichment. Ammonia is a primitive and 
abundant molecule in the molecular clouds, as well as 
in the solar system. It is a highly reactive chemical, 
thus its adsorption onto grain surface would be a 
beginning of grain surface chemistry to form more 
complex nitrogen-containing organic molecules. 

In order to examine the nitrogen isotopic 
fractionation by adsorption of ammonia onto grain 
surface, we conducted simple adsorption-desorption 
experiments using ammonia gas and several clay 
minerals (e.g., montmorillonite). The each clay 
mineral was put into the vacuumed glass vial, and 
ammonia gas was introduced. Then, the nitrogen 
isotopic composition of the adsorbed ammonia was 
determined by nano-EA/IRMS technique [7]. Next, 
the vial was vacuumed and the remaining adsorbed 
ammonia was analyzed again.  

The adsorbed ammonia showed a large 15N-
enrichment than the initial ammonia gas as the 
highest Δ15N value was +44.4‰. The vacuumed 
samples were generally more enriched in 15N and the 
Δ15N value reached was +64.1‰. These results 
suggest that adsorption-desorption process of 
ammonia causes significant nitrogen isotopic 
fractionation and could be a potential mechanism for 
the protosolar 15N- enrichment. 
 
[1] Marty et al. (2011) Science 332, 1533-1536. [2] 
Abbas et al. (2004) APJ 602, 1063-1074. [3] 
Manfroid et al. (2009) A&A 503, 613-624. [4] 
Hashiguchi et al. (2015) Geochem. J. 49, 377-391. 
[5] Briani et al. (2009) PNAS 106, 105222-10527. [6] 
Chakraborty et al. (2014) PNAS 111, 14704-14709. 
[7] Ogawa et al. (2010) in Earth, Life, and Isotopes. 
pp.339. 
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The 3.4 Ga. Strelley Pool Formation (SPF) in the 
Goldsworthy greenstone belt of the Pilbara Craton, 
Western Australia contains a thin chert-sandstone 
unit that represents a shallow water coastal 
depositional environment.  Of special interest in this 
unit are carbonaceous massive cherts and silicified 
stromatolites.  

Carbonaceous massive black cherts with 
coniform structures (~3cm high) contain diverse 
microfossils, such as clustered small (< 10µm) 
spheres, solitary large spheres, flanged and non-
flanged lenses, clusters composed of large spheroids, 
and chambered lenses. Large spheres and lenses are 
significantly large, up to 80µm along the major 
dimension. The massive cherts contain pyrite and 
spharelite abundantly, and display diverse shale-
normalized REE patterns, distinct from 
contemporaneous seawater pattern. The cherts are 
also enriched in heavy metals such as Ni, Cu and Zn. 
These features suggest deposition of the massive 
cherts from hydrothermal fluids. Thus, coniform 
structures in the massive chert characterized by 
diffuse sulfidic laminae are not stromatolite, but more 
likely siliceous sinter. On the other hand, finely 
laminated carbonaceous cherts locally with conical to 
domal structures are interpreted as silicified 
stromatolite.  
 Although biological affinities of 
microfossils and  stromatolites in this SPF locality are 
under investigation, this study emphasizes how 
diverse the microbial community in Paleoarchean 
coastal hydrothermal environment was,  at least 
partially due to the high availability of various energy 
sources in this environment including reducing 
chemicals and sunlight. 
 
Reference 
Sugitani et al. (2015) Geobiology 13, 507-521 & 522-545. 
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To investigate seasonal change of satellite-
derived indices for snow and vegetation covers with 
ground-based imagery data from time-lapse digital 
cameras, we set up the time-lapse digital camera 
network in the boreal forests of Alaska. The time-
lapse digital cameras were modified for year-round 
record and have been continuously recording the 
surface condition imagery as the physical evidence. 
Seasonal changes of Terra/MODIS satellite indices 
(NDVI: Normalized Difference Vegetation Index, 
NDSI: Normalized Difference Snow Index, NDWI: 
Normalized Difference Water Index) in boreal forests 
of Alaska have been investigated since 2010. It was 
confirmed that the NDVI, NDSI and NDWI change 
clearly with existence of snow using the modified 
time-lapse digital cameras installed in the boreal 
forests of Alaska under severely cold conditions. We 
discuss the spatio-temporal patterns of snow and 
vegetation covers and the present conditions of the 
observation network. Further accumulated imagery 
analyses enable us to interpret implications of 
variability of satellite-derived indices in terms of the 
snow and vegetation covers on a wide area. 
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Crude oils are known to contain elevated 
concentrations of metals such as nickel (Ni), 
vanadium (V), zinc (Zn), iron (Fe), molybdenum 
(Mo), and chromium (Cr) [1,2,3,4]. Elevated metal 
concentrations in crude oils are thought to be 
controlled by the composition of the crude oil (eg. 
Porphyrin abundance, aspahltene content, etc.), 
protolith shale geochemistry or basin architecture 
(open vs. closed) [1,2,3,4,5]. The relative importance 
of the aforementioned parameters remains poorly 
understood and the possible contribitions of other 
processes have been under exlplored.  

In order to test some potential processes that 
might affect metal profiles in crude oils,  we analyzed 
17 crude oils from various locations (Canada and 
Norway) for Ni, V, Mo, Zn, nitrogen (N), and sulfur 
(S). We also isotlated the asphaltene fraction from 
one of the heavy crude oils and performed trace metal 
analyses to test the proportion of metals in the 
asphaltene fraction.  

Based on our results, Ni and V showed strong 
linear correlations with S and moderate correlation 
with N, while Mo and Zn did not show a significant 
correlation. Furthermore,  Ni and S ratios 
significantly differed from a 1:1 nickel sulfide (NiS) 
stoichiometric ratio, which is thought to be one of the 
favorable species likely to occur in crude oils [1,2,4]. 
Finally, the majority of the Ni and V resides within 
the asphaltene fraction (>90%), indicating that sulfur 
macromolecules and/or other organosulfur 
compounds might be playing a key role in controlling 
the Ni and V concentrations in crude oils.  
 
[1] Manning, D. A., & Gize, A. P. (1993). The role of 
organic matter in ore transport processes. In Organic 
Geochemistry (pp. 547-563). Springer US. [2] 
Lewan, M., Factors controlling the proportionality of 
vanadium to nickel in crude oils, Geochimica et 
Cosmochimica Acta 48.11 (1984): 2231-2238. [3] 
Parnell, J. (1988). Metal enrichments in solid 
bitumens: a review. Mineralium Deposita, 23(3), 
191-199. [4] Filby, R. H. (1994). Origin and nature of 
trace element species in crude oils, bitumens and 
kerogens: implications for correlation and other 
geochemical studies. Geological Society, London, 
Special Publications, 78(1), 203-219. [5] Rooney, A. 
D., Selby, D., Lewan, M. D., Lillis, P. G., & Houzay, 
J. P. (2012). Evaluating Re–Os systematics in 
organic-rich sedimentary rocks in response to 
petroleum generation using hydrous pyrolysis 
experiments. Geochimica et Cosmochimica Acta, 77, 
275-291. 
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Sufur isotope ratio is used as an important 
indicator in geochemical and biochemical studies [1]. 
The ratio to the two major stable isotopes 34S/32S 
varies significantly, ranging from -50‰ to +40‰ , in 
nature by redox reaction [2]. The isotope ratio 
analysis has been mostly done by gas phase isotope 
ratio mass spectrometer (IRMS). We applied a new 
apparatus ICP-MS/MS for the analysis as the faster 
and simpler technique.  

ICP-MS/MS is a tandem MS ICP-MS featuring 
high capability to resolve spectra interference using 
reaction cell technologies With the strict controle of 
ions entering the cell by the first MS, the reaction cell 
can effciently remove the interference. For sulfur 
analysis, oxygen (O2) gas was introduced to cell to 
convert sulfur ion (S+)  to SO+ to remove original 
interference on the S isotope mass. It allows to 
mesure sulfur  at 100ppt level on 32S and 34 S as 
shown in Fig 1.  

The technique was optimized and applied for S 
IR analysis using IAEA-S1 as IR calibration 
standard. The achieved accuracy and precision will 
be reported.  

 
Figure 1  Spectrum of blank and 2ppb S solution  
 
[1] J Ryu, RA Zierenberg, RA Dahlgren et al (2006), 
Chemical Geology 229 : 257-272 [2] H.G. Thode 
(1970) , Mineral. Soc. Amer. Spec. Pap. 3 : 133-144 
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Recovery of bitumen is more complicated and 
expensive than that of conventional oil due to the 
extremely high viscosity. For effective production of 
bitumen, it is required to know oil properties under 
reservoir and production conditions with various 
kinds of solvents. In this study, molecular structures 
of bitumen were investigated in detail to make a 
molecular model for whole the bitumen compounds, 
namely “Digital Oil”.  

The bitumen sample was first separated into four 
fractions: saturates, aromatics, resin and asphaltene 
(SARA), by heptane extraction and column 
chromatography. They were respectively analysed by 
elemental analysis, molecular weight measurement 
using gel permeation chromatography (GPC), 1H-
NMR and 13C-NMR to determine hydrogen and 
carbon types. The carbon aromaticities of SARA are 
13, 31, 40 and 48%, respectively. Average molecular 
weights (g/mol) of SARA are 583, 676, 1131 and 
1091, respectively. The molecular weight 
distributions of resin and asphaltene are broad and 
asymmetry in comparison with those of saturates and 
aromatics. Quantitative molecular representative 
(QMR) method [1], which provides a set of 
molecules consistent with all the analytical 
experiments, was used to construct molecular models 
for each fraction on the basis of molecular “building 
blocks”. QMR molecular set was improved especially 
for asphaltenes by adding carboxylic acid building 
blocks, implying that bitumen might be acid oil.  
From some trials, average numbers of fused ring units 
(FU) for SARA were confirmed as 1.3, 1.6, 2.1 and 
1.1, and those of aromatic rings in FU are 1.0, 1.8, 
3.9 and 6.3, respectively. Since all the fractions are 
massive, we have further developed our method by 
generating a number of QMR sets and imitating the 
molecular weight distributions. Digital Oil was 
finally constructed by mixing the SARA models for 
investigation of thermodynamic properties of bitumen 
with molecular dynamics simulations.  

 
 [1] Boek et al. (2009) Energy & Fuels 23, 1209-
1219. 
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Heterogeneous nucleation of water vapor was 

simulated by molecular dynamics. This is an essential 
study to understand how solid particle size and 
configuration can directly influence aerosol growth in 
the atmosphere. Solid precursor particles that act as 
seeds with different shapes (sphere or cube) and sizes 
were inserted into multiple supersaturated water 
vapor systems. The focus is to find how the shape of 
particles will affect heterogeneous growth and 
condensation. A constant particle number, 
temperature, volume ensemble was used. Two 
different shape types and three different sizes of 
aluminum particles were tested. A single particle was 
inserted inside a supersaturated vapor system. The 
Yasuoka-Matsumoto method was used to calculate 
how quickly condensation occurs on the particle 
surface and how the seed interacts with 
sponatneously forming nuclei. Previous studies on 
monatomic vapor systems have shown that though 
the different particle shapes have similar surface 
areas, condensation is faster for the cube by one order 
of magnitude. Aerosol growth from water vapor, 
however was not affected by the intial seed 
configuration. The difference in the growth 
mechanism was clarified through this work. 
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Assuming that structural roles of Fe2+ and Fe3+ 
are different, iron oxidation state (i.e. Fe2+/Fe3+ ratio) 
potentially influence on the physicochemical 
properties of silicate melts, which are commonly 
formed in industrial processes (e.g. metallurgical 
industry) as well as in geological processes. 
However, the understanding of the influence of 
Fe2+/Fe3+ ratio on the melt properties is very limited 
[1] and the influence is not enoughly combined with 
the melt structure. In the present study, the viscosities 
of the alkali iron silicate melts with a variety of iron 
oxidation state were measured at temperatures above 
their liquidus and close to their glass transition: 
lithium, sodium or potassium cations are contained in 
the melts as alkali oxides. The viscosity of iron alkali 
silicate melts decreased with increasing the Fe2+/Fe3+ 
ratio, supporting that Fe2+ acts as a network modifier 
while Fe3+ works in part as a network former.  

 
[1] D. B. Dingwell (1991), American 

Mineralogist 76,  1560-1562. 
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Cable bacteria have recently been identified in 
various sedimentary marine settings worldwide. 
These filamentous microbes mediate electrogenic 
sulphur oxidation (e-SOx), thus inducing electrical 
currents that run over centimetre scale distances in 
the seafloor.  

Here we present results of a year-long monthly 
assessment of the impact of cable bacteria on 
sedimentary Fe and Mn dynamics at three sites along 
a depth gradient in a seasonally-hypoxic coastal 
marine lake (Grevelingen, The Netherlands). 
Fluorescence in situ hybridisation (FISH) shows the 
presence of cable bacteria at two sites in spring. 
Micro-sensor profiling (pH, H2S, O2) and pore water 
profiles of dissolved Mn, Fe2+, Ca2+ and SO4

2- reveal 
the geochemical fingerprint of e-SOx at these sites, 
i.e. a broad suboxic zone, characterised by a low pH, 
inducing dissolution of Ca/Mn carbonates and Fe 
sulphides.  

As a result of the metabolic activity of cable 
bacteria, dissolved Mn and Fe2+ were released at 
depth. These solutes diffused upwards and were 
sequestered as Mn- and Fe-(oxyhydr)oxides near the 
sediment surface with Mn oxides acting as an oxidant 
for part of the upward diffusing Fe2+.  

Strikingly, the thickness of the iron oxide -rich 
surface layer in spring was greatest at the most 
hypoxic site, emphasising the key role of cable 
bacteria in creating oxidised surface sediments. 
Synchrotron XANES analyses confirm the 
seasonality in Fe-(oxyhydr)oxide formation and 
reveal that the sediment Mn oxides were of biogenic 
(birnessite) and abiotic (hausmannite) origin. 

Following the onset of hypoxia in early summer, 
sediment Fe-(oxyhydr)oxides were mostly converted 
to Fe-sulphides, whereas the Mn oxides dissolved and 
the Mn was lost to the overlying water. From autumn, 
Beggiatoaceae mats colonised the sediment with little 
further change in sediment geochemistry. Our results 
confirm that cable bacteria can act as a key control on 
the coupled cycling of Fe and Mn in surface 
sediments of seasonally-hypoxic basins. 
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The subduction of sedimentary-pore-fluid-like 
noble gases and halogens is supported by several 
studies. These include noble gases and halogens with 
seawater and sedimentary pore-fluid signatures in 
exhumed mantle wedge peridotites from the 
Sanbagawa-metamorphic belt, southwest Japan [1], 
mantle-derived xenoliths from Kamchatka and Luzon 
arcs [2], and in seafloor and forearc serpentinites [3] 
along with seawater-like heavy noble gases in the 
convecting mantle [4]. Here we present noble gas and 
halogen compositions of olivines in arc lavas of the 
Izu-Mariana subduction zone to develop a better 
understanding of the processes that control the return 
of these volatile and highly incompatible elements 
into the mantle.  

The MORB-like 3He/4He of most samples are 
consistent with those of the subduction zone mantle 
xenoliths [2], which indicate a considerably low 
contribution of radiogenic 4He in the subduction 
fluids observed in the Sanbagawa samples [1]. In 
contrast, the 40Ar/36Ar indicate significant 
involvement of atmospheric Ar in the magma source. 
Systematically higher atmospheric contribution in the 
volcanic front compared to the rear arc in the Izu arc 
suggests that subduction of seawater-derived Ar has a 
significant effect on the noble gas composition at the 
magma-generation region. Although the halogen 
compositions of most samples are close to that of 
MORB-source mantle, some rear-arc samples show a 
significant contribution from pore-fluid-derived 
halogens. The results suggest that halogen-poor fluid 
may be dominantly released from the subducting slab 
beneath the arc, while halogen supply from the slab is 
limited beneath some volcanoes in the rear arc. This 
implies the relative persistence of halogens in the 
subducting slab compared to noble gases. 

 
[1] Sumino et al., EPSL 2010. [2] Kobayashi et al., 
Mineral. Mag. 2013. [3] Kendrick et al., Nat. Geosci. 
2011. [4] Holland & Ballentine, Nature 2006. 
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Some 500 tephra layers making up ca. 20 % of 

the 220 m thick ICDP Paleovan drill core in Lake 
Van (Anatolia) range in age from prehistoric to ca 
600 ka. Tephras are sourced in two large active 
neighboring (40 km) volcanic edifices at the W and N 
shores of the lake: 2948 m high Nemrut caldera 
volcano erupted dominantly peralkaline trachytic to 
rhyolitic tephras [1]. Periodicity is expressd by 
pyroclastic flows erupting at ca. 30-40 000 year 
interval associated with caldera subsidence [2], all 
reflecting open system fractionating magma 
reservoirs with relatively constant influx of mafic 
parent magmas. Nemrut and Süphan tephras show 
strong chemical and volcanological contrasts with 
common unequilibrated plutonic clots being 
characteristic of Süphan whose tephras typically 
occur as swarms in lake sediments. Tephras derived 
from 4058 m high evolved subalkaline Süphan 
volcano are practically absent during the past 200 ky, 
except for a short tephra swarm within a short time 
span of ca. 340 years between ca 12.7 and 13.1 ka 
[3]. This Holocene swarm is preceded by some 10 
turbiditic graded layers each underlain by seismites. 
We postulate triggering of the dying Süphan system 
by (a) seismic activity, (b) basalt-rhyolite magma 
interaction and (c) magma-glacier external forcing. 
The latter is indicated by commonly poorly 
vesiculated Süphan tephra with contorted vesicles 
and relativly dense “pumice”. Magma reservoirs are 
believed to have been small. Episodic eruptions are 
based on release of rhyolitic melt and frequent 
magma mixing. The actual eruption triggering being 
largely external (seismic followed by hydroclastic 
interactions). 
 
[1] Sumita & Schmincke (2013) Bull Volcanol, 75, 
714-747. [2] Sumita & Schmincke (2013) J Volcanol 
Geotherm Res, 253, 15-34. [3] Schmincke & Sumita 
(2014) J Volcanol Geotherm Res, 285, 195-213.  
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With a sophisticated brick-and-mortar or 

columnar ultrastructure providing enhanced 
toughness and beautiful iridescence, nacre, or 
mother-of-pearl, has long been a major subject in 
biomineralization research. Recently, DeVol et al. [1] 
confirmed that nacre is formed via amorphous 
calcium carbonate (ACC) precursors with direct 
evidence from X-ray PhotoEmission Electron 
spectroMicroscopy (X-PEEM) [2–5]. The ACC 
phases only persist in the towers of forming tablets in 
red abalone nacre, and fully crystallize in mature 
nacre. However, ACC is well known for its naturally 
short lifetime because it crystallizes once it comes 
into contact with water or with an already formed 
crystal. How the amorphous precursors stay 
amorphous during transport down to the base of 
forming nacre towers, and how they traverse 
previously-formed organic sheets, with extrapallial 
fluid or gel in between, remains a mystery. Our 
hypothesis is that the ACC precursor particles are 
transported by specialized cell processes that deposit 
ACC directly onto the surface of forming tablets, 
without much contact with the extrapallial fluid or the 
gel environment. In this study, we use Scanning 
Electron Microscopy (SEM), and X-PEEM to directly 
reveal the deposition pathway of ACC precursors 
from cells to form nacre in red abalone (Haliotis 
rufescens). If confirmed, this work will demonstrate 
how aragonite tablets are formed from ACC 
precursors, and is strikingly similar to the mechanism 
observed in sea urchin spicules: in both systems ACC 
transport occurs in intracellular vesicles [6] and 
deposition is directly and actively done by cells all 
the way to the mineral surface [7, 8], which grows 
particle by particle [9]. Nacre and spicules are 
dramatically different structurally, morphologically, 
chemically, and mechanically. If our hypothesized 
mechanism is confirmed in red abalone forming 
nacre, it may be possible to generalize the formation 
processes to other biominerals. 

 
[1] R. T. DeVol et al., J. Am. Chem. Soc. 137, 13325–13333 
(2015). [2] G. De Stasio et al., Phys. Rev. E. 47, 2117–2121 
(1993). [3] G. De Stasio et al., Ultramicroscopy. 98, 57–62 
(2003). [4] B. Gilbert et al., Ultramicroscopy. 83, 129–139 
(2000). [5] P. U. P. A. Gilbert et al., Proc. Natl. Acad. Sci. 
U. S. A. 108, 11350–11355 (2011). [6] N. Vidavsky et al., 
Proc. Natl. Acad. Sci. U. S. A. 111, 39–44 (2014). [7] E. 
Beniash et al., Proc. R. Soc. B Biol. Sci. 264, 461–465 
(1997). [8] E. Beniash et al., J. Struct. Biol. 125, 50–62 
(1999). [9] J. J. De Yoreo et al., Science. 349, aaa6760 
(2015). 
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The Shilu Fe ore deposit in Hainan province, 

China is known as the richest Fe-ore deposit in Asia. 
It is dominated by high-grade hematite-type Fe ores, 
associated with sulfide ores enriched of Cu, Co, Ni, 
Pb-Zn, and Ag. The ores are hosted in dolomite 
marble of Neoproterozoic Shilu Group. The genesis 
of the deposit is still unclear due to its complicated 
geological characteristics. Several models have been 
proposed: 1) skarn type deposit; 2) magmatic-
volcanic origin (erupted volcano); 3) exhalative 
sedimentary origin. To better understand the genesis 
of the deposit, Fe isotopes and trace elements for iron 
ores and jasper from the main orebody (Beiyi 
Orebody) of Shilu deposit were systematically 
investigated, based on carefully petrographic studies.  

It is observed under the microscope that fine-
grained jasper is widely distributed in the Fe ores. 
The Fe isotopes and PAAS-normalized REE patterns 
vary regularly for iron ores from different layers. 
There are three layers of iron ores in Beiyi Orebody. 
The iron ores from the lower layer have δ56Fe values 
of ca. -0.2‰ ~ 0.2‰ , whereas those from the middle 
layer have slightly positive δ56Fe values of ca. 0.2‰ 
~ 0.4‰. They both show PAAS-normalized REE 
patterns similar to seawater in certain degree, with 
LREE depleted and HREE enriched, no or negligible 
Eu positive anomalies, and  slightly positive Y 
anomalies. On the other hand, iron ores from the 
upper layer have highly positive δ56Fe values of ca. 
1‰ ~ 1.5‰. Their PAAS-normalized REE patterns 
show remarkably positive Eu anomalies and 
negligible Y anomalies, similar to those for high-
temperature hydrothermal fluids.  

The positive and variable Fe isotope 
compositions, and characters of REE patterns, as well 
as the fact that jasper is widely distributed in the iron 
ores, are lines of solid evidence demonstrating that 
the Shilu Fe deposit is of exhalative-sedimentary 
origin. The variation of REE patterns among different 
layers of ore deposit indicates that the degree of 
mixing of high temperature hydrothermal fluids is not 
constant during Fe precipitation. The correlation 
between Fe isotopes and REE patterns indicate that 
the Fe isotope variation may be affected by changes 
of physico-chemical conditions (such as pH, Eh and 
T) during Fe-oxide precipitation. It is also suggested 
that Fe isotope geochemistry may be a powerful tool 
for tracing the genesis of Fe ore deposit. 
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The Wandashan Orogen, located at the eastern 
margin of the Jiamusi Block, is a Paleo-Pacific 
accretionary orogen. Two Permian ophiolites are 
identified which are important for understanding the 
early history of Paleo-Pacific subduction.  
 
The Dongfanghong Ophiolite consists from bottom to 
top layered intrusions (135°/30°) including 
serpentinized peridotite, pyroxenite, anorthosite, 
layered gabbro and intrusions of hornblende gabbro, 
diorite and plagiogranite. The Ol-Cpx-Pl 
crystalization sequence and arc-type trace element 
pattern suggest a SSZ-type origin. The hornblende 
gabbro and plagiogranite are enriched in LREE 
whereas rocks of the layered intrusions are depleted 
in LREE, likely caused by clinopyroxene 
fractionation and accumulation, respectively. The 
�Nd(t) values of pyroxenite, anorthosite and 
hornblende gabbro gradually decrease from +2.8, 
+1.6 to -0.6, suggesting progressive contamination 
and inapplicableness of Sm-Nd isochron dating. The 
scatteredly inherited Pan-African zircons also support 
an input of continental materials. The age of the 
Dongfanghong Ophiolite is 275 ± 2 Ma based on 
zircon U-Pb dating on hornblende gabbro. 
 
The Yuejinshan Ophiolite consists both igneous rocks 
including serpentinized peridotite, anorthosite, 
layered gabbro (50°/35°), meta-basalt and meta-
sedimentary rocks including marble and garnet-
phengite schists. The Ol-Pl-Cpx crystalization 
sequence and E-MORB to OIB trace element pattern 
suggest a MORB-type origin. The �Nd(t) values of 
the meta-basalt and layered gabbro are from +5.4 to 
+7.1, plotting in the OIB area. CAMECA zircon U-
Pb dating result shows that ages of the anorthosite 
and serpentinite are 265 ± 7 Ma and 257 ± 7 Ma, 
respectively. The meta-sedimentary rocks have no 
zircon, suggesting an origin of intra-oceanic 
deposition rather than continental margin. 
 
The Dongfanghong and Yuejinshan ophiolites thus 
reveals the processes of Permian subduction, Permian 
intraplate magmatism and deposition within Paleo-
Pacific, and oceanic materials collision and accretion 
in Early Mesozoic along the eastern margin of NE 
China continent. 
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A new crossover equation of state (EOS) for the 

CO2-H2O system was developed by incorporating 
White’s renormalization-group (RG) theory into the 
SAFT-LJ EOS improved by us previously. The 
crossover EOS uses the RG method to account for 
contributions to the free energy of long-range density 
fluctuations which dominates at the critical region in 
terms of a recursion procedure and reduces to the 
SAFT-LJ EOS far from the critical region. Two 
component-dependent parameters were introduced 
into the RG method to capture thermodynamic 
behaviors of fluids. Comparisons with experimental 
data shows that this crossover EOS can represent 
vapor-liquid equilibria and PVTx properties of the 
H2O, CO2 and CO2-H2O systems at both near and far 
from critical regions with high accuracy. 
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Hydrated or opaline silica has been detected in 

situ and by orbital near-infrared reflectance 
spectroscopy on Mars, and it is now recognized as an 
important product of water-rock interaction on that 
planet. Variations in hydration and maturity (opal-
A/CT/C) that result from different geologic processes 
may be linked to variability in spectral data. Here we 
demonstrate that such variations on Mars are linked 
to geologic setting and thus may reflect formation or 
diagenetic conditions. We compare orbital CRISM 
data from a global survey of hydrated silica 
detections with laboratory spectra of terrestrial silica 
from hot spring and fumarolic environments.  

Spectra of terrestrial silica suggest samples with 
increased hydration and crystallinity tend to have a 
higher band depth ratio of the 2.26/2.21 μm 
absorptions and a 1.4 μm feature that is centered at 
longer wavelengths. Martian hydrated silica deposits 
show similar spectral variation across the globe, but 
detections occupy distinct fields when sorted by 
geologic setting, with the strongest distinctions 
between lithified bedrock and eolian deposits (Fig. 1). 
These spectral variations could relate to silica 
maturity or the ability of a particular silica deposit to 
adsorb H2O. The former case would suggest hydrated 
silica found in bedrock is less mature (e.g., opal-A) 
than eolian counterparts, which may be closer to 
opal-CT/C.  

Figure 1: Plot of the 1.4 µm minimum against the 
2.26/2.21 µm band ratio for lab samples (grey) and 
CRISM spectra (colored). A trendline shows the 
progression from hydrated,  crystalline lab samples to 
dehydrated, less-crystalline lab samples.  
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Karato [2013] has proposed a Nernst-Einstein 

relation model connecting proton conductivities with 
hydrogen self-diffusivities at high temperatures when 
considering multiple hydrogen species in olivine and 
predicted transformation of dominant hydrogen 
migration mechanism at 900-1000 K. Although 
recent conductivity measurements on hydrous olivine 
single crystals seemed to observe this transformation 
[Dai and Karato, 2014], comparisons between 
conductivities and diffusivities at >1000 K has not 
been yet clear owing to poor knowledge of hydrogen 
self-diffusion in olivine. On the other hand, the 
observed transformation has been argued as a result 
of dehydration at high temperature.. To determine 
hydrogen self-diffusivities and its anisotropy, isotope 
inter-diffusion method has advantage to distinguish 
between incorporation and self-diffusion, and 
provides more accurate hydrogen diffusion 
coefficients contributing to proton conduction than 
traditional incorporation method [Kohlstedt and 
Mackwell, 1998, Demouchy and Mackwell, 2003]. 
However, there has been only one research conducted 
by Du Frane and Tyburczy [2012] through hydrogen 
(H) and deuterium (D) exchange, which only 
determined hydrogen diffusivities along a-axis, and 
might be largely affected by grain-boundary diffusion 
since they used polycrystals as a source of D.  In this 
study, we employed diffusion couples composed of H 
and D-doped olivine single crystal pairs to perform 
H-D inter-diffusion experiments. After determination 
of crystallographic orientation, a pair of olivine 
crystals aligned to the same axis was placed together 
into gold capsule. The polished surfaces were tightly 
contacted each other. The inter-diffusion experiments 
were conducted at different temperatures (1000-
1300K) and 8 GPa in a Kawai-type multi-anvil 
apparatus. The H-D inter-diffusion profiles were 
obtained by SIMS in Hokkaido University. Hydrogen 
diffusivity along a-axis in olivine determined from 
this study is about 0.5 order of magnitude lower than 
that obtained from Du Frane and Tyburczy [2012] at 
2 GPa and the activation enthalpies are similar. 
Comparison with conductivity measurements from 
Dai and Karato [2014], the activation enthalpies and 
anisotropy of three typical orientations in olivine are 
consistent, characterized by the highest mobility and 
enthalpy along a-axis and the lowest mobility and 
enthalpy along c-axis. Though enthalpies and 
anisotropy are same, the expected electrical 
conductivities from present diffusivities along three 
typical orientations based on Nernst-Einstein 
equation are about 1 order lower than Dai’s results, 
respectively. 
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Molybdenum is very rare in the silicate Earth, 

with abundances of 50 ppb in the primitive mantle, 
and 0.8 ppm in the continental crust, yet it forms 
“pure” Mo porphyry deposits. Given that Mo is 
moderated incompatible, it requires pre-enrichment to 
form porphyry Mo deposits, e.g., through the 
oxidation-reduction cycle. Oceanic Anoxic Events 
are the most efficient and important process that 
enriches Mo. Large amounts of Mo-enriched 
sediments formed on the Pacific Ocean floor during 
at least 9 major OAEs since the Late Jurassic. The 
Eastern Pacific plate has been mostly subducted, with 
only Cenozoic crust left. During plate subduction, 
Mo-rich sediments may be taken down to the mantle 
wedge through subduction erosion, which were 
metamorphosed and then transferred to porphyry 
deposits through partial melting.  

Molybdenum deposits can be classified into three 
types: porphyry-Cu-Mo, high-F porphyry and low-F 
porphyry-Mo deposits. Porphyry-Cu-Mo deposits are 
usually formed through partial melting of subducted 
oceanic crust and metamorphosed Mo-rich 
sedimentary material due to subduction erosion. The 
high-F porphyry-Mo deposits were likely formed by 
partial melting of metamorphosed Mo-enriched 
sediments during slab rollback. Low-F porphyry-Mo 
deposits were formed through direct partial melting 
of metamorphosed Mo-enriched sediments entrained 
into the mantle wedge through subduction erosion 
(usually associated with arc granite). Porphyry-Cu 
(Au) deposits in the southwest Pacific margin are all 
associated with subduction of backarc basins younger 
than the last Oceanic Anoxic Event. Therefore, 
porphyry Cu (Au) deposits in the southwest Pacific 
margin have no economic levels of Mo. The oxygen 
fugacity of northwest Pacific is lower than ΔFMQ +2, 
which inhibits the formation of porphyry deposits. 

 
[1] Sun, W. D. et al. Solid Earth Sciences 1, 

10.1016/j.sesci.2015.1011.1001 (2016). 
[2] Sun, W. D. et al. Ore Geol Rev 65, 97-131, 

doi:10.1016/j.oregeorev.2014.09.004 (2015). 
[3] Sun, W. D. et al. Geochimica Et 

Cosmochimica Acta 103, 263-275, doi:DOI 
10.1016/j.gca.2012.10.054 (2013). 
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The geometry and evolution of rivers originating 
from the Tibetan plateau is influenced by topography 
and climate changes during the India-Asian collision. 
The Yangtze River is the largest among these rivers 
and is assembled by amalgamation of many rivers in 
the eastern Tibetan Plateau. The timing of these 
capture events is still controversial. Here we use 
geochemistry and 40Ar/39Ar dating of detrital 
muscovites and detrital zircon U-Pb ages to constrain 
the provenance of late Cenozoic sediments in the 
Jianhan Basin, which represents the middle reaches 
of the Yangtze river. The combined data suggest that 
most of the late Pliocene sediments (3.5-2.6 Ma) 
were derived from the peripheral mountains of the 
Jianghan Basin. The most eastern part of the upper 
Yangtze reaches is embodied by the Qingyi, East Min 
and Jiangling rivers upstream of the Three Gorges 
and becomes the dominant sediment source to the 
Jianghan Basin during the early Quaternary (~2.6-2.1 
Ma). This implies that the Three Gorges must have 
formed before the Quaternary (>2.6Ma). Sediments 
from the upper Dadu River appeared in the Jianghan 
Basin somewhere between 2.1 and 1.2 Ma and 
suggest that the originally south flowing upper Dadu 
River was captured by the rivers in the Sichuan Basin 
around that time. This capture event is closely linked 
to the tectonism of the eastern Tibetan Plateau and 
suggests that the paleo Red River lost part of its 
tributaries (Dadu river) at that time.  
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Dopamine (DA) is an important allelopathic 

compound that is released into the ocean at up to 
hundreds of micromolar by U. obscura when it is 
physiologically stressed in order to provide protection 
from feeding by the natural enemies. The acceleration 
in the oxidation of Fe(II), the indispensable nutrient 
and the bioavailable form of iron, in the presence of 
DA is thought to contribute to the unavailability of 
iron uptake by the microorganisms. An understanding 
of iron oxidation as well as iron oxides dissolution in 
the presence of DA under natural condition is critical 
to understanding the effect of DA on iron 
bioavailability and transformation in the natural 
environments. In this study, the generation of H2O2 
through the autoxidation and iron-catalyzed oxidation 
of DA, the formation of the dominant complex via 
the direct reaction with Fe(II) and Fe(III) in both 
oxygen saturated and deoxygenated conditions and 
the oxidation of Fe(II) in the presence of DA at pH 
7.4 were investigated.The results of this study show 
that the presence of DA can significantly accelerate 
the oxidation of Fe(II) resulting in rapid generation of 
a substantial amount of H2O2. Mobilization of iron 
from amorphous ferric oxide by DA through both 
ligand-induced dissolution and reductive processes 
was operating at the pH used in the studies described 
here. As DA is more effective in inducing AFO 
dissolution in the presence of oxygen, we conclude 
that the reductive mechanism of DA-mediated AFO 
dissolution predominates. These results indicate that 
even though DA can significantly reduce the 
bioavailability of iron in the nature environments, it 
can maintain amount of iron in the soluble form and 
prevent it from precipitating out as iron oxides. 
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Humic substances (HS) are highly abundant in 

natural systems and readily bind to mineral surfaces. 
Furthermore, HS can act as electron shuttles during 
microbial Fe(III) reduction [1] and abiotically reduce 
Fe(III) compounds [2]. The electron transfer capacity 
of HS to Fe(III) has been shown to decrease with 
decreasing redox potential of the Fe(III) mineral 
(ferrihydrite > goethite > hematite). Therefore it is 
unclear if HS can reduce minerals with even lower 
redox potential than hematite, like the crystalline, 
Fe(II)-Fe(III) mineral magnetite. Magnetite can 
undergo cycles of alternating microbial oxidation and 
reduction, i.e. act as a biogeobattery [3] and the aim 
of the current study was to investigate if  four 
different types of magnetite with varying size and 
Fe(II)/Fe(III) ratio can undergo similar, abiotic, redox 
reactions with HS.    

Native and chemically reduced humic acids (HA) 
were incubated with magnetite and the concentrations 
of Fe(II) and Fe(III) were followed in order to 
quantify the electron transfer over time. Changes in 
magnetite redox state and properties were followed 
using magnetic susceptibility measurements, µXRD, 
57Fe Mössbauer spectroscopy and transmission 
electron microcopy. The direction and extent of 
electron transfer between magnetite and the native or 
chemically reduced HA varied among the four types 
of magnetite. Magnetite reactivity is influenced by 
particle size [4], but our study suggests that the route 
of magnetite synthesis also plays a major role in 
determining the electron accepting and/or donating 
capacity of magnetite. We clearly show that HS play 
an important role for Fe cycling in organic rich 
environments. Furthermore, HS redox reactions with 
magnetite may influence the use of magnetite for 
remediation of contaminants like Cr(VI) as the 
Fe(II)/Fe(III) ratio in magnetite is strongly linked to 
its reduction capacity [5]. 

 
[1] Nevin & Lovely (2000), Environ. Sci. Technol. 
34, 2472-2478. [2] Bauer & Kappler (2009), Environ. 
Sci. Technol. 43, 4902-4908.  [3] Byrne et al. (2015), 
Science 347, 1473-1476. [4] Swindle et al. (2014), 
Environ. Sci. Technol. 48, 11413-11420. [5] Gorski  
et al. (2009) Environ. Sci. Technol. 43, 3675-3680 
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The vast majorities of nanoparticles (NPs)-related 

studies presented in the literature are carried out in 
conditions far from those in real environmental [1] or 
biological media. In particular, the high 
concentrations (>1 mg/L) of NPs used in 
experimental studies are related to the difficulty of 
detecting nanoparticles in complex and "noisy" 
environments. However, changes in NPs 
concentration can affect its physicochemical behavior 
(ex: solubility, aggregation) and thus the final 
interpretation and understanding of results. 

In order to overcome analytical barriers while 
working at representative realistic concentration, 
innovative tools such as HR-ICP-MS and non-
traditional stable isotopes (isotopically modified NPs 
[2] or "spiked") have been used. 7 nm sized 
isotopically labelled quantum dots (QDs), CdSe/ZnS 
core-shell structure were synthesized, enriched in 
68Zn, 77Se and 111Cd. These multi-spiked QDs were 
disseminated at very low concentrations (from 0.1 
ng/L to 5 µg/L) in both aquatic and biological 
matrices and then analyzed by HR-ICP-MS 
(ThermoScientific Element II) based on a protocol 
adapted from Dybowska et al. [3]. Our results allow 
to assess the detection and quantification limits of 
spiked QDs in complex matrices such as river water, 
seawater, saliva, urine, plasma or growth media. The 
feasibility of isotopic labeling at very low 
concentrations has been demonstrated: spiked Zn, Cd 
and Se issued from QDs were quantifiable at 1, 0.3 
and 20 ng/L respectively in a media not containing 
the same natural elements. In contrast, these limits 
hardly reach 1000, 15 and 1000 ng/L in saliva, and 50 
and 30 ng/L for spiked Zn and Cd respectively in 
seawater, and 50 and 0.3 ng/L respectively in Seine 
river water. The results obtained in this experimental 
work are applicable for studying QDs fate and 
behavior in most aquatic and biological media. 

 
[1] Gottschalk F. et al. (2009). ES&T, 43, (24), 9216-
9222. 
[2] Sivry Y. et al. (2011). ES&T, 45, (15), 6247-
6253. 
[3] Dybowska et al. (2011). Env. Pollution, 159, 266-
273. 
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Assessing the water balance in arid regions is a 

challenging task in hydrology. Evaporation cannot be 
unambiguously quantified using H and O isotope 
measurements mainly due to the temperature 
sensitivity of the d-excess parameter (= δD – 8 * 
δ18O). The analysis of mass dependent 17O/16O and 
18O/16O  variations (expressed as 17O-excess [1]) in 
natural evaporitic waters provides a tool that is 
insensitive to temperature variability [2].  

We investigated the triple oxygen isotope 
composition of saline waters from the Salar de 
Llamara, a salt flat in the hyperarid Atacama Desert 
(N.-Chile). Samples were taken from a succession of 
11 interconnected ponds along the outflow path from 
a groundwater spring with total dissolved solids 
increasing from 4 g/l to 173 g/l due to evaporation. In 
addition, pan evaporation experiments with four 
different starting waters were conducted in-situ. 

Water samples were analysed as O2 after 
fluorination with CoF3 by dual-inlet IRMS. Average 
reproducibility of 17O-excess is ± 8 per meg (1 SD) 
[2]. 

Evaporation along the flow path results in an 
increase in δ18O by 16 ‰ and a decrease in 17O-
excess by 100 per meg. The observed trend can be 
accurately modeled taking into account evaporation, 
groundwater recharge, salt-effects, relative humidty 
and isotopic exchange with ambient vapor. The pan 
experiment, which simulates non-recharge 
conditions, shows a markedly different trend which 
is, however, accurately reproduced by the model 
when recharge is set to zero. In contrast, evaporation 
trends in d-excess do not discriminate between 
recharge and non-recharge conditions. This 
demonstrates a significant improvement of diagnostic 
capability in hydrologic studies of the triple oxygen 
isotope system over the conventionally applied 
18O/16O – D/H system.  
 
References: 
[1] Barkan & Luz (2010) Geochim. Cosmochim. Acta 
74, 6276-6286. [2] Surma et al. (2015) Geophys. Res. 
Lett. 42, 8456-8462. 
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The Archean Dharwar craton considered earlier 
on the basis of structural unity as a single terrane [1] 
has been  suggested to be a mosaic of four terranes- 
the Western, Central and Eastern Dharwar cratons 
(WDC,CDC and EDC) and the Coorg massif  [2,3].  
Laser ablation Pb-Pb geochronology of zircons from 
the EDC and WDC [4] had suggested similar 
antiquity for both the supracrustal enclaves and 
gneisses of the EDC and WDC supporting the view 
of one terrane. In this work, we present 18 new 
SHRIMP U-Pb zircon ages from the felsic volcanic 
rock samples belonging to the Dharwar sequence 
from the greenstone belts of the EDC and WDC. All 
zircons have magmatic crystallization morphology 
and have yielded concordant crystallization ages. The 
ages of the felsic volcanic rocks from the greenstone 
belts of the EDC fall in the range of 2547 to 2609 
Ma, and those of the Western Dharwar greenstone 
belts between 2581 and 2614 Ma. New data show 
that there is evidence for young volcanic episode of 
2566 Ma in the WDC, just as there is evidence for 
older volcanic episode of 2656 Ma in the EDC. 
Significant overlap of ages of felsic volcanism in the 
EDC, CDC and WDC do not support the view of 
successive young terranes from west to east in the 
Dharwar craton.  We consider that the EDC and 
WDC developed in magmatic arc and back-arc 
settings of > 3Ga to 3.36 Ga continental crust 
overriding a far field westward subducting oceanic 
crust. The shear zones proposed as sutures are 
interpreted in this model as listric faults rising from 
the subducting slab.   
 
[1]Naha et.al.,(1996) Proc.Indian Acad.Sci., 
105,379-412; [2]Jayananda et al.,2015 Precambrian 
Res, 268, 295–322. [3]Santosh  et al.,(2015) Gond 
Res,27, 165-195;                         [4]Maibam 
et.al.,(2011). Jour.Earth System Sci., 120, 643-661.  
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In this work we study microanalysis in situ 

araucarioxylon wood fossil from Mengkarang 
Formation as the position “Jambi Flora” of Bangko, 
Jambi Indonesia, from the Early Permain Period via 
silicification process. The samples of material 
consisted in three part a tree trunk 2.4 m high (a), 
rood base 2.4 m from root base (b) and lateral support 
root on either side (c) were characterized by infra red 
spectroscopies for determining lignin and selulose, X-
ray diffraction and scanning electron microscopy 
(SEM) of mineralogical and geochemical 
microanalysis. The mineralogical investigations show 
quartz α (SiO2) the major mineral and minor 
accessories trace elements. SEM + EDS analysis 
show that the most of the diaspores are crystalline 
with a small particle size and mainly coexists with 
ferrohydrate.  The IR has been used to demonstrate 
the behavior of water species present in SiO2, 
functional group of selulose, hemisolulose and lignin 
in wood fossil of araucarioxylon  

 
Figure (a). SEM Spectra (b) 
X-ray diffraction of in situ 
araucarioxylon wood fossil 

 
 
 
 
 

During silicification process there is no spot 
indicating bacteria presence on wood fossil and 
elemental analysis performed by EDS presented in 
plats/spot, revealed that the majority of crystals was 
consisted of Oxygen (62.3%), Silica (27.3%), Carbon 
(7.8%)  and Nitrogen (2.6%) and trace of Molidinum 
(Mo), Sb, Sm, Ce and Radon (Ra). 
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The Sample Analysis at Mars (SAM) instrument 
has detected evolved O2 and HCl indicating the 
presence of perchlorate and/or chlorate (oxychlorine) 
in all 11 sediments analyzed to date [1]. The 
hyperarid martian climate is believed to have allowed 
accumulation of oxychlorine and assumed chloride 
contents similar to those in hyperarid terrestrial 
settings (Fig. 1). The linear correlation of oxychlorine 
and chloride of Gale Crater sediments is low 
(r2=0.64). Correlations present in hyperarid 
Antarctica and the Atacama Desert are attributed to 
unaltered atmospheric source coupled with minimal 
redox cycling by biological activity [2]. Terrestrial 
semi-arid to arid settings have low correlations 
similar to Gale Crater and are attributed to additional 
inputs of Cl- from sea salt, dust, and/or proximal 
playa settings, and possible reduction of oxychlorine 
phases during wetter periods [2]. While 
microbiological processes could contribute to low 
oxychlorine/chloride correlations on Mars, several 
abiotic mechanisms are more likely, such as  
changing oxychlorine production rates with time 
and/or post-depositional geochemical redox processes 
that altered the Gale Crater oxychlorine and chloride 
contents.   

Fig. 1. Cl- versus O2 content in terrestrial [3] and 
martian [1,4] soil and sediments.  
[1]Ming et al., 2014, Science, 343. [2]Jackson et al. 
2015, GCA, 164,502. [3]Rao et al. 
2010,EST,44,8429. [4]Fang et al., 2015 ArXiv, 
[cs.AI], 1510.01291. 
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Temperature dependence on skeletal 
compositions of temperate coral species including 
Acropora muricata, and A. solitaryensis were 
examined using cultured specimens grown at 
thermostated tanks. Temperature dependences of 
oxygen isotope ratios of branch tips with relatively 
higher growth rate were ~0.16 permil °C-1, which is 
comparable to reported values for Porites corals. 
Their Sr/Ca ratio showed relatively lower 
temperature dependency (-0.03 mmol mol-1 °C-1) 
compared to reported values for Porites sp. (typically 
-0.06 mmol mol-1 °C-1). Growth rate effect on 
variations of chemical components, especially 
oxygen isotope ratio, in coral skeleton has been 
concerned for Porites corals. Although the similar 
trend was found for Acropora corals, oxygen isotope 
ratio and Sr/Ca ratio of braches of temperate 
Acropora sp. corals with relatively higher growth rate 
could be a useful proxy as sea surface temperature. 
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Slab-melting is one of the most important 
processes for formation of granite, however, its 
detailed mechanism has not been revealed; for 
example relative contributions of sediments, basalts, 
and lower oceanic crust in subducted slab to granite 
magma genesis. Hf and O isotopes can provide key 
information because the components in oceanic crust 
could have different Hf-O isotope compositions. 

The Taitao granite in Chile is ideal to obtain the 
initial isotopic signature of slab-melts, because the 
granites were generated by modern (ca. 4-5 Ma [1]) 
slab-melting beneath relatively thin crust (<30 km) 
without an overlying mantle wedge [2]. We analyzed 
132 spots for O and Hf isotope ratios in zircons from 
5 granitic plutons using an IMS-1280 SIMS and a 
LA-ICP-MS, respectively. The zircon δ18O value in 
the Seno Hoppner pluton (5.4 ± 0.5‰) is consistent 
with mantle-equilibrated zircons (5.3 ± 0.6‰ [3]), 
while those in the other plutons are relatively high 
(5.6 to 7.2‰). Furthermore, the zircon in the Seno 
Hoppner pluton shows higher εHf values (6.1 to 9.2) 
than those in the other plutons (0.9 to 7.6). The zircon 
Hf isotopic composition is negatively correlated with 
the zircon δ18O value. Compared with the analyzed 
whole rock Hf-O isotope data of 11 rocks around the 
granites, the variation can be explained by mixing of 
the sedimentary rocks with high δ18O (7.9 to 11.3‰) 
and low εHf (-7.1 to 1.3) values, and the gabbroic-
doleritic rocks in the Taitao ophiolite with low δ18O 
(4.4 to 6.1 ‰) and high εHf (13.7 to 15.2) values. 
Our results imply that (1) the sedimentary rocks 
contaminated to the Taitao granitic magma; (2) the 
magma without the sedimentary contamination had 
Hf-O isotope ratios similar to those of the gabbro and 
the dolerite, which may have composed subducted 
middle to lower oceanic crust. 

 
[1] Anma et al. (2009), Lithos, 113, 246-258. [2] Kon 
et al. (2013), Geochemical Journal, 47, 167-183. [3] 
Valley et al. (1998), Contrib. Mineral. Petrol, 133, 1-
11. 
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The density of the core is smaller than that of 
pure iron under the core conditions. Therefore, the 
core has been considered to contain light elements, 
such as H, S, Si, C, and O. In particular, Si is one of 
the most important light elements in the core because 
Si is a major element in the Earth and depleted in the 
mantle compared to CI chondrite. Although the phase 
relations and compression behaviours in the Fe-Si 
alloys have been studied at high pressure and 
temperature in order to investigate properties of the 
inner core, electrical properties of Fe-Si alloys have 
not been investigated well. Recently, electronic 
topological transitions of Fe and Fe-Ni alloys under 
high pressure were reported by Glazyrin et al. (2013) 
and they suggested Fe and Fe-Ni alloy changed their 
elastic properties before and after the transition. In 
order to clarify the electrical properties of the Fe-Si 
alloys, we made simultaneous measurements of XRD 
and synchrotron Mössbauer spectroscopy on the Fe-
Si alloys up 60 GPa at RT. 

The Mössbauer spectra and XRD patterns of 
Fe0.95Si0.05 and Fe0.88Si0.12 enriched with 57Fe were 
obtained at the beamlines, BL10XU and BL11XU of 
SPring-8. The isomer shift and c/a ratio changed 
discontinuously at 37 GPa for Fe0.95Si0.05 and 52 GPa 
for Fe0.88Si0.12 respectively. The present results 
implied that the hcp phase of Fe-Si alloy underwent 
the electronic topological transition. The similar 
change in c/a of Fe was also reported by Ono et al. 
(2010) at RT and Ono (2015) at HT. These results 
suggested the changes occurred higher pressure at 
higher temperture, suggesting the change may occur 
under the core conditions. 

 
Glazyrin et al. (2013) Physical Review Letters, 110, 
117206. 
Ono et al. (2010) American Mineralogist, 95, 880-
883. 
Ono (2015) Solid State Communications, 203, 1-4. 
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The supersite for eco-hydrological observations 
that was established by the collaboration study 
between Japan Agency for Marine-Earth Science and 
Technology and International Arctic Research 
Center, University of Alaska Fairbanks is currently in 
operation at Poker Flat Research Range located about 
35km northeast from Fairbanks Alaska. A 17m 
scaffold tower (Fig. 1), equipped by sensors for 
general meteorological measurements and fluxes in 
the atmospheric boundary layer, was constructed in 
the black spruce forest in 2010. Snow, precipitation, 
and soil temperature/moisture were continuously 
monitored. A distributed temperature sensing system 
with fiber optics monitors spatially continuous 
surface and ground temperatures. The floor-level 
carbon dynamics are monitored with the automated 
open/close chamber system that has 16 chambers. 
This supersite also plays a role in acquiring the 
ground-truth for satellite remote sensing. The spectral 
reflectance of forest canopy/floor and the forest 
landscape is being monitored by the spectral-
radiometers and the automatic digital fisheye lens 
camera, respectively. Those data are utilized for the 
study of biogeochemical modeling. The knowledge, 
understandings, and data which are created based on 
the supersite observations are enhancing the 
geochemical study on Arctic climate system. 

Figure 1: The 17m observation tower constructed in 
the black spruce forest of Poker Flat Research Range, 
Fairbanks. 
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The Cedars, in northern California, is an active 

site of subsurface serpentinization. The spring waters 
that emerge from this system feature extremely high 
pH (pH=11-12), low redox potential (Eh=-600 mV), 
low salinity, relatively rich in calcium and lack of 
obvious electron acceptors and carbon sources, 
making it an exceptionally challenging environment 
for life.    

Geochemical studies of The Cedars revealed that 
the site has two different serpentinizing water 
sources: a deep submodern source that interacts with 
peridotite body as well as km-deep marine sediments, 
and a shallow modern source that interacts only with 
the overlying peridotite. The community in the 
shallow source was similar to serpentinization 
communities in other terrestrial sites, while the deep 
was taxonomically very unusual, being populated 
mostly by uncharacterized phyla or families. 

To understand interaction between the microbial 
metabolic activities and this geological setting, we 
performed metagenomics studies of the microbial 
communities, and also physiological and genomic 
investigation of environmentally relevant isolates, 
including a new genus “Serpentinomonas”. In 
addition, we further performed comparative genomics 
studies of organisms cultivated from The Cedars 
springs with the other serpentinization aquifier, 
Cabeço de Vide, that contain higher concentration of 
sulfur compounds. These studies have illustrated 
unusual physiological, metabolic and evolutionary 
features of life in the serpentinization-associated 
microbial ecosystem. 
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Several lines of evidence previously suggest that 
subseafloor microbial life exists within young ocean 
crusts on the flanks of mid-ocean ridge systems 
where fluid circulation is thermally driven. As the 
oceanic crust is aged, the sediment deposition and the 
heat loss dramatically alter the physicochemical 
properties of the oceanic crust after 10–15 Ma. 
Despite the fact that the oceanic crust older than 10 
Ma covers >50% of Earth’s lithosphere, microbial 
life in the vast crustal habitat has been poorly 
explored. 13.5–100 Ma basement basaltic rocks 
distributed within South Pacific Gyre were explored 
through Integrated Ocean Drilling Project Expedition 
329. By undertaking the routine evaluation of 
microbiological contamination with fluorescent 
microspheres added to drilling fluid, 11 out of 15 
core samples were found to be undetectable for 
fluorescent microspheres from the core interior. 16S 
rRNA-based molecular phylogenetic analysis was 
conducted by pyrosequencing of the 15 core samples. 
As a result, pyrosequencing was successful for five 
core samples undetected for microsphere 
contamination associated with 92–370 sequences and 
18–134 operational taxonomic units (OTUs) based on 
>97% similarity. In 13.5 Ma and 33.5 Ma pillow 
lavas thinly covered with oxygenated sediments, 
microbial community structures were shifted from the 
ε-proteobacterial dominance at 30.0 meters below 
seafloor (mbsf) and the β-proteobacterial dominance 
at 36.6 meters below seafloor, which is also 
represented by the inferred metabolic shift from 
chemoautotrophy to heterotrophy. In the ~100-Ma 
lava flows at depths of 109.6 and 121.8 mbsf, 
methanotrophy in basaltic rocks with fractures filled 
with secondary minerals was indicated by the 
dominance of bacteria related to methane-oxidizing 
Methyloprofundus sedimenti with >97% similarity 
and the detection of archaea affiliated within ANME-
1. As microbial cells were microscopically observed 
in the interior of mineral-filled fractures without 
fluorescent microspheres, it is likely that microbial 
communities populated by potential methanotrophs 
are metabolically active.  
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Black organic-rich shales deposited during 

Cenomanian–Turonian boundary time (Late 
Cretaceous: ~94 Ma) have been linked to volcanic 
activity as an initial forcing function that resulted in 
significant global geochemical and palaeoclimatic 
change. One of the feedbacks linking volcanism and 
black-shale deposition was likely the rapid 
production of marine organic matter stimulated by 
accelerated nutrient supply, either from hydrothermal 
input, and/or indirectly by silicate weathering induced 
by global warming. Assessing the importance of the 
nutrient-productivity-carbon burial feedback requires 
proxies for surface-ocean nutrient utilization, and Zn 
isotopes have the potential to provide such 
information, because their ratio in surface waters 
seems to be largely controlled by the uptake of 
isotopically light Zn into phytoplankton. Hence, if the 
Zn-isotope composition of past surface waters is 
recorded in marine sediments, it may provide insight 
into the nutrient dynamics of past oceans. 

Here we present Zn-isotope data from Upper 
Cretaceous pelagic and platform-carbonate 
successions in England and Italy, where the 
Cenomanian-Turonian boundary has been identified 
by biostratigraphy and chemostratigraphy. Zn 
isotopes from these sections, together with other 
geochemical parameters, help to assess the role of 
changing nutrient dynamics in driving the expansion 
of low-oxygen marine environments. δ66ZnIRMM-3702 
values vary between 0.3 and 1.4 ‰ and show similar 
stratigraphic trends in both locations. These patterns 
suggest perturbations to the Zn-cycle during OAE-2, 
which may be related to changing nutrient dynamics. 
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The elemental and isotopic system of Pb is an 
important tool utilized in geochemistry, especially for 
use in geochronology and to quantify mass transfer 
processes during metamorphism and fluid-rock 
interaction. However, as of now, little is known about 
the controls that affect the distribution and 
coordination state of radiogenic Pb in important U-
Th-Pb-bearing minerals1,2,3, e.g. zircon, monazite, 
uraninite, and coffinite. Radiogenic Pb exists in a 
range of bonding environments amongst different 
minerals due to 1) metamictization and 2) the large 
difference in ionic size between oxidation states (Pb2+ 
vs. Pb4+), thus, controlling the compatibility in 
associated crystal structures. By understanding the 
distribution and speciation of radiogenic Pb, 
important constraints can be made on the individual 
reactivity of U- and Pb-bearing minerals and the 
chemical retentiveness of mineral phases upon 
metamorphism and fluid-rock interaction.  

Thus, our experimental approach specifically 
examines a range of minerals that 1) either have U or 
Pb as a major element constinuent and 2) have a large 
range in age, i.e. different concentrations of 
radiogenic Pb. μ-XANES spectra were collected at 
the Pb LIII edge on well-characterized grains of 
zircon, titanite, monazite, xenotime, uraninite, 
coffinite, and brannerite and also on natural ore from 
the Olympic Dam site in South Australia. 
Experiments took place at the GSE-CARS beam line 
at the Advanced Photon Source in Chicago. 

Briefly, XANES and EXAFS spectra from high 
concentration Pb-bearing minerals indicate that Pb is 
concentrated along grain boundaries, where the 
speciation is dependent on mineral specificity and 
total radiogenic Pb concentration. With these data we 
can better predict the systematics of Pb distribution 
amongst minerals and mobility upon metamorphism 
and fluid-rock interaction. 
1Kramers et al., 2009, Chemical Geology, 261, 4-11; 
2Tanaka et al., 2010, Physics and Chemistry of 
Materials, 37, 249-254 3Watson et al., 1997, 
Chemical Geology, 141, 19-31. 
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Field observations, petrography and geochemistry 
is presented for dunite and chromitite from the Seqi 
Olivine Mine of SW Greenland. This ultramafic 
complex comprises a ca. 500 x 1000 meter enclave 
within Mesoarchaean orthogneiss. Field and 
geochemical data indicates a cumulate origin and 
preliminary Re-depletion ages suggest a magmatic 
age of ca. 3.3 Ga for these rocks. This age marks a 
hiatus in the supracrustal rock record in this region, 
but may correspond to a magmatic event involving 
the lithospheric mantle, which resulted in the 
emplacement of noritic Ameralik dykes within the 
Eoarchaean Itsaq gneiss complex. The Seqi dunites 
are characterised by highly fosteritic olivine with 
cores consistently having Mg# of around 93. Spinel 
compositions are variable with Mg# and Cr# mostly 
below 60 and above 40, respectively, and Fe3+# below 
20. Chromitite bands at Seqi have interstitial 
orthopyroxene with Mg# of ca. 91. Amphibole is 
common in veins and joints within the Seqi complex 
and their enriched trace element compositions point 
to formation by metasomatism associated with the 
intrusion of the hosting granitoids. The refractory 
major element compositions of the Seqi dunites are 
essentially indistinguishable from those of the highly 
depleted subcontinental lithospheric mantle (SCLM) 
xenoliths that have previously been reported from 
alkaline dykes and kimberlites in SW Greenland. 
Although their incompatible and highly siderophile 
trace element compositions are distinct, the Seqi 
dunites would likely have behaved in a similar 
buoyant manner as SCLM during the formation of the 
North Atlantic craton. We therefore propose that at 
least parts of the shallow SCLM in this region may in 
fact represent peridotites with a cumulate origin, 
rather than being entirely made up of mantle residues. 
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The main products of volcanic activity in the 

teschenite-picrite association (the Polish Outer 
Western Carpathians, Central Europe) are shallow, 
sub-volcanic intrusions, which are mainly represented 
by teschenite, picrate, lamprophyre, dolerite and 
syenite. Up to now, a lack of primary magmatic 
zircon, monazite or xenotime made apatite the most 
suitable phase for U-Pb dating of the igneous rocks. 
The probable time of volcanic activity in the Silesian 
Basin took place from 128 to 103 Ma and most likely 
peaked between 128-120 Ma (based on LA-ICP-MS 
U-Pb apatite dating).  

Recently, in one syenite sample zircon grains 
were found. Preliminary microscopic observations 
revealed, that zircon grains are represented by two 
types differing in shape and size. The first zircon 
group are ball-shaped with crystals up to 50-80 µm in 
size. The second group of zircon  is euhedral in habit 
with crystals up to 100 µm long. The zircon crystal 
were not dated yet. Their magmatic origin has not 
been confirmed, and their origin is still controversial. 
Zircon crystals are present in the magmatic rocks, but 
near the contact with sedimentary (potentially rich in 
heavy minerals) country rock. The origin of zircon 
can be confirmed by their internal structure, 
chemistry and dating. In case the zircon crystals has 
"teschenitic" origin it would be the first such finding. 
This new data could indeed improve our knowledge 
on the age of this magmatism and it is worth 
conducting such research on unique ultramafic 
bodies.  

 
This study was financially supported by National 
Science Centre (NCN) Grant 2014/13/B/ST10/02403 
(given to AG).  
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Clues about the timescales and thermal conditions 

associated with the growth and evacuation of large 
silicic magma reservoirs are frequently drawn from 
radiometric dating, diffusion modelling, 
thermomechanical modelling or crystal size 
distribution analyses [1]. A growing amount of 
petrological and geochronological evidence, 
supported by thermal modelling, suggests that many 
silicic magma reservoirs may exist for some 104–106 
years in the form of high-crystallinity mushes at 
relatively low temperatures (~700-750°C, [2–4]). 
Geochronological studies addressing this issue 
typically utilise the U–Pb system in zircon capable of 
recording extended periods of crystallisation, 
particularly in evolved calc-alkaline systems that 
spend most of their lifetime zircon-saturated. 

In this study, we integrate U–Pb dating of zircon 
and titanite to investigate the longevity of the magma 
reservoir that produced the Kneeling Nun Tuff, a ~35 
Ma, > 900 km3 crystal-rich rhyolitic super-eruption 
erupted within the Mogollon–Datil volcanic field in 
New Mexico (USA). High-precision ID–TIMS U–Pb 
dating of single zircon crystals displays a ~200,000 
year crystallisation history and provides the temporal 
framework for our petrologic studies. We explore the 
use of titanite petrochronology as an additional time-
resolved archive of magma evolution that may record 
different crystallisation conditions than zircon [5]. 
Dating of both accessory phases is combined with 
textural, major (EPMA) and trace (LA–ICPMS) 
element studies revealing the thermal conditions, 
differentiation processes and a mush rejuvenation 
event responsible for the growth of Ba+Sr+REE-
enriched rims in sanidine and titanite. These 
preliminary results suggest a protracted upper-crustal 
storage of magma prior to the Kneeling Nun Tuff 
eruption followed by a melting event which reduced 
the magma crystallinity and conditioned it for 
eruption. 
 
[1] Costa (2008), Dev. Volcanol. 10, 1–55. [2] 
Bachmann & Bergantz (2004), J. Petrol. 45, 1565–
1582. [3] Gelman et al. (2013), Geology 41, 759–762. 
[4] Cooper & Kent (2014), Nature 506, 480–483. [5] 
Xirouchakis & Lindsley (1998), Am. Mineral. 83, 
712–725. 
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The Mercara Shear Zone is sandwiched between 
the Western Dharwar Craton and the Coorg Block of 
the Southern Granulite Terrain. The shear zone 
includes metaigneous suite and metasedimentary 
rocks. The present study brings out novel data on the 
geochemistry, PT, geochronology (from Zircon 
UPb) and the genetic history (from LuHf 
systematics) of the Mercara Shear Zone. The whole 
rock geochemical data from the magmatic suite 
implies an arc magmatic formation through 
subduction, whereas the metasedimentary rocks 
represent volcano sedimentary trench sequences 
accreted onto the continent. The thermodynamic 
modeling suggests high–grade metamorphism in the 
terrain. The zircon UPb age data from the 
metaigneous suite gives crystallization ages between 
3.1 Ga to 3.2 Ga, whereas the detrital zircons from 
the sedimentary sequences provide an age range of 
3.1 Ga to 3.5 Ga. The metamorphic overgrowths in 
the zircons ca. 3.0 Ga indicate the collisional event 
timing. Hf isotope features indicates magma derived 
from juvenile sources and the LuHf model ages 
suggest the crust building might have also involved 
partial recycling of basement rocks as old as ca. 3.8 
Ga. Thus it envisages that the Mercara Shear Zone a 
possible suture formed as a collisional event between 
the Coorg Block and the Western Dharwar Craton in 
the southern peninsular India. 
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Chemical and mineralogical data on sedimentary 
rocks on Mars suggest that aqueous environments on 
early Mars had shifted from neutral (pH~7-9) to 
highly acidic pH (pH~2) at ~3.5 Ga (e.g., [1]). Using 
the observational data by Opportunity, the previous 
study shows that this surface acidification may have 
been driven by photo-oxidation of ferrous iron in 
surface water [2]. Irradiations of UV light photo-
oxidizes ferrous iron to ferric iron in association with 
H+ production, as shown in the following equations. 

 
Fe2+

aq + 2H2O → Fe3+O(OH)↓ + 0.5H2↑ + 2H+     
(eq. 1) 

 
Fe(OH)+ + H2O → Fe3+O(OH)↓ + 0.5H2↑ + H+     

(eq. 2) 
 
Although this mechanism can explain the 

acidification, it remains unclear how neutral pH water 
had been sustained before 3.5 Ga and what was the 
trigger for the acidification.  

Here we propose a hypothetical mechanism to 
address these questions by considering the 
dependence of these photo-oxidation processes on the 
atmospheric compositions. Ferrous iron exists in 
water as either Fe2+ (< pH~8) or Fe(OH)+ (> pH~8). 
While both ions are photo-oxidized upon UV 
irradiation (< 200 nm), Fe(OH)+ is also oxidized with 
irradiation of visible lights (300–400 nm) [3]. Thus, 
in a thick atmosphere with several ppm of SO2, only 
Fe(OH)+ is photo-oxidized as UV is shielded. Under 
such conditions, surface water acidifies via the photo-
oxidation of Fe(OH)+ (Eq. 2). Nevertheless, the 
acidification dampens in surface water at pH~7 
because the concentration of Fe(OH)+ drastically 
decreases due to the conversion to Fe2+. This negative 
feedback mechanism can sustain pH circum-neutral. 
On the other hand, in an atmosphere with less SO2, 
both Fe2+ and Fe(OH)+ are photo-oxidized as both 
UV and visible light reach to the surface. In such 
cases, the acidification continuously proceeds 
through Eq. 2 at neutral pH and through Eq. 1 at low 
pH. If the input flux of alkali ions into surface water 
is less than H+ production rate via the photo-
oxidation, a runaway acidification occurs. Taking 
into account the experimental data [3][4], we here 
discuss the critical atmospheric compositions to 
trigger the runaway acidification.  
 
[1] Bibring et al. (2006) Science 312, 400-404. [2] 
Hurowitz et al. (2010) Nature Geosci. 3, 323-326. [3] 
Braterman et al. (1983) Nature 303, 163-164. [4] 
Jortner et al. (1962) J. Phys. Chem. 66, 1258-1264. 
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Abstract 

Mohammad abad Khonesorkh area index with 
high potential to Cu mineralization is located in 
Urumieh-Dokhtar magmatic belt and in Kerman 
province. Geological units of the area consists mainly 
of andesitic, Trachyandesitic-basaltic andesite lava, 
andesite to basaltic andesite tuff and rhyolitic to 
dacitic tuff which is affected by hydrothermal 
solutions so the igneous rock units display some 
types of alterations such as phyllic, propylitic, argilic 
and silicic alterations and copper mineralization. 
Posotive correlation between Cu and Fe can be 
explained by the presence of chalcopyrite and 
correlation between Au, As and Bi are attributed to 
substitutions in Cu, Bi minerals and arsenopyrite. 
Multivariate statistical analyses have demonstrated 
three stages in mineralization in the area. The first 
stage shows: Cu, Au, Ag, Bi, Mn, Co and Zn; the 
second stage includes: Fe, Sb and the last stage 
comprises as, Cd and Mo enrichment.  
Keywords:Alteration, Correlation, Mohammad abad 
Khonesorkh Copper deposit, Urumieh Dokhtar Zone 
 
Templ, M., Filzmoser, P., Reimann, C., 2008, 
"Cluster ana-lysis applied to regional geochemical 
data: problems and poss-ibilities", Applied 
Geochemistry, 23, P.2198-2213. 

 



Goldschmidt Conference Abstracts 

 

3015 

Chemical evolution of the Solar 
System: Laboratory 

experiments and small-body 
explorations 

SHOGO TACHIBANA1* 
1Departmemt of Natural History Sciences, Hokkaido 

Univ., N10W8, Sapporo, Hokkaido 060-0810, 
Japan (*correspondence: 
tachi@ep.sci.hokudai.ac.jp) 

 
The Solar System formed by the collapse of the 

Sun’s parent molecular cloud, containing nuclides 
synthesized in ancestor stars, ∼4.57 billion years ago. 
The infant Sun was surrounded by a protosolar disk. 
Silicate dust, ice and organic materials, which are 
heritages from the interstellar medium, were 
thermally processed in the protosolar disk 
(evaporation/condensation, melting/crystallization, 
gas-solid reaction, annealing, and so on), resulting in 
the formation of chondritic components and 
elemental/isotopic fractionations recorded in 
chondrites and terrestrial planets. Chemically-
processed solid components accumulated to form 
planetesimals, where metamorphism and aqueous 
alteration subsequently tool place. Planet formation 
followed in the final stage of the disk evolution. Gas 
giants captured disk gas prior to the disk dissipation. 
Terrestrial planets formed in the dry inner region of 
the disk inside the snow line, but volatiles including 
water were delivered at some point. 

A key to understand the origin and early 
evolution of the Solar System is undoubtedly the 
analysis of extraterrestrial samples. However, in 
order to extract the quantitative information on 
physical and chemical conditions and the timescale of 
chemical evolution, laboratory experiments 
simulating chemical reactions in astronomical 
environments are critical elements. In this talk, I will 
address laboratory experiments on circumstellar dust 
formation, molecular cloud chemistry, formation of 
chondritic components, and dust evolution in the 
protosolar disk [e.g., 1-3].  

Another key element is to expand our collection 
of extraterrestrial materials without any collection 
bias and terrestrial contamination. New sets of 
samples will be delivered in early 2020’s from two 
primitive near-Earth asteroids, Ryugu and Bennu, by 
Hayabusa2 (2014–2020) [4] and OSIRIS-REx (2016–
2023) [5]. The scientific significance of small-body 
explorations to understand the Solar-System 
evolution will also be addressed in the talk. 

 
[1] Tachibana S. et al. (2011) ApJ 736, 16. [2] 
Takigawa A. et al. (2015) ApJS 218, 2. [3] 
Yamamoto D. and Tachibana S. (2016) Goldschmidt 
abstracts 2016, this volume. [4] Tachibana S. et al. 
(2014) Geochem. J. 48, 571. [5] Lauretta D. S. et al. 
(2014) Meteorit. Planet. Sci. 50, 834. 
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Melting has always played a key role in Earth 

evolution. Early solidification of a magma ocean may 
have left the mantle compositionally stratified and/or 
may have continued in the form of a long-lived basal 
magma ocean (BMO). Ongoing upper 
mantle/transition zone melting, perhaps associated 
with water and carbonate, may have caused ‘internal 
differentiation’, resulting in dense enriched products 
that sink. Throughout Earth's history melting in the 
shallow mantle has produced crust, most of which 
was recycled into the interior and some of which may 
have segregated above the core-mantle boundary, 
joining possible enriched products from early 
differentiation, internal differentiation and BMO 
solidification to produce a Basal Melange (BAM).  

We now have the capability to simulate mantle 
evolution from a 100% molten state (magma ocean), 
which allows both early and long-term differentiation 
processes to be included in a self-consistent manner, 
using the simulation code StagYY. Our models use 
an approach previously developed for 1-D magma 
ocean modelling by Y. Abe, in which dynamics 
occuring in regions that are mostly solid are fully 
resolved, while turbulent convection in regions that 
are mostly molten is parameterised by the use of an 
effective diffusivity. The models treat fractional 
melting using a eutectic model plus iron partitioning, 
include segregation of melt and solid, coupling to a 
parameterized core, and a radiative surface boundary 
condition with heat loss slowed by an atmosphere. 
We investigate and characterize the evolution of a 
magma ocean as a function of various uncertainties 
including the shape of the solidus/liquidus 
(controlling whether crystallization starts in the 
middle or at the base), melt-solid density difference, 
fractional vs. batch crystallization, and cooling rate. 
Depending on parameters, we find that the magma 
ocean may have solidified with a ~uniform or a 
stratified composition. Solid-state convection may 
onset before the magma ocean is completely 
crystallized. The core rapidly cools to the rheological 
transition of the mantle, making a straightforward 
basal magma ocean difficult to maintain. Selected 
cases are run for subsequent billions of years beyond 
the magma ocean stage to predict modern-day mantle 
structure. 
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A large-scale mantle upwelling beneath the 
French Polynesia region in the South Pacific has been 
suggested from seismic studies, and a slow velocity 
anomaly continues from the core mantle boundary to 
the upper mantle just beneath the Society hotspot [1]. 
However, the previous studies [1, 2] are not enough 
to understand the geometry, temperature, and 
composition of the Society hotspot. Then, we carried 
out the TIARES project that composed of multi-
sensor stations including BBOBSs, OBEMs, and 
DPGs from 2009 to 2010 [3]. 

We have analyzed marine magnetotelluric data 
obtained totally 20 sites around the Society hotspot, 
and revealed a three-dimensional shaped high 
conductive anomaly, like a thumb, beneath the 
Society hotspot. In order to clarify the cause of the 
high conductivity, water content, melt fraction, and 
H2O and CO2 contents in the upper mantle were 
estimated by adopting results of rock experiments at 
high temperatures and pressures. As a result, the 
upper mantle in the high conductive anomaly 
involves more melt, H2O, and CO2 rather than that in 
the surrounding area. Furthermore, temperature of 
high conductive anomaly might be higher than the 
surrounding area. It appears that a large amount of 
fluid and temperature transfer through the plume. 
 
[1] Suetsugu et al. (2009) Geochem. Geophys. 

Geosyst. 10, Q11014, doi:10.1029/2009GC002533. 
[2] Nolasco et al. (1998) JGR 103, 30287-30309. [3] 
Suetsugu et al. (2012) EPS 64, i-iv. 
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To estimate the radiocesium decreasing rates 

from some terrestrial plants, measurements of 137Cs in 
herbaceous plants and tree leaves were carried out in 
2011-2015. The sampling was carried out in Chiba, 
ca. 200 km south of the Fukushima Daiichi Nuclear 
Power Plant (FDNPP). Details of the sample 
treatment and measurement method are reported 
elsewhere [1, 2]; plants used were some trees (e.g., 
persimmon, red robin, etc.) and herbaceous plants 
(e.g. giant butterbur, grass, etc.). 

In the first three years after the FDNPP accident, 
all plant species showed single exponential declines 
in 137Cs concentration. However, longer period of 
time, the decrease rates became slower and a 
combination of two exponential curves fits better in 
five years after the accident. The fitting result are 
shown in Figure 1 for persimmon tree leaves. 
Effective half-life (Teff) values of short- and long-
time periods were 0.44 y and 2.4 y, respectively. 
Interestingly, these values are similar to those 
observed after the Chernobyl accident for tee tree 
leaves [3]. For herbaceous plants, however, longer 
half-lives were observed for the long-time period. 
This results was probably because trees still partially 
retained 137Cs that was taken through their above 
ground parts in 2011 and recycled it into their bodies, 
although herbaceous plants simply reflects 
bioavailable fraction in soil each year. 

Figure 1: 137Cs concentration change in persimmon 
leaves. 

 
This work was partially supported by the Agency for 
Natural Resources and Energy, the Ministry of 
Economy, Trade and Industry (METI), Japan. 
 
[1] Tagami & Uchida (2015) J. Environ. Radioactiv. 
141, 8-13. [2] Tagami & Uchida (2015) J. Environ. 
Radioactiv. 141, 138-145. [3] Ünlü et al. (1995) 
Health Phys. 68, 94-99. 
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The timing of faulting episodes can be 

constrained by radiometric dating methods with low 
closure temperatures applied for fault roks.  Fault-
zone materials suitable for dating are produced by 
tectocic and geochemical processes, such as (1) 
fragmentation of host rocks, followed by grain-size 
reduction and recrystallization to form mica and clay 
minerals, (2) secondary heating/melting of host rocks 
by frictional fault motions, and (3) mineral vein 
formation as a result of fluid advection associated 
with the fault motions.  The thermal regime of fault 
zones consists primarily of the following three 
factors: (a) regional geothermal structure across the 
fault zone and background thermal history of studied 
province bounded by fault systems, (b) frictional 
heating of wall rocks by fault motions, and (c) 
heating of host rocks by hot fluid advection in and 
around the fault zone.   

Thermochronological methods widely applied in 
fault zones are K-Ar (40Ar/39Ar), fission-track, and U-
Th methods.  In addition, OSL, TL, ESR and (U-
Th)/He methods are applied in some fault zones, in 
order to extract temporal imformation related to low 
temperature and/or very recent fault activities.   

In the present contribution, I briefly review the 
thermal sensitivity of individual thermochronological 
systems, which basically controls the response of 
each method against faulting processes.  Then, 
representative examples as well as key issues are 
highlighted to date fault gouges, pseudotachylytes, 
mylonites and carbonate veins from a variety of 
tectonic settings.  Coupled with structural geological 
information, the low termperature thermochronology 
is widely applicable to both modern and aincent fault 
zones, placing valuable constraints upon geological, 
geomorphological and seismological processes. 
: 
T. Tagami, 2012.  Thermochronological investigation 
of fault zones. Tectonophys., 538-540, 67-85, 
doi:10.1016/j.tecto.2012.01.032. 
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Ghader-Abad nickel laterites are located at the 

Bavanat area, is a part of the Zagrous folded belt. 
Ghaderabad Ni-laterite occured between Darian and 
Jahrom formations is developed on the serpentinised 
harzborgites due to lateritic weathering processes. 
Two 
studied weathering profile is included; profile A and 
profile B are both paleodeposits. The deposits are 
developed on the Neyriz ophiolitic serpentinite body. 
The weathering profiles are both laterally and 
vertically variable. An oxide zone, which is the main 
ore horizon, is located at the base of the profile. A 
hematite horizon is located above the limonite, which 
in the south of the deposit is capped by Eocene 
freshwater limestones and in the north by a siliceous 
horizon. The deposit lacks a significant saprolite zone 
with little development of Ni silicates. Mineralogical 
association of the lateritic zone included: quartz, Fe-
oxides, carbonates and clay minerals.  Minerlogically, 
the Ghader-Abad nickel laterites, is an oxide subtype 
deposit, and goethite and hematite are the main Ni-
bearing minerals. Distribution pattern for Ni and Co 
in both of profiles is similar and show a positive 
correlation with Fe2O3, that it due to exist of Fe-
oxides minerals. SiO2 concentrations are relatively 
high within both of profiles and show major 
variations with Fe2O3 concentrations. Low nickel 
values correspond with higher CaO and SiO2 
concentrations. Overall Ni values are relatively low 
possibly due to transportation and associated leaching 
of the Ni. Dilution of Ni grades by the precipitation 
of calcite and silica will also decrease Ni 
concentrations. 
 
[1] Valiey, R., 2015, geochemistry and occurrences 
mechanism of the Ghader –Abad Ni laterite, Fars 
Province, Iran, M.Sc. Thesis, Shiraz University.  
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Mangroves act as both a sink and a source of 

carbon and nutrients within the tropical coastal 
marine environment. While the significant role of this 
ecosystem to durably sequester carbon is well 
documented, less is known about the biogeochemical 
exchanges occurring via tides between mangrove 
sediments and tidal creeks, and the coastal system. 

The two objectives of our research were (a) to 
determine the importance of lateral carbon and 
nutrients fluxes, from both the mangrove soil and the 
water column, and (b) to estimate the respective 
contribution of the surface and subsurface runoff 
from the mangrove sediment during this process. 24h 
time series were conducted at both, dry and wet 
seasons, during the different tidal regimes in a low 
latitude mangrove tidal creek (Can Gio Biosphere 
Reserve, Vietnam). 

Our results show that a large amount of the 
organic and inorganic matter produced by the 
mangrove vegetation is transferred via surface runoff 
and subsurface groundwater discharge (SGD). 
Porewater seepage, estimated with 222Rn natural gas 
tracer, is therefore a major driver of carbon and 
nutrients outflow. As a result, mangrove tidal creek, 
particularly at low tide, acts as a source of carbon to 
be reemitted into the atmosphere -under its gaseous 
phase (CO2), and in the coastal ocean via the tidal 
pumping process – under its dissolved and particulate 
phase. Unlike Phosphorus, concentrations and 
availability of the dissolved forms of nitrogen species 
are also correlated with tidal variations: NH4 being 
higher at low tide while NO3 being higher at high 
tide. Nitrogen and oxygen stable isotope 
compositions of nitrate (δ15NNO3 & δ18ONO3) were 
studied and are providing essential information for 
understanding N transformation mechanisms and 
their potential implications for the carbon production 
and transformation processes. 
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We combined observations of the natural tracers 

radon (222Rn) and radium (223Ra, 224Ra and 226Ra) with 
hydrodynamic models across a broad latitudinal 
gradient to estimate porewater exchange rates in 
mangroves. Porewater exchange ranged from 2.1 to 
35.5 cm day-1 from temperate to tropical regions. 
Using the different tracers 222Rn, 223Ra and 224Ra, the 
calculated mass balance porewater exchange rates 
over the entire gradient averaged 16.8 ± 5.1, 11.4 ± 
4.4, and 14.1 ± 4.7 cm tidalcycle-1, respectively. We 
hypothesize that the difference in porewater exchange 
estimates is potentially due to the overestimation of 
wind and current evasion rates when the 222Rn mass 
balance model is applied to mangroves and the longer 
decay rate of 224Ra. Analysis of sediment 
permeability characteristics indicated that the 
difference in porewater exchange rates can be 
attributed to crab burrow number and morphology. If 
upscaled to global weighted mangrove area, 
porewater exchange in mangroves would recirculate 
the entire volume of water overlying the continental 
shelf in 157 to 260 years using 222Rn and 224 Ra 
respectively, and is equivalent to between 20% and 
33% of global annual river discharge to the oceans. 
Because biogeochemical processes in mangroves are 
largely dependent on porewater exchange, these large 
exchange rates have major implications for coastal 
nutrient, carbon, and greenhouse gas cycling in 
tropical marine systems. 

 
Figure 1. Porewater exchange in mangroves is 

enhanced through subsurface animal burrows 
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Background 
Discorery and assessement of new molecular 

markers are important mission of organic 
geochemists.  We examined artificial sweeteners as 
indicators of human activities, more speficially 
sewage pollugion, in surface water and groundwater.  
We surveyed Vietnam, Thailand, Philippines, 
Indonesia, Japan, Mozambique, South Africa, Kenya, 
and Ghana by visiting 358 locations in 2010 – 2014. 
The water samples including sewage, urban and rural 
river water, and groundwater were analyzed for 
artificial sweeteners (Acesulfame : ACE; sucralose : 
SUC; saccharin : SAC; cyclamate: CYC). were also 
measured.  In addition, conventional markers, i.e., 
linear alkylbenzenes (LABs) and coprostanols, and 
emerging markers, i.e., antibiotics,  were determined. 

Results and Discussions 
ACE was ubiqutously detected in surface waters 

in Asian and African countries.  Concentrations of 
artificial sweeteners showed good correlations with 
those of conventional and emerging markers (Fig.1).  
These demonstrated the utility of the artificial 
sweeteners as indicators of sewage inputs.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	  
Figure 1. Correlation of artificial sweeteners with 

those of conventional markers. 
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Enceladus is one of the moons of Saturn, and it 

has been known to harbor interior ocean beneath the 
icy crust. The mass spectrometry data obtained by 
Cassini spacecraft indicates the presence of salty, and 
most likely alkaline ocean containing various organic 
compounds. While geochemical and other radiation 
related processes for in situ production of organics 
remain elusive, thermally unaltered carbonaceous 
chondrites, consisting the main body of Enceladus are 
known to be enriched with organic matters potentially 
including the building blocks of life (e.g., amino 
acids and amino acid precursors). Assuming that 
abiotic amino acids exist in the Enceladus alkaline 
seawater, we hypothesized that water-rock interaction 
may contribute to condensation of localized amino 
acids leading to peptide formation. In order to test 
this hypothesis, we have developed the Enceladus 
hydrothermal reactor based on the chemical 
constraints obtained through previous experimental 
and theoretical studies. We have added six different 
amino acids and introduced a thermal fluctuation 
system simulating the periodic tidal heating of the 
interior chondritic core. Total, eight sea water 
samples were obtained over the course of 147 days of 
experiment. While detection of peptide using 
Capillary Electrophoresis Time-of-Flight Mass 
Spectrometry (CE-TOF/MS) is still at the preliminary 
stage, so far presense of various molecules larger than 
the mass of a single amino acid have been 
comfirmed. The pH monitoring and H2 and CO2 Gas 
Chromatography (GC) data clearly indicated the 
occurrence of serpentinization / carbonation reaction. 
These results suggest the interaction between amino 
acids, aqueous alteration reaction and thermal cycling 
processes for the role of abiotic peptide formation 
under  alkaline hydrothermal condition. 
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          It has been thought that a protocell played 
an important role in the chemical evolution to origins 
of life. Experimental studies on the formation of 
organic microspherules have been historically 
reported. However, how the microspherules gained 
biofunction is unknown. We investigated the sizes, 
shapes, and distributions of organic microspherules 
formed by Maillard-type reaction of formaldehyde 
and ammonia which were thought to be present 
ubiquitously on the early Earth, in order to 
understand their formation and dynamics. 

          Paraformaldehyde (120 mg), 
glycolaldehyde (120 mg), NH3(aq) (54 µl), Ca(OH)2 
(30 mg) in 2 ml of water in a glass tube was heated at 
90℃ for 3-100 days. After heating, the precipitation 
was rinsed with HCl and dried. The purified organic 
solids were observed by a SEM and optical 
microscope, and analyzed by ATR-IR, synchrotron-
based micro-FTIR (BL43IR, SPring-8) and STXM 
(BL4U, UVSOR). 

          Sizes of the organic microspherules were 3-
5 µm after heating for 5 days, and increased to 10-20 
µm after 50 days, but afterward smaller ones of 10 
µm increased. The microspherules had diversity in 
shape, such as round-, donut-, dumbbell-, and 
irregular-shapes. From the ATR-IR spectra of the 
organic solids, hydroxyl group, alkyl groups, 
aromatic carbons, imine, amide, and nitrogen 
heterocyclics were identified, while the functional 
group compositions were constant over heating time. 
Micro-FTIR and STXM measurements show that 
microspherules and host organics have similar 
functional group compositions. On the other hand, 
chemical heterogeneities between the individual 
microspherules were locally observed. These results 
suggest that the diversity in size and shapes of 
microspherules is not related to the chemical 
compositions but self-assembly behaviors of 
amphiphilic molecules with different polarities. Local 
chemical heterogeneities may be explained by 
budding and/or birthing division of microspherules 
with the progress of heating. These cell-like 
phenomina could have been occurred not only in the 
early Earth but also in other planets. 
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Eclogite component entrained in ascending plume 
is essentially important in producing flood basalts 
(e.g., Columbia River basalt, Takahashi et al., 1998 
EPSL), alkalic OIBs (e.g., Kogiso et al.,2003), ferro-
picrites (Tuff et al.,2005) and Hawaiian shield lavas 
(e.g., Hauri, 1996; Takahashi & Nakajima, 2002, 
Sobolev et al.,2005). Various melting models of 
Hawaiian plume have been proposed with entrained 
mafic components (e.g., Farnetani & Hofmann 2009; 
2010). Size of the entrained eclogite, which controls 
the reaction rates with ambient peridotite, however, is 
very difficult to constrain using geophysical 
observation. Based on reconstruction of Koolau 
volcano by submarine study on Nuuanu landslide 
(AGU Monograph vol.128, 2002, Takahashi Garcia 
Lipman eds.), Takahashi & Nakajima (2002 ibid) 
concluded that the Makapuu stage lava in Koolau 
volcano was supplied from a single large eclogite 
block of the order of 1000km3.   

In order to study melting process in Hawaiian 
plume, high-pressure melting experiments were 
carried out under dry and hydrous conditions with 
layered eclogite/peridotite starting materials. Detail 
of our experiments will be given by Gao et al (04g: 
this conference). Combined previous field 
observation with new set of experiments, we propose 
that variation in SiO2 among Hawaiian tholeiites 
represent varying degree of wall-rock interaction 
between eclogite and ambient peridotite. Makapuu 
stage lavas in Koolau volcano represents eclogite 
partial melts formed at ~3 GPa with various amount 
of xenocrystic olivines derived from Pacific plate. In 
other words, we propose that “primary magma” in the 
melting column of Hawaiian plume ranges from 
basaltic andesite to ferro-picrite depending on the 
lithology of the source. Solidus of peridotite lowers 
significantly due to FeO, TiO2, K2O from eclogites 
thus PMT of Hawaiian plume may be ~1450°C which 
is significantly lower than current estimates (e.g., 
Herzberg, 2006). 

Aoki & Takahashi (2004 PEPI) studied density 
change in MORB eclogite with pressure and 
temperature (5-14GPa). We extended this study into 
the melting range of the Hawaiian plume (3-8GPa). 
Behavior of entrained eclogite block in Hawaiian 
plume will be discussed based on the new density 
model. 
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The sample preparation is critical for precise 14C 
measurements. To establish the reliable method, 
international comparisons of 14C analysis for organic 
and carbonate matters have been conducted several 
times in the past. Recently, we have initiated a 
comparison for 14C measurements of water samples 
with a wide range of DIC concentrations, including 
sea water and groundwater, as a part of the 
Radiocarbon Intercomparison on Chemical 
Experiments, Water series (RICE-W) program. This 
program also aimed to investigate sample storage 
methods such as type of sample bottles and 
disinfection using a toxic substance (e.g. HgCl2 
solution).  

We firstly assessed the carbon extraction methods 
using eight water standards (seawater, groundwater, 
hot-spring water, and NaHCO3 solution). The 
preparation methods are categorized mainly two 
types: carbonate precipitation (SrCO3 or BaCO3) and 
CO2 gas extraction with acid addition (water bubbling 
or purging of vial-headspace gas). We confirmed that 
sample preparation method does not effect to 14C of 
DIC. It was also noted that the low extraction yield of 
the precipitation method for sea water was not 
problematic for 14C measurements.  

We moved forward with evaluating sample 
storage bottles; polyacrylonitrile (PAN), glass, 
polypropylene (PP) bottles. 14C concentration of 
NaHCO3 solutions increased from ~0.5pMC to ~1.5 
pMC for PAN and glass bottles and to ~10 pMC for 
PP bottle, respectively, for ~500 days. We conclude 
that PAN and glass bottles are appropriate for 
storage. Our program will be continued to assess the 
influence of a toxic substance to suppress biological 
activity of part of natural waters during the sample 
storage. However, it requires special procedures for 
transport, disposal and experiment. Thus, we 
prepared six water standards using solution of 
chemical reagents without a toxic substance. 
Chemical compositions were arranged to be similar 
with natural waters having a wide range of 14C 
concentration. The next step of the RICE-W program 
is now getting started using them. We welcome 
laboratories participating this program. Please contact 
us to “rice-ml@aist.go.jp”. 

This work was supported by the JSPS Grant-in-
Aid for Scientific Research C (No. 26340017).  
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Full explanation of the origin of terrestrial 
bioorganic homochirality (enantiomeric domination 
of L-form amino acids in proteins and D-form sugars 
in DNA/RNA) is one of the most important problems 
in astrobiology. One attractive hypothesis in the 
context of astrobiology (cosmic scenario) has been 
advocated that asymmetric radiations in space, such 
as circularly polarized photons or spin-polarized 
electrons, have induced asymmetric conditions on 
primitive interstellar media [1]. We are executing 
cooperative works between three aspects of 
approaching methods (observations, experiments and 
computations) to clarify the cosmic scenario as 
below: 
(1) Astronomical observations of circularly polarized 
radiation from various star-forming regions in space, 
using highly sensitive polarization detecting systems 
settled in the astronomical observatories. 
(2) Simulated experiments with polarized quantum 
beams from high-energy particle accelerators 
irradiating amino acids or sugars and their precursor 
molecules, and following chemical and optical 
measurements of enantiomeric excesses.  
(3) First principal simulating calculations of 
asymmetric optical responses and following 
asymmetric chemical reactions for amino acids or 
sugars and their precursor molecules. 

The synergy effects of the approaches are 
expected to resolve the problems of the origin of 
terrestrial biological homochirality. 
 
[1] Bonner (1991), OLEB 21, 59-111. 
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We have continuously performed geochemical 

monitoring in the active volcanoes in Hokkaido, 
Japan, to detect changes in their volcanic activity. We 
have observed thermal waters and fumarolic gases in 
Meakandake (1986-present), Tokachidake (1986-
present) and Tarumai (1998-present) volcanoes, and 
have observed thermal waters in Komagatake 
volcano (1991-present). During each monitoring 
period, a magmatic eruption occurred in Tokachidake 
volcano (1988-89) and small phreatic eruptions 
occurred in Meakandake (1988, 1996, 1998, 2006 
and 2008) and Komagatake (1996, 1998 and 2000) 
volcanoes. 

Tokachidake volcano erupted in 1988-89, and the 
eruption enhanced the temperature and chemical 
compositions of thermal waters discharging at the 
flank [1]. Before the 1988-89 eruption, the 
temperatures and total sulfur concentrations of 
fumarolic gases were high compared with those of 
the present. Because these changes were affected by 
the volcanic activity, these monitoring is a useful 
method to understand the state of the volcano. 
Recently, the chemical compositions of the thermal 
waters slightly changed again associated with the 
increase of the volcanic activity.  

In Meakandake volcano, no obvious chemical 
changes were observed in thermal waters at the flank 
in spite of repeated phreatic eruptions. In contrast, the 
HCl component in the fumarolic gases and thermal 
waters at the summit craters slightly increased before 
the eruptions [2].  

In Komagatake volcano, the thermal and 
chemical increases were observed at the flank thermal 
spring during repeated phreatic eruptions [3]. These 
changes might be related to the volcanic activity.  

Tarumai volcano did not cause any eruptions 
during the observation period. The decrease of the 
chemical concentrations of thermal waters and 
fumarolic gases generally continued during this 
period.  
 
[1] Takahashi et al. (2015) Bull. Volcanol. 77, doi 
10.1007/s00445-014-0887-6. [2] Murayama et al. 
(2010) Rep. Geol. Surv. Hokkaido 81, 45-64. [3] 
Ogino & Okazaki (2002) Rep. Geol. Surv. Hokkaido 
73, 235-242. 
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The end-Permian mass extinction is considered to 
have been associated with a widespread oxygen-
deficient oceanic event. Such an oceanic event is 
inferred based on the concentrations of redox 
sensitive elements such as uranium (U) and 
molybdenum (Mo) in sediments. However, the 
severity and spatio-temporal extent of oxygen 
deficiency is poorly understood. Isotope systematics 
of redox sensitive metals may provide new insights. 
Here, we report variations in isotope ratios of U and 
Mo (δ238U and δ98Mo) in the deep-sea sediments 
across the Permian–Triassic boundary in the 
accretionary complex of Northeast Japan (Akkamori 
section). The section consists of late Permian bedded 
chert, latest Permian siliceous claystone, and the end-
Permian to earliest Triassic black carbonaceous 
claystone. The mass extinction boundary is located at 
the base of the black claystone.   
δ238U starts to increase from the Permian chert, and 

shows a maximum value of 0.53‰ in the overlying 
siliceous claystone, 17 cm below the extinction 
boundary. This is close to the maximum value 
reported from the anoxic black shale in Black Sea [1]. 
Then, δ238U gradually decreases upward, and shows 
values around 0.3‰ at the earliest Triassic. δ98Mo 
shows a drastic decrease to -1.0‰ in the Permian 
siliceous claystone below the mass extinction 
horizon. The δ98Mo then increases to 2.5‰ at the 
basal 15 cm of the black claystone above the mass 
extinction horizon. The trend is supported by similar 
δ98Mo variation from the deep-sea Permian - Triassic 
boundary from the Boreal Sea (Sverdrup Basin; [2]). 
The increased δ238U at the end-Permian suggest high 
contribution of reduced U reflecting reduced oceanic 
condition. During this reduced water development, 
δ98Mo would show low values fractionated by Mn 
particle activated their transportation in mild sulfidic 
condition at first, and become to show high value of 
Mo-sulfide with slight fractionation from seawater in 
strong sulfidic condition. 
[1] Weyer et al., 2008, Geochim. Cosmochim. Acta 72, 345-
359.[2] Proemse et al., 2013, Geology, 41, 967-970. 
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Sound velocity is one of the most important 
physical properties to understand the Earth’s interior. 
Sound velocity of Fe3C was measured by the inelastic 
X-ray scattering (IXS) method. The high pressure 
was generated using a symmetric-type diamond anvil 
cell. The Fe3C foil was sandwiched between NaCl 
layers, which served as a pressure-transmitting 
medium and as a thermal insulator. The sound 
velocity of Fe3C was measured by the inelastic X-ray 
scattering method at BL35XU [1] and BL43LXU at 
SPring-8 [2]. Sound velocity measurements at high 
pressure and temperature were conducted at BL35XU 
by a double sided laser heated DAC using a fiver 
laser, the COMPAT system [3]. IXS measurements 
were carried out from 32.8 GPa to 85.8 GPa and the 
temperature range from 300 K to 2300 K. The present 
measurements revealed that the Birch’s law, the 
density and Vp relation, has almost no temperature 
dependency. Present estimations of VP and VS of Fe3C 
were 12 % and 48 % faster than those of PREM at 
329 GPa and 5000 K. The equation of state of Fe3C 
can be accounted for the density of the inner core at 
ICB (329 GPa and 5000 K), however the present 
results on sound velocity of Fe3C indicate that we 
need to introduce the premelting effect on Vp and Vs 
in order to account for the sound velocity of the inner 
core by Fe3C.  
 
[1] Baron et al. (2000) Phys. Chem. Solids 61, 461–
465. [2] Baron et al. (2010) SPring-8 
INFORMATION. 15, 14–19. [3] Fukui et al. (2013) 
Rev. Sci. Inst. 84, 113902. 
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Island arc magmatism is characterized by the 
coexistence of tholeiitic (TH) and calc-alkaline (CA) 
series magmas. The genetic relationships between the 
TH and CA suits magmas at the volcanic front 
volcanoes in the NE Japan arc was discussed as the 
isotopically radiogenic TH was generated by melting 
of the lower crustal amphibolite, whereas CA was 
formed by magma mixing between an unradiogenic 
mantle-derived basalt and a radiogenic felsic magma 
related with the TH magma. Chokai volcano located 
in the NE Japan rear-arc. The volcanic activity is 
classified into three stages. The Stage 1 lavas are TH 
basalt–andesite, the Stage 2 and 3 lavas are solely CA 
andesite. The Sr-Nd-Pb-Hf isotopic compositions of 
the TH lavas have more enriched source than that for 
CA lavas. Compositional zoning of the plagioclase 
phenocrysts suggest both fractional crystallization 
and magma mixing accounted for the generation of 
the magma suites. The Sr-Pb isotopic compositions of 
the plagioclase in the TH and CA lavas are different. 
The Pb isotopic compositions in the high An 
plagioclase phenocrysts in the TH lavas exhibit more 
radiogenic Pb than that in the CA lavas. The bulk 
rock- and mineral- geochemistries indicate that the 
TH andesite was produced by fractional 
crystallization of the radiogenic TH basalts, whereas 
the CA andesite was formed by magma mixing 
between an unradiogenic basalt and a radiogenic 
felsic magmas. The results suggest that the TH basalt 
was generated primarily from the mantle but later 
assimilated the lower-crustal amphibolite to form TH 
andesite. The CA magmas were the mixture between 
fractionated TH with the mantle derived basalt. The 
magmatic processes beneath Chokai is similar with 
those in the volcanic front. A similar magma feeing 
system is widespread over the NE Japan arc.  
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There are many emerging inorganic and organic 

contaminants in environment related to the 
development of new technologies. For exampe, the 
number of researches on Sb, Te, Tl, REE, and PGE 
has been increasing to deal with the emerging 
problems in terms of inorganic contaminants.  It is 
possible that human beings must face unexpectedly 
with such new environmental problems caused by 
such elements.  Thus, it is necessary for us to know 
systemtically all the elements. A systematic 
understandning gained through such researches on 
the various elements will enable us to predict 
environmental behaviors of any emerging elements. 

For this purpose, understanding of the chemical 
species in natural systems and chemical processes 
from molecular-scale information is important.  For 
example, adsorption at the solid-water interface is an 
important reaction during the migraiton of metal ions.  
In particular, formation of either inner- or outer-
sphere complex at the solid-water interface is critial, 
which controls the distribution and even isotopic 
fractionation of trace elements.  For this examplie, 
pKa or hydrolysis constant can be used to predict 
systematically the structure of surface complex and 
their distribution and isotope fractionation for 
oxyanions and cations, respectively. 

X-ray absorption spectroscopy (XAS) has been an 
essential tool in this field.  The atomic-scale 
information for varoius elements provided by the 
method coupled with quantium chemical calulation 
and various thermodynamic modelings allows us to 
clarify their atomic-scale interactions.  Although 
normal fluorescence XAFS can beuseful for trace 
elements, wavelength dispersive XAFS can be 
poweful to detect elements at lower abundances.  
Interactions with organic matter and bacteria affect 
migration of trace elements through complexation, 
organigification, etc.  The inorganic-organic 
interaction can be studied by XAS at soft X-ray 
region such as by scanning transmission X-ray 
microsocpy. 

Professor V. M. Goldschmidt tried to understand 
distributions of all elements in varoius systems in the 
earth through phsyco-chemical knowledge.  Today, 
we can get the actual atomic-scale information of 
trace elements, which he had to imagine at that time.  
In this recpect, this is the time to develop molecular 
geochemistry, which can be a basis to predict 
behaviors of any elements on the periodic table. 
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Our department called Department of Earth and 

Planetary Environment in Faculty of Science, the 
University of Tokyo was founded in 2006 by 
reorganization of three former departments of 
Geology, Mineralogy, and Geography.  Thus, there 
has not been geochemistry cource in the department 
until very recently and actually in the process of 
establishing geochemistry cource. 

There are many classroom lectures in our 
department related to geochemistry including 
“General Geochemstry”, “Environmental 
Geochemistry”, “Materials Science in Earth and 
Planetary Sciences”, “Atmospheric and Ocean 
Sciences”, “Solid Earth Science”, “Physical 
Chemistry of Earth and Planetary Scinece”, 
“Stratigraphic Geology and Chronology”, 
“Evoluation of Solar System”, “Crystallography”, 
and “Analysis of Earth and Planetary Materials”. 

More importantly, there are three field work 
cources which are linked to various practial training 
cources including chemial experiment in which the 
samples collected in the field work cources are 
analyzed. 

We are also planning to merge two departents, 
Department of Geophysics and our department.  After 
the merger, there is an idea to bulid three fields 
within the merged department; geophysics, 
geochmiestry, and earth-life science and geology, in 
terms of the basic discipline in earth and planetary 
sciences. 

We think that most important factors to attract 
students to geochemistry is (i) to show 
simultaneously basic concept of geochemistry such as 
thermodynamics and its application to actualy 
systems, (ii) to show the link between atomic-scale 
phnomena to macro-scale phenomna we are facing, 
and (iii) to show that geochemists can develop their 
sciences to two fields, a deram-inspiring fields such 
as cosmochemistry and to a more practial sciences 
such as envionmental chemistry. 
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The migration of REEs in pelagic siliceous 

sediments were studied, especially (i) accumulation 
of REEs at sea floor to Mn4+ oxides, (ii) release of 
REEs from Mn4+ oxides accompanied with the 
reductive dissolution of Mn4+ oxides during early 
diagenesis, and (iii) incorporation and fixation of 
REEs released from Mn4+ oxides to phosphates such 
as apatite below 0.6 meters below sea floor (mbsf). 
These processes have been indicated by various 
geochemical findings: (a) chemical compositions of 
bulk sediment and pore water, (b) REE patterns of 
bulk sediment, (c) oxidation states of Ce, Mn, and Fe 
and host phase of Y by XANES, and (d) chemistry of 
specific phases such as Mn4+ oxides and apatite by 
means of chemical leaching, LA-ICP-MS, and 
XANES.  Reductive dissolution of Mn4+ oxides and 
reduction of Ce4+ to Ce3+ with depth were revealed by 
direct determination of oxidation states of Mn and Ce 
by XANES. The transfer of REEs released by the 
reductive dissolution of Mn4+ oxides is strongly 
suggested by the presence of positive Ce anomalies in 
apatite at 0.80 mbsf (LA-ICP-MS) and at 1.80 mbsf 
(chemical leaching), which must be inherited from 
Mn4+ oxides which can accumulate Ce by oxidizing 
Ce3+ to Ce4+.  This observation shows that apatite 
fixes the REEs with positive Ce anomaly once 
dissolved from Mn4+ oxides during early diagenesis.  
Consequently, we found that total REEs in the two 
phases (Mn4+ oxides and apatite) are preserved even 
after diagenetic alteration, because apatite fixes the 
most of the REEs released from Mn4+ oxides.  The 
results indicate two geochemical implications: (i) 
REE abundances in apatite in sediment, which has 
attracted great interests in terms of REE resources, 
depend on the amount of REEs fixed in Mn (and Fe) 
oxides initially formed at the sediment surface, and 
then apatite finally fixes the REEs during early 
diagenesis; (ii) the reliability of apatite as a proxy of 
seawater chemistry is affected seriously by the 
overprint of REE signature by the diagenetic effect.  
However, if the contribution of REEs in Mn (and Fe) 
oxide is small, then the REE pattern of apatite can 
preserve information of the REE pattern of seawater, 
including the degree of Ce anomaly. 

 
Ref. Y. Takahashi et al., Geochem. J., 49 (2015) 653-
674. 



Goldschmidt Conference Abstracts 

 

3036 

Direct emission of tritium to the 
ocean due to the Fukushima 

Daiichi nulear disaster 
NAOTO TAKAHATA1*, YAMA TOMONAGA2, 

YUICHIRO KUMAMOTO3, MASATOSHI YAMADA4, 
YUJI SANO1 

1The University of Tokyo, Japan (*correspondence: 
ntaka@aori.u-tokyo.ac.jp) 

2Swiss Federal Institute of Aquatic Science and 
Technology, Switzerland 

3Japan Agency for Marine-Earth Science Technology, 
Japan 

4Hirosaki University, Japan 
 

Tritium is one of nuclides emitted from the 
Fukushima Daiichi nuclear power plant (F1 NPP) due 
to its accident in 2011. However there are few reports 
on tritium in environmental water such as rain water 
[1], river water [2] and seawater [3] because tritium 
concentration in natural water is not so high 
compared to background water like cesium-137 or 
iodine-129 [3].  In order to trace tritium derived from 
F1 NPP and estimate how much tritium was released 
from the Fukushima nuclear disaster, we investigated 
tritium distributions in the ocean off the Fukushima 
area. 

We collected seawater samples in the 
northwestern Pacific Ocean two months after the 
accident in May 2011. We measured tritium 
concentrations in collected samples using the helium-
3 ingroth method.  

Higher 3H concentrations were found close to the 
shore and lower concentrations were found offshore. 
The distribution of 3H concentration was similar to 
that of 137Cs concentration. There seems to be a 
correlation between 3H and 137Cs concentrations. This 
indicates that both radionuclides have the same 
origin, that is they came from the F1 NPP. The 
calculated 3H/137Cs ratio from the correlation was 
similar to the production ratio of 3H/137Cs in the 
broken reactors in the F1 NPP [4]. This indicates that 
observed radionuclides in seawater may have come 
from the F1 NPP with keeping the ratio that means no 
elemental fractionation. 137Cs direct emission to the 
ocean has been estimated at about 3.5 PBq [5].  
Multiplying this 137Cs emission by observed 3H/137Cs 
ratio may give tritium direct emission to the ocean 
from the F1 NPP. 

 
[1] Matsumoto et al. (2013) Sci. Tot. Env., 445-

446, 365-370. [2] Ueda et al. (2015) J. Env. Radio., 
146, 102-109. [3] Povinec et al. (2013) Biogeo., 10, 
5481-5496. [4] Nishihara et al. (2015) J. Nuc. Sci. 
Tech., 52, 301-307. [5] Tsumune et al. (2012) J. Env. 
Radio., 111, 100-108. 
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 The accident at Fukushima dai-ichi Nuclear 
Power Plant (FNPP) caused the elevation of the 
levels of anthropogenic radioactivity in the marine 
environment of the western North Pacific from 
atmospheric fallout and direct discharges of highly 
radioactive waters. The security of food safety of 
marine products is a great concern for the people in 
the world and especially for those involved in the 
fisheries industry.  Radiogenic Strontium is 
concentrated into fish by bio-concentration. 
Concentration factors and transfer rates are very 
important for understanding the bioaccumulation of 
Radio-Sr. Generally, this test used a radiotracer such 
as 85Sr. It is a very difficult experiment due to the 
time needed which may be over one year. We 
constructed an experiment  of tracer study using 
stable Sr isotopes (86Sr and 87Sr) substitution 
radiotracer for solving the problem of the lengthy 
experiment period. For this study, an analytical 
method for Sr isotope ratio using Multi-collecter ICP-
MS was developed, and applied to bio-concentration 
experiments. 

For analysis, matrix elements such as Na, K, Mg, 
Ca, and Rb, which is isobaric interference to Sr, 
required separation from Sr. Sr-spec resin with 
Dowex anion resin for pre-separation  widely used 
for this separation.   As we wish to separate Rb from 
Sr, multi step separation was required. We used 
chelate resin (CH-3 GL science inc.). With this resin 
it was easy to separate Rb from Sr,  because, at over 
pH. 8 condition, only Sr was absorbed. MC-ICP-MS 
(Nu plasma-HR) was used for Sr isotope analysis. 
Using this instrument, Sr isotope ratio (86/88, 87/88) 
was determined about 0.005 % accuracy.  The 
measured 86Sr/88Sr and 87Sr/88Sr values were 
normalized to NIST.SRM987. 

Olive flounder (Paralichthys olivaceus Temminck 
and Schlegel) (1 y old) were kept in seawater 
containing  86Sr for 1 to 24 weeks . Each tissue 
sample (muscle and bone) was  measured for Sr 
isotope. Total concentration of Sr in samples was 
constant, in other words   the Sr isotope ratio was 
increased day by day. This result was clearly shown 
by the Sr bioconcentration. 
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182W is a decay product of 182Hf (t1/2=890 million 
year) which is extinct at present. Therefore, the 
amount of 182W can give information on evolution of 
very early solar system at the timescale from tens of 
thousands of years to hundreds of thousands of years.  

Recently, the mass spectrometry in MC-ICP-MS 
or N-TIMS and chemical separation methods were 
significantly improved (Touboul et al., 2011), and 
high precision tungsten isotope analysis of ±5 μ 
(1ε=100μ) is possible at present. These high precision 
analyses lead to findings of W isotope anomaly in the 
early Earth’s rocks such as komatiite (2.8 billion 
years).Variation of these tungsten isotope ratios were 
discussed with PGE, Nd and Os isotopes but some 
possibilities remained such as Late Veneer, the 
differentiation of core-mantle and the within-mantle 
differentiation. 

Osmium isotope is likely to give  constraints on 
evolution of the core-mantle system, because Re 
(187Re) and Os (187Os, decay product of 187Re) is 
differentiated in core-mantle interaction. The Os 
isotopic compositions of the ancient rocks may varify 
the late veneer hypothesis.    

In our study, we are trying to develop the 
methodology of extremely high precision 
measurements of W, Nd and Os isotopes using N-
TIMS and MC-ICP-MS and will applicate for Earth’s 
rock such as MORBs(Indian MORB and East Pasific  
Rise), OIBs(Hawaii, French Polynesia and 
St.Helena), LIPS(On Tong Java), Kimberite(South 
Africa) and archean rocks(Isua).  
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Nickel, copper, and zinc play important roles as a 

micronutrient for organisms and as geochemical 
tracers in the ocean[1]. Dissolved Ni, Cu, and Zn 
have concentrations of 0.01−10 nmol/kg in seawater 
and their distributions exhibit a nutrient type for Ni 
and Zn, a nutrient-scavenging hybrid type for Cu. To 
elucidate the biogeochemical cycling of these metals 
in the ocean, it is useful to determine the profiles of 
their isotopes in the ocean, because isotopic 
fractionation occurs during various biogeochemical 
processes. Previously, we have developed a method 
for analysis of Cu isotopes in seawater using 
NOBIAS Chelate-PA1 resin that has both 
iminodiacetic and ethylendiaminetriacetic acid 
moieties[2]. Recently, we have developed a simple 
and rapid method which enables the isotopic 
measurement of Ni, Cu, and Zn after single chelating 
extraction followed by single anion exchange 
chromatography. 

Using this method, we revealed distributions of 
δ60Ni, δ65Cu, and δ66Zn in the subarctic North Pacific.  
δ60Ni value decreases with depth in the depth range of 
20−600 m and was homogeneous in the depth deeper 
than 600 m. There was a negative correlation between 
[Ni] and δ60Ni. δ65Cu and δ66Zn values in surface 
seawater were lower than those of deep seawater. The 
minimum value was found at a depth of 100 m for 
δ66Zn and at 300 m for δ65Cu. We will discuss 
biogeochemical cycling of Ni, Cu, and Zn based on 
these data.  

 
[1] SCOR Working Group (2007), Chemie der Erde - 
Geochemistry 67, 85-131. 
[2] Takano, S., Tanimizu, M., Hirata, T. and Sohrin, 
Y. (2013), Analytica Chimica Acta 784, 33-41. 
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The one-handedness of amino acids and sugars is 

essential to the formation, structure, and function of 
biopolymers for the biosphere on Earth.  Since the 
time of Pasteur, the development of specific chirality 
in terrestrial biomolecules has remained one of the 
most important issues with regard to astrochemistry, 
organic chemical evolution, and the early Earth 
chemistry.  To date, number of hypotheses regarding 
the origins of homochirality have been presented 
from both aspects of biotic and abiotic processes 
(e.g., [1]).  

D, L-alpha-alanine (C3 carbon frame; potentially, 
including D, L-alpha-alanine precursors: [2]) is most 
abundant chiral amino acid in prebiotic chemistry, 
except of glycine (C2). When we simply imagine a 
coin toss chemical reaction, prebiotic enantiomers are 
equally racemic outcomes as 50:50, likewise two 
sides of a coin. Among these racemic reactions (e.g., 
the typical nucleophilic substitution reaction inducing 
amino acid precursors), enantiomer-specific isotopic 
analysis (ESIA) showed infinitely homogeneous 
components for each enantiomer [3]. For further 
information of molecular-specific homochiral 
verification, here we developed an asymmetric 
feedback reaction with an “achiral amino acid 
precursor” (e.g., figure; waiting for amination) and “a 

chiral amino acid 
trigger”, resulting in 
unique and large 

enantiomeric 
excesses as the 
continuous reaction 
products. Here, we 

discuss the reaction mechanism focusing on an amino 
acid precursor formula and a transition state inducing 
optically active amino acids. 

 
REFERENCES [1] Bonner (1991) Origins Life Evol. 
Biospheres, 21, 59-111; Meierhenrich (2008) Amino 
Acids and the Asymmetry of Life, Springer, pp. 1-
241. [2] Takano et al., (2007) Earth Planet. Sci. Lett., 
254, 106-117. [3] Takano et al., (2010) Enantiomer-
specific isotope analysis (ESIA) of D- and L-alanine. 
Earth, Life, and Isotopes. Kyoto Univ. Press., pp. 
387-402. 
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Microorganisms play a central role in the global 

methane cycle for both production and consumption. 
The anaerobic oxidation of methane (AOM) in 
marine sediments is an important microbial process in 
the global carbon cycle and greenhouse gas emission 
constraints. Since the pioneering reports of 13C-
depleted lipids mediated by modern anaerobic 
methanotrophic archaea (ANME)[1], the carbon 
isotopic composition has been recognized as an 
indicator of ongoing microbial methanotrophy [2]. 
Cold seep ecosystems are a biological hot spot for 
ANME communities. Therefore, the Black Sea is an 
ideal natural laboratory for the study of methane 
biogeochemistry and microbial anaerobic 
methanotrophy driven by modern ANME 
communities [3]. For the reason that laboratory-based 
pure culture and isolation of ANME archaea are 
currently difficult, the fate of sub-seafloor 13C-
depleted methane emission is still unclear on their 
biosynthetic pathways during anaerobic oxidation 
process. To address this important issue, we 
conducted compound-specific carbon and nitrogen 
isotopic analyses for protein type amino acids by 
using ANME communities from a methane seep site 
in the Black Sea [4]. We observed a significant 
stepwise 13C-depletion trend in association with 
increasing carbon numbers of protein amino acids 
down to -114‰ relative to the PDB standard. Here, 
we discuss the metabolic pathway of bioavailable 
sub-seafloor methane and the central role of pyruvate 
family amino acids as the de novo biosynthetic 
precursors, resulting the extreme 13C-depleted lipid 
signatures during the AOM process in the deep-sea 
microbial oasis. 

 
REFERENCES  
[1] Hinrichs et al., Nature 398, 802-805 (1999); 
Elvert et al., Naturwissenschaften 86, 295-300 
(1999). [2] Boetius et al., Nature 407, 623-626 
(2000); Orphan et al., Science 293, 484-487 (2001). 
[3] Michaelis et al., Science 297, 1013-1015 (2002); 
Blumenberg et al., PNAS 101, 11111-11116 (2004). 
[4] Siegert et al., FEMS Microbiol. Ecol. 86, 231-245 
(2013). 
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We have suggested that benthic foraminifera 
faunas in Aso-kai Lagoon (central Japan) were 
related to enhanced Tsushima Warm Current between 
~AD700–1250 [1]. Expanding on this topic, we 
measured stable oxygen isotope ratios of fossil 
bivalve shells from the same core. We analyzed 
isotope ratios of bulk Theora fragilis shells between 
~AD800–1600 (30 specimens/10 horizons). 
Additionally, we investigated sub-annual oxygen 
isotope ratios in T. fragilis and Raetellops pulchellus 
(7 specimens) along growth in order to demonstrate 
its seasonal variations. 

Bulk shell oxygen isotope ratios were slightly 
more positive between ~AD1100 and 1200. This 
implies cooling and/or increased salinity in this 
interval. A hemipelagic diatom record off SW Japan 
has suggested warmer marine conditions during the 
Medieval Warm Period (MWP) [2]. Seasonal oxygen 
isotope ratios in shell generally have only a partial 
cycle (a positive shift and subsequent decline). T. 
fragilis and R. pulchellus have been described as 
opportunist taxa in organic-rich costal environments, 
living for less than one year. Our benthic 
foraminiferal data suggested seasonally oxygen-poor 
conditions. Thus, the more positive bulk-shell oxygen 
isotope values seem to be related to changes in cold 
season hydrology. The seasonal isotope signatures 
during ~AD1000–1200 have more positive values 
compared with those of other times. Benthic 
foraminifera data did not support significant salinity 
change in the lagoon. This suggests that temperature 
is driving isotope variation and colder winter 
temperature during ~AD1000–1200 might be a clue 
to understanding a). the opposing trends between our 
results and the hemipelagic diatom record and b). 
spatial variations of the MWP climate. 
[1] Takata et al. (2014), JOPL 51, 421-435 
[2] Koizumi (2008), Mar Micro 69, 263-281 
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Basaltic aquifers have drawn attention as 

candidates for CO2 geological storage due to their 
enormous CO2 storage capacity and their potential for 
geochemical trapping compared to sedimentary 
aquifers. On the other hand, the potential of the 
intermediate and felsic volcanic rocks and tuffs have 
not been examined heartily. We, therefore,  
conducted CO2-water-rock interaction experiments to 
elucidate the dissolution characteristics and 
geochemical trapping potential of three different 
altered andesitic to rhyolitic tuffaceous rocks 
(Tsugawa, Ushikiri and Daijima tuffaceous rock) 
comparinrg with fresh mid-ocean ridge basalt. All 
three tuffaceous rocks were taken from “Green Tuff 
Region” of northern and central Japan.  

The interaction experiments were performed 
under 1 MPa CO2 pressure and at 50 oC. The reaction 
time was up to 56 days. As a result, basalt showed 
high acid neutralization potential (solubility trapping 
potential) and rapid dissolution of silicate minerals. 
Two of the tuffaceous rocks (Ushikiri and Daijima) 
showed relatively high solubility trapping potential 
mainly due to the dissolution of carbonate minerals in 
the andesitic Ushikiri tuffaceous rock and the ion-
exchange reaction with zeolite minerals in the 
rhyolitic Daijima tuffaceous rock. In addition, the 
Ushikiri tuffaceous rock also has relatively high 
mineral trapping potential nearly comparable to 
basaltic rock, due to the rapid dissolution of Mg- and 
Ca-bearing silicate minerals. Our experiment results 
strongly indicates that regions of porous and andesitic 
tuffaceous rock will be a promising CO2 geologic 
storage formations. 
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Iodine-129 (half-life, 1.6 × 107 y) is one of the 
important radionuclides discharged from the nuclear 
fuel reprocessing plant in Rokkasho for assessment of 
radiation dose to the public. Solubility of discharged 
129I in surface soil is a key process for predicting its 
behavior in the terrestrial environment. To study 
long-term behavior of 129I in soil, stable I (127I) can be 
used as its useful analogue. In this study, variation of 
127I solubility from soil into deionized water was 
obtained and discussed in relation with various soil 
characteristics. Chemical forms of 127I in soil solution 
collected from the soil were also determined. In 
addition, time-dependency of I solubility from the 
soils are investigated by a short-term incubation 
experiment for the soils with 125I spiked and 129I 
derived mainly from the reprocessing plant. 

Surface soil samples were collected at grassland 
and forest area around the reprocessing plant. The I in 
the sample was extracted by deionized water with a 
soil/extract weight ratio of 1:10 and determined by an 
ICP-MS. Concentrations of I− and IO3

− in the soil 
solution obtained by direct centrifuging the soil 
samples were determined by a HPLC, and that of 
total I was measured by the ICP-MS. In the 
incubation experiment, carrier-free 125I− was added to 
the soil samples followed by keeping under field 
moisture capacity up to 30 d. The 125I was 
occasionally extracted by deionized-water with the 
soil/extract ratio and determined. The water-extracted 
129I in the soils was also measured by means of AMS.  

The water-extracted I concentration in the surface 
soils was positively correlated with organic carbon 
concentration in the extracted solution. Major forms 
of I in the soil solutions were I− and organic-I, which 
was defined as the difference between total I and a 
sum of I- and IO3

-. At the earliest stage of the 
incubation, proportion of the water-extracted fraction 
of spiked 125I was similar to that of 129I in the soil and 
slightly decreased with time. The results suggested 
that I deposited to the land surface is immobilized 
rapidly, and the migration of I would be affected by 
that of the dissolved organic matter in the surface 
soils. 

This study was performed under a contract with 
the government of Aomori Prefecture, Japan. 
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U-Pb zircon geochronology by microbeam 
analysis, such as SIMS and LA-ICP-MS, has been 
improved and provided opportunities of discussion 
about more detailed geological event. However, the 
highly precise U-Pb age data yield an importance of 
confirming their accuracy and assaying incorporation 
of zircon antecryst and xenocryst. In this study, 
SHRIMP U-Pb geochronology and trace element 
chemistry of zircon and data processing method of 
the highly precise ages on the basis of external 
morphology and trace element abundance as well as 
statistics were applied to igneous rocks occurred in 
the Ishizuchi caldera in the Outer Zone of Southwest 
Japan.  

 The Ishizuchi caldera is composed mainly of ring 
dike complexes, major pyroclastic-flow deposits, and 
felsic intrusion. Zircon grains from the Bansyodani-
biotite-rhyolite of the inner ring dike complex yielded 
unexpectedly scattered 206Pb/238U data and a 
weighted mean 206Pb/238U age of 14.78 ± 0.18 Ma 
(MSWD: 3.4). The zircon grains were devided into 
two types based on the external morphologies, 
namely sharply euhedral grains (Type-A) and 
relatively rounded edge of prism and pyramid ones 
(Type-B). Zircon chemistry supported the 
classification based on the morphology. Hf contents 
of Type-A zircons show higher than those of Type-B. 
C1 chondrite-normalized REE patterns of Type-A are 
characterized by a large fractionation between LREE 
and HREE and large negative Eu anomalies. In 
contrast, those of Type-B were enrichment of LREE 
and weaker negative Eu anomalies. The differences 
of zircon chemistry between Type-A and B reflect 
source melt composition which evolved with magma 
differentiation. The weighted mean age calculated 
from the Type-A zircons shows younger age of 14.21 
± 0.19 Ma and reliable data distribution (MSWD: 
1.0). These results suggest that the Type-B grains are 
zircon antecrysts, which are rejected for U-Pb age 
calculation of the rhyolie. 
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In a hypolimnion of a relatively deep lake, 

depletion of oxygen caused by eutrophication and 
global warming is a serious problem. Lake Biwa is 
the largest monomictic freshwater lake in Japan and 
the most important water reservoir. In 1990, 
Thioploca spp. were found in sediment of Lake Biwa. 
Since they are microaerophile sulfur (S) bacteria 
inhabiting sediment, it is expected to use as an index 
organism for a hypoxic condition in sediment. To 
estimate the hypoxic condition qualitatively as well 
as quantatively, synchrotron-based X-ray absorption 
near edge structure (XANES) spectroscopy at S K-
edge was applied.  

XANES spectra were taken with the soft X-ray 
XAFS beamline BL-10 in the SR Center, 
Ritsumeikan University. Using an atmospheric-
pressure sample chamber and a home-made wet cell, 
the measurement was conducted under a solid-liquid 
coexisting system. Samples were collected using core 
samplers at 3 points with different environment. 
Although each sediment was an anaerobic condition, 
remarkable differences in dissolved oxygen were not 
detected among them. The XANES experiment was 
performed on the same day or next day after 
sampling. The S K-edge XANES spectra exhibit 3 
distinct peaks at about 2468, 2472 and 2482 eV. 
Comparing with the reference spectra, the first peak 
at 2468 eV was assigned to S(-II), the second peak at 
2472 eV to S(-I ) – S(+I), and the third peak at 2482 
eV to S(+V) and S(+VI). To get semi-quantitative 
information, we performed the curve-fitting analysis 
and estimated the percentage of each S species. The 
XANSE spectrum of the sediment which showed the 
highest total carbon value was comprised of only S(-
II) – S(+I), and it should be noted that S(-II) 
accounted for approximately 80% of it. This indicates 
the sampling point was under highly hypoxic 
conditions. This result suggests that XANES is an 
effective method to explain matter cycles partly as 
well as to estimate hypoxic conditions in sediments.  
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A global aerosol model SPRINTARS is 

incorporated into a Japanese atmosphere-ocean 
general circulation model MIROC and a global non-
hydrostatic model NICAM to simulate cliamte 
change through the aerosol-radiation and aerosol-
cloud interactions as well as transport processes for 
aerosols including mineral dust [1, 2]. A past study 
with the MIROC-SPRINTARS [2] calculated the 
concentration and radiative forcing of mineral dust in 
the Last Glacial Maximum and indicated a 
contribution to the cold climate during the glacial 
periods both through the direct and indirect effects. 
The MIROC-SPRINTARS is also used for global 7-
day forecast for mineral dust as well as other aerosol 
species every day (http://sprintars.net) because the 
information is needed for the public life especially in 
East Asia. 

In this presentation the some recent studies on 
mineral dust with the SPRINTARS will be shown. 
One is a long-term inverse modeling with the four-
dimensional variation data assimulation to analyze 
interannual variations of emission, transport, 
deposition, and radiative forcing of mineral dust [3]. 
Simulated changes in temperature and precipitation 
due to mineral dust under the glacial, present, and 
future conditions by the coupled amosphere-ocean 
model MIROC-SPRINTARS will be presented and 
discussed. 

Acknowledgements. This study was supported by 
the supercomputer system of the National Institute for 
Environmental Studies, Japan, the Environment 
Research and Technology Development Fund (S-12-
3) of the Ministry of the Environment, Japan and 
JSPS KAKENHI Grant Number 15H01728 and 
15K12190. 

 
[1] Takemura et al. (2005) J. Geophys. Res., 110, 
D02202. [2] Takemura et al. (2009) Atmos. Chem. 
Phys. 9, 3061-3037. [3] Yumimoto and Takemura 
(2015) J. Geophys. Res., 120, 1582-1607. 
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In spite of low temperature and nutirient-poor 
envirionment, there are diverse microbes living on 
polar and alpine glaciers. Since nitrogen is one of the 
limited but important nutrients on glaciers, studies on 
sources and biogeochemical cycles of nitrogen on 
glaciers are important to understand abundance and 
community structure of the microbes. Oxygen and 
nitrogen stable isotopes of nitrate provide a means to 
determine the source and microbial processes in the 
ecosystems. In this study, we describe the nitrate 
stable isotopes in snow, ice, and meltwater on two 
microbially distinctive glaciers, which are a glacier in 
Tienshan Mountains, China, and a glacier in 
northwest Greenland, and discuss the difference of 
nitrogen cycles between the Asian and polar glaciers 

Microbial communities of both the Tienshan and 
Greenland glaciers consisted mainly of cyanobacteria 
and heterotrophic bacteria. Nitrate and annmonium 
concentrations in meltwater was generally higher on 
the Tienshan Glacier than on the Greenland glacier. 
The oxygen isotopes of nitrate in meltwater showed 
distinctive values between the two glaciers. The 
isotope ratios were higher than 50‰ on the 
Greenland glacier while were lower on the Tienshan 
glacier. This indicates that the nitrate is mostly 
atmospheric origin on the Greenland glacier, but is 
microbial origin, i.e. derived from nitrification, on the 
Tienshan glacier. The nitrogen isotopes of nitrate 
varied within each glacier. The variation is likely due 
to denitrification on the Tienshan glacier, but to 
mixing of the sources of present atmospheric 
deposition and past deposition in old glacial ice. 
Results suggest the contrast of nigrogen cycle 
between the Asian and polar glaciers. The nitrogen 
cycles were characterized by active microbial 
recycling on the Tienshan glacier, while by simple 
microbial use and supplies from atomosphere and old 
ice on the Greenland glacier. 
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Provenance analysis of lithogenic matter in 
marine environment provides information about 
atmospheric and ocean circulations and climate 
change on continent (e.g. [1–3]). It also figures out a 
relationship between terrigenous input and biological 
productivity in ocean (e.g. [4]). In this study, 
radiogenic Sr and Nd isotopes of suspended matter in 
the Arctic Ocean were analyzed in order to identify 
the geographical provenance of terrigenous matter. 
The samples were suspended particulate matter 
(SPM) collected in the western part of Canada Basin 
in the Arctic Ocean (75N, 162W, 180 m depth) for 
one-year period between October 2010 and 
September 2011, and the detrital (aluminosilicate) 
fractions were chemically extracted from the SPM.  

The chemical compositions such as REE pattern 
and Co/Ga ratios and diagrams of 87Sr/86Sr–εNd and 
147Sm/144Nd–εNd reveal that the SPM detritus is 
mainly composed of the MacKenzie River material 
(0.732–0.734; –14 [3]) which is carried by the 
Beaufort Gyre. The Yukon derived material (0.708–
0.709; –9 to –8) and the NE Siberia material (0.711; –
9 [3]) also contribute to the SPM. The seasonal 
variation shows higher 87Sr/86Sr ratios and lower εNd 
values in January–March 2011 and lower 87Sr/86Sr 
ratios and higher εNd values in November 2010 and 
April–August 2011. Combination of the isotopic and 
chemical data and the SPM flux suggests that the flux 
of the Yukon derived material and the NE Siberia 
material to the Canada Basin increases in November 
2010 and April–August 2011. The Chukchi Sea shelf 
sediments derived mainly from the Yukon River (the 
Bering Sea) and NE Siberia materials are possibly 
resuspended and transported to the Canadian Basin 
by brine rejection, storm-mixing [5] or shelf-break 
eddies [6] in November 2010 and April–August 
2011. 

 
[1] Dasch (1969) Geochim. Cosmochim. Acta 33, 
1521-1552. [2] Nakai et al. (1993) Earth Planet. Sci. 
Lett. 119, 143-157. [3] Asahara et al. (2012) Deep 
Sea Res. II 61-64, 145-154. [4] Yasuda et al. (2014) 
Prog. Oceanogr. 126, 155-167. [5] Woodgate et al. 
(2005) Deep-Sea Res. II 52, 3116-3149. [6] 
Watanabe et al. (2014) Nat. Commun. 
doi.org/10.1038/ ncomms4950.  
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Lunar crater records suggest an intense impact 

event during 3.8 to 4.0 billion years ago. Impacts of 
meteorites onto oceans create plumes in which 
meteoritic minerals, oceanic water and atmosphere 
react each other. Previous works suggest the 
formation of amino acids, nucleobases and other 
simple organic compounds in iron-bearing meteorite 
onto ammonia-bearing oceans [1, 2]. Serpentine is 
another common mineral in meteorites, commonly 
found in aqueous altered carbonaceous chondrites. 
This study examines the effects of serpentine on the 
synthesis of amino acids and amines. Impact-induced 
reactions were simulated by a shock-recovery 
experiment in which reactants are subjected to a 
traversal of shock wave. Sample cavity was filled 
with mixtures of minerals and aqueous solution with 
overhead gas, simulating meteorites, oceanic water, 
and atmosphere, respectively. Two compositions of 
material mixtures were used. The first one (S1) 
consisted of forsterite, Fe, Fe3O4, Ni, and solid 
carbon, whereas the second sample (S2) used 
serpentine instead of forsterite in S1. These starting 
materials were enclosed in a tightly sealed metallic 
container and subjected to the impact of a metallic 
flyer at ~0.9 km/s. Products were extracted by water 
from the container and then analysed by an ultrahigh 
performance liquid chromatograph connected to a 
tandem mass spectrometer. Glycine, the smallest 
amino acid, and three kinds of simple amines 
(methylamine, ethylamine, propylamine) were 
formed in this shock-recovery experiment. The yields 
of glycine and amines in the experiment using 
serpentine (S2) were 10 times greater than that of S1. 
This result suggests that serpentine in meteorite plays 
an important role in organic synthesis in its oceanic 
impacts and implies a contribution by carbonaceous 
chondrites to the formation of life’s building blocks 
on the prebiotic Earth.  
[1] Furukawa et al. (2009) Nature Geoscience 2, 62-
66. [2] Furukawa et al. (2015) EPSL 429, 216-222.  
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Silicates are the most abundant dust species 
around oxygen-rich AGB stars. The efficiency of 
silicate formation is a critical parameter for the dust-
driven mass-loss from AGB stars [1]. Alumina 
(Al2O3) is refractory dust that condenses prior to 
silicates at higher temperatures. The abundance of 
silicates is expected to be ten times higher than that 
of alumina based on the cosmic abundance, which is 
consistent with the higher abundance of presolar 
silicates relative to presolar alumina [2]. Mid-infrared 
observations, however, showed that AGB stars with 
silicate-poor and alumina-rich dust shells are as 
common as silicate-rich stars [e.g., 3].  

Condensation of silicate dust grains consumes 
SiO molecules in the gas phase. The abundance 
distribution of SiO in the envelopes will thus provide 
complementary information on the distribution of 
silicate dust and will directly place a constraint on the 
efficiency of silicate formation around alumina-rich 
AGB stars.  

W Hya is a well-studied alumina-rich star and is 
one of the closest semiregular variables located at the 
distance of ~98 pc [4]. The abundance ratio of 
alumina to silicate dust was estimated to be ~0.6 by 
the MIR observation with ISO [5], which indicates 
that 90% of SiO remains in the gas phase beyond the 
silicate forming region.  

We made an observation of a thermal emission 
line of 29SiO (J=8-7) to resolve the dust formation 
region around W Hya with ALMA during the cycle 3 
observations. 12CO (J=3-2) and 13CO (J=3-2) lines 
were simultaneously observed as inert gas phases for 
silicate formation to monitor the structural change of 
the envelope as well.  
[1] Gail & Sedlmayr (1999), A&A, 347, 594 . [2] 
Nguyen et al. (2007), ApJ, 656, 1223. [3] Sloan, G. 
C. & Price, S. D. (1998), ApJS, 119, 141. [4] 
Vlemmings, W. H. T. et al. (2003), A&A, 407, 213. 
[5] Justtanont, K. et al. (2004), A&A, 417, 625  
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Seasonal variations in the δ13C and δD values 

have been frequently found in plant leaf lipids [1, 2]. 
In this study, the δ13C and δD values of lipids (n-
alkanes, n-fatty acids, phytol, and sterols) and the 
δ15N values of amino acids for leaves and flowers in 
the stone fruit plant Cerasus lannesiana were 
analyzed by GC/IRMS, to investigate the biological 
and environmental factors controlling the δ values of 
plant lipids.  

Flowers are catabolically produced in this plant, 
because they bloomed during the leafless period in 
early-spring. This is well consistent with the 
elevation in the δ15N value of flowers in early-spring 
compared with that of leaves in the mature leaf 
periods (summer-autumn). Seasonal variations in the 
δ13C and δD values of plant leaves are significantly 
large (>10‰ for δ13C, >100‰ for δD), with a 
common trend that these δ values of spring leaves are 
close to those of the flowers, whereas the values in 
summer and autumn leaves are relatively far from 
those of the flowers (Fig.1). These results suggest 
that leaf lipids are catabolically produced primarily at 
leaf emergence in spring, and that anabolic lipid 
production allows much heterogeneity in the δ13C and 
δD values of plant leaf lipids in summer-autumn. 
 
 
 
 
 
 
 
 
 
 
 
 
References 
[1] Sessions 2006, Geochim Cosmochim Acta, 70, 
2153-2162. 
[2] Sachse et al. 2015, Isot Environ Health Stud, 51, 
124-142. 
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Ringwoodite (Mg2SiO4 with spinel-type 

structure) and bridgmanite (MgSiO3 with perovskite-
type structure) are the major phases in the deep 
transition zone and lower mantle of the Earth, 
respectively. For better understanding of the crystal-
chemical behavior of sodium in the deep Earth, we 
performed experiments on a simplified chemical 
system involving a Na-rich carbonated melt and 
mantle silicate at 23-24 GPa and 1300–1700°C, thus 
representing the conditions at the border between the 
transition zone and lower mantle. 

In all samples, partial melting was registered: 
crystals of Na-bearing Al,  Fe3+-bridgmanite occurred 
in microcrystalline carbonate-silicate quenched 
matrix. With decreasing temperature melt 
composition evolved from silicate-carbonate to 
alkaline-carbonate. Bridgmanite contained up to 1.6 
wt % Na2O (at 1700°C). Ringwoodite with high 
amounts of Na was found at 24 GPa and 1700oC. 
Ringwoodite incorporated up to 4.4 wt% Na2O by the 
mechanism: Mg2+ � �Na+ + �Si4+. The unit-cell 
volumes of Na-bearing bridgmanite and ringwoodite 
increased along with the Na content. 

Our results have implications for transport of 
alkalis into the lower mantle of the Earth. 
Carbonatitic melt metasomatism in the deep 
transition zone may lead to local Na-enrichment, and 
ringwoodite may be an important host for Na in the 
deep transition zone. Subsequent convection or 
subduction of metasomatised mantle may lead to 
enrichment of alkaline elements in the upper and 
lower mantle. 

This study was supported by the Russian 
Foundation for Basic Research (project no. 15-55-
50033-YaF). 
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JAEA installed an IsotopX NGX noble gas mass 

spectrometer with a water sample oriented 
preparation system in Tono Geoscience Center, 
JAEA to measure helium accumulation age and neon 
isotope ratio of ground water. 

High precision isotope analysis by multi-collector 
mass spectrometer is neccessary tool for neon isotope 
analysis of young ground water due to small isotopic 
variation of neon for nucleogenic reaction or mixing 
of volcanic fluids in ground water. Less than 0.5 % 
change of 21Ne/22Ne by nucleogenic 21Ne was 
estimated by Morikawa (2004) [1] for ground water 
sampled from boreholes penetrating uranium rich 
Tertiary sedimentary rocks of Mizunami Group and 
Seto Group, and Toki Granite in Tokai region, Japan, 
depending their helium content and 21Ne/4He 
production ratio reported by Craig and Lupton (1976) 
[2]. 

NGX-004 was configured for simultanous 
measurement of neon isotopes with 2 Faradays for 
20Ne and 22Ne, and 1 SEM for 21Ne spaced out 1 m/z 
each other. The Faraday for 22Ne is equipped with a 
1012 ohm gain register amplifier. Atmospheric neon 
measurements gave 0.15 % precision isotope ratios 
which were able to resolve the small isotopic 
difference. 

 
 
 
 
 
 
 
 
 

 
 
This study was carried out under a contract with 
METI as part of its R&D supporting program for 
developing geological disposal technology. 
[1] Morikawa (2004), Limnology 5, 61-69. [2] Craig 
and Lupton (1976), Earth Planet. Sci. Lett. 31, 369-
385. 
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Introduction 
 A bacterium, a single cell microorganim, is 

widely distributed over the Earth’s surface. In the last 
two decades, the interaction between bacteria and 
mineral surface has been enthusiastically studied [1-
4]. Some researches clearly showed that bacteria 
profoundly affect the process of silicate mineral 
weathering by produced organic compounds such as 
organic acids and polysaccharides [3, 4]. However, 
the process on the cell-mineral interface is still 
unknown in detail, because the interaction actually 
occurs on the nanometer scale. In the study, we 
investigated the bacteria-mineral interactions by 
using the laboratory incubation experiments and 
Field-Emission Transmission Electron Microscope 
(TEM) equipped with Energy Dispersive X-ray 
Spectroscopy (EDS). 

Materials and Method 
 Bacteria were isolated from organic rich 

soil in the University of Tsukuba. The bacteria and 
200 mg of crushed albite grains were added to a glass 
test tube containing 20 ml of sterilized liquid medium 
(1.5 g glucose, 1.0 g NH4Cl, 0.06 g K2HPO4, 0.02 g 
MgSO4·7H2O, 0.002 g FeSO4·7H2O, 0.002 g 
MnSO4·4-6H2O, 0.1 g hipolypepton, and 100 ml Elix 
water). The test tube was shaken on a reciprocal 
shaker for various time intervals at 28 °C. A cross-
section at the interface between bacteria and albite 
was made by JEOL JEM-9320FIB Focused Ion Beam 
(FIB) system. TEM observation and EDS analysis 
were performed using JEOL JEM-2100F electron 
microscope. 

Results and Discussion 
After 14 days incubation, the extracellular 

polymeric substances (EPS) produced by bacteria 
were spread at the boundary between bacterial cell 
and albite surface. TEM and EDS analyses of the 
cross-section at the interface revealed that 
aluminosilicate is reprecipitated over the bacterial 
cell with a thickness of less than 100 nm, which is 
ascribed to the Al and Si cations dissolved from the 
albite. Many kinds of amorphous aluminosilicates 
were already observed on the bacteria in volcanic ash 
[5]. Therefore, there is a high possibility that the 
aluminosilicate observed in the study can be readily 
precipitated as an amorphous by the bacterial activity. 
 
[1] Barker et al. (1998) Am Mineral 83, 1551-1563. 
[2] Hutchens et al. (2003) Mineral Mag 67, 1157-
1170. [3] Buss et al. (2007) Chem Geol 240, 326-342. 
[4] Wang et al. (2015) World J Microbiol Biotechnol 
31, 747-753. [5] Kawano & Tomita (2001) Am 
Mineral 86, 400-410. 
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Magmas produced by partial melting of mantle 
peridotite are called primary magmas. Primary 
magmas in the Mariana arc are basaltic1, 2 and basalts 
have been generally deemed to be parental to new 
crust in subduction zones. We present petrological 
evidence that points towards  primary andesite 
magmas being derived from the mantle source when 
the crust and lithosphere in subduction zones are thin.  

This evidence has been gathered from 
Nishinoshima, a submarine volcano in the Ogasawara 
arc, ~1,000 km south of Tokyo, Japan, which 
suddenly erupted in November 2013, after 40 years of 
dormancy. We propose that Nishinoshima represents 
the missing link between the mantle and the 
continental crust because: (1) it erupts andesitic lava, 
similar in composition to the continental crust, and 
(2) the underlying crust is only 21 km thick, making 
it one of the closest arc volcanoes to the mantle.  

Here we report the scientific results of our 
endeavours to collect subaerial lavas from the current 
eruption and older submarine lavas from the flanks of 
Nishinoshima volcano. Using olivine-bearing 
phenocryst-poor andesite samples, we have 
developed a model for the genesis of the 
Nishinoshima andesitic lavas in which the andesites 
originate directly from the mantle. Melting of 
hydrous mantle at low pressures is necessary to 
produce primary andesite magmas, and thus it is 
achieved beneath Nishinoshima and other submarine 
volcanoes in the Ogasawara arc, where the crust is 
thin.  

 
1Tamura, Y. et al. Two primary basalt magma types 
from Northwest Rota-1 volcano, Mariana arc and its 
mantle diapir or mantle wedge plume. J. Petrol. 52, 
1143-1183 (2011). 
2Tamura, Y. et al. Mission Immiscible: Distinct 
subduction components generate two primary 
magmas of Pagan volcano, Mariana arc. J. Petrol. 55, 
63-101 (2014).  
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In the past years, isotope dilution analysis (IDA) 

has been widely applied in the highly accurate and 
precise determination of elemental concentrations in 
geological and environmental samples.With the 
development of the new mass spectrometry 
technique, IDA has been extended to study elemental 
speciation, low concentration samples (~ppt) and the 
elemental absolute concentration calibration of 
geological and environmental reference materials[1- 
3].  

Currently, the key factors restricting the IDA  
applications are difficult to accurately control the 
optimal proportion of the single spike in the spike-
sample mix, especially for the determination of low 
concentration samples. In order to solve this problem, 
we took 84Sr spike as an example, and first introduced 
the Monte – Carlo method to simulate the optimal 
value of the ratio between the sample and the 84Sr 
spike.  The simulated results shows that the optimum 
spike (84Sr) to sample (88Sr) ranges  from 0.05 to 8, 
and the optimal ratio(84Srspk / 88Srspl) is approximate 1. 
In addition, we did some evaluations for the IDA 
numerical optimization results at different isotopic 
purity of 84Sr spike and differently extracted isotopic 
ratios. The result displays that: 1. with increasing the 
purity of the isotope, the optimal ratios of spike to 
sample rises to higher values and the relative 
uncertainty at the optimum exhibits a samller value; 
2.  if we extracted the ratios of 88Sr and 84Sr, the 
accuracy and precision of the obtained concentration 
is the highest, and 86Sr/ 84Sr is the second,  87Sr/ 84Sr is 
the lowest.  

This work was supported by the National Key 
Basic Research Program of China (2014CB238903) 
and the National Natural Science Foundation of 
China (41473028, 41273029).  

 
[1] Monperrus et al. (2004) Trends Anal. Chem. 
23:261-272.[2] De Jong et al. (2008) Anal. Chim. 
Acta. 623(2):126-139.[3] Le Fèvre & Pin (2005) 
Anal. Chim. Acta. 543(1):209-221. 
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Hematite (Fe3+
2O3)-ilmenite (Fe2+TiO3) solid 

solution (Ilm-Hemss) forms in a wide range of 
temperature and oxygen fugacity due to the 
substitution of 2Fe3+ → Ti4+ + Fe2+. Ilm-Hemss plays 
important roles in geomagnetism and petrology 
studies. Previous studies suggested Fe3+ would 
exsolve from Ilm-Hemss and form hematite with the 
decrease of temperature. However, two enigmatic 
intergrowths, (i) magnetite lamellae and (ii) 
magnetite + rutile symplectite, occur in the host 
ilmenite from different petrological portions of the 
Xinjie intrusion, SW China. The special intergrowths 
are ideal to investigate the factors controlling the 
solid-transformation of Ilm-Hemss and the complex 
sub-solidus Fe-Ti oxides re-equilibration. The 
exsolved magnetite lamellae in the ilmenite contain 
nearly pure Fe3O4 with ~1 wt% TiO2 and exhibit an 
crystallographic orientations, {111}Mag // (0001)Ilm and 
<110>Mag // <10-10>Ilm, in the host ilmenite. The Fe2+ 
in the magnetite lamellae are probably derived from 
adjacent titanomagnetite by sub-solidus inter-oxide 
cation repartitioning of Fe2+ + Ti4+ = 2Fe3+ on 
cooling. For the symplectitic intergrowth of 
magnetite + rutile, the crystallographic relationship 
with the host ilmenite is {111}Mag // {100}Rut // 

(0001)Ilm and <110>Mag // <001>Rut + <101>Rut // <10-
10>Ilm. The crystallization of rutile in the symplectite 
is probably formed by oxidation of Ilm-Hemss and 
triggers the transformation of Ilm-Hemss into 
magnetite + rutile symplectite. Our studies suggest 
that Ilm-Hemss tends to exhibit different types of 
exsolution with different T-fO2 cooling trends trend 
primarily controlled by the factors such as original 
oxygen fugacity of the host rock, relative abundance 
of titanomagnetite and ilmenite, and composition of 
fluids. 
Acknowlegement This study is financially supported 
by NSFC grants No.41172045 and 41325006 and 
Youth Innovation Promotion Association CAS grant 
No. 2014324. 



Goldschmidt Conference Abstracts 

 

3059 

Study on environmental 
behavior of typical 

nanomaterials based on hollow 
fiber flow field-flow 

fractionation 
Z.Q. TAN1, X.R. GUO1, Y.G. YIN1, M.H. 

MOON2, J.F. LIU1*, G.B. JIANG1 
1 State Key Laboratory of Environmental Chemistry 

and Ecotoxicology, Research Center for Eco-
Environmental Sciences, Chinese Academy of 
Sciences, Beijing 100085, China 
(*correspondence: jfliu@rcees.ac.cn) 

2 Department of Chemistry, Yonsei University, 
Seoul, 120-749, Korea 

 
With the development of nanoscience and 

nanotechnology, the environmental effects and 
biological safety of nanomaterials, especially 
engineered nanomaterials, have sparked exponential 
growth of research. Silver nanoparticles (AgNPs), 
known as one of the most widely used nanomaterials, 
have drawn great interest due to their adverse effects 
on the environment and health. Given the highly 
dynamic properties of AgNPs, it is believed that 
AgNPs and ionic silver (Ag(I)) are coexisting and 
undergo inter-transformation in the environment. 
Herein, we firstly developed a novel method based on 
on-line coupling of hollow fiber flow field-flow 
fractionation (HF5) with inductively coupled plasma 
mass spectrometer (ICPMS) for characterization and 
quantification of different sized AgNPs and Ag(I). 
Furthermore, the proposed methods was successfully 
used to study the transformation of Ag(I) to AgNPs in 
the presence of natural organic matter under sunlight. 
The unusual properties of carbon-based 
nanomaterials (e.g., fullerol) have also led to a rapid 
increase in their production in a wide range of 
application. To understand its fate and transport in 
aquatic environments, impacts of sunlight and humic 
acid on the aggregation of fullerol were studied in 
detail.  
 
[1] Tan et al. (2015) Anal. Chem. 87, 8441-8447.  [2] 
Hu et al. (2013) Chem. Rev. 113, 3815-3835. 
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In 2013, the deep-sea sediment containing an 
extraordinarily high concentration (more than 6000 
ppm) of rare-earth elements and yttrium (REY) was 
discovered within the Japanese exclusive economic 
zone (EEZ) surrounding Minamitorishima Island [1, 
2]. The presence of such deep-sea sediments with 
extremely high concentrations of REY strongly 
attracts our attention from both paleoceanographic 
and resource-geologic view points. Although 
geochemical data of deep-sea sediments within the 
Minamitorishima EEZ have been accumulated, the 
origin of the sediments including the "extremely 
REY-rich mud" has not been completely elucidated 
yet.  

Here, as the first step for the comprehensive 
elucidation of the origin of the deep-sea sediments in 
the Minamitorishima EEZ, we analyzed the modern, 
uppermost sediment samples collected from the 
Minamitorishima EEZ. We investigated (1) 
mineralogical compositions, (2) bulk chemical 
compositions, and (3) bulk Nd isotopic ratios. The 
results show that the surface sediment samples in this 
study have total REY contents less than 400 ppm, i.e., 
they are not REY-rich mud. Their chemical and 
isotopic compositions can be explained by a mixture 
of 80–90% of terrigenous component and 20–10% of 
hydrogenous component. 

 
[1] Iijima et al., in revision. 
[2] Fujinaga et al. (2013) JpGU2013 
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In spite of the almost same concentration of Pt 

and Pd in deep ocean water, the Pt content in marine 
manganese crust, which distributes near the top of sea 
mount, is often 10~100 times higher than that of 
Pd[1]. This is called “Pt/Pd anomaly” in marine 
geochemistry, which has not been made clear even at 
present. The concentration of trace metals is 
considend to be controlled by the adsorption reaction 
on the surface of marine manganese crust whose 
main mineral is δ-MnO2. In order to elucidate the 
Pd/Pt atomic ratio anomaly for marine manganese 
crust, we compared the adsorption behaviors  Pt(II) 
and Pd(II) complex ions in artificial sea water on δ-
MnO2  and the chemical states of the adsorbed Pt and 
Pd. 
(1) Adsorption behaviors of Pt and Pd 

 Pd adsorbed rapidly in early stage on δ-MnO2 , 
but the amount of Pd adsorbed approached slowly a 
constant value. On the other hand, Pt adsorbed slowly 
during the experiment. Therefore, the amount of Pt 
adsorbed exceeded the amount of Pd adsorbed after a 
certain time depending on the experimental 
conditions. 
(2) Chemical states of  Pt and Pd 

The results of  X-ray absorption spectroscopy 
showed that the sorbed Pt(II) was oxidized to Pt(IV) 
by Mn(IV) in the δ-MnO2 and the the isomorphous 
substitution of the Pt(IV) with the Mn(IV) occurred.  
On the other hand, Pd(II) was physically adsorbed, 
but no oxidation of the Pd(II) occurred. 
(3) Cause of the Pt/Pd anomaly 

“Pt/Pd anomaly” is considered to be due to 
difference of adsorption behavior of Pt(II) and Pd(II) 
complex ions onto marine manganese crust. 

[1] J.R. Hein et al, Ore Geology Reviews 51 
(2013) 1-14 
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Manganese(IV) oxide has received considerable 
attention because of its strong sorption property and 
ubiquity in the environment. It is widely accepted that 
the formation of Mn oxide is microbially mediated in 
the environment. Considering the microbial 
formation of Mn oxide, sorption behavior of trace 
elements should be investigated using biogenic Mn 
oxide. Therefore, we have studied sorption of rare 
earth elements (REEs) and actinides on Mn oxide 
produced by Mn(II)-oxidizing fungus. 

Sorption experiments of REEs and actinides 
(Th(IV), Np(V), U(VI) and Pu(IV)) on biogenic Mn 
oxide were carried out in 10 mmol/L NaCl solution at 
various pH conditions. We cultured Acremonium sp. 
strain KR21-2, Mn(II)-oxidizing fungus, to prepare 
biogenic Mn oxide. The harvested biogenic Mn 
oxides were not separated from fungal cells for 
sorption experiments. 

Sorption experiments of REEs showed a positive 
Ce anomaly in partition coefficients (defined by solid 
to solution ratios) under weak acidic condition, which 
is consistent with the observation in previous works 
using abiotic Mn oxide. However, the degree of 
positive Ce anomaly decreased with pH, and negative 
Ce anomaly was observed under circumneutral 
conditions irrespective of Ce(III) oxidation to Ce(IV) 
by Mn oxide. Size-exclusion column HPLC ICP-MS 
analysis confirmed that Ce was complexed with 
organic ligands in solution. A line of data indicates 
that the negative Ce anomaly under circumneutral pH 
conditions arose from Ce(III) oxidation on biogenic 
Mn oxide and subsequent complexation of Ce(IV) 
with biomolecules released from fungal cells. 

Thorium(IV) was quickly sorbed on biogenic Mn 
oxide, but desorbed into solution with time. The 
desorption of Th(IV) is possibly attributed to organic 
ligands released from fungal cells as observed in the 
sorption behavior of Ce. In contrast, sorption of 
Pu(IV) increased with time, which was similar to that 
of U(VI). Pultonium(IV) was possible to be oxidized 
to Pu(VI) by Mn oxide. Sterilized biogenic Mn oxide 
did not show the desorption behavior of Th(IV), 
indicating that living cells would release organic 
ligands strongly complexed with Th(IV). 
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Carbonate skeletons and shell of marine 
organisms have been used as an environmental 
recorder [1], because the trace element concentration 
reflects marine environments. In turn, chemical 
composition of carbonate skeletons is also partly 
influenced by biomineralization process. Precious 
corals produce high-Mg calcite with annual growth 
bandings [2]. In order to assess the possibility that 
precious coral skeletons records deep-sea 
environments, the concentration of trace elements 
was measured. The precious coral samples were 
collected from the Pacific Ocean (depth between 400-
450 m) by the HURL Pisces IV submersible [3] and 
HURL 2011. After cutting perpendicular to the 
growth axis, electron probe micro analyzer (EPMA) 
was employed to observe two-dimensional 
distribution of Mg of the cross section. Magnesium 
was enriched in apical growth part, which was 
surrounded by lateral growth part. The lateral growth 
was characterized by concentric bandings of high and 
low Mg concentration. The significant difference in 
Mg concentration between apical and lateral growth 
cannot be explained by the change in environmental 
factors (e. g. temperature), implying the difference in 
biomineralization processes. In addition, the Mg-rich 
apical part of Corallium secundum was studded by 
complicated-structure grains with the size of 
approximately 100 µm. This suggests that a part of 
sclerites is incorporated into axial skeleton, which 
agrees with the result of Micro-CT observation of C. 
konojoi [3]. Further, high-resolution analyses by 
NanoSIMS was carried out to measure trace element 
concentration (B, F, Cl, S, Mg and Sr etc.) across the 
lateral growth part. We discuss the variation in trace 
elements corresponding the growth bandings. 
[1] Sano et al. (2012) Nat. Commun., 3. [2] Vielzeuf 
et al. (2008) Am. Meneral., 93, 1799-1815. [3] Grigg 
(2002) Mar. Fish. Rev., 64, 13-20. [4] Urushihara et 
al. (2016) J. Exp. Mar. Biol. Ecol., 475, 124-128. 
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Phase transitions play important roles in many 
areas of science and technology. Despite the 
familiarity of the process, serious unreliability 
remains in model predictions for nucleation rates, 
because the properties of the small nuclei of the new 
phase are poorly understood. The classical nucleation 
theory (CNT) is a very widely used model for 
describing nucleation and provides the nucleation 
rates as a function of temperature, supersaturation 
ratio, and macroscopic surface tension of a condensed 
phase. However, several studies have found that the 
CNT fails to explain the nucleation rates observed in 
laboratory experiments and numerical simulations of 
molecular dynamics (MD) simulations, for example, 
the error is the order of 1010-20 for argon [1]. MD 
simulations are able to directly resolve details of the 
nucleation process and provide useful test cases for 
nucleation models. Recently, we presented large-
scale MD simulations of homogeneous vapor-to-
liquid nucleation of (1-8)×109 Lennard-Jones atoms 
[2-4]. The simulations cover a wide range of 
temperature and supersaturation ratios. We have 
resolved nucleation rates as low as 1017cm-3s-1 (in the 
argon system) and succeeded in quantitatively 
reproducing argon nucleation rates at the same 
supersaturations, and temperature as in the argon 
experiment. The liquid supercooled nano-droplets 
forming naturally out of the vapor also allow us to 
study droplet crystallization. Here we present the 
results of droplet crystallization in the MD 
simulations of vapor-to-liquid nucleation. During a 
long time integration (116 million steps=2.5µs), the 
crystallization of many large (>800 atoms) 
supercooled nano-clusters is observed. Some of them 
crystallize quickly and almost completely. The solid 
clusters lose at least 2 % of their mass at freezing. 
The mass loss is caused by evaporation, since the 
latent heat from freezing heats up the cluster. The 
solid clusters composed of 1000-4500 atoms show 
various structures: icosahedral, decahedral, fcc, and 
hcp. The comparison with the classical nucleation 
theory shows the consistency between the results of 
MD simulations and the theory including the size 
dependent  interfacial energy.  
 
[1] Tanaka et al. J. of Chem. Phys. 134, 204313, 2011 
[2] Diemand et al. J. of Chem. Phys.139, 074309, 
2013 [3] Angelil et al. J. of Chem. Phys. 140, 
074303,2014 [4] Tanaka et al. J. of Chem. Phys. 140,  
194319, 2014 
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Anthropogenic originated organoarsenic 
compounds such as diphenylarsinic acid (DPAA) are 
a water pollution source as well as naturally 
occurring inorganic ones. For example, DPAA 
polluted well water caused serious health problems in 
Kamisu, Japan. However, their adsorption behavior in 
soils is still well unknown. In general, the adsorption 
property of chemical compounds influences its 
migration process in natural environments such as 
soil-water system. In soils, organic matters (OMs) 
affect adsorption behavior of trace metals on 
minerals. Thus, it is important to understand the 
adsorption mechanism of the arsenic compounds with 
taking account of influence of OMs to predict future 
fate of them in environment. In this study, we 
conducted adsorption experiments for several soils 
which have different contents of Fe/Al-
(oxyhydr)oxides and OMs, and adsorption amounts 
and structures were analyzed by ICP-MS and As K-
edge XAFS measurements. The same experiments 
and analysis were conducted with OM extracted soils 
to understand the influence of OMs.  

 The As K-edge EXAFS spectra for arsenic 
compounds adsorbed on soil samples were well fitted 
with corresponding EXAFS spectra As adsorbed on 
Fe- and Al-(oxyhydr)oxides. The fact indicates that 
these arsenic compounds adsorbed on these minerals 
mainly. The adsorption ratios for Fe- and Al-
(oxyhydr)oxides were estimated by the fitting, and 
the deviation of the ratio from the Fe/Al content was 
larger with increasing the OM content in soils. In 
addition, in most cases, the adsorption amounts of 
arsenic compounds increased by removing OMs. 
Thus, it is considered that the OMs prevent arsenic 
compounds from being adsorbed on minerals by 
covering their surface. However, even though OMs 
were removed from soils, the adsorption ratios were 
still not always reflected Fe/Al content ratio by 
removing OMs depending on the arsenic compounds. 
This fact indicates that the affinity of arsenic 
compounds for Fe/Al-(oxyhydr)oxides is different. 
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Unequilibrated enstatite chondrite provides an 
important constraint to understand the inner solar 
nebula environment and the formation process of 
inner protoplanetary disk. The remarkable feature of 
the enstatite chondrite is their highly reduced 
condition preserved in mineral assemblages. Oxygen 
isotope have given a key information to decipher the 
evolution process of nebula and chondrule formation. 
Reported oxygen isotopic data of bulk chondrules [1-
3] and of in-situ pyroxene measurements [4] in 
enstatite chondrite, however, are distributed in a 
narrow range, which did not show valuable trend to 
explain the chondrule formation process clearly. The 
data variation can be influenced by the presence of 
16O-rich olivine relict and/or terrestrial weathering 
effect for bulk IRMS analysis and by large analytical 
uncertainty for SIMS analysis relative to natural 
variation. To remove these effects, pyroxene 
fragments in EH3 and EH4 chondrules were 
measured with high-precision IRMS method to detect 
the formation process of EH chondrules. The 
obtained data show systematic trend in the restricted 
range when they are compared with known bulk EC 
region [1-3, 5], forming a slope of >1 on the three-
oxygen isotope diagram. Even in the single chondrite, 
pyroxenes from individual chondrules have distinct 
Δ17O values. The obtained oxygen isotopic trend can 
be explained by the open-system isotopoic exchange 
between 16O-rich precursor dust whose isotopic 
compositions is similar to olivines in carbonaceous 
chondrite and 16O-poor SiO-rich nebular gas, a 
similar process proposed for the recently modeled 
chondrule formation process of carbonaceous 
chondrite [6]. This study revealed that the gas-melt 
reaction process at the elevated temperature was the 
major process for the formation of enstatie-rich 
chondrules in the inner solar system. 

 
[1] Clayton et al. (1984), JGR, 89, C245-C249; [2] 
Clayton & Mayeda (1995) LPSC XVI, 142-143; [3] 
Clayton et al. (1991) GCA, 55, 2317-2337; [4] 
Weisberg et al. (2011) GCA, 75, 6556-6569; [5] 
Newton et al., MPS, 2000, 689-698; [6] Marricchi & 
Chaussidon (2015) EPSL, 430, 308-315. 
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PKiKP/PcP amplitude ratios have been used for 

the inferrence of the density jump at the inner core 
boundary (ICB). Recently, Tanaka and Tkalcic 
(2015) examined their freqeuncy variations and 
suggested a topographic variation at the ICB, based 
on the observation by Hi-net that is a Japanese dense 
seismic network. Here I newly examine the spectral 
ratios of PKiKP/PcP observed by USArray that is a 
dense seismic network in USA. Basically the 
PKiKP/PcP ratios observed by USArray are larger 
than those observed by Hi-net if PKiKP is detected. 
Especially the PKiKP/PcP ratios from a Guatemalan 
earthquake show large raios aound 1 Hz whereas 
large frequency componets around 2 Hz are  observed 
in Hi-net data. This suggests that ICB topography 
geometry beneath the east of Mexico, where is the 
reflection points of PKiKP from the Guatemalan 
earthquake, is different from that beneath the western 
Pacific.   
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A distinguishing feature of Professor Akimasa 

Masuda’s approach to geochemistry is his concept of 
the “bulk distribution coefficient”, which initially 
seems unusual to  geochemists, as we focus on 
individual mineral phases. Masuda [1] employed 
isotope dilution with TIMS for REE analysis, and 
analyzed La with a single filament under low 
vacuum. This technique is opposite to that commonly 
aimed; however, it yields precise REE data for 
meteorites [2]. A quite smooth (sometimes “straight”) 
chondrite-normalized REE pattern is observed for 
terrestrial [e.g. 3] and lunar samples [4]. This result 
gives rise to the question of why REE patterns are so 
smooth when rocks consist of an aggregate of 
different minerals. In fact, REE patterns are largely 
determined prior to crystallization of the magma, as 
indicated by the occurrence of high REEs along grain 
boundaries [5]. 

However, more precise data have revealed 
irregularities in REE patterns such as the “tetrad 
effect” [6] and the Ce anomaly. Masuda and his 
students employed the 138La-138Ce [7] and 138La-138Ba 
[8] isotope decay systems in analyses of  
geochemistry. A previous study of the Barberton 
sedimentary rocks employing the La-Ce and Sm-Nd 
systems revealed that REE patterns with a Ce 
anomaly form later alteration [9]. Precise REE stable 
isotope data [10] will allow us to constructδREE 
pattern like Masuda-Coryell plot in future. 

Analyses by ID-TIMS yield precise data for 10 
REE, while 14 REE can be measured by ICP-MS 
[11]. In addition, 14 REE in coral have been 
measured by ID-ICP-MS [12]. Purified solution was 
divided into LREE and HREE to eliminate oxide 
interferences. Ten multi-isotopic REEs were 
determined by both conventional peak-height 
comparison and ID. Recovery rates are calculated and 
applied for mono-isotopic elements. 

 
[1] Masuda (1967) Geochem. J. 2, 111-135. [2] 
Masuda et al. (1973) GCA 37, 239-248. [3] Shimizu 
et al. (1981) Geochem. J. 15, 81-93. [4] Masuda et al. 
(1972) Proc. 3rd Lunar Sci. Conf. 2, 1307-1313. [5] 
Suzuki (1990) Geochem. J. 24, 57-74. [6] Masuda 
and Ikeuchi (1979) Geochem. J. 13, 19-22. [7] 
Tanaka and Masuda (1982) Nature 300, 515-518. [8] 
Nakai et al. (1986) Nature 320, 433-435. [9] Hayashi 
et al. (2004) Precambrian Res. 135, 345-357. [10] 
Wakaki and Tanaka (2012) Int. Jour. Mass Spec. 
323-324, 45-54. [11] Hirata et al. (1988) Anal. Sci. 4, 
637-647. [12] Tanaka, S-G. Lee, T. Kim, S. Han, 
H.M. Lee, S.R. Lee and J. I. Lee (in prep).  
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Most of eruptives from Fuji volcano, Japan, are 

basaltic since 100 ka. However, the last eruption at 
1707 discharged abundant silicic pumice, implying 
that silicic magma chamber is growing. The 1707 
pyroclasts have gabbroic xenoliths in which melt 
inclusions are included in plagioclase crystals. These 
melt inclusions have information on the condition and 
evolution of magma chamber. In this study, we 
measured major element compositions of melt (glass) 
inclusions with their host plagioclase crystals. 
Compositions of FeTi-oxides and pyroxenes were 
also analyzed for geothermometry-oxybarometry. 
The xenoliths are olivine gabbronorite-gabbronorite 
and show adcumulate texture, indicating their 
cumulus origin. Melt inclusions are andesitic-
rhyolitic compositions with SiO2 = 55.5-76.4 wt.% 
and show calc-alkaline trend. Basaltic melt is absent. 
FeTi oxides thermobarometry-oxybarometry yield T-
fO2 conditions of ca. 750-950 ºC and near Ni-NiO 
buffer for ilmenite-magnetite coexinting samples and 
pyroxene thermometry yields ca. 970-1006 ºC for 
ilmenit-absent samples. H2O contents in melt 
inclusions were estimated by using plagioclase-
liquidus and melt-plagioclase An-partition thermo-
hygrometers of Putirka (2008) with temperatures 
estimated by FeTi oxides and pyroxene 
thermometers. The melt H2O contents estimated by 
the two methods are consistent, indicating that melt 
inclusions and their host plagioclase were equilbrated 
under the estimated temperature conditions. Melt 
H2O contents are almost constant in each xenolith 
and vary in the range of ca. 4.6-10.1 wt.%. SiO2 and 
H2O contents in melt inclusion increases as 
temperature decreases. The maximum H2O content 
corresponds to melt H2O solubility at ca. 400 MPa, 
indicating that crystallization occurred at the depth > 
15 km. Fractional crystallization simulation using 
MELTS program well explains the observed 
compositional variation of melt. Our results indicate 
that (1) the gabbroic rocks were crystallized from 
andesitic-rhyolitic melts, (2) silicic magma chamber 
exists at depth > 13km, and (3) fractional 
crystallization was an essential differentiation 
mechanism in the magma chamber beneath Fuji 
volcano. 
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From a suite of twenty one late-Mesozoic silicic 

volcanic and granitic rock samples from Hong Kong, 
inherited zircons have been recognised in fifteen 
samples based on age data using in-situ SHRIMP U-
Pb analyses combined with CL imagery.  The ages of 
these inherited grains are either late Mesozoic or 
much older (Palaeozoic to Archaean).  The older 
Palaeozoic and Archaean zircon grains are 
definitively xenocrysts, incorporated into the host 
magma from surrounding basement rocks[1,2].  For 
the late Mesozoic inherited grains, a first order 
observation is that they are roughly coincident in age 
with the major local magmatic episodes identified by 
previous studies[3,4].  These grains are interpreted to 
represent crystals that grew in earlier magmatic 
pulses and were then recycled in subsequent 
magmatic episodes.  For these recycled grains, 
distinguishing between   antecryst and xenocryst 
types is challenging because resolvably large age 
gaps (a few Myr to ~20 Myr) exist between the 
inherited cores and the host units.  In other 
studies[e.g. 1,5], the age differences were used as one 
of the key criteria for discriminating these two types 
of inherited grains.   The data presented here suggest 
that identification of xenocrysts, antecrysts and 
autocrysts in part is a function of the age resolution 
and temporal precision of geological controls.  
Caution must be taken when the presence of inferred-
recycled dated zircons is used to determine the 
‘residence time’ of a magma chamber or the duration 
of pluton assembly in the case of intrusive rocks.  

 
[1] Charlier et al. (2005) J Petrol 46, 3-32. [2] 
Charlier et al. (2010) Geology 38, 915-918. [3] Davis 
et al. (1997) J Geol Soc London 154, 1067-1076. [4] 
Sewell et al. (2012) Geochem, Geophys, Geosyst 14, 
Q01006. [5] Miller et al. (2007) J Volcanol Geotherm 
Res 167, 282-299.  
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The Great Oxidation Event (GOE) throughout 

overprinted by the early Paleoproterozoic 
metallogenic explosion in early Precambrian 
cratons, such as North China Craton (NCC). The 
greenschist-amphibolite facies 2.24 – 1.9 Ga 
Fenzishan Group of the Jiao-Liao-Ji belt, NCC, hosts 
numerous ore deposits and includes, in ascending 
order, the 2.24 – 2.193Ga Xiaosong (BIFs, marble), 
Zhujiakuang (tourmaline, andalusite, kyanite), 
Zhanggezhuang (marble, magnistite, talc), Jutun 
(graphite, marble) and Gangyu formations. Here we 
report LA-ICP-MS U-Pb Zircon dating of hanging-
wall rocks from the No. 6 (FZS12) and the No. 5 
(FZS22) ore bodys of the Fengzishan magnesite ore 
and present C and O isotope analyses of 30 samples 
from the Zhanggezhuang Formation. A total of 164 
magmatic source zircon grains were analysed to 
FZS11 and FZS22 and obtained 87 and 77 
concordant ages, respectively. They show age peaks 
at ~2.35–2.5 Ga and ~2.55–2.6 Ga, with four grains 
having Paleoarchean ages (> 3.1Ga). The youngest 
concordant detrital zircon 207Pb/ 206Pb ages are 
2113±53 Ma for FZS11 and 2042±33 Ma for FZS22, 
respectively. Moreover, 30 samples of carbonates 
yield δ13C and δ18O values of -2.0–3.4 ‰ and 9.2–
20.2 ‰, with average values of 1.3±0.6 ‰ and 
13.6±2.9 ‰, respectively. It shows a character of the 
2.22 – 2.06 Ga Lomagundi Event (unique positive 
δ13Ccarb excursion), which is a sub-event of the GOE.  

 
 



Goldschmidt Conference Abstracts 

 

3072 

The characteristics of -OH/H2O 
in plagioclase by solar wind 

implantation simulate 
H. TANG1, X. Y. LI1*, S. J. WANG2, J. Z. LIU1, Y. 

LI1 
11 Center for Lunar and Planetary Science Research, 

Institute of Geochemistry, Chinese Academy of 
Sciences, Guiyang 550081, China 

2 State Key Laboratory of Environmental 
Geochemistry, Institute of Geochemistry, Chinese 
Academy of Sciences, Guiyang 550081, China 

 
The possibility of -OH/H2O formation in the 

lunar surface has been supposed to the interaction 
between the proton from solar wind and the oxygen 
in the regolith [1, 2, 3]. The polished thin sample of 
plagioclase has implanted with 7 keV H+ at the 
fluences of 1017 ions/cm2. FTIR analyses has showed 
the obvious increased hydroxyl and H2O peak about 
3622 cm-1 (2.76 μm) and about 3356 cm-1 (2.98 μm) 
after ion implantation respectively, compared with 
small OH and H2O absorption before ion 
implantation. The estimated increased contents of OH 
and H2O in plagioclase after ion implantation are 941 
ppm and 794 ppm respectively. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The infrared spectra of plagioclase before 
and after ion implantation experiment 
 
[1] Pieters et al. (2009) Science 326, 568-572. [2] 
Sunshine et al. �2009� Science 326, 565-568. [3] 
Clark (2009) Science 326, 562-564. 
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The variations of δ30Si values in diagenetic chert 
and chert- associated BIFs over time can be used to 
reconstruct the environmental conditions of the early 
Earth, and become a hot topic in the Si isotope 
society. However, there are several different views of 
explaining the variation of δ30Si values over time. 
Moreover, there are disputes in explaining the 
distribution of Si isotope in several main reservoirs in 
surface systems. Those disagreements are caused by 
lacking key Si isotope kinetic fractionation factors 
associated with the formation processes of chert and 
its altered products.  

There are many unexplained observations about Si 
isotope distributions in Earth’s surface systems (i.e., 
in soil, water or plants) (Opfergelt and Delmelle, 
2012). For example, the deduced Si isotope 
equilibrium fractionation factors by Rayleigh model 
at ambient temperature between clay and the solution 
Δ30Siclay-solution = -1.5 ‰ (Georg et al., 2007) and -
2.05‰ (Hughes et al., 2013) obviously disagree with 
common sense, which dictates that stiffer chemical 
bonds will enrich heavier isotopes, i.e., the 
precipitated minerals will preferentially incorporate 
heavy isotopes relative to aqueous H4SiO4 due to 
their shorter Si-O bonds. Another similar case is the 
fractionation between quartz and solution. Most field 
observations suggested that solution will be enriched 
with heavier Si isotope compared to quartz (e.g., 
Douthitt, 1982; Basile-Doelsch et al., 2005), 
conflicting to the fact that quartz is the one with 
much shorter Si-O bonds than aqueous H4SiO4 (ca. 
1.610Å vs. 1.639Å). Those strange Si isotope 
behaviors can be explained by knowing basic Si 
isotope fractionation parameters related to kinetic 
processes of Si cycling in surface systems. We 
provide the most important Si kinetic isotope 
fractionation (KIE) factors associated with the 
formation of amorphous quartz and other secondary 
minerals in polymerization, co-precipitation and 
adsorption processes. Without the knowledge of KIE 
of these coupled or competing pathways, we cannot 
quantitatively evaluate the net Si isotope fractionation 
during the chert formation processes and cannot 
figure out the reason of environment change.  
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Li isotopes in zircon can potentially be used to 
infer magmatic sources and/or as a speedometer for 
magmatic and metamorphic processes. Use of δ7Li in 
zircon is, however, impeded by uncertainty regarding 
the degree to which Li diffuses in zircon. We studied 
natural and synthetic zircons to identify the 
mechanism(s) of Li diffusion in zircon and the 
possible role of charge coupling between Li and 
REE+Y.  

High spatial resolution ToF SIMS imaging 
identified sharp Li concentration gradients and 
NanoSIMS Li isotope profiled along these gradients 
in natural zircons show that  δ7Li variations (≥20‰) 
are prevalent in natural zircons. The range of δ7Li 
measured within each zircon grain is significantly 
greater than that observed in all igneous and 
sedimentary rocks.  

We modeled Li in a TTG zircon (C88_29_7_6) 
that shows a simple Li concentration gradient coupled 
with a core-rim texture, ideal for studying the Li 
diffusion mechanism(s). This zircon was previously 
characterized for its Li isotopic and trace element 
compositions using conventional SIMS (Bouvier et 
al. [1]). Within the rim of this zircon, the Li isotope 
profile correlates with Li/Y ratio and anti-correlates 
with Li concentration, suggesting an important role 
for Y (and REE) in controlling Li activity and, hence, 
diffusion. This feature, together with the continuous 
Li diffusion profiles (dipping δ7Li) across the sharp 
Li concentration boundary, is consistent with the 
presence of both slow diffusing Li (charge coupled 
with REE+Y) and fast diffusing Li (charge coupled 
with other chemical species) in zircon. During Li 
diffusion, charge coupling between Li and REE+Y 
takes place as a substitution reaction, in which Li ions 
substitute for other chemical species that couple with 
REE and Y in the zircon lattice. We argue that the 
ratio of slow/fast-diffusing Li is determined by the 
numbers of REE+Y coupling sites vs. other charge 
coupling sites for Li and a substitution coefficient.  
 
[1] Bouvier et al. (2012) CMP 163, 745-768. 
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A number of Permian mafic–ultramafic layered 

complex that host Ni–Cu sulfide mineralization occur 
in the Beishan, northeastern Tarim Craton, Xinjiang, 
NW China. The chemical, carbon and noble gas 
isotopic compositions of volatiles in pyroxene of Poyi 
mafic-ultramafic intrusion have been measured to 
reveal the origin, evolution and metallogenisis of the  
intrusion.  

The volatiles of pyroxene in Poyi ultramafic 
rocks are mainly composed of H2O (av. 59 vol. %) 
and H2 (13), with minor CO2 (3) and CO (2). 
δ13CCO2= -13.91‰, δ13CCH4 = -11.54‰. The δ13C 
values of CH4, C2H6, C3H8 and C4H10 showed the 
partial reversal distribution pattern with carbon 
number. The pyroxene separates have 3He/4He 
ranging from 1.13 to 6.15 Ra (av. 2.90 Ra) and 
40Ar/36Ar from 326.4 to 1004.3 (av. 530.4).   

The δ13C of CO2 and CH4 were plotted in the δ13C 
range of crust, carbonate and mantle. The 3He/4He 
and 40Ar/36Ar ratios are between the air/oceanic 
sediments and mantle plume. Carbon and noble gas 
isotopes indicate that the sedimentary organic 
matterials, and altered oceanic crust have added into 
the mantle plume magma.  

The Beishan region was a Late Paleozoic rift 
probably developed in association with the mantle 
plume activity in the Tarim Basin. The Poyi intrusion 
shows flat REE patterns and  pronounce  negative Nb 
anomalies relative to Th and Ta, Nd, Sr, Hf isotopic 
data suggested the hypothetical mantle plume model 
(Pirajno et al., 2008; Su et al., 2012), and the cycling 
of subducted sediments have added into the early 
Permian mantle plume during the formation of Poyi 
Ni-Cu sulfide bearing complex. These envidences 
surpport the volatile conclusion. 
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[1] Pirajno et al. (2008) J. Asian Earth Sciences 32, 165-
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[2] Su et al. (2012) Lithos 134-135, 41-51.  
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The shift from cyanobacterial- to eukaryote- 

dominated primary productivity in the oceans 
fundamentally altered global biogeochemical cycles. 
Yet, there are poor constraints on when this transition 
occurred. Zinc is an important, often co-limiting 
nutrient for eukaryotes in the oceans today. Given the 
importance of Zn in the modern oceans, we 
developed a Zn isotope approach to track the extent 
of Zn limitation and eukaryotic production through 
Earth’s history. Specifically, we use the isotopic 
systematics of the pyrite (δ66Znpyr), rock extracts 
(bitumen) and kerogen pyrolysate (δ66Znorg) within 
euxinic black shales. We show that δ66Znpyr of 
euxinic core-top muds from the Cariaco basin capture 
the global deep seawater signature, validating its use 
as a seawater proxy. Additionally, we propose that 
Δ66Znpyr-org can be used to track surface water zinc 
bioavailability. Based on an extensive new 
sedimentary zinc (Zn) isotope record across Earth’s 
history, we provide evidence for the onset of the 
eukaryotic regulation of the marine Zn cycle at ~800 
Myr ago. This shift marks a transition to eukaryotic-
dominated primary productivity, which in light of the 
microfossil and organic biomarker records strongly 
suggests that eukaryotes evolved early but rose to 
ecological dominance much later. Furthermore, the 
Zn dataset provides a new foundation for 
understanding the impact of extensive carbon fixation 
by eukaryotes on the global carbon cycle and climate 
system. 
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The determination of initial gas-oil ratios (GORi) 

of shale oil system is critical for assessment of shale 
resource and development. Many publications 
mentioned the good correlation between GORi and 
thermal maturity of shales in the commercial 
production shales such as Bakken, Barnett and Eagle 
Ford shale, in which the GORi were calculated by the 
early term production data or geochemical calculation 
of hydrocarbon composition. Here we proposed a 
new approach to estimate the lost light hydrocarbon 
and GOR within source rock based on semi-closed 
hydrous pyrolysis experiments. 

Imature lacustrine marlstone samples were 
collected from the third member of the Eogene 
Shahejie Formation, Shulu Sag in the Bohai Bay 
Basin. The marlstone sample was crushed into 80 
mesh (0.177 mm), homogenized and divided into 5 
parts, each 150 g. The experiments were conducted in 
a semi-closed pyrolysis system in which hydrocarbon 
product only expelled at the particular pressure 
condition, thought to be more close to the real 
subsurface condition.The samples were prepared and 
heated to 325℃, 335℃, 350℃, 360℃ and 370℃ 
(their equivalent vitrinite reflectance value from 0.5% 
Ro up to 1.5% Ro). 

The expelled gas and liquid hydrocarbon and 
bitumen within pyrolysate were collected and 
analyzed with GC-MS.  

Gas and part of light liquid hydrocarbon 
associated with bitumen retained in the source rock 
lost during the reaction-oven open and extraction 
process, which leads to significant underestimation of 
residue hydrocarbon and makes the estimation of gas-
oil ratios of retained hydrocarbon impossible. Mass 
balance calculation reveals the lost light hydrocarbon 
rise from 0.1% to 80% of total retained hydrocarbon 
with increasing thermal maturity from 0.5% to 1.5%. 
Based on which, the GOR within residue 
hydrocarbon(GORR) were calculated as the result of 
lost light hydrocarbon divided by the amount of 
bitumen. The GORR has better correlation to the 
expulsive efficiency than the GOR of expelled 
hydrocarbon (GORE amount equal to the expelled 
gas hydrocarbon divided by expelled liquid 
hydrocarbon). Besides, the GORR provide a method 
for recovery of Rock-Eval parameter S1. 
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The radial sand ridges (RSRs) in the 

southwestern Yellow Sea off the Jiangsu Coast, East 
China have been intensively studied at least since 
1975. Despite decades of studies, the provenance of 
the RSR sediments remains uncertain. In this study, 
we employ the Nd-Sr isotopic and mineral 
compositions of the acid-insoluble fractions to 
determine the provenance of the RSR sediments. 

SEM  observations show that Changjiang 
sediments tend to be partly armored with smaller 
grains of clay minerals. Mineralogical composition of 
RSR sediments consists mainly of quartz and feldspar 
as framework constituents. Changjiang  sediments 
generally have a lower feldspar/quartz ratio than 
those from the Yellow River and RSR. The higher 
abundance of K-feldspar and plagioclase in the sand 
ridges  suggest the Yellow River (Old Yellow River) 
is a potentially significant sediment contributor for 
the modern RSR. Goethite/hematite values show a 
gradual rise from Yellow River to the Changjiang 
sediments, reflecting climate effects and latitude 
influence, and therefore can be used as a sediment 
sources proxy in the Yellow Sea.  However, the 
relative high abundance of goethite in RSRs 
sediments may be associated with the possibility of 
diagenetic modification. Based on the current 
circulation of the study area, the fine grained 
sediments of the Changjiang could influence the 
Jiangsu coastal zone. 

The Nd isotopic compositions of coastal and 
estuary sediments are solely associated with source 
rocks while the Sr isotopic compositions are affected 
by multiple influences. The onshore RSR sediments 
originate mainly from mixing of the fine-grained 
sediments from various parts of the offshore RSR. 
Surface sediments from the Yangtze River Mouth are 
directly dispersed to the RSRs along the Jiangsu 
Coast and significantly affect the seaward part of the 
offshore RSR and the old Yellow River Delta area by 
a northward branch of the Yangtze plume. Our 
findings highlight the potential of the Nd isotopes in 
combination with the Sr isotopes to trace the 
provenance of coastal sediments.   
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The mantle wedge at subduction zone is believed 

to be more oxidized relative to the oceanic mantle 
because the fluid liberated from subducted slab 
oxidizes the mantle wedge [1]. However, these 
arguments are based on the mantle xenoliths that only 
represent the uppermost part of the mantle wedge. 
The mantle section of the northern Oman ophiolite 
widely exposes itself from the crust-mantle boundary 
(Moho) to the basal thrust where the peridotites 
contact to the thermally metamorphised subducted 
oceanic crust. Thus, the Oman mantle section is 
suitable for testing the redox state of mantle wedge. 
In this study, we present the spatial distribution of 
oxygen fugacity in the Fizh mantle section of the 
Oman ophiolite as an analog for the redox state of 
mantle wedge. 

The ∆log fO2 relative to FMQ buffer for 
harzburgites and dunites were calculated following 
the method of Ballhaus et al. (1991) [2]. The values 
range from -3.3 to +1.8 and tend to decrease from the 
Moho to the basal part of the mantle section. Dunites 
are more oxidized than harzburgites. The Fe3+/∑Fe 
ratio of spinel were evaluated by Mössbauer 
spectroscopy. The calculated Fe3+/∑Fe ratio assuming 
spinel stoichiometry is slightly lower than those 
obtained by Mössbauer spectroscopy but the 
difference is negligible compared to the whole range. 
Moreover, the V/Sc ratios of whole rock peridotites 
show a strong negative correlation with ∆log fO2 
(FMQ) indicating the observed variation and 
tendency of ∆log fO2 (FMQ) are real. Reduced 
signature in the basal part of mantle section may 
indicate a reaction with a reduced melt/fluid derived 
from subducted sediment. This hypothesis is 
supported by presence of methane peak in Raman 
spectrum for fluid/melt inclusions in olivine from the 
basal peridotites whereas no methane peak is 
observed in the peridotites from the upper most part 
of the mantle section.  

 
[1] Parkinson & Arculus (1999)  Chem. Geol., 160, 
409-423. [2] Ballhaus et al. (1991) CMP, 107, 27-40. 
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Long-lived radioactive nuclides are used to 
elucidate evolution and differentiation of various 
geological samples through the time. In contrast to 
well-known nuclides such as 87Rb and 147Sm, 138La is 
categorized as one of the specialized isotope scheme 
[1], which decays to 138Ba and 138Ce with its half-life 
of 1.05x1011 yr. The La-Ce decay system is favored 
like Sm-Nd decay system because the two elements 
belong to rare earth elements (REE), which have very 
similar chemical behavior in geological processes.  

The geological application of La-Ce isotope 
systmatics was initiated in 1982 by Tanaka and 
Masuda, and then the decay system has applied to 
various types of samples [3]. The amount of decay 
contribution to 138Ce over 4.6 Ga is very small, 
however, and evolution of samples based on La-Ce 
system must be discussed with large uncertainties, 
compared to Rb-Sr and Sm-Nd systems even after 
several technical developments of Ce isotopic 
analysis [4]. Recently, La-Ce isotope systematics is 
revived owing to newly designed state-of-the-art 
mass spectrometers for precise isotopic analysis, and 
has been requested to have a consistency among 
reported data with a common isotopic reference 
material [5].  

In this presentation, we summarize the reported 
Ce data of geological samples with reference 
materials, and its historical technical difficulties and 
developments will be outlined. Current situation of 
Ce isotopic analysis is also discussed including recent 
analytical trends, and its potential applications will be 
suggested from the combination with Sm-Nd 
systematics to trace REE fractionation during 
geological processes and the origin of Ce anomaly.  

 
[1]Dickin (1995) p.234, in Radiogenic Isotope Geology 
(Cambridge Univ. Press). [2]Tanaka and Masuda (1982) 
Nature 300, 515. [3]Makishima and Masuda (1993) 
Chem. Geol. 106, 197.; Shimizu et al. (1994) Geochim. 
Cosmochim. Acta 58, 323.; Amakawa et al. (1996) Chem. 
Geol. 131, 183.; Tanimizu and Tanaka (2002) Geochim. 
Cosmochim. Acta 66, 4007. Hayashi et al. (2004) 
Precambrian Res. 135, 345. [4]Makishima and Nakamura 
(1991) Chem. Geol. 94, 1.; Tanimizu et al. (2004) J. Mass 
Spectrom. Soc. Jpn. 52, 177. [5]Willbold (2007) J. Anal. 
At. Spectrom. 22, 1364.  
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The Dragon Flag(Longqi-1) Field at 49°39’E, 
37°47’S, was the first active hydrothermal field found 
along the ultraslow-spreading Southwest Indian 
Ridge[1]. It was indicated that the scale of Longqi-1 
vent system is one of the largest hydrothermal 
venting system in the Mid-Ocean Ridges[2]. The 
maximum temperature at vent site DFF6 of 'M zone' 
rise up to 379.3℃. Here we report vent fluids were 
firstly sampled by using submersible Jiaolong in this 
Cruise. 

The high temperature hydrothermal vent fluids 
are uniformly characterized by high dissolved Cl 
(~600 mm/kg) and Fe (~13 mm/kg) concentrations. 
Dissolved H2, H2S, and CH4, however, are largely in 
keeping with basalt/gabbro-hosted hydrothermal 
systems. Along with Fe, dissolved Ca largely 
balances well-known quantitative removal of 
seawater derived Mg and sulfate. These data, together 
with moderately high dissolved Si (17 mm/kg), 
suggest phase equilibria involving plagioclase, 
chlorite, and perhaps epidote solid solutions and 
quartz, which help to account for the low pH 
measured vent fluid pH (~3.15-3.6). Application of 
the experimentally calibrated Fe/Mn 
geothermometer[3], while assuming quartz-fluid 
equilibria, suggest temperatures and pressures of 
approximately, 425˚C, and 400 bars, respectively, 
which are in close proximity of the two-phase 
boundary for the NaCl-H2O system, for a fluid with 
the observed chloride concentration. Assuming 
hydrostatic pressure, the predicted depth below the 
seafloor is approximately 1-1.3km. Further analysis 
of vent fluid chemical and isotopic data is needed 
before unambiguous constraints can be imposed on 
the chemical and physical conditions controlling heat 
and mass transfer processes at the Dragon Flag Field 
hydrothermal system.   
[1]Tao, C. et al., (2012), Geology, v. 40, no. 1, p. 47-
50. [2] Chunhui Tao et al.,(2015), 
http://www.interridge.org/node /17201. [3]Pester, N. 
et al. (2011), Geochim Cosmochim Acta 75, 7881-
7892. 
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Iron in minerals and soil solution influence soil 

genesis and properties, as well as the transformation 
of contaminants. Whereas silica, aluminum and iron 
is the 2nd, the 3rd and the 4th most abundant element 
in the Earth’s crust, respectively. Using 
electrochemical method and Fe K-edge X-ray 
absorption, this study was aimed at elucidating the 
role of surface-complex Fe(II) on γ-Al2O3 under 
different SiO3

2- concentrations in the reductive 
transformation of 2-nitrophenol (2-NP). The 
adsorption kinetic studies showed that chemical 
adsorption is the rate limiting step in the Fe(II) and 
SiO3

2- adsorption process. Furthermore, the addition 
of SiO3

2- would decrease the density of adsorbed 
Fe(II) (ρFe(II)), as well as prevent the reductive 
transformation rate of 2-NP (k) by increase the 
activation energy (Ea) of the reaction. Moreover, 
positive linear correlation exist between ρFe(II) and ln k 
of 2-NP, whereas negative linear correlation exist 
between the peak oxidation potential (EP) of surface-
complex Fe(II) and ln k of 2-NP by use of cyclic 
voltammetry (CV). Fe K-edge X-ray absorption was 
applied to characterize the surface-complex Fe(II) 
under various conditions at beamline 17C1 at the 
National Synchrotron Radiation Research Center at 
Hsinchu, Taiwan. The Linear Combination Fitting 
(LCF) results confirmed that with the increase of 
SiO3

2- concentration, the composition of surface-
complex Fe(II) would gradually change from pure 
�AlOFe+ (γ-Al2O3 surface-bound Fe(II) species) to 
mixture of �AlOFe+ and �SiOFe+ (SiO2 surface-
bound Fe(II) species), leading to the decrease of 
ρFe(II), positive shift of Ep, further decrease k value of 
2-NP reduction. 
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 We examine the Bohai/Yellow Sea in order to 

further our understanding of sedimentary OC 
delivery, translocation and accumulation in a shallow 
marginal sea system. Carbon isotopic compositions of 
lipid biomarkers were determined for a suite of 
surface sediment samples. Variable δ13C values and 
contemporary radiocarbon ages of short-chain n-fatty 
acids (FAs; C16, C18) reflect autochthonous marine 
and/or fresh terrestrial plant inputs. In contrast, 
extremely depleted Δ14C values of short-chain n-
alkanes (C16, C18) suggest a predominant input from 
sedimentary rocks (petrogenic OC) or petroleum. 
Abundance-weighted average δ13C and Δ14C values 
of long-chain leaf wax lipids (C26+28+30 FAs, C24+26+28 
alkanols, C27+29+31 alkanes) indicate that terrestrial OC 
delivery is dominated by pre-aged (~3000 ̶ 5000 14C 
yrs) C3 plant sources.  

Source apportionment estimates using a coupled 
carbon isotopic model indicate that 35 ̶ 64% of 
sediment OC reflects modern, 24 ̶ 49% is pre-aged 
(soil), and 7 ̶ 26% is fossil in origin. Pre-aged soil OC 
is most prominent in front of the modern and Old 
Huanghe (Yellow River) delta, whereas petrogenic 
OC is most significant north of the Old Huanghe 
mouth. About 3.02 and 0.98 Mt/yr of OC in surface 
sediments is derived from plant-derived pre-aged soil 
OC and reburial of 14C-depleted fossil OC, 
respectively, corresponding to 36% and 11% of 
sediment TOC. These data imply efficient OC burial 
in adjacent delta and shelf environments (100% for 
pre-aged soil OC; 70% for fossil OC). Re-burial of 
these two pools of terrigenous OC exerts little 
influence on the modern carbon cycle (<100 yr). 

Acknowledgement: This study is supported by 
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(B13030) and SNF Grant No. 200021_140850. 
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After more than 20 years of extensive studies, 
most researchers believe that the main Paleozoic 
hydrocarbon source rocks in Tarim Basin are mainly 
composed of two sets, the Middle-Upper Ordovician 
and the Lower-Middle Cambrian. But it’s still 
difficult to determine the source rock ditribution area, 
thickness and organic abundance, as well as to 
determine the contribution of each source rock to 
forming petroleum reservoirs.  

Organic carbon isotope can be used as a reliable 
indicator for the oil-source rock correlation. The 
Lower Cambrian Yuertusi Formation of Shiairike 
section at the northwestern margin of the Tarim Basin 
were sampled and analysed systematically. These 
samples are characterized by interbedded black shale, 
silicate and dolomite with TOC in the range of 0.05% 
to 11.50%. The kerogen carbon isotopes (δ13Cker) 
values range from -38.9‰ to -32.0‰, except for one 
sample (-30.5‰), indicating variable contributions of 
chemosynthesis derived organic matter. The δ13Cker 
values of the samples with TOC content higher than 
0.6% range from -33.3‰ to -36.2‰, similer to the 
value (-34.2‰)[1] of the Xinghuo1 well Yuertusi 
Formation.  

The TOC contents of the Middle-Upper 
Ordovician Salgan and Yingan Formations at 
Dawangou section are obviously lower (0.10% to 
2.83%, mean 1.36%) and the δ13Cker values are 
between -27.4‰ and -30.3‰ [2-3], which is similer 
to that of Tazhong Lianglitage Formation(-25.5‰ ～ 
-30.15‰). 

Based the study above, it can be conclued that the 
Lower Cambrian source rocks are obviously better 
that of Middle-Upper Ordovician. And the Paleozoic 
crude oils with δ13C values lighter than -33.0‰ may 
be mainly originated from Lower Cambrian. 

 
[1] Cai et al. (2015), OG 83-84,140-152. [2] Gu et al. 
(2012) Petroleum Geology & Experiment 34, 257-
266. [3] Wang et al. (2008) Xinjiang Petroleum 
Geology 29, 687-689.  
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 The redox history of Earth’s mantle is 
controversial with arguments suggesting near-
constant or increasing mantle redox through time 
[e.g., 1, 2]. The mobility of carbon between Earth’s 
interior and its outer life-supporting reservoirs is 
controlled by the redox state of mantle lithologies. 
Although our understanding of mantle redox across 
the tectonic environments on modern Earth has 
improved dramatically, the redox state of the Archean 
mantle remains enigmatic, where limited fO2 
estimates have been determined on products of major 
melting such as komatiites. 

We measured the C- and N-isotope compositions 
of the oldest confirmed Archean diamonds, which 
were recovered as placer stones from the 3.1-2.7 Ga 
Witwatersrand Supergroup, Kaapvaal craton. 
Utilizing N-aggregation and C- isotope systematics, 
we obtained firm evidence that the Wits diamonds 
formed between 3.5 and 3.1 Ga within Earth’s upper 
mantle. However, the N-isotope compositions suggest 
that recycled sedimentary components contributed to 
the diamond-forming fluids/melts. Importantly, 
detailed high-precision SIMS C-isotope profiles 
across the Wits diamonds reveal that the growth 
medium contained oxidized carbon species in the 
form of CO3

2- and/or CO2 (as opposed to CH4). These 
findings are among the most robust and direct 
evidence for the presence of highly oxidized and 
recycled components within Earth’s mantle near a 
subduction zone by 3.5 Ga, and possibly before [3]. 
As a corollary of our Early Archean diamond results, 
the ‘delayed’ appearance of CO2-rich surface 
magmatism (such as kimberlites and carbonatites) 
during Earth’s evolution after 3 Ga, and more notably 
after 2 Ga [4], does not appear to be an important 
function of increased mantle redox through time. 
Rather, onset of mantle cooling at 3.0-2.5 Ga [5] 
enabled CHO-volatile driven incipient melting 
regimes beneath the stabilizing continents, which 
gave rise to this new form of terrestrial magmatism. 
[1] Berry et al. (2008), Nature 455: 960-963. 
[2] Foley (2011), J Petrol 52: 1363-1391. 
[3] Smart et al. (2016), Nature Geosci: 
10.1038/ngeo2628. 
[4] Tappe et al. (2014), J Petrol 55: 2003-2042. 
[5] Korenaga (2008), Rev Geophysics 46: 1-32. 
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Karymsky volcanic center at the middle of the 
frontal volcanic chain of the Kamchatka arc consists 
of two joined calderas (Karymsky Lake and 
Karymsky volcano) and hosts two hydrothermal 
systems: Akademii Nauk (AN) and Karymsky (K). 
The AN  is a typical boiling system, Na-Cl in water 
composition (TDS ~ 1 g/L), low gas content (CO2-
N2), with the calculated deep temperature > 200°C, 
whereas the springs of the K system have lower 
temperatures (to 41°C), strong gas bubbling, TDS 
~2.5 g/L, enriched in HCO3- and SO4

2- and with Mg2+ 
as the main cation.  There are two intriguing 
characteristics of the K field: (i) the highest ever 
measured for Kamchatka 3He/4He ratio of 8.2Ra 
(Ra=1.4x10-6, air ratio) in the CO2-rich gas (>97 vol 
%) and (ii) unusual cation composition of thermal 
water (Mg>Ca>Na>K). After the 1996 sublimnic 
eruption, new hot springs appeared close to the 1996 
eruption center. We generalize all published and our 
own geochemical data on geochemistry of the existed 
and new thermal manifestation. The Karymsky Lake 
and new thermal springs after the 1996 eruption 
demonstrate exponential temporal decreasing in main 
dissolved species with a characteristic time of ~ 8-9 
years. The chemistry of AN and K springs did not 
changed after the eruption. However, the 
concentration of chloride in the lake water is 
approaching value of ~35 ml/L, instead of 8-12 mg/L 
before the eruption, that evidence about a new source 
of hot water within the Karymsky lake caldera.  All 
thermal fields are drained by Karymsky River with 
the outflow rate at the source of ~2m3/s and at the exit 
from the Karymsky volcano caldera ~5 m3/s. Using 
the measured solute fluxes at the source (only AN 
springs) and at the exit (AN + K springs) the natural 
heat flux from two systems can be estimated as ~60 
MW and ~110 MW, respectively and more than 20 
t/d of the chloride output from both systems. 
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The surface conditions on the early Earth have 
remained a topic of great controversies for decades, 
since the ~10-15‰ increase of oxygen isotope 
compositions (δ18O) measured in sedimentary cherts 
from ca. 3.5 Gyr ago to the present-day [1-3] can be 
accounted for if Archean oceans were characterised 
either by δ18O values ~10-15‰ lower compared to 
today [4-5], or by temperatures ~50-70 °C higher 
than today [2-3]. Because δ18Ochert is related to the 
δ18O of the precipitating fluid and to the temperature 
T, it is not possible to derive both T and δ18Ofluid 
without setting one of these two parameters. Warm 
Archean oceans imply a near constant δ18Oseawater 
through geological times, and are consistent with 
other proxies, such as Si isotopes in cherts [6] or O 
isotopes in serpentine in early-Archean ophiolite 
rocks [7]. On the other hand, the proposed existence 
of Archean-Proterozoic glaciations [8-9] suggests the 
occurrence of cold surface conditions on the Earth 
during the Precambrian, which is consistent with a 
Sun much fainter than today [4-5]. 

Each of these scenarios have key implications for 
understanding the conditions that promoted the 
appearance of life on the Earth ~3.5 Gyr ago. Early-
life remnants preserved in cherts can potentially 
provide us with an independent way of constraining 
δ18Oseawater, as the δ18O of organic matter (OM) is 
primarily controlled by the composition of coeval 
water, while being insensitive to temperature [10]. 
We have measured δ18OOM on kerogen residues 
isolated from 0.4-3.4 Ga cherts using our newly 
developed ion probe protocol [11]. We show that 
δ18OOM of almost all the ~1.5-3.4 Ga samples are 
fairly homogeneous, corresponding to δ18Oseawater 
estimates of ~0±5‰. Thus, our results support the 
hypothesis that Archean oceans were ca. 50-70 °C 
warmer than today. 
Acknowledgments: This research is supported by the 
ERC Grant No. 290861 – PaleoNanoLife. 
 

 [1] Perry (1967) EPSL 3, 62-66. [2] Knauth & 
Epstein (1976) GCA 40, 1095-1108. [3] Knauth & 
Lowe (1978) EPSL 41, 209-222. [4] Kasting et al. 
(2006) EPSL 252, 82-93. [5] Jaffrés et al. (2007) 
Earth Sci. Rev. 83, 83-122. [6] Robert & Chaussidon 
(2006) Nature 443, 969-972. [7] Pope et al. (2012) 
PNAS 109, 4371-4376. [8] Evans et al. (1997) Nature 
386, 262-266. [9] Young et al. (1998) J. Geol. 106, 
523-538. [10] DeNiro & Epstein (1981) GCA 45, 
1885-1894. [11] Tartèse et al. (2016) GCA 182, 24-
39. 
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Since hydrogen plays an important role in 

dynamic processes in the mantle, we conducted high-
strain torsion experiments on aggregates of Fe-
bearing olivine [(Mg,Fe)2SiO4; Fo50] under hydrous 
condition. We deformed samples to high enough 
strain, γ ≈ 5, to achieve a steady-state microstructure. 

A non-linear, least-squares fit to the stress 
versus strain rate data yielded a stress exponent of n ≈ 
5 and a grain size exponent of p ≈ 0, indicating that 
our samples deformed by dislocation creep. Fabric 
analyses of the polycrystalline olivine samples, 
determined using electron backscatter diffraction 
(EBSD), demonstrate that the lattice preferred 
orientation (LPO) of olivine changes as a function of 
strain due to competition among three slip systems: 
(010)[100], (100)[001], and (001)[100]. Observed 
strain weakening can be attributed to geometrical 
softening due to development of a LPO, which 
reduces the stress by ~1/3 from its peak value in 
constant strain rate experiments. The evolution of 
fabric can be applied to investigations of upper 
mantle seismic anisotropy especially in a mantle 
wedge or in a shear zone, locations in which hydrous 
conditions prevail. 

 
Reference�M. Tasaka, M. E. Zimmerman, and D. L. 
Kohlstedt (2016), JGR, 121, 
doi:10.1002/2015JB012134. 
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Meltign of MORB material atop the CMB has 

long been discussed in relation to the nature of 
seismically observed ultralow-velocity zones. We 
then carried out melting experiments in a pressure 
range from 35 to 140 GPa based on laser-heated 
diamond-anvil cell techniques at BL10XU of SPring-
8 in order to determine melting phase relations and 
element partitioning.  

We then examined the quenched sample to 
determine the chemical compositions of partial melt 
and all the constituent minerals by using FE-EPMA 
and FE-ATEM for major and minor elements and 
LA-ICP-MS for trace elements. 

Melting textures show that Ca-perovskite (CaPv) 
as the liquidus phase at all pressures investigated to 
140 GPa. Second liquidus phase was then found to be 
CaCl2-type SiO2 phase at 70 GPa, followed by Mg-
perovskite. Similar observation was found at 101 GPa 
[1].  At 140 GPa, SiO2 phase was then found to 
convert to the first phase to melt likely [2] as a result 
of post-perovskite phase transition leading to increase 
of its melting temperature. However, melt formed by 
51 wt.% partial melting was still ultrabasic in 
composition and became depleted in SiO2 of 42 wt.% 
and highly enriched in FeO of 17 wt.% contrary to 
the resent in-situ observations [2]. Obtained 
CaPv/melt partition coefficients (D) for Na and K 
indicate monotonically increase with pressure to 
reach more than unity at 140 GPa showing 
compatible nature. On the other hand, DSm and DNd 
slightly decrease with pressure with the crossover of 
DSm/DNd. This is likely due to the pressure induced 
change in PC-IR relations. 

 
[1] Pradhan et al. (2015) Earth Planet. Sci. Let. 431, 
247-255. [2] Andrault et al. (2014) Science 344, 892. 
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The extinction event during the end-Triassic is 
known to be one of the largest mass extinctions in the 
Phanerozoic, and are thought to be closely associated 
with the eruption of the Central Atlantic Magmatic 
province (CAMP) (e.g. Marzoli et al., 2004). 
Reconstruction of paleoenvironment and 
paleoecology around the Triassic-Jurassic boundary 
(TJB) from the areas near the CAMP provide 
understandings for environmental system and its 
relation to the TJB crisis. In the present study, we 
analyzed sedimentary organic matter such as 
biomarkers and kerogen in sediments from eastern 
North America rift basin around the TJB to improve 
the analyses for reconstructing paleoenvironments, 
and to examine variations of terrestrial environments. 

   We used lacustrine sediments (black shales, 
glay siltstone and red sandstones) deposited in the 
eastern North America rift basins such as Hartford 
and Newark Basins across the TJB and early Jurassic. 
Crushed rock samples (5–10 g) were extracted with 
ultrasonication, by successive treatment with organic 
solvents. Thereafter, residues were treated 
sequentially in a water bath shaker with HCl and HF. 
We analyzed pyrolysis and thermochemolysis of 
kerogen by using GC-MS equipped Curie-point 
pyrolyzer. Thermochemolysis was performed with 
tetramethyl ammonium hydroxide (TMAH). 

Organic matter in sediments from North America 
are confirmed to be of high maturity that reached oil 
window. The β-carotane (lacustrine algae origin) was 
identified as a main free biomarker in all sediments. 
Interestingly, phenol compounds released from 
kerogens are mainly detected in a black shale from 
the East Berlin Formation in Hartford Basin. The 
phenol compounds released kerogen were hardly 
detected from other black shale samples. These 
results suggest that the kerogen  in the black shale 
preserved terrestrial plant-derived materials because 
of more efficiently transportation and deposition 
affected by environmental change. 
[1] Marzoli, A. et al., 2004. Geology 32, 973–976. 



Goldschmidt Conference Abstracts 

 

3091 

Structure Analysis on Oil-
Mineral Interface for 

Application to Enhanced Oil 
Recovery 

Y. TATEYAMA1,*, K. KOBAYASHI1, S. MURATA1, 
Y. LIANG1, Y. MINO2, S. TAKAHASHI2, T. 

MATSUOKA1 

1 Graduate School of Engineering, Kyoto University, 
Kyoto 615-8540, Japan 

2Japan Oil, Gas and Metals National Corporation 
(JOGMEC), Chiba 261-0025, Japan 

* Presenting author: tateyama.yu.86s@st.kyoto-u.ac.jp  
 

For the improvement of EOR, it is significant to 
grasp interfacial conditions, especially mineral/fluid 
interfacial properties (e.g. wettability), in reservoirs. 
The presence of acid or base compounds in crude oil 
and their interaction with solid surfaces are key 
factors in wettability alteration of solid surface [1]. 
The purpose of this study is to understand the 
structure of a mineral/acid-oil interface by X-ray 
Crystal Truncation Rod (CTR) measurement, which 
is one of the X-ray structure analysis methods. 
Disturbance of the crystal periodicity induced by 
adsorbed layers at the crystal surface can be caught as 
a CTR signal, and it is generally weaker than that of 
the other methods [2]. This method provides the 
electron density profile normal to the interface which 
reflects the interfacial structure. 

In this study, we conducted the X-ray CTR 
measurements at SPring-8 for the muscovite-oleic 
acid system before and after the NaCl brine (1.0 
wt%) flooding, and tried to grasp the change of static 
conditions of the interface. Muscovite is a mineral, 
which can provide clean and fresh plane (i. e. 
cleavage (001) plane), and oleic acid is a fatty acid, 
which is a carboxylic acid with a long unsaturated 
straight chain. The muscovite (001) plane is 
negatively charged compensated with pottasium ions. 
Therefore, in this system, it is estimated that oleic 
acids initialy adsorb on the muscovite surface due to 
cationic bridging. The obtained CTR signals to both 
before and after the flooding well reflect the 
periodicity of muscovite crystal. Furthermore, the 
oscillation is observed in the CTR signal before the 
flooding, but it is lost after the flooding. This 
indicates that the oleic acid molecule is 
perpendicularly adsorbed to the muscovite surface 
before the flooding, but it is removed after the 
flooding. This finding is consistent with previous 
experimental work for powdered samples, where it 
was shown that the presense of water reduces the 
adsorption of fatty acid on muscovite [1]. 

 
[1] Gomari K. A. R., Denoyel, R., Hamouda, A. A. 
(2006) J. Colloid Interface Sci. 297, 470-479. [2] 
Fenter P. A. (2002) Reviews in Mineralogy and 
Geochemistry 49, 149-221. 
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A critical step in the formation of porphyry Cu-
Mo-Au deposits is the efficient extraction of the ore 
metals from the magma by exsolving magmatic 
volatile phases (MVPs). For more than 30 years 
experiments have been improving our understanding 
of the physical-chemical controls on this partitioning. 
This work has highlighted the critical importance of 
the salinity of the fluids (represented by the 
∑Cl)[1][2][3] and the presence and speciation of sulfur 
(controlled by both the ƒS2 and ƒO2)[2]. We have 
combined these factors by conducting new 
experiments and incorporating data from existing 
studies to examine Cu-Mo partitioning into MVPs at 
salinities covering the range from 1wt% to greater 
than 70wt%, including vapors, brines and 
supercritical fluids.   

Using this combined data set we have established 
a quantitative correlation between DCu and ∑Cl in 
MVPs across a wide range of exsolution conditions, 
which highlights the dominance of (Na,K,H)+[CuCl2]- 
with secondary effects of CuCl0 and changes in aH2O. 
We will present a refined equilibria equation that 
defines DCu as a function of ∑Cl in terms of all three 
of these factors. In addition, our combined dataset 
suggests that Mo partitioning is also influence by ∑Cl 
with a prevalence of (Na,K,H)+[MoO3Cl]- or similar 
mono-chloride complex controlling DMo. 

Our new study also examines the role of H2S as 
well as SO2 through controlled ƒO2. Similar to 
previous experiments, our new data suggests that H2S 
will increase DCu for vapor by a factor of ~3 and brine 
by a factor of ~2, resulting in a small shift of Cu 
partitioning towards vapor. However, under no 
conditions does Cu prefer vapor over a coexisting 
brine. Furthermore, increased partitioning is limited 
by consideration that these enrichments only occur at 
sulifde satuation in the MVPs. Our data confirms that 
when ƒS2 is low, or when SO2 dominates the sulfur 
speciation, there is no discernable effect of S on DCu. 
Thus, for oxidized sulfurous volatile exsolution DCu 
will remain controlled by ∑Cl. Magmatic Mo 
partitioning shows no increase with H2S, though DMo 
does increase with ƒO2, as a result of the oxy-hydroxy 
nature of the Mo complexes. This new combined 
dataset, provides a means to model Cu and Mo 
exchange between silicic melts and a range of MVP 
compositions based upon their bulk chemistry and/or 
exsolution conditions. 
 
[1] Candela and Holland (1984) GCA 373-380 [2] 
Simon et al. (2006) GCA, 5583-5600 [3] Tattitch et 
al. (2015) GCA, 81-99 [4] Ulrich and Mavrogenes 
(2008), GCA, 2316-2330 
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Freshwater ecosystem is one of the threatened 
systems, on which human activity has affected by 
nutrient loading, artificial modification and 
introduction of exotic species. Decline of biodiversity 
in freshwater ecosystem is a matter of concern, 
however, it is often difficult to compare with 
ecosystem level property, i.e. ecosystem function. 
Isotope ratios of living organisms and nutrients are 
one of the useful indicators to bridge the two 
parameters. Current development of isotope 
technique, especially, nitrogen isotope ratios of 
individual amino acids and natural abundance of 
carbon-14 (Δ14C), has potential advantage to evaluate 
interactions between species. We used these 
techniques in the following three ecosystems. 

We first developed a methodology to describe 
food web structure using nitrogen isotope ratios of 
individual amino acids in riverine ecosystem, where 
aquatic and terrestrial resources are mixed. We 
applied this approach to food webs in Yasu and Ado 
streams, which are tributaries in the Lake Biwa 
watershed. Then, we compared Δ14C values of 
aquatic organisms, and confirmed a utility to quantify 
the reliance between aquatic or terrestrial 
productions. In Gomadan-area, we studied trophic 
structures of headwater streams, using a 
chronosequence after a clear-cut. The ecological 
response in the studied streams to clear-cutting and 
re-planting of Japanese cedar is much slower (~20 
years) than the chemical response (<5 years). More 
than 50 years is required for the food web structure to 
completely recover from clear-cutting. In Arida-river, 
nitrogen isotope ratios of living organisms were 
higher downstream, indicating the effect of nutrient 
loading from orchard (especially tangerine), however, 
food-web structure didn’t change as a result of 
moderate eutrophication.  
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Oxygen isotope mapping to delineate paleo-

submarine hydrothermal systems associated with 
volcanogenic massive sulfide (VMS) deposits is a 
robust technique for exploration. Early studies in 
Japan [1] and California [2] documented some 
features of system tops and bottoms in weakly 
metamorphosed terranes. Subsequent studies have 
amplified and extended these findings to VMS 
deposits of many ages, and in various grades of 
metamorphism and tectonic settings [3,4,5] 
supporting a general model [6]. For some 
hydrothermal systems, the size of the ‘thermal 
footprint’ (area of isotopic zoning)  broadly correlates 
with tonnage of VMS mineralization [7]. Whereas 
high-temperature upflow zones along synvolcanic 
faults provide vectors for exploration from the 
footwall [8], hanging wall indicators can be 
important, particularly in areas of cover. The Izok 
Lake deposit,  Nunavut, Canada is a particularly good 
example where comparison of lithogeochemical and 
field-based spectral IR mapping and oxygen isotope 
mapping clearly indicate the advantages of the 
isotopic method [3]. Comparisons to other deposit 
areas, including, Snow Lake [9], Flin Fon [10], 
Sturgeon Lake [5], and La Ronde [11] indicate the 
importance of scale and volcanic history in 
interpretation and application. 

 
[1] Green, et al. (1983) Econ. Geol. Mon. 5, 395-411. 
[2] Taylor & South (1985) Econ. Geol. 80, 2149-
2163. [3]  Taylor et al. (2015) GSC Open File 7853, 
27-44. [4] Taylor et al. (2014) Econ. Geol. 109, 183-
203. [5] Holk et al. (2008) Min. Dep. 43, 623-640. [6] 
Taylor at al. (2009) Proc. Int. Applied Geochem. 
Soc., 255-258. [7] Taylor & Timbal (1999) unpub. 
rept., Boliden Mining Co., 21. [8] Cathles (1993) 
Econ. Geol. 88, 1483-1511. [9] Bailes et al. (2016) 
Econ. Geol., accepted. [10] Ames et al. (2016) Econ. 
Geol., accepted. [11] Beaudoin et al. (2014) Econ. 
Geol. 109, 167-182. 
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Ore extraction and processing have resulted in 
elevated levels of toxic metals surrounding mining 
and smelting operations, causing adverse health 
effects, particularly in children. Resource companies, 
government agencies and employees often construct 
‘myths’ to down play potential exposure risks and 
responsibility arising from operating emissions. 
Typical statements include: contaminants are 
naturally occurring, the wind blows emissions away 
from residential areas, contaminants are not 
bioavailable, or the problem is a legacy issue and not 
related to current operations. In mining towns, the 
default and primary defence against contamination is 
that elevated metals in adjacent urban environments 
are ‘naturally occurring’. Not only is this a difficult 
scientific argument to unravel, it also causes 
confusion and delays remediation work, hindering 
efforts to reduce harmful exposures to children.  

This issue has stymied cleanup programs in 
Broken Hill and Mount Isa, where major lead–zinc–
silver ore bodies have been mined continuously for 
over 130 and 90 years, respectively. In this talk, a 
multiple lines of evidence approach will be applied to 
unravel what we term is a ‘miner’s myth’. In 
supplementing contemporary site-based soil metal 
data and lead isotopic composition data, the talk will 
examine geological data, historical environmental 
assessments and old photographic evidence to 
understand what the preponderance of evidence 
reveals about the source and cause of contamination. 

. 
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Titanite (CaTiSiO5) is a common accessory phase 
in both igneous and metamorphic rocks, and can form 
or be modified under a variety of geological 
conditions With a lower Pb closure temperature than 
zircon, it can record orogenic events and thermal 
processes that zircon cannot. As well as U and Pb 
titanite also contains a large suite of other trace 
elements, including transition metals, and rare earth 
elements which can be used to monitor formation 
conditions and geological processes. This includes 
thermometry (Zr in titanite), coexitence with other 
phases (e.g. REE in garnet), as well as redox state and 
fluid alteration (e.g. Eu anomoly, Nb/Ta, Th/U). 

The Capricorn Orogen of Western Australia 
records a long lived tectonic history as the collision 
zone between the Archean Pilbara and Yilgarn 
Cratons. Discrete granite-forming events occur at c. 
2.55, 2.00, 1.80 and 1.68 Ga as recorded by zircon 
U–Pb. Following this there are also multiple 
reworking events at c. 1.25, 1.00 and 0.57 Ga, that 
did not result in melting and associated pluton 
formation. Zircon U–Pb can therefore only provide 
information on approximately half of this two billion 
year geological history. 

Titanite is able to record the post-
Paleoproterozoic history of the Capricorn Orogen 
through resetting of the U–Pb system. Combining 
isotopic age data with trace element chemistry 
provides key signatures that identify recrystallised 
titanite within pre-existing granite suites. Single grain 
studies also highlight some of the problems and 
benefits of titanite as a monitor of crustal processes. 

Titanite provides a framework for the evolution 
of the orogen through crystallisation within granite 
plutons and subsequent recrystallisation. The 
Capricorn Orogen also contains economic mineral 
deposits within which titanite affected by 
hydrothermal events may have specific trace element 
compositions. Identification of such trace element 
signatures means that titanite can be used in a broad 
scale mineral systems approach to target mineral 
deposits that may be buried under cover. 
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There is an increasing demand for monitoring 

strontium-90 (90Sr) in terrestrial and aqueous 
environments near nuclear facilities, especially after 
the accident of the Fukushima Daiichi Nuclear Power 
Plant in 2011. However, analysis of 90Sr requires the 
complicated and time-consuming chemical 
separation. Chelating resin, DGA Resin, showed the 
superior selectivity and useful for direct separation of 
90Y in secular equilibrium to 90Sr, which is powerful 
tool to determine the 90Sr concentration in 
environmental sample. Tazoe et al. (2016) [1] 
proposed high throughput analytical procedure by 
using DGA Resin chromatography coupled with Fe 
hydroxide coprectipitaion to determine 90Sr 
concentration in seawater. The advantages of this 
procedure are robust to matrix elements, such as Al, 
Fe, Ca, and Mg and the performance of separation 
(decontamination factor of interference elements and 
chemical yield for Y) capable of being maintained by 
even rough partition of eluate. Separation system can 
be replaced to automated separation system. 

 Eluents for chromatography using DGA Resin 
are 8 M HNO3, 8 M HCl, a mixture of 3 M HNO3/ 
0.3 M HF, 0.2 M HNO3 and 0.1 M HCl. Ceramic and 
PEEK materials should be avoided the used for liquid 
contact member for HF and highly concentrated 
HNO3. Separation system consists of PFA tube and 
12-ports PTFE rotary selector valve and 3-way PTFE 
valves, peristaltic pump, and fraction collector 
(CHF1225SC, Advantec Toyo). These devises are 
controlled by I/O remote timer (RT731, GL Science).  

Certified reference material of soil (NIST SRM-
4354) and fish bone (JSAC 0785) samples were 
examined to validate for developed system. This 
automated separation system can be also apply to 
analysis of REEs, Th, and U for geological samples. 

 
[1] Tazoe et al. (2016) Talanta 152, 219-227  
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We present results from a textural and 
geochemical study conducted on calc-alkaline 
volcanic and hypoabyssal rocks from the Oligo-
Miocene Capo Marargiu Volcanic District (CMVD; 
Sardinia, Italy). 

Stratigraphic units of CMVD consist of lava 
domes, a pyroclastic breccia interbedded with lava 
flows, and dikes. The pyroclastic breccia is in lateral 
contact with a low crystallinity (∼15 vol.% 
phenocrysts), massive hypoabyssal body hosting 
decimetre-sized, coarse-grained enclaves with 
porphyritic textures (∼50 vol.% phenocrysts). 

The crystal-rich enclaves and the host rock 
exhibit phase assemblages of clinopyroxene + 
plagioclase + amphibole + olivine + magnetite + low-
Ca pyroxene, and plagioclase + clinopyroxene + 
magnetite + low-Ca pyroxene, respectively. The 
bulk-rocks of crystal-rich enclaves are high-Mg 
basalts (i.e., 10 wt.% MgO), whereas the host rock is 
a more differentiated basaltic andesite (i.e., 5 wt.% 
MgO). Major oxides and compatible trace element 
modelling suggest that the basaltic andesitic magma 
originates by crystal fractionation of olivine + 
clinopyroxene from the high-Mg basalt. In turn, 
compatible trace elements of the high-Mg basalt are 
lower (330 ppm Cr, 130 ppm Ni) that those of a 
picritic arc magma, suggesting crystal fractionation of 
olivine ± Cr-spinel from a primary magma at depth. 

Thermobarometric calculations reveal that the 
crystal-rich enclaves underwent a decompression path 
started at high crustal depths (~500 MPa) and 
concluded at hypoabyssal conditions (<200 MPa) in a 
temperature range of 1200-950 °C. In this view, the 
high-Mg basalt and the basaltic andesite represent 
two different regions of a chemically zoned magma 
chamber formed by crystal fractionation of a primary 
magma ponding at ∼500 MPa. Subsequently, 
buoyancy forces associated with density gradients 
caused upward migration of the basaltic andesite 
carrying portions of the adjacent high-Mg basalt to 
shallower crustal levels. 
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Arctic and boreal ecosystems are exposed to 

rapid and strong increases in temperature and related 
environmental changes under Arctic amplification. 
Yet, there is uncertainty how trees in these 
ecosystems respond to the changes due to an 
insufficiency of such long term records and this is 
where tree-rings can provide an advantage. We here 
investigated past tree response to climate changes, 
especially to warming, using retrospective analyses 
from tree-ring width and carbon isotope ratios (delta-
13C) of three genera (Larix, Picea and Pinus) in 6 
forest sites with a strong gradient of temperature and 
precipitation, reaching from northern Europe to 
northern America. The results suggest that tree 
response to past climate changes have varied with 
regions. The tree responses to warming are negative 
in eastern Siberia forests, resulting in decreasing 
trend of tree growth over past 60 years. On the other 
hand, the negative effect of warming is not seen in 
European and Canadian forests. The results then have 
been used in testing a dynamic global vegetation 
model (SEIB-DGVM). The simulated annual net 
primary productions (NPP) show no decreasing trend 
over the study period and discrepancy from tree-ring 
based long-term growth variations in eastern Siberian 
forests, although relatively better reproductions of the 
model for the variations are obtained in European and 
Canadian forests.  

 Our results imply that the negative effect of 
warming override the expected positive effects i.e., 
warming-induced lengthened growing season and 
increase in photosynthetic ratio, in arid region such as 
eastern Siberia, suggesting further reduction of tree 
growth by future warming, and no reproduction of the 
negative effect in the DGVM seems to be a cause for 
the observed discrepancy between tree-ring and 
DGVM estimates. The negative effect of warming for 
tree growth is a key process for accurate future 
projection of ecosystem functions and therefore 
further field and modeling investigations are essential 
to deep understanding of the underlying processes for 
the phenomenon. 
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International Ocean Discovery Program (IODP) 

Expedition 349 drilled five sites in the South China 
Sea to study regional geodynamics and oceanic 
crustal evolution. The oceanic crust was recovered 
for the first time at three sites nearest the fossil 
spreading centers and is overlain by hemipelagic 
claystone units with biostratigraphic ages of ca.15 Ma 
at Site U1431E, ca.18 Ma at Site U1433B, and ca.12 
Ma at Site U1434. Site U1431E in the East Subbasin 
recovered about 70 m thick upper section and at least 
30 m-thick lower section of thick massive flows 
separated by an interflow claystone unit. Sites 
U1433B and U1434 in the Southwest Subbasin 
recovered 37.5 m and  30.3 m thick, respectively, of 
thin, pillowed flow successions, underlain by 23 m 
thick of mostly massive flows at Site U1433B. 
Geochemical results confirm recovery of oceanic 
ridge basalts at all sites, with Re-Os isochron ages 
consistent with paleontological dating. Nd and Os 
isotope data indicate three isotopically distinct 
magmatic types, apparently representing at least three 
stages of magmatism in the South China Sea: 1) the 
lower section at Site U1431E; 2) the upper section at 
Site U1431E and the whole section at Site U1433B, 
and 3) the whole section at Site U1434. The most 
radiogenic Os isotopic composition occurs toward the 
end of spreading at all sites while the influence of 
continental crustal input is strongest in the source of 
Site U1434 basalts in the Southwest Subbasin. 
Spreading at Site U1431E may have occurred in two 
stages, with an earlier episode dominated by mixed 
sources involving ocean-ridge type magmatism, with 
altered oceanic crustal input, and later shifted to more 
Sr, Nd and Os isotopically enriched ocean ridge-type 
magmatism. This interpretation is consistent with a 
rifting model initiated at the East Subbasin and 
progressed toward the Southwest Subbasin. 
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Models for the deposition of volcanogenic 

massive sulfide (VMS) deposits and their sulfur 
isotope systematics are generally explained by the 
interplay of distinct sulfur sources: from the reduction 
of seawater sulfate, remobilization of sedimentary 
sulfur and from volcanic sources (magmatic fluids 
and wall rocks). In the last few years, multiple sulfur 
isotope analysis has been used in several Archean 
VMS deposits to fingerprint sulfur and metal sources, 
evaluate metallogenetic potential, and to constraint 
the seawater sulfate concentration in the Archean 
oceans. 

The 3.30 Ga Mundo Novo Greenstone Belt, in the 
São Francisco Craton (Brazil), hosts the Fazenda 
Coqueiro Zn-Cu-Pb deposit and other smaller 
occurrences of massive sulfide lenses within a 
sequence of metavolcanic, clastic and chemical 
metasedimentary rocks. In order to evaluate the 
relative contributions of magmatic and atmospheric 
sulfur in the Fazenda Coqueiro deposit, we have 
determined the 32S, 33S, 34S and 36S isotope 
composition of base metal sulfides by in-situ analysis 
using the SHRIMP-SI.  

Massive sulfide and stringer samples exhibit 
similar MIF signatures (∆33S and ∆36S averaging 2.10 
and -1.30‰, respectively), whereas ∆33S and ∆36S of 
disseminated sulfides in the hangingwall average 1.59 
and -1.12‰, respectively. Footwall sulfides have 
distinct compositions, which may reflect the mixing 
of sulfur from a magmatic source and seawater 
sulfate (∆33S and ∆36S averaging -0.20 and 0.24‰, 
respectively). All samples exhibit restricted values of 
δ34S (between -2.2 and 3.2‰), which would suggest a 
purely magmatic sulfur source if taken into account 
alone. In contrast with other Neoarchean and 
Paleoarchean VMS deposits, magmatic sulfur and 
seawater sulfate were minor components during the 
formation of the Fazenda Coqueiro deposit. 
Nevertheless, fingerprints of dissolved sulfate in the 
Mundo Novo basin are recorded by pyrite grains in 
other smaller massive sulfide lens, which are close to 
the multiple sulfur isotope composition of 
Paleoarchean barite. 
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Arc volcanism witnesses the elemental cycling 

between the slab and subarc mantle during 
subduction. Of particular interest is the mechanism 
by which the subducted material is incorporated in 
the arc lava. Except for the rare case where arc lava is 
the direct partial melting product of a subducted slab, 
most common scenarios suggest that mantle wedge is 
the major magma source that melts after being 
modified by fluids or melts derived from the 
subducted basalt and sediment. In addition, crustal 
processes such as polybaric crystallization and crustal 
assimilation can also modify the composition of arc 
magmas on their way to the surface. These different 
processes have different implications on subduction 
dynamics and elemental cycling, but in many cases, 
they are difficult to distinguish.   
 

Here we report the first Mg isotopic data for a set 
of well-characterized arc samples to examine the 
origin of the input. The Mg isotopic composition of 
Martinique Island lavas from the Lesser Antilles vary 
from -0.23 to -0.09, in contrast to the constant value 
that characterizes MORBs of -0.25. These heavy Mg 
isotopic compositions suggest the incorporation of 
isotopically heavy Mg from the subducted slab. The 
large contrast in MgO content between peridotite and 
basalt or sediment rules out either direct mixing 
between peridotite and sediment or sediment 
assimilation within the arc crust as the main 
mechanism of producing the heavy Mg isotopes of 
arc lavas. Instead, the heavy Mg isotopic signature of 
these arc lavas requires that the overall composition 
of the mantle wedge is buffered and has been 
modified by addition of heavy Mg coming from the 
altered subducted slab. This in turn suggests the 
transfer of large amount of fluid mobile elements 
from subducted slab to mantle wedge and makes Mg 
isotopes an excellent tracer of deep fluid transfers.  
 

Our studies show that a better picture of the 
processes occurring during arc genesis can be 
obtained by combining Mg isotopes with radiogenic 
isotopes such as Sr, Nd or Pb: while trace elements 
track down the presence of enriched sedimentary 
material, a major element such as Mg can 
demonstrate the role of subducted magmatic products 
in the overall composition of arc magmas. 
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Magnesium ocurrs widely at Earth surface in the 

form of dolomite [(Ca,Mg)CO3], but ambient 
condition synthesis of this mineral has proven 
virtually imporssible.  Contradictory to the long held 
hypothesis that the difficulty in dolomite 
mineralization arises from the stronger hydration of 
Mg2+ relative to that of Ca2+, our test experiment in 
the absence of water showed that crystalline 
(Mg,Ca)CO3 cannot form if the Mg content exceeds 
~37%, beyond which the precipitate becomes 
amorphous.  These observations indicate that 
additonal retardation forces other than cation 
hydration may be the primary cause for the failed 
room-temperature dolomite crystallization.  We 
hypothesize that the lattice strain resultant from the 
size mismatch between Mg and Ca and that between 
the interstitial spaces amongest Mg-O octahedra and 
the CO3 groups may be the critical factor. 

To test this hypothesis, we investigated calcite 
growth morphology deformation in the presence of 
Mg and attempted to determine the maximal Mg 
content in the lattice before complete growth 
inhibition occurs.  We found that the inherent 
rhombohedral morphology evolves elastically at low 
Mg-containing solutions but eventually gives in to 
plastic deformation when Mg presence becomes 
strong.   When either Mg to Ca ratio or calcite 
supersaturation is low, reversible step rounding 
occurs exclusively in the acute side; increases of the 
two parameters first engender reversible 
morphological changes in both the acute and obtuse 
directions, but ultimately lead to the development of 
monolayer buckling and step aggregation in the 
original cleavage directions, resulting in irreversible 
deformation and complete stoppage of step growth. 
We propose that the point defects generated by Mg 
for Ca substitution in the lattice diffuse and align 
themselves in the cleavage (i.e low energy 
crystallographic) directions to form a linear stress 
field which, upon plastic deformation, is responsible 
for the release of lattice stress in the form of plastic 
deformation.  Calculations show that the Mg content 
needed to generate a lattice stress exceeding the 
elastic limit of calcite is around ~ 40%, consistent 
with the experimental results acquired in non-
aqueous solvent and supporting the view that the 
excessive lattice stress rising from the size difference 
of the constituent cations may be a fundamental 
retardation force for Mg2+ to enter calcite lattice 
extensively to form dolomite. 

 



Goldschmidt Conference Abstracts 

 

3104 

Is vehicular emission a 
significant contributor to 

ammonia in the 
urban atmosphere? – 

Observational results in China 
XAIOLIN TENG 1, JIAJIA QI 1, JINHUI SHI1, YUJIAO 
ZHU1, HUIWANG GAO1,2 AND XIAOHONG YAO1,2,* 

1 Key Lab of Marine Environmental Science and 
Ecology, Ministry of Education, Ocean 
University of China, Qingdao 266100, China 

2 Qingdao Collaborative Center of Marine Science 
and Technology, Qingdao 266100, China 

The vehicular emission of NH3has been widely 
studied over two decades. We recently published an 
article [1] where we challenged these studies and 
confirmed that the vehicular emission was a 
negligible contributor to atmospheric ammonia at a 
site ~200 m downwind of a highway with the highest 
traffic flow in Canada(~4.0*105 vehicles/day). Lots of 
papers were published afterwards and the new studies 
claimed that the vehicular emission was an important 
NH3 source and an important contributor to 
atmospheric NH3at urban sites. A question is raised, 
i.e., does the vehicular emission indeed yield a 
significant contribution to atmospheric NH3at urban 
sites outside Canada? In this study, we adopt the 
identical approach as employed in [1] to address the 
question in China. We made measurements at a semi-
urban site, ~ 300 m from a major traffic road with the 
moderately heavy traffic flow in the North China, in a 
cold season when agriculture NH3 emissions were at 
the lowest level among the whole year. To reinforce 
our observation, an NH3-H2O analyzer and a CO2-
CH4-H2O analyzer were also used to simultaneously 
measure related gases. We obtain the same 
conclusion as presented in [1]. Moreover, we find a 
few coincidences and the instrument artifact signal 
which can be mistakenly recognized as the vehicular 
emission of NH3. 

 
[1] Yao et al. ( 2013)  Atmos. Environ., 80, 499-

606 
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Cities being the centers for social and 

technological development and offering high quality 
living conditions for the human, at the same time 
faces diverse environmental issues. One of such a 
problems is pollution of the different medium of an 
urban environment by heavy metal/oids (HM).  

In 2012 3th geochemical soil survey of Yerevan 
city (Armenia) was carried out. Wholly 1356 topsoil 
samples were sampled. Total concentrations of Ti, 
Fe, Ba, Mn, Co, V, Pb, Zn, Cu, Ni, Cr, Mo, Hg and 
As were analyzed using X-ray fluorescence 
spectrometry. Within QA/QC procedure laboratory 
analytical precision was determined. The relative 
percent difference (RPD) of 70 pairs of duplicates 
was within 0.4-6.3%. The accuracy of analyses was 
checked by evaluating Percent difference (PD) which 
were within the acceptable range of 20%. Pollution 
levels were assessed by calculating Pollution index 
(PI) and Enrichment factor (EF) [1].  Human health 
risk assessment (HRA) was done based on the 
methodology proposed in Risk Assessment 
Information System [2]. ArcGis 10.1 was used to 
create growing-dot and surface maps of EF and risk 
levels. 

The HM with a significant number of PI>1 were 
V (100%), Cr (95.4%), Ni (92.5%), Cu (95.6%), Zn 
(92.9%), Hg (89.0%) and Pb (99.9% of all samples). 
According to the EF, Yerevan topsoils were from 
uncontaminated to moderately contaminated by V, 
Ni, Cu, Zn and As, while significantly contaminated 
by Hg. For Mo, only the topsoil samples near Mo 
concentrate smelting and processing plants had from 
moderately to extremely high contamination levels. 
Yerevan topsoils were from moderately to extremely 
high contaminated by Pb. In addition, Pb (54.1%), Cr 
(82.7%), Zn (40.5%), Ni (16.5%) and Cu (14.4% of 
all samples) exceeded Maximum Acceptable 
Concentrations stated in Republic of Armenia. The 
HRA showed that adults noncarcinogenic risk were 
observed only in the eastern (2 samples, dumping 
site), western and southern (1 sample per each site, 
industrial zone) parts of the city. Children's 
noncarcinogenic risk was detected in the entire city 
area and the riskiest element compared with other 
studied HM were Pb and Cr. The low (acceptable) 
level of As carcinogenic risk was observed in 99.8% 
of Yerevan. Thus, as a basic part of an urban 
environment which directly related to the human 
health, urban soil pollution by HM should be 
recognized in detail to organize problematic site 
remediation and risk levels reduction measures. 

 
[1] Johnson C.C., Demetriades A., Locutura J., 

Ottesen R.T. (2011), Mapping the Chemical 
Environment of Urban Areas. John Wiley & Sons, 
Ltd., 615. [2] RAIS, Risk Exposure Models for 
Chemicals User’s Guide 
http://rais.ornl.gov/tools/rais_chemical_risk_-
guide.html. 
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Hot crater lakes on active volcanoes generally 

overlie magma-hydrothermal systems. Water level 
and temperature of such hot crater lakes sometimes 
show interesting changes with time in response to 
volcanic activity. In many cases such variations of 
hot crater lakes are caused by changes in volcanic 
fluid supplied from lake bottom. Therefore, 
monitoring of hot crater lakes are useful to detect 
even slight changes in hydrothermal activity. In 
contrast, measurements of thermal energy emitted as 
subaerial fumaroles show larger uncertainties, 
particularly when performed with a remote sensing 
apparatus. To evaluate changes in mass flux and the 
specific enthalpy of the volcanic fluid supplied 
through the lake bottom, we developed a generic 
numerical model of a hot crater lake and applied it to 
the level and temperature data monitoried at 
Yudamari crater lake of Aso volcano (Terada et al., 
2012) and Yugama crater lake of Kusatsu-Shirane 
volcano in Japan. At Aso volcano, we found that the 
fluid from the bottom was a mixture of ground water 
and high-temperature steam. The ground water flux 
showed a seasonal increase lagging behind the rainy 
season. The flux of the high-temperature volcanic gas 
was in a close relation to the amplitude of volcanic 
tremors. We considered that heating of the 
hydrothermal system drove such tremors. At Kusatsu-
Shirane volcano, we detected an increase in specific 
enthalpy of input fluid in coincidence with intense 
earthquake swarm that was accompanied by ground 
inflation at a shallow part beneath Yugama crater 
lake.  
 

Terada et al., (2012), Bull. Volcanol., doi: 
10.1007/s00445-011-0550-4 
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Approximately half of the amount of elements 
heavier than the iron-group in Solar System 
originates from the slow neutron-capture process (s-
process). The main component of the s-process is 
known to be produced in asymptotic giant branch 
(AGB) stars, i.e. evolved intermediate or low mass 
stars. The chemical abundances, especially, isotopic 
ratios around branching points of s-process provide 
unique information on the neutron density and 
temperature of the s-process site. Among various 
elements, Eu isotopes are key nuclides in the folloing 
points; (1) Eu has only two isotopes whose 
abundances are comparable, (2) 153Eu/151Eu ratio is 
sensitive to the temperature and neutron density 
during the s-process because nuclear flow at the 
unstable nucleus 151Sm depends on those parameters 
[1], and (3) Eu isotope ratio of carbon-rich stars is 
determined by astronomical observations [2] and can 
be directly compared with those of presolar grains 
cosmochemically determined by ion microprobes.  

For the comprehensive studies, we review the Eu 
composition of presolar grains by SIMS analysis [1, 
3] and report our Subaru observation of two CH stars 
which are particular type of carbon stars with 
enhancement of s-process elements. The Eu isotope 
ratios of these CH stars (153Eu/151Eu ~ 1.25) are 
consistent with those of presolar grains ( 
153Eu/151Eu=1.3±0.2 [1]). 
 

 
[1] Terada K. et al.  New Astronomy Reviews 
50, 582-586 (2006) 
[2] Aoki W. et al. Astrophysical Journal Letter 592, 

L67-70 (2003). 
[3] Avila J. N. et al. Astrophysical Journal Letters 
768, L18-25(2013) 
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Methods 
This work presents results of long term 

monitoring of dissolved BTEX plume generated by 
jet fuel trapped in porous media. Natural attenuation 
is occurring by combined Fe(III) reduction, 
methanogenesis reactions which is effectively 
limiting the size of dissolved plume. From field data 
and reactive transport simulations using the 
Geochemist's Workbench package it was possible to 
establish a conceptual model for jet fuel 
biodegradation as well as groundwater 
hydrochemistry evolution. 

Results 
The oxidation of biodegradation products such as 

Fe2+ and CH4 play an important role in the evolution 
of the redox conditions of the aquifer. Another 
important aspect identified in the simulations was the 
role of high natural values of CO2 partial pressure 
(~10-1.5 atm) in the unsaturated zone. Reaction 1 
represents the true overall reaction of destruction of 
BTEX by reduction of Fe (III) in lateritic aquifers. 

−
+

+
→+++ 372236

2
65

2
143687 HCOFeCOOHFeOOHHC

 (1) 
The non-representation of high natural values of 
pCO2 in the reactive transport models led to a very 
large deviation from the conditions observed in the 
field (Figue 1).  
 

 
Figure 1 - Observed and simulated saturation indexes 
of siderite as a function of distance from the source 

zone for two different scenarios. 
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Lebong Tambang is a low-sulfidation epthermal 
gold deposit located at Lebong District, Southern 
Sumatra, Indonesia. There are many gold prospects in 
the area. Among them, Lebong Tambang has been 
well known for its high-grade gold and much amount 
of gold ore reserve. The main veins of the Lebong 
Tambang deposit have already been mined out, 
however exploration of its extension is being 
conducted. This study is to understand the 
characteristics of gold mineralization as an initial 
stage of study of the deposit. The oldest formations 
recognized in the area consist of mudstone referred to 
as the Jurassic-Cretaceous Woyla Group. Woyla 
group is unconformably overlain by andesitic to 
basaltic lava and tuff of the Neogene Hulusimpang 
Formation. Most veins are hosted by Woyla Group. 
In contrast, only a few veinlets are found in the 
Hulusimpang Formation.  

Based on observed mineral association and 
results of fluid inclusion microthermometry, it is 
estimated that the temperature of ore-forming fluid 
was 170° ~ 190°C and the fluid was neutral to 
slightly alkaline. Characteristic mineral assembladges 
and their textures suggest that ore-forming fluid 
boiled since early stage of mineralization and was 
resulted in electrum deposition in some parts in the 
deposit. Association of uytenbogaardtite and argentite 
suggests that there was later lower temperature and 
oxidizing fluid affect after primary deposition. 
Presence of gold rich electrum surrounding relatively 
silver rich electrum and Ag-Se-S minerals is 
consistent with the change in gold content in electrum 
which is expected based on mineral stability with 
respect to fugacity and temperature of the later fluid. 
In addition, gold rich electrum associated with iron 
hydroxides and malachite was found in high-grade 
gold ore. Therefore, there is the possibility that high-
grade gold ore was formed as a result of 
remobilization of gold and/or silver by the later fluid. 
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This presentation will present some perspectives 

to improve the predictive capacities and/or the 
validity of the input parameters of models describing 
adsorption/ion-exchange reactions of inorganic 
solutes on swelling clay minerals. 

Illustration will show that the fact to know the 
exact morphology of the clayey particles allows to fix 
in the models the distribution and amount of the 
different adsorption sites (interlayer vs external), and 
then improve model’s robustness. Particle 
morphology, associated to different physico-chemical 
parameters of the solution (ionic strength and 
solid/solution ratio), is known to impact also 
drastically the organisation of the clay/water system. 
Such information can be qualitatively assessed from 
small angle X-ray scattering data [1] and can confirm 
or not the assumption which is generally made 
consisting to use the same distribution of sorption 
sites all along adsorption isotherms [2]. Then, an 
illustration will show that X-ray diffraction can be 
used to obtain quantitative information about the 
reactivity of a specific site (i.e., interlayer sites), and 
coupled with bulk chemistry analysis to discriminate 
the properties of the different types of site [1]. 
Finally, by controlling the hydration state of the 
particles in water saturated conditions, we will show 
that interlayer selectivity coefficient obtained from 
classical batch experiments, associated to self-
diffusion coefficients issued from molecular dynamic 
simulations, can predict correctly diffusion 
experimental data [3]. 
 
[1] Tertre et al. (2011) J. Colloid Interface Sci. 363, 
334-347. [2] Robin et al. (2015) Appl. Geochem. 59, 
74-84. [3] Tertre et al. (2015) Geochim. Cosmochim. 
Acta 149, 251-267. 
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The Southern German Molasse Basin is a part of 

the Paratethys, which developed as a marginal sea 
during the Alpine orogeny in the early Oligocene. 
The Molasse basin is characterized by marine, 
brackish and fluvial beds of Oligocene to Miocene 
age. In this study we focus on the Neuhofen beds, 
which represent an important lithostratigraphic unit 
of the Upper Marine Molasse. The NH beds are 
considered as lower Ottnangian in age based on 
biostratigraphy and lithostratigraphic correlations[1]. 
Their exact age, however, has not yet been 
determined.  

For this purpose we analyzed Sr isotopes of well-
preserved fish-otoliths from the NH beds. Sr is 
homogenously distributed in the oceans due to its 
long residence time. But the Sr isotopic composition 
changes over time, as consequence of the buildup of 
orogenies or enhanced volcanic activity. Hence, the 
incorporated Sr isotopic composition in biogenic 
materials like fish teeth[2], ostracods[3] and otolith[4], 
can be used as indirect dating of marine sediments. 

We conducted leaching experiments on 20 
otoliths to extract the ambient 87Sr/86Sr seawater 
signal. We analyzed different fractions of otoliths 
from two fossil fish taxa (Diaphus, Coelorinchus). 
The otoliths were leached to remove the mobile Sr 
phase and to extract the ambient Sr seawater signal. 
The comparison with the Sr seawater evolution curve 
of the global ocean[5] suggests an age of 17.1 ± 0.3 
Ma, which is younger than previously thought. 
Further studies are planned to examine whether the 
new age data is representative for the NH beds. 

  
 [1] Pippèrr (2011), Mar. Micropal. 79, 80-99. [2] 
Vennemann and Hegner (1998), Paleogeo., 
Paleoclim., Paleoeco., 142, 107-121. [3] Janz and 
Vennemann (2005), Paleogeo., Paleoclim., 
Paleoeco., 225, 216-247. [4] Pippèrr, Reichenbacher, 
Witt and Rocholl (2007), N.Jb. Geol. Paläont. Abh., 
245, 353-378. [5] McArthur, Howarth and Shields 
(2012), In: The Geologic Time Scale, 127-144. 
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The speciation and stability of Fe(III) in crustal 

fluids are still virtually unknown despite the ubiquity 
of iron species in many processes of geological 
interest such as iron release from hydrothermal 
oceanic vents, iron redox reactions during subduction 
and arc-magma generation, or the role of iron in ore-
forming magmatic-hydrothermal processes, to name a 
few. The data that are definitely needed are for: 
Fe(III)-Cl complexing under hydrothermal conditions 
to improve existing speciation models based on 
limited low-temperature data [1], redox stability of 
Fe(III) at high temperatures, and solubility of Fe-
bearing minerals such as hematite and magnetite in 
hydrothermal fluids and silicate melts. 

In situ X-ray Absorption Spectroscopy data of 
slightly acid iron-bearing aqueous solutions were 
collected up to 1000 bar and 500°C, by using a 
dedicated autoclave [2,3] and by dissolving 
magnetite, hematite, and hematite-magnetite-quartz 
mineral assemblage. The simultaneous speciation and 
solubility data obtained in this micro-batch reactor 
confirm the occurrence of the octahedral-tetrahedral 
structural transition upon temperature and salinity 
increase, and the predominance of tetrahedral highly 
chlorinated ferric iron species at high temperatures, 
which leads to enhanced iron solubility, in agreement 
with theoretical predictions [1]. The ratio of soluble 
Fe(II) to Fe(III) was also monitored in situ to 
determine the temperature range of the stability of 
ferrous versus ferric iron species. 

  
[1] Liu et al. (2006) Chem. Geol. 231, 326-349. [2] 
Testemale et al. (2005) Rev. Sci. Instrum. 76, 043905. 
[3] Testemale et al. (2009) Chem. Geol. 264, 295-
310. 
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The 1.1 Ga old Midcontinent Rift zone is well 
known for volcanic and plutonic activities as well as 
for the occurrences of significant quantities of Cu, Ni 
and PGE sulfide deposits associated with the 
magmatic rocks primarily in northern Michigan and 
Minnesota. Important examples include the magmatic 
sulfide mineral deposits hosted within the large 
Duluth gabbroic complex [1] and within the recently 
discovered Eagle [2] and Tamarack [3] intrusions. 
The source of extraneous sulfur, responsible for 
sulfide saturation of the magma and the formation of 
metal-rich sulfide liquids, has been frequently 
questioned. The basement rocks of the Eagle deposit 
in northern Michigan include Paleoproterozoic 
metasedimentary rocks of the Marquette Range 
Supergroup underlain by the Middle to Late Archean 
gneissic and granitic rocks. Recent exploration at the 
Baraga Basin area of northern Michigan has revealed 
significant quantities of disseminated sulfide minerals 
not only in the Paleoproterozoic slaty and schistose 
rocks of the Baraga Group but also consistently 
within the Archean gneissic rocks. The large 
abundances of sulfide minerals in the country rocks 
indicate the possibility of similar conduit-like 
magmatic sulfide deposits in the Midcontinent Rift 
area for sustainable development of metallic mineral 
resources. 
 
 [1] Ripley et al. (1998) Geochim. Cosmochim. Acta, 
62, 3349-3365. [2] Ding et al. (2010) Geochem. 
Geophys. Geosyst., 11, Q03003. [3] Taranovic et al. 
(2015) Lithos, 212-215, 16-31. 
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CO2 hydroxylation occurs at alkaline pH and 

forms HCO3
-. The newly formed dissolved inorganic 

carbon (DIC) can then precipitate as solid carbonates. 
If hydroxylation and precipitation are rapid relative to 
isotopic reequilibration of oxygen isotopes between 
DIC and water, the kinetic isotope fractionation 
associated with hydroxylation may be recorded in the 
carbonate, thereby complicating paleoenvironmental 
reconstructions. The isotopic composition of HCO3

-
 

formed by CO2 hydroxylation is not well known and 
difficult to measure and the few experiments 
performed so far [1,2,3] led their authors to assume 
that it reflects non-fractionating uptake of 2 oxygen 
atoms from the bulk CO2 and 1 from the bulk OH-. 
The presumed absence of kinetic fractionation seems 
counter–intuitive, as hydroxylation is almost 
instantaneous at alkaline pH. 

 To address this knowledge gap, we performed a 
series of experiments at 5 and 25°C, consisting of 
instantaneous and quantitative conversion of gaseous 
CO2 into barium carbonates, followed by isotopic 
analysis of the carbonates. The results i) suggest that 
HCO3

- formed by hydroxylation is in fact fractionated 
from the CO2 and OH- from which it formed, ii) place 
the first direct experimental constraints on the kinetic 
isotope fractionations due to CO2 hydroxylation, and 
iii) provide key insight necessary for understanding 
out-of-equilibrium oxygen isotope compositions of 
carbonate minerals. 
 
 [1] Létolle et al. (1990b) Compt. Rend. 310, 574-552 
[2] Usdowski et al. (1991) Z. Phys. Chem. 170, 237-
249 [3] Clark et al. (1992), Geochim. Cosmochim 
Acta, 56, 2041-2050. 
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The Toarcian Oceanic Anoxic Event (T-OAE; 
~183 Ma) is associated with the widespread 
deposition of organic-rich facies and a perturbation to 
the global carbon cycle recorded in all carbon 
reservoirs. The eruption of the Karoo-Ferrar Large 
Igneous Province (~183 – 180 Ma) and resultant 
global warming are thought to have triggered a 
cascade of biogeochemical feedbacks that resulted in 
environmental deterioration and ultimately marine 
anoxia. For example, an increase in continental 
weathering may have delivered enough nutrients 
through riverine input to stimulate bioproductivity 
and cause ocean deoxygentaion. However, 
geochemical evidence of ocean anoxia during the T-
OAE is contradictory; some studies suggest 
widespread anoxia or low-oxygen conditions, 
whereas others show variation in redox conditions 
with a focus on local controls.  

We have analyzed the Re-Os isotopic system (n = 
34) from an organic-rich sedimentary succession 
(upper Pliensbachian to middle Toarcian) in western 
North America in order to test whether ocean anoxia 
was widspread and if continental weathering rates 
increased during the T-OAE. Re abundances range 
from 31 to 256 ppb before and after the Toarcian 
carbon isotope excursion (CIE), and decrease 
significantly to 4 – 17 ppb during the CIE. Similarly, 
Re/TOC values range from 10 to 30 before and after 
the CIE, whereas CIE values are ~3. The T-OAE 
interval is characterized by more radiogenic 
187Os/188Os values (187Os/188Osi = ~0.6), whereas the 
pre- and post-T-OAE intervals are characterized by 
less radiogenic values (187Os/188Osi = ~0.25 and ~0.4, 
respectively). We interpret the T-OAE Re data as the 
result of a drawdown of the marine Re reservoir due 
to increased water column anoxia. Likewise, we 
interpret the 187Os/188Osi data as a result of increased 
riverine delivery of continental materials due to 
enhanced weathering, which increased by four- to 
five-fold during the T-OAE. Although increased 
weathering may have contributed to widespread 
marine anoxia, it may also have constituted an 
important negative feedback on atmospheric pCO2 
levels during the T-OAE. 
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The budget of atmospheric CO2 is commonly 
studied using records of CO2 concentrations, δ13C and 
δ18O. These measurements permit estimates of 
marine, biosphere and soil fluxes, but generally 
under-constrain the budget due to the large number, 
diversity and variability of sources and sinks.  We 
present a new record of Δ17O and clumped isotope 
composition of CO2 from La Jolla, CA, covering 
multiple 1+ year periods between 2003 and 2013. 
These data, document seasonal variations that offer 
new insights into the atmospheric CO2 budget. 

Samples were collected from the La Jolla pier 
during strong stable onshore winds.  We report the 
clumped isotopologues of CO2 using Δ47 notation 
where Δ47 is defined as the deviation of the ratio of 
mass 47/mass 44 from that expected for a random 
distribution of isotopologues, reported here using the 
absolute reference frame.  The Δ17O data was 
normalized to concurrently run SMOW2 and SLAP2 
water standards and are reported with a λ=.522.   

In the years studied, we find that Δ17O (mean 
value-0.11‰) and Δ47 (mean value-0.96‰) vary 
seasonally, and are correlated with the seasonal cycle 
of CO2 and δ18O in CO2 respectively.  The amplitude 
of the seasonal cycle in Δ17O is .013‰ while in Δ47 it 
is 0.2‰.  We use these two records, as well as δ13C 
and δ18O, to construct a box model that constrains the 
sizes of gross mass fluxes of CO2 into the 
atmosphere, including the size of gross primary 
production (GPP) and the soil invasion flux.   

We find that to explain the mean value of our 
isotopic records, GPP must be 148-162/yr assuming a 
soil invasion flux of 30PgC/yr.  To reconcile our GPP 
estimates with the IPCC estimate of 123PgC/yr, we 
find that soil invasion flux must be much larger of 
240PgC/yr.  These revisions to the sizes of gross 
carbon fluxes represent another independent 
benchmark by which to evaluate global biospheric 
carbon cycling models. 
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The first application of mass independent isotope 
ratoo measurements was nearly 50 years ago when 
multi sulfur isotope ration measuremnts were used to 
quantify billion year cosmic ray effect spallation 
effetcs in iron meteorite based upon the premise that 
only nuclear effects can produce isotope ratio 
alteartions that are independent mass differences. The 
subsequent observation of mass indendent oxygen 
isotopic compositions in the primitive Allende  
calcium inclusion inclusions was interpreted as 
requiring a nuclear process to account for the mass 
indpendent isotopic composition. The Thiemens and 
Heidenreich ozone experiment in 1983 was the first 
demonstration that a chemical process was capable of 
simultaneously producing a mass indenent isotopic 
compsoition, but one that also duplicates the pattern 
observed in the calcium aluminum inclusions. 

The identification of the quantum mechanical 
basis of the production of the mass independent 
isotopic composition remains elusive to this date and 
in chemical physics has been a subject of interse 
theroetical and experimental measurements. 
Likewise, the chemical process responsible for the 
metoritic components is a subjct of theroetical and 
physical chemical study to define its role in the early 
solar system. 

In atmopsheric molecules it is known that every 
oxygen bearing molecule has a mass independent, 
ranging from the second most abundant molecule 
(O2) through H2O, CO2, CO, N2O, H2O2, O3, SO4, 
NO3, and ClO4.This encompasses a range of 
applications, including global primary prodictivity 
quantification present and past (ice core), ozone 
chemistry and interactions in the tropopshere and 
stratosphere, post Snowball Earth atmopsheric 
chemistry, paleo ozone levels, El Nino global 
atmopsheric chemistry and the record in at the South 
pole, greenhouse gas source identification and 
troposopheric chemistry of nitrate and sulfate and the 
oxygen cycle. 

The observation of mass indpendent sulfur 
isotopic anomalies in the Archean permits definition 
of the origin and evolution of oxygen from the oldest 
rocks through the great oxygenation event and the 
beginning of defining the total biogeochemical 
system of sulfur across that time span. 
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The Dead Sea Deep Drilling Project (DSDDP) is 

an ICDP-sponsored multi-disciplinary initiative to 
reconstruct the paleoenvironments and paleoclimates 
over the Dead Sea Basin during the two last glacial-
interglacial cycles. Our investigations have focused 
on understanding the role of microbial communities 
in the biogeochemical cycles of this extreme 
hypersaline environment. Furthermore, we aimed to 
identify their influence on the sedimentary record. 
Organic matter (lipids) and DNA extraction have 
been realized along the 456 m-long core retrieved 
from the ICDP drilling. They revealed microbial 
assemblages influenced by climatic and limnologic 
regimes during sedimentation. Very little information 
are available on the activity of such microbes. A 
comparison with processes undergoing in a microbial 
mat with similar chemical conditions allowed 
identifying signatures characteristic of microbial 
processes. In particular, the imaging and chemical 
identification of authigenic iron-sulfur minerals have 
revealed the presence of an active sulfur cycle in the 
sediment. Their morphology and Fe/S ratios are 
coherent with incomplete sulfate reduction, limited 
by organic matter quality. The latter often results in 
the preservation of greigite that modifies the 
magnetic properties of the sediment, in particular 
during interglacial intervals. In glacial periods, the 
accumulation/preservation of labile organic matter 
allows complete sulfate reduction resulting in full 
pyritization. The DSDDP core provides a unique 
opportunity to investigate deep diagenetic processes 
and to assess the role of microbial activity in these 
hypersaline sediments. Our study shows that 
microbial activity influences carbon and sulfur 
phases, as well as magnetic fractions, affecting 
proxies used in paleoclimatic reconstructions.  
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Basalt-CO2 experiments have increased our 
ability to predict geochemical responses within mafic 
rocks during geologic CO2 sequestration, but the lack 
of flow-through experiments prevents the use of 
coupled hydrologic-geochemical models to predict 
evolution of permeability and porosity, critical 
parameters for assessing storage feasibility. We 
present results of three flow-through experiments 
during which we employed X-ray Computed 
Tomography (CT). We injected CO2-saturated water 
into an intact core of glassy basaltic tuff from the 
Snake River Plain (Φ: 34%)  at reservoir conditions 
(90 bar, 50°C) at 5.5 ml/min for ~3.5 hours. Before 
and after the CO2 injection, we performed tracer tests 
using a solution of NaI (~100,000 ppm) to analyze 
changes in flow path distribution. During the tracer 
tests, CT scans were taken every 2.5 minutes, and 
outlet fluid was sampled at the same intervals, 
enabling interpretation of the tracer breakthrough 
curve by imaging and geochemical analysis. Increase 
in aqueous solute concentrations after CO2 injection 
implied dissolution. However, CT-derived core-
averaged porosity values decreased, which is 
inconsistent with geochemical observations and 
implies porosity underestimation due to incomplete 
drying of the core before CT scanning. Porosity 
determination by thin section analysis and by mass 
balance confirms instead an overall porosity increase 
of 0.5-2%. During CO2-saturated flow, permeability 
decreased from ~4.9x10-12 m2 to 1.18 x10-12 m2, but 
no secondary precipitates were identified in the 
reacted core. We hypothesize that fine-grained shards 
of glass, mobilized via the dissolution of microporous 
glassy cement, clogged pore throats and resulted in 
decreased permeability. Imaging of tracer distribution 
in the core shows changes in flow path spatial 
heterogeneity and the appearance of “dead-end 
pores,” areas with longer fluid-residence times. In 
summary, we show that geochemical evidence is 
essential for confirming CT interpretations, and that 
basalt-CO2 interactions result in significant 
modifications of transport properties. 
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The physiologically diverse, deeply branching 
bacterial phylum Chloroflexi harbors clades that are 
important players in biogeochemical cycling on a 
global scale. Here we report on the diversity of two 
novel classes (Thermoflexia and yet to be named) and 
one order (Kallotenuales) of Chloroflexi found within 
Great Boiling Spring (GBS) in Nevada, USA. 
Genomic predictions and physiological experiments 
suggest diverse heterotrophic lifestyles. Additional 
insight into the physiology of Thermoflexus 
hugenholtzii, the only representative of the novel 
class Thermoflexia, are gained through metabolic 
probing and exometabolomics. Genomic predictions 
indicate complete central carbon pathways yet 
metabolic probing suggests disconnects between 
pathways and an inactive pathway. Exometabolomics 
provided insight into the consumption of organic 
compounds, the ability to evaluate genomic and 
metabolic predictions, and detailed molecular 
characterization of an organic extract obtained from 
GBS water, with evidence for extract-contained 
indole derivatives playing a major role in growth 
stimulating properties. In combination, the 
phylogenomic and metabolic diversity of Chloroflexi 
have been expanded and significant strides have been 
made toward the discovery of a defined medium to 
aid in future studies of T. hugenholtzii. 
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Organic, Fe-rich flocs are common in surface waters 
of freshwater wetlands and often contain elevated 
concentrations of trace metal(loid)s. In a previous 
study, flocs collected from streambeds of the 
naturally As-enriched peatland Gola di Lago 
(Switzerland) were shown to contain ferrihydrite and 
nanocrystalline lepidocrocite to which As(V) and 
As(III) were bound in bidentate surface complexes.1 
These flocs tend to settle under low flow conditions, 
and thus over time may become buried and subjected 
to Fe(III)-reducing conditions. Both ferrihydrite and 
lepidocrocite readily react with Fe(II), recrystallizing 
into more stable Fe(III) phases, and the nano-
crystalline floc-lepidocrocite may enhance floc 
reactivity. The mechanism for the abiotic reduction of 
Fe(III)-(oxyhydr)oxides by Fe(II) includes an initial 
adsorption step, however, in the case of organic, As-
rich flocs, this reaction may be hindered due to the 
presence of surface-adsorbed organic matter (OM) 
and/or arsenic. To study this, we spiked synthetic 
ferrihydrite, a ferrihydrite-OM coprecipitate, and 
flocs from the Gola di Lago peatland (31-38 wt.% 
Fe) with an isotopically enriched 57Fe(II) solution at 
varying pH and Fe(II) concentrations, and followed 
Fe atom exchange kinetics and solid phase Fe 
speciation changes over one week. Using a 
combination of Mössbauer spectroscopy, X-ray 
diffraction, and ICP-MS, our results show that 
ferrihydrite transformed quickly (<7 days) into 
lepidocrocite and goethite, while the coprecipitated 
ferrihydrite-OM showed no Fe minerological 
changes. Flocs showed changes in lepidocrocite and 
ferrihydrite content and formed solid-phase Fe(II) 
minerals at higher Fe(II) concentrations, though all 
phases remained X-ray amorphous. Iron atom 
exchange kinetics were likewise affected by the 
presence of OM and arsenic, with flocs and 
coprecipitates achieving 87-96% fraction of isotopic 
exchange in one week, while ferrihydrite obtained 
96-99%, with slower kinetics observed for 
ferrihydrite at lower pH. In summary, our results 
imply the presence of OM and/or arsenic inhibit both 
Fe mineralological changes and Fe atom exchange, 
thus potentially stabilizing floc Fe minerals and 
associated trace metal(loid)s under Fe(III)-reducing 
conditions. 

 [1] ThomasArrigo et al. (2014) Environ. Sci. 
Technol. 48, 13218-13228. 
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Asteroidal metasomatism on the CV (Vigarano 

type) chondrite parent body produced a large variety 
of relatively fine-grained (10−20 µm) secondary 
phases, including andradite, anorthite, hedenbergite, 
grossular, monticellite, Na-rich melilite, nepheline, 
sodalite, and wollastonite [1]. Accurate oxygen-
isotope compositions of these minerals measured 
with SIMS can provide important constraints on 
physico-chemical conditions of the metasomatic 
alteration, such as temperature [2]. Oxygen-isotope 
analyses with SIMS require matrix-matched 
standards, which are largely absent for the secondary 
phases. To establish O-isotope standards for these 
minerals, we prepared a number of natural silicates 
(anorthite, andradite, augite, melilite, nepheline, 
sodalite, wollastonite) and oxides (hibonite, sapphire, 
spinel).  

Major element compositions for each mineral are 
homogeneous within analytical uncertainty of EPMA. 
Millimeter-scale δ18O homogeneity of the minerals 
was investigated with the UH Cameca ims-1280 
SIMS. From 12 to 25 measurements per mineral were 
made: 4−6 spots per group and groups were separated 
by 1.5 to 3 mm. Most of the minerals show 
reproducibility of ~0.2−0.6‰ (2SD), comparable to 
the daily reproducibility on San Carlos olivine 
measurements. Hibonite and wollastonite had slightly 
larger δ18O variations of ~0.7 and ~0.9‰, 
respectively. Bulk O-isotope compositions of the 
minerals were measured with laser-fluorination mass 
spectrometry at CEREGE, France [3]. δ18O values of 
duplicate analyses per mineral (except for andradite 
and sodalite) are consistent each other within a 
reproducibility of internal quartz standard 
measurements (~0.4‰, 2SD). Two measurements of 
wollastonite were different by ~0.6‰, suggesting 
possible δ18O heterogeneity.  

While more work may be necessary for andradite, 
sodalite, and wollastonite; most of the minerals 
studied  appear to be homogeneous in chemical and 
O-isotope compositions and thus could be suitable for 
O-isotope microanalysis with SIMS. More details 
including δ18O values of the minerals will be given at 
the meeting. 
[1] Brearley & Krot, in Lecture Notes in Earth 
System Sciences, 659−789, 2012. [2] Choi et al., 
MAPS, 35, 1239−1248, 2000. [3] Alexandre et al., 
GCA, 70, 2827–2835, 2006. 



Goldschmidt Conference Abstracts 

 

3123 

The role of redox variability in 
structuring iron cycling in soils 

AARON THOMPSON1 
1University of Georgia, AaronT@uga.edu 

 
In environmental systems, natural iron 

nanoparticles are ubiquitous carriers of contaminates 
and nutrients; serve as structural components binding 
aggregates and colloids; and perform numerous 
electron transfer functions central to functioning 
ecosystems. In addition, these particles are more 
susceptible to alteration of their mineral structure 
than any other solid phase constituents commonly 
present in environmental systems. The dynamics of 
iron cycling are defined by the timescales required to 
shift the amount and/or composition of iron, and this 
is driven primarily by changes in the oxygen content 
or redox state of the soil. Our lab has conducted many 
experiments exposing soils rich in short-range-
ordered (SRO) iron (III) phases from the Luquillo 
CZO to systematic variation in fluctuating redox 
conditions (e.g., fluctuation frequency, amplitude, or 
the duration of oxic and anoxic periods), as well as 
the solution composition. The experiments 
consistently reveal a sawtooth pattern of Fe(II) 
concentration that reflects an increase in Fe(II) during 
the anoxic period, followed by a decrease via 
oxidation and precipitation of Fe(III) during oxic 
conditions. Depending on the initial conditions 
(solid/liquid phase and microbial composition) and 
redox oscillation characteristics, the trajectory of 
Fe(II) production can increase or decrease over 
experimental time. Using selective chemical 
extractions, 57Fe2+ spikes, Mössbauer spectroscopy, 
X-ray absorption spectroscopy, microbial analyses 
and numerical modeling of these experiments we 
propose the following: (a) The rates of microbial 
Fe(III) reduction—and thus the potential for 
alterative of iron reactivity toward other 
biogeochemical cycles (e.g., C)—is strongly 
influenced by two redox fluctuation parameters: the 
rate of Fe(II) oxidation during the previous oxic half-
cycle; and the length of exposure to oxic conditions. 
Both abiotic and biotic processes are sensitive to 
these parameters. (b) The Fe(III) phases formed 
during exposure to oxic conditions are more short-
range-ordered and preferentially re-reduced relative 
to the bulk soil iron phases. However, the precise 
nature and properties of the most rapidly reducible 
Fe(III)—the <10% of total soil Fe active in Fe 
cycling during redox fluctuations—remains 
challenging to describe suggesting tertiary structure 
and nano-scale proximity to electron donors and Fe 
reducing microbes likely plays an important role. 
Dynamic redox conditions can constrain Fe reduction 
rates and influence ecosystem processes that depend 
of iron behavior. 
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The effect of water (OH-) within the crystalline 

structure of deep Earth minerals influences bulk 
properties including melting temperatures, rheology, 
electrical conductivity, and atomic diffusivity. In 
addition, hydrogen bond symmetrization in hydrous 
minerals may influence the response of bulk 
properties to pressure, for example increasing bulk 
modulus by as much as ~20%. Combining infrared 
spectroscopy with diamond anvil cells allows for the 
direct detection of the O-H bond stretching frequency 
within a hydrogen bond (O-H…O) as it changes with 
pressure. In this study, room temperature infrared 
spectra of both natural and synthetic hydrous phases 
were collected at 1 bar and at pressure intervals up to 
65 GPa, allowing a detailed assessment of the 
evolution of hydroxyl band frequencies as a function 
of pressure. Combining these new high-resolution 
infrared data, in conjunction with the findings of 
previous high-pressure studies, reveals systematics in 
the pressure dependence of hydroxyl bands in various 
mineral phases. For example, within the amphibole 
group the starting 1-bar hydroxyl band frequency 
linearly correlates with the hydroxyl pressure-
dependence, while composition plays a secondary 
role. By examining a wider suite of hydrous minerals 
it is possible to better understand the complex 
interplay between local hydroxyl bonding 
environment, initial hydrogen bond frequency, 
pressure, and OH-band pressure-evolution, 
augmenting ab initio computational predictions 
concerning hydrogen bond symmetrization in a range 
of hydrous deep Earth phases.  
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In the last decade, there has been increased focus 

on the role of phosphorus cycling in the chemical 
evolution of Earth’s atmosphere and oceans [1,2,3]. 
Whilst some understanding can be gained by 
assessing the total P concentration relative to other 
key elements such as Fe and Al, sequential extraction 
techniques have become a favoured tool for 
evaluating P speciation within sediments, creating a 
far more detailed picture of P cycling in the marine 
environment. The SEDEX sequential extraction 
method [4] has proven to be a robust method for use 
in modern sedimentary settings, however it is 
currently less well suited for application to ancient 
sedimentary rocks. For example, key periods of 
Earth’s history have been dominated by ferruginous 
oceans (anoxic and rich in Fe2+) [5], leading to 
increased burial of more crystalline Fe oxide phases 
that are not readily extracted by the conventional 
SEDEX method. For any extraction scheme to 
successfully inform our understanding of P cycling 
during these periods, it must include extraction of 
these more crystalline minerals. 

Here we present modifications to the SEDEX 
method that improve its suitability for use with 
ancient sedimentary rocks. Additional extractions 
result in increased recovery of P associated with more 
crystalline iron minerals, specifically hematite and 
magnetite (not previously extracted). This newly 
adapted method allows the partitioning of P between 
operationally defined sedimentary reservoirs to be 
examined in ancient environments, but may also be 
applicable to modern environments enriched in more 
crystalline Fe minerals. We will describe the 
technique and report new P speciation data for a suite 
of rocks deposited ~1.85 billion years ago, during the 
onset of a critical transition to widespread euxinia 
along productive continental margins. 

 
[1] Lenton,  et al. (2014) Nature Geosci., 7, 257-265. 
[2] Planavsky et al. (2010) Nature, 467, 1088-1090. 
[3] Bjerrum & Canfield (2002) Nature, 417, 159-162. 
[4] Ruttenberg (1992) Limnol.Oceanogr., 37, 1460-
1482. 
[5] Poulton & Canfield (2011) Elements, 7, 107-112. 
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The exchange of volatile elements between 

crustal and mantle reservoirs dominates the surface 
volatile inventories on geological timescales, 
controlling atmospheric composition and maintaining 
a habitable planet [1]. Whilst volcanic outgassing 
controls the addition of volatiles to the atmosphere, 
subduction is responsible for the replenishment of 
mantle reservoirs. Many sub-lithospheric diamonds 
contain inclusions that possess a strong affinity with 
recycled oceanic crust [2], which is evidence for the 
survival of carbon in subducting assemblages to deep 
upper mantle depths.  

Previous experimental studies have investigated 
the melting behaviour of recycled basalt, but these 
studies have considered a limited  and somewhat 
displaced compositional spectrum when compared 
with natural mid-ocean ridge basalt (MORB) rocks. 
Furthermore, all previous studies have used bulk 
compositions with very high CO2 contents and only 
one extends to transition zone pressures. Therefore, to 
understand better the behaviour of deeply subducted 
crust we have determined the high pressure melting 
phase relations of a synthetic MORB composition 
containing 2.5 wt.% CO2 [3]. 

Our results show there is a deep depression of 
~200 °C along the solidus of carbonated MORB 
between 300 and 700 km depth. This is explained by 
the shift towards more Na-rich clinopyroxene 
compositions and saturation of an Na-carbonate 
mineral (approximately Na0.33Ca0.67CO3) in the 
subsolidus phase assemblage with increasing 
pressure. Melting is expected to occur in the majority 
of slabs as subduction geotherms intersect the solidus 
depression. Near solidus melts are alkaline 
carbonatites that are highly mobile and reactive with 
overlying peridotite [4]. Our simulation of this 
reaction generates a mineral assemblage that 
reproduces many characteristics of diamond-hosted 
inclusion suites. 

We predict that the solidus depression forms a 
barrier to the carbon transport into the deepest mantle 
that may have operated throughout Earth’s history. 
Natural diamonds appear to provide direct evidence 
of the carbon filter, a process of fundamental 
importance in the Earth’s deep carbon cycle. 

 
[1] Zahnle et al. (2007) Space Sci. Rev., 129, 35–

78. [2] Thomson et al. (2014) Contrib. Mineral. 
Petrol., 168, 1081. [3] Thomson et al. (2016) Nature, 
529, 76-79. [4] Hammouda & Laporte (2000) 
Geology 28, 283–285.  
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It is hypothesized that there was a shallower 
Atlantic Meridional Overturning Circulation 
(AMOC) in the glacial North Atlantic, likely caused 
by the presence of the Laurentide ice sheet (LIS) and 
its impact on atmospheric circulation and freshwater 
budgets. Proxy studies have provided evidence to 
support this hypothesis [1], although the 
interpretation of some of these proxies has recently 
been scrutinised [2]. High resolution 231Pa/230Th and 
εNd analysis of an ocean sediment core from the deep 
Northwest Atlantic has been used to infer that a 
strong and deep AMOC prevailed during Marine 
Isotope Stage (MIS) 3 and 4 (~27 ka to ~70 ka) [3]. 
This result is perhaps less surprising for the 
intermediate climate state of MIS 3, yet MIS 4 has 
been viewed as a ‘typical’ glacial period, when the 
AMOC might be expected to be in its shallow 
glacial/cold state. Possibly the smaller size of the 
LIS, with respect to the last glacial maximum (~MIS 
2), did not cause the AMOC to shift to its full glacial 
state of operation? We investigate this issue further 
by reporting on benthic foraminifera δ18O and δ13C, 
and sortable silt mean grain size analyses obtained 
from a depth transect of sediment cores in the 
Northwest Atlantic, spanning the past 90,000 years 
(MIS 1-5a). In contrast to the published εNd and 
231Pa/230Th data [3], our datasets suggest that during 
MIS 4 the AMOC was operating in a similar mode to 
MIS 2 (albeit not identical). Reconciling all these 
datasets requires a re-evaluation of the possible 
controls on these proxies.  
 

[1] Lynch-Stieglitz et al. (2007), Science 316, 66-
69. [2] Gebbie (2014), Paleoceanography 29, 190-
209. Böhm et al. (2015) Nature 513, 73-76.   
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Technetium is the lightest element which has no 
stable isotope. It is of major importance in nuclear 
medicine (over 80% of all radiopharmaceuticals in 
the world are labelled with 99mTc). 99Tc is a long life 
(t1/2 = 2.1 x 105 years) β-emitter formed during the 
fission of U and is a major concern for radioactive 
waste disposal. The two most common valence states 
are 4+ and 7+, with 7+ being known to be highly 
mobile in the environment. The stability of Tc in 
waste form materials is of paramount importance for 
long-term storage. In the last ten years, the 
development of facilities and techniques appropriate 
for beta-emitting radionuclides has resulted in the 
synthesis and analysis of a variety of new Tc-
containing oxide materials.  

Recently we reported both the structural and 
magnetic details of the perovskite SrTcO3 and 
CaTcO3 [1,2]. The issue with this material is that it 
must be formed at relatively low temperatures and 
thus it is not very crystalline or dense and so not a 
suitable wasteform. This presentation will cover 
recent developments in this area and possible ways 
forward in wasteform development. 
 
[1]. Rodriguez, E.E., et al., Phys. Rev. Lett., 2011. 
106(6).  
[2]. Avdeev, M.; et al., J. Am. Chem. Soc. 2011, 133, 
(6), 1654-1657. 
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Qiongdongnan Basin is receiving much attention 

because of the rencent discovery of commercial gas 
pools in its deepwater area where the main source 
rocks are coal and humic musdstone in the 
Oligeocene Yacheng Formation that was deposited in 
transitional marine and terrestrial environments  and 
has been significantly overpressured since after 
Miocene. Pressure effect on gas generation has been a 
hot topic over decades but has never reached a 
consensus [1]. In this study, non-hydrous pyrolysis 
experiments were performed on both coal and humic 
mudstone samples using sealed gold tubes under 50 
MPa and 150MPa to investigate the pressure effect 
on gas generation from these humic source rocks in 
this area. Our results illustrate that enhanced pressure 
retards gas generation from both types of samples at 
lower thermal maturity levels before it begins to 
promote gas generation at higher thermal maturity 
levels. For the coal sample, the turning thermal 
maturity is approximately 2.5% EasyRo whereas it 
shifts upward up to about 3.2% EasyRo for the humic 
mudstone sample, implying the humic mudstone 
source rocks with higher H/C ratios are more 
susceptible to pressure during gas generation. 
Simialar trend was also observed for the thermal 
evolution of stable carbon isotope of methane derived 
from both samples, i.e., the retardation of gas 
generation leads to an enrichment of 12C1 whereas the 
promotion of gas generation is accompanied by an 
enrichment of 13C1, indicating the methane carbon 
isotope fractionation is mainly controlled by methane 
conversion during thermal maturation, not by the 
pressure itself. Geological extrapolation of these 
results reveals that the pressure retardation on gas 
generation leads to a downward shift of effective 
source rock kitchen by about 500–1000 m in our 
study area, thus expanding it from the shollow slope 
to the deep depo-center of a sag. 
[1] Carr et al. (2009) Petrol. Geosci. 15, 17–26.  
Supported by National Science and Technology 
Major Project of China (Grant No. 
2016ZX05026002-005) and NSFC(Grant No. 
41522302). 
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Hadal biosphere (below 6000 m water depth) is 
the least explored in marine microbiology. We have 
established a team of physical oceanographers, 
chemists and microbiologists to study the 
biogeochemical processes in the Mariana Trench 
under the project “Mariana Trench Observation 
(Marathon)”. Our first expedition was in January 
2016, which allowed us, for the first time, to collect 
large volumes of water (~100 liters) down to a depth 
of 8727 m using a specially designed CTD system. A 
suite of analyses were obtained on board the ship, 
which included temperature, pH, salinity, dissolved 
oxygen and nutrients (N, P, and Si); results are 
consistent with those of an earlier study in the 
Mariana Trench, which collected limited amount of 
seawater at different depths (Nunoura et al. 2015). 
Our sampling method will allow us to obtain 
metagenomes of the hadal microbial community, 
which is lacking at depth below 6000 m. 
Comprehensive chemical and microbiological 
analyses are underway, which will provide a better 
understanding of the biogeochemical processes in the 
deep Mariana Trench. Furthermore, sediment traps 
and a tripot, moorings, and earthquake monitors were 
deployed at the Mariana Trench, which will help 
better evaluate how the ecosystem functions in the 
dynamic hadal environment. 
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Erupted magmas remain the best tools we have to 
ascertain the mantle processes that give rise to the 
compositional diversity and spatial distribution of 
near-primary magmas at volcanic arcs. A compilation 
of the mantle pressure-temperature constraints from 
natural, primitive arc magmas published to date 
reveals estimates from ~1000-1600°C at ~6-50 kbars. 
In addition to the variability of mantle melting 
processes within and between different arcs, this 
range of conditions is the result of different 
methodology, such as how the magmas were 
corrected for fractional crystallization, the choice of 
thermobarometer, how magmatic H2O was quantified 
and its calculated affect on pressure and temperature, 
and choices about mantle lithology and oxygen 
fugacity. Although most modern thermobarometers 
agree to within ~30°C, the cumulative effect of these 
different methods can produce variations in the 
pressure and temperature estimates for the same 
sample of up to 100-300°C and 6-20 kbars. An 
internally consistent set of calculations using modern 
approaches for a representative subset of the samples 
where sufficient petrographic, mineralogical and H2O 
data are available suggests the range of mantle 
conditions recorded by primitive arc magmas is in 
fact much smaller than the range in the literature; 
instead it is likely limited to ~1075-1450°C at ~8-19 
kbars. These results suggest primitive arc magmas 
record the conditions of the melt’s re-equilibration 
with the mantle during ascent rather than the 
magma’s point of origin, and reflect a last 
equilibration in the hot, shallow nose of the mantle 
wedge. The recalculated range agrees well with the 
overall range of temperatures predicted beneath arcs 
by geodynamic models, although it suggests some 
subduction zones may have slightly higher maximum 
temperatures at shallower depths in the wedge than 
originally predicted. Thus this dataset is useful for 
understanding melt migration and the temperature 
structure in the uppermost part of the mantle wedge 
below arcs, rather than conditions at the onset of 
melting 
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Late Pleistocene global Climate variability is a 
superposition of externally forced orbital-scale 
variations and internally generated millennial-scale 
fluctuations. To better understand the nature, timing 
and pattern of these anomalies in paleo-climate 
records, we developed a novel paleo-climate hindcast 
of the past 408 ka that captures both types of 
variability. We blend an externally forced transient 
earth system model simulation, which responds to 
orbital forcing, greenhouse gas and ice-sheet changes, 
with an empirical estimate of the Dansgaard-
Oeschger continuum. The latter is obtained as the 
product of a normalized North Atlantic SST record 
from the Iberian Margin region and the millennial-
scale regression patterns derived from an transient 
Dansgaard-Oeschger hindcast simulation. We will 
demonstrate the skill of this paleohindcast through 
comparison with a plethora of high-resolution 
temperature and hydroclimate paleo records. We will 
further discuss the possibility to use this earth system 
model-based paleo-hindcast to develop or improve 
age models of paleo-climate records. 
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We present a new approach to reconstruct the 
history of zircon (ZrSiO4) that has experienced 
extreme conditions associated with impact events. At 
high pressure conditions, zircon can undergo multiple 
transformations, including twinning [1, 2, 3, 4, 5] and 
conversion to reidite [1, 6, 7, 8]. Granular textures are 
also indicative of high-grade shock metamorphism [9, 
10, 11]. Dissociation by the reaction ZrSiO4 à ZrO2 
+ SiO2 occurs above 1670 °C at 1 atm, and reaction 
products can undergo polymorphic transformations 
and reversion to zircon and baddeleyite (Badd) upon 
cooling [12]. All of these phase transformations result 
in specific, predictable crystallographic orientation 
relationships [3, 4, 7, 8, 12, 13]. We present new 
pressure-temperature diagrams of the phase 
transformations of ZrSiO4 and their dissociation 
products under extreme conditions using available 
empirical and theoretical constraints. These diagrams 
provide a context in which to interpret natural 
samples.  

Electron backscatter diffraction data from zircon 
from three impact structures (Ries, Acraman, 
Mistatstin Lake) reveals a range of different 
microstructrues and phases. We show how the 
crystallographic orientation relationships within and 
among phases fingerprint the specific reaction history 
that can then be mapped in pressure-temperature 
space. 

[1] Leroux et al., 1999 GCA; [2] Moser et al., 
2011 Can J Earth Sci; [3] Timms et al., 2012 Met & 
Plan Sci;  
[4] Erickson et al., 2013a Am Min; [5] Erickson et 
al., 2013b GCA; [6] Glass et al., 2002 Am Min; [7] 
Cavosie et al., 2015 Geology; [8] Reddy et al., 2015 
Geology; [9] Bohor et al., 1993 EPSL; [10] Wittmann 
et al., 2006 Met & Plan Sci;  
[11] Tohver et al., 2012 GCA; [12] Kaiser et al., 2008 
J Eur Ceram Soc; [12] Smith and Newkirk, 1965 
Acta Cryst;  
[13] Bansal and Heuer, 1972 Acta Met. 
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The Kencana epithermal deposit is situated in the 
north-eastern extreme of the archiopelago of 
Indonesia, located on Halmahera Island, between 
Sulawesi to the west and New Guinea to the east. 
Formed as a group of vein type mineralizations, it 
makes up the highest grade gold deposit of the 
Gosowong mining area. Which is composed of a 
number of prospects and operating deposits. The 
island of Halmahera is split simply into the Western 
and Eastern Provinces, in which the Eastern Province 
is composed of Cretaceous ultramafics and ophiolites. 
Bounded by Tertiary limestones and andesite and 
basaltic rocks. Later Teriary volcanic rocks of 
andesite, dacite and rhyolite form the main host of 
mineralization in the Gosowong District, and which 
is roughly the north-south striking ancient analog of 
the present Halmahera Arc, situated presently off the 
western coast. 

Kencana is composed of 3 principle ore veins; 
K1, K2 and K-link. This study focuses on the 
mineralization of the K1 vein. K1, strikes in a NW-
SE direction, almost contiguous with the T-Fault, 
though the nature of this connection is unknown. The 
upper zones of the K1 vein are composed of 
crustiform colloform bands at 100-150m depth and 
Au grades in excess of 1000g/t. Below (150-200m), 
the vein is largely composed of hydrothermal breccia, 
initially of weakly banded to massive quartz, and a 
latter crustiform colloform quartz band. Cockade 
texture is common in this breccia, with host rocks of 
the Gosowong Volcaniclatics, typically showing 
strong chlorite alteration of the hematitic mudstones 
and andesites. Measured Au grades here reach 
2000g/t, with the majority of the gold present as 
electrum (>70at.%) in the earlier stage massive 
quartz, with few tellurides (hessite being the most 
encountered).  The crustiform band that follows the 
main mineralization event is composed of repeating 
bands of chalcopyrite (ubiquitous), hessite, petzite, 
sylvanite, electrum and stuzite. Base metals are 
composed of galena and Cd-rich sphalerite anb a 
form of zincian-greenockite. The base of this vein is 
composed of sheeted quartz veins, locally amethystic, 
with an upper grade of 7g/t. 
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We use cyclic voltametry (CV), a form of 

electrochemistry, as an identification tool for a wide 
range of sulfur-containing compounds. CV allows for  
quick and precise in situ identification of redox active 
compounds and their relative concentrations [1]. In 
this system a solid-state microelectrode (Au/Hg), 
measures the increase in current as compounds are 
reduced on its surface. 
A 

 
B 

 
Fig 1, A: Cyclic voltammogram of increasing 
concentrations of glutathione disulfide (oxidized) 
using a solid-state Au/Hg amalgam, B: Cyclic 
voltammogram of increasing concentrations of 
glutathione thiol (reduced) using the same system. 
 In the studies described here we have 
characterized a range of thiol, disulfide and persulfide 
compounds using this method, in order to allow us to 
more completely define the sulfur species present in 
our studies of enzyme reacitons, microbial cultures, 
and environmental settings, with the example of 
oxidized and reduced glutatione shown in Fig. 1. 
Although we are not yet able to use this technique for 
the absolute quantitatification of these compunds, the 
postion and intensity of the peaks can be used to 
identify species and qualitatively determine relative 
changes in their concentration during reactions.  
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     Observations of the dipolar magnetic field and 
libration suggest that Mercury could have a liquid 
metallic core. Mercury’s core would consist of iron 
and light elements. Especially, silicon and sulfur are 
considered to be major candidates as light elements in 
the core [1,2]. Therefore, the melting relations of Fe-
S-Si system can provide knowledge of the Mercury’s 
core structure. However, high-pressure phase 
relations of this system are not yet known precisely. 
In order to get the better understanding of the core 
structure, it is needed to perform melting experiments 
under the core conditions.  

     In this study, we performed high-pressure and 
high-temperature experiments for the Fe-S-Si ternary 
system with Fe-26.5at%S-8.4at%Si and Fe-
15.5at%S-8.8at%Si at a pressure of 10 GPa and 
temperatures between 720 ℃ and 2000℃ using a 
Kawai-type multi-anvil apparatus. Our experiments 
show that the composition of solid iron is silicon rich 
while the composition of the melt is enriched in 
sulfur. Based on our results, when the solidification 
of the core started in the early period of Mercury’s 
evolution, the solid Fe2Si might firstly appeared and 
then the residual liquid might become sulfur rich. 
 
Reference 
[1] Chabot, N.L., Wollack, E. A.,Klima, R. L., 
Minitti,  M.E. 2014), Earth Planet. Sci. Lett., 390, 
199-208. [2] Malavergne, V., Toplis, M.J., Berthet, 
S., Jones, J. (2010),  Icarus, 206, 199-209. 
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Introduction: High-precision Pb isotopic 
analysis is a crucial technique in the application of U-
Th-Pb systematics. The 204Pb-207Pb double spike 
method with thermal ionization mass spectrometry 
(DS-TIMS) [1] has been widely performed using 
large amount of Pb (>10 ng). However, it is still 
difficult to precisely and accurately determine the 
isotopic compositions of sub-nanogram quantities of 
Pb, due mainly to the weak beam intensity of the 
lowest abundance isotope 

204Pb, as well as to the 
involvement of chemical blanks. In this study, we 
performed the optimization of analytical protocol for 
the DS-TIMS method using relatively small amount 
of Pb (0.1–10 ng). 

Experiments: NIST 981 was used as a Pb 
isotope standard. The Pb isotopic analysis was 
performed with TRITON plus (Thermo Fisher Sci.) at 
Tokyo Tech. To obtain the large beam intensities and 
high precisions, we varied the analytical conditions 
including the amount of emission activator (colloidal 
silicic acid, Merck [2]), the sample loading width on 
the filament, filament heating rate, and data reduction 
methods. 

Results and Discussion: We discovered that the 
most optimized analytical condition was to load Pb 
on a single Re filament (2.1 mm width) with 1.0 µL 
of colloidal silicic acid [2], and to continue heating 
the filament at a rate of 90 and 450 mA/min for 5.0–
10 and 0.1–1.0 ng of Pb, respectively, until 
evaporating all Pb on the filament. The isotope ratios 
(206,207,208Pb/204Pb) were determined from the total ion 
currents of individual isotopes by accepting the data 
of which the minimum beam intensity exceeded 5 
mV. The reproducibility of 206Pb/204Pb ratios obtained 
by our method is as follows; 0.041‰ (10 ng), 
0.035‰ (5 ng), 0.254‰ (1.0 ng), 0.358‰ (0.5 ng), 
and 1.15‰ (0.1 ng). These values are smaller than 
those of previous studies that used similar amounts of 
Pb (0.2–0.5 ng [3], 20 ng [4]). In addition, the Pb 
isotope compositions of NIST 981 obtained in this 
study were consistent with the data previously 
published [3, 4]. 

References: [1] M. H. Dodson, J. Sci. Instrum., 
1963, 40, 289. [2] H. Gerstenberger and G. Haase, 
Chem. Geol., 1997, 136, 309. [3] Y. Amelin and W. 
J. Davis, JAAS, 2006, 21, 1053; [4] M. F. Thirwall, 
Chem. Geol., 2000, 163, 299. 
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Most plutonic rocks in the western Alaska Range 
were emplaced during and after accretion of the 
(mostly) oceanic Wrangellia Composite Terrane 
(WCT) to the (mostly) Paleozoic continental southern 
Alaska margin (locally, Farewell terrane, FT). 
Plutons emplaced during progressive basin closure 
and terrane accretion (~95-76 Ma) were emplaced in 
WCT basement or proximal to the WCT–FT margin, 
are calcalkaline diorite to granite, and are products of 
a migrating arc associated with closure of the 
intervening basin. After 76 Ma, plutons are organized 
axially and cross into both sides of the suture zone, 
suggesting fault-controlled emplacement during 
crustal shortening and deformation. These Latest 
Cretaceous plutons are gabbro to granodiorite, have 
arc to collisional affinity, some with adakite-like 
compositions, possibly due to crustal thickening 
associated with WCT collision. In contrast, Paleocene 
plutons are fractionated granites with widespread, 
scattered distribution. Hf isotopes and U/Pb ages,  
measured in zircons from ~110 to ~30 Ma plutons by 
LA-ICPMS using the split-stream configuration, have 
maximum eHf that decreases gradually over time 
(+15 to +10) suggesting either more enriched mantle 
or an increasing role of crustal components in the 
melt source and/or during magma ascent and 
emplacement. However, most Late Cretaceous, and a 
subset of Paleocene, plutons have anomalously low 
eHf (+6 to –3). Paleocene granite eHf correlates with 
location and basement type; plutons in Paleozoic 
basement have lower eHf compared with those in 
Mesozoic basement. This pattern, most pronounced 
in the Paleocene plutons, is also seen in other age 
groups where similar-aged rocks were emplaced in 
both domains, suggesting strong basement control on 
Hf isotope compositions. The contrast in isotopes 
among same-aged plutons across terrane boundaries 
demonstrates a vital role for preexisting basement 
contributions in the formation of nascent continental 
crust.  
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We propose a crustal-component-enriched bulk 
silicate Moon model (cBSM) for the source of the 
host magmas of ferroan anorthosites (FAN-host 
magma). The source must have had primordial sub-
chondritic Sr/Ba, Ti/Ba and Sr/Al ratios, which was 
estimated from SIMS analyses of plagioclase in lunar 
highland rocks [1, 2, 3].  

For a recommended cBSM model, the proto-
bodies of the Moon–Earth system had bulk silicate 
compositions that were initially enriched in volatiles 
to 3 times that of the bulk silicate Earth. Proto-crusts 
formed on these proto-bodies by 5% partial melting 
under low-pressure conditions at which Ca-rich 
clinopyroxene and Na-rich plagioclase are stable in 
the mantle. During the last giant impact, the cBSM 
was formed by volatile loss and mixing of the proto-
bodies with their evolved proto-crusts (10%) through 
heterogeneous accretion. This is referred to as cBSM 
(3-5-10). 

The magmas that evolved from the cBSM(3-5-
10) through a polybaric two-step process had sub-
chondritic Sr/Ba, Ti/Ba, Ca/Al, Ti/Th, and Yb/La 
ratios, consistent with those of FAN-host magma,  
and also with the estimated host mafic magma for 
feldspathic crust from lunar meteorites [4]. 
 
 
 
 
 
 

 
 
 
 
 
   
Figure 1: C1 chondrite normalized values of refractory 
elements for  
                    the FAN-host magmas from cBSM(3-5-10).  
 [1] Togashi et al. (2011) MinMag 75, 2017. [2] 
Togashi et al. (2013) 44thLPSC, #1719. [3] Togashi 
(2014) 45thLPSC, #1777. [4] Korotev et al. (2003) 
GCA 67, 4895-4923. [5] Taylor Whole Moon, 
Taylor(1982) Planetary science. 
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Saline groundwater basically conatains various 

origin of water such as meteoric water, seawater, 
connate water, and slab-related water. Origins are 
presumed using chemical and isotopic features of 
waters, however, estimation of mixing contribution of 
each end-member including slab-derived water has 
not been tried. In this study, we determined 
contribution of seawater, connate water, and slab-
derived water using I/Cl and Br/Cl ratios of 
groundwater collected from Tohoku area, Japan. 

Over 90 saline groundwater samples (Cl: >200 
mg/L) were collected from Iwate, Akita, Miyagi, 
Yamagata, Niigata Prefectures. Bromine and Cl 
concentrations were determined by ion 
chromatography (Dionex, DX-500) and inductively 
coupled plasma mass spectrometry (Agilent 7700). 

Contribution of seawater, connate water, and 
slab- derived water were calculated for groundwater 
samples, assuming I/Cl ratio (molar, 10-6) and Br/Cl 
ratio (molar, 10-3) of 0.8 and 1.53 (seawater), 3500 
and 5.5 (connate water), and 30-110 and 0.5 (slab-
related water), respectively. Contribution of meteoric 
water was removed assuming mixture of seawater 
and river water using Cl concentration. 

The samples collected from hotsprings near the 
volcanoes were found to be mixtures of 50-95% of 
slab-derived water and 5-50% of seawater. The 5-
40% of slab-derived water was also found in the 
samples from fore-arc area. The mixing ratios of 
connate water were 5-50% for the samples collected 
from oil and gas field in back-arc area. Almost 100% 
of seawater samples were found not only near the 
coast but also inland area. Such seawater have been 
left behind in Miocene sedimentary rocks. Based on 
these data, fluid circulation in subduction zone along 
NE Japan arc will be discussed, using such as 129I/127I, 
36Cl/Cl, and 3He/4He in the future study. 

Main part of this research project has been 
conducted as the regulatory supporting research 
funded by the Secretariat of the Nuclear Regulation 
Authority, Japan. 
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We present distribution of the atmospheric CO2 

and CH4 mixing ratios observed on board a R/V 
Mirai during 4 Arctic cruises: MR12-E03 (Sep. 3-
Oct. 17, 2012), MR13-06 (Aug. 28-Oct. 17, 2013), 
MR14-05 (Aug. 31-Oct.10, 2014), MR15-03(Aug. 
23-Oct. 5, 2015). The on-board measurements of the 
atmospheric CH4, carbon dioxide (CO2) and carbon 
monoxide (CO) were carried out by using a cavity 
ring-down spectroscopy (CRDS) analyser (Picarro, 
G2401). The estimated analytical precisions were 
evaluated to be about 0.02 ppm (CO2), 0.3 ppb (CH4), 
and 1 ppb (CO) for the 5-min averages. The observed 
results generally show not only latitudinal gradients 
between mid- and high-latitudes but also shot-term 
variations. Especially, CH4 often show relatively 
elevated mixing ratios of several tens ppb in the 
Bering Strait, Chukchi Sea, and off the northern 
Alaskan coast. Since these elevated CH4 peaks were 
generally associated with similar CO2 peaks but not 
with CO peaks, it’s unlikely that the ocean or 
combustion processes were the sources of the 
elevated CH4. Backward trajectories of air masses 
along the cruise tracks are computed to examine the 
origins of the transported air masses. These trajectory 
analyses indicate that the elevated CH4 are associated 
with the air mass transport from Alaska or East 
Siberia, especially North Slope of Alaska. CH4 
variations simulated by an atmospheric transport 
model and reported CH4 flux maps fairly well capture 
the observed CH4 variations, suggesting that the most 
of elevated CH4 were derived from the land sources. 
However, there are significant differences in the 
amplitudes of the elevations between the simulations 
and observations, suggesting that the observed CH4 
spatiotemporal variations could be used to improve 
the CH4 emissions from the Arctic regions. 
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Chemical compositions of natural samples are the 

most basic data, being prerequisites for understanding 
their formation mechanism. Investigations of the Fe-
Mn nodules and crusts have been highlighted as an 
estimation of an economic potential for rare metal 
resources, as recorders of the paleo-oceanographic 
and –climatic history and, as the role which the 
global complement of the Fe-Mn crusts and nodules 
have played in the chemical balance in the oceans 
[e.g. 1]. The satandard reference materials of the Fe-
Mn nodules, JMn-1(Geological Survey of Japan), 
Nod-P-1 and Nod-A-1(US Geological Survey), are 
commercially available, however, it has tended to pay 
little attention to their geochemical data so far in spite 
of lots of published data of unknown Fe-Mn 
oxyhydroxide samples with relatively similar matrix. 
Thus, there is little reliable criterion of the 
comprehensive geochemical compositions of these 
reference materials, which indicats that it is difficult 
to evaluate the accuracy of analytical methods and of 
their geochemical compositions of unknown Fe-Mn 
oxyhydroxide samples. Furthermore, in order to 
investigate temporal, geochemical and 
paleoceanographic evolution of the Fe-Mn crusts, 
they were sliced vertically into several mm-wide 
slabs from its outer surface to substrate rocks, and 
subsequent analyses of textural and compositional 
characteristics [e.g. 2, 3]. As a result of the slicing 
slab samples, a renewed analytical protocol which is 
suitable for the small amounts of samples (<1 g) must 
be required to determine the comprehensive 
geochemical features of their major, trace and 
isotopic compositions. Here, we would like to report 
trace element concentrations for the Fe-Mn nodule 
reference materials, JMn-1, Nod-P-1 and Nod-A-1 by 
using a quadrupole type inductively coupled plasma 
mass spectrometry (ICP-QMS), and to also present 
their Sr, Nd and Pb isotopic compositions with 
sequential Sr, Nd and Pb separation chemistry from 
the remaining aliquots of their sample solutions for 
trace element analyses by the ICP-QMS. 

[1] Hein et al. (2013) Ore Geol. Rev. 51, 1-14. [2] 
Hein et al. (1992) Paleoceanography 7, 63-77. [3] 
Usui et al. (2007) Island Arc 16, 420-430. 
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Hydrothermal systems play roles as natural 

equipment of concentrating metals around 
hydrothermal vents from rocks or sediments below 
the seafloor. To know pathways and scale of 
hydrothermal systems is very important information 
for effective exploration for mineral resources below 
the seafloor. Based on laboratory experiments, Sr 
isotope ratio in hydrothermal fluid gives us 
information of the solid phase that the hydrothermal 
fluid well reacts with below the seafloor prior to 
venting from the seafloor. In this study, we 
investigated Sr isotope ratios in hydrothermal fluids 
from 5 hydrothermal fields in the Okinawa Trough, 
and discuss diversity of the observed Sr ratios linking 
to styles of the hydrothermal fluid circulations 
controlled by the geologic setting. 

The Sr isotope ratios in the hydrothermal fluids 
ranged from 0.7077 to 0.7121; Daiyon Yonaguni 
Knoll > Minami-Ensei Knoll > HAKUREI site (= 
seawater) > JADE site > Hatoma Knoll > Iheya North 
Knoll. The lowest Sr ratio in the Iheya North 
hydrothermal fluids is the closest to those of the 
volcanic rocks in the Okinawa Trough, which is 
slightly more radiogenic value than those of MORB. 
Most of the hydrothermal fluids showed much higher 
Sr ratios, and these high ratios would be attributed to 
interaction more significantly with sediments, since 
such high Sr ratio has been reported for the sediments 
in the Okinawa Trough (Asahara et al., 1995). The 
trend of the values may indicate distribution of the 
solid phase at high temperature that the hydrothermal 
fluids react with. This interpretation is consistent with 
the geochemical model proposed by Kawagucci 
(2015), which described distribution of organic 
matter in sediments around hydrothermal systems 
based on the carbon isotope ratio of methane in 
hydrothermal fluids. In this study, the model was also 
supported by Sr isotope ratio, not only by the carbon 
isotope ratio of methane. 
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The Cummins Range Carbonatite Complex 

(CRCC) lies on the southern margin of the Kimberley 
Craton in northern Western Australia. It comprises a 
sub-vertical stock, ~2 km in diameter, with a central 
calcite-dolomite carbonatite plug mantled by variably 
metasomatised pyroxenite [1]. The CRCC hosts low 
grade concentrations of secondary supergene U and 
REE and localised high grade primary REE 
mineralisation within the carbonatite [2]. 

The REE contents of co-existing apatite and 
carbonate in pyroxenite and carbonatite were 
determined to (i) investigate the petrogenetic 
relationship between the carbonatite and silicate 
components, and (ii) examine the proposed 
mechanisms for enriching REE in carbonatites such 
as fractional crystallisation and/or liquid 
immiscibility from an associated silicate rock. Both 
the pyroxenite and carbonatite have similar bulk 
LREE-enriched patterns but the carbonatite typically 
has higher chondrite normalised La/Yb. Sheared and 
hydrothermally altered carbonatite is further LREE-
ennriched. 
 Trace element concentrations of phases 
were determined by LA-ICP-MS. Apatite, a major 
host of REE (ΣREE = 4953-6077 ppm), is ubiquitous 
across the complex and strongly LREE-enriched 
(La/Yb = 70-92). Carbonates have low REE 
abundances (ΣREE = 50-305 ppm). Accessory phases 
are rich in REE with perovskites highly LREE-
enriched (La/Yb = 274-358) and zirconolites HREE-
enriched (La/Yb = 2-3). 

Experimental studies of REE partitioning 
between apatite and CaCO3 melt show a broadly 
symmetric convex-upward Onuma parabola centred 
around Sm-Gd. However, the KD

REE between apatite 
and carbonate of the CRCC reveals a parabola 
relatively enriched in LREE and depressed in HREE. 
Apatite/whole rock partitioning shows a similar 
pattern indicating HREE distribution is strongly 
influenced by early crystallising accessory phases, 
such as zirconolite (pyroxenite) and pyrochlore 
(carbonatite). 

 
[1] Andrews (1990) AusIMM 14, 711-713. [2] 
Downes et al. (2014) Miner. Despos. 49, 905-942.  
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Introduction 

Stratiform manganese deposits have been known 
to occur in the Triassic to Jurassic cherts or chert-
greenstone complex in the Chichibu Belt, Southwest 
Japan, which are considered to have accumulated in a 
mid–oceanic basin of the Panthalassa Ocean[1, 2]. To 
constrain the depositional environment of these 
manganese deposits, we describe the field 
occurrence, stratigraphy, and radiolarian age of chert-
hosted manganese deposits from the Triassic to 
Jurassic bedded cherts succession of the Chichibu 
Belt, defined as a Jurassic subduction-generated 
accretionary complex in Japan.  
Results and Discussion 

The stratiform manganese deposits range in 
thickness from 80 to 150 cm, and occur intercalated 
in ribbon–bedded chert. The age of the manganese 
deposits is constrained by the presence of radiolarian 
fossils in the associated bedded chert. Our 
biostratigraphic analysis reveals that the stratiform 
manganese deposits occur intercalated within the 
Upper Triassic and Lower Jurassic bedded cherts. 
The red bedded chert above the manganese deposit 
can be correlated with the upper Carnian based on the 
radiolarian fossils, including Trialatus longicornutus 
and Trialatus megacornutus. Lower Jurassic 
manganese deposit occurs intercalated within the 
gray to dark gray bedded cherts. Detailed 
biostratigraphic analysis of radiolarians indicates that 
the manganese deposit is embedded in the upper 
Pliensbachian to Toarcian (Mesosaturnalis hexagous 
Zone - Parashuum(?) grande Zone). Chemical 
compositions of the Upper Triassic manganese 
deposits are characterized by the enrichment in Mn 
content and the depletions of Co, Ni and Zn and are 
similar to those of modern submarine hydrothermal 
manganese deposits. In contrast, the enrichments in 
Cr, Ni and Zn are recognized below the Lower 
Jurassic manganese deposits, suggesting an anoxic 
depositional environment. It is likely that the Lower 
Jurassic deposits are considered to have formed by an 
oceanic anoxic event, at the end of the middle Early 
Jurassic. 

 
[1] Sato & Kase (1996) Isl. Arc 5, 216-228. [2] Usui 
et al. (2015) Univ. Tokyo Press, 264. 
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The Yokosuka demonstration project has been 

carried out under the collaboration between the 
Nuclear Waste Management Organization of Japan 
(NUMO) and the Central Research Institute of 
Electric Power Industry (CRIEPI) since FY2006 [1]. 
The geology of the Yokosuka site consists of early to 
middle Miocene basement of the Hayama Group 
(mainly mudstone) and the overlying late Miocene to 
Pliocene Miura Group (alternating sandstone and 
siltstone). Hydraulic conductivities of the Hayama G. 
and the Miura G. are ~10-9 m/s and ~10-7 m/s, 
respectively. Groundwater samples were collected 
from three boreholes by core squeezing, pumped up 
with a double-packer system and an in-situ sampling 
probe. For noble gas sampling, borehole core 
sampling method [2] was used. 

Freshwater in the Miura G. has a general trend of 
increasing Cl concentration and decreasing 36Cl/Cl 
ratio with depth. In addition, relationship between Na 
and Ca ions in the Miura G. show a cation exchange 
behavior of seawater mix to freshwater. In the deeper 
part of Hayama G., seawater exists with almost 
constant 36Cl/Cl ratios, which are thought to be in the 
state of secular equilibrium. The 36Cl/Cl ratios in the 
deeper Miura G. and shallower Hayama G. suggest 
the mixing of modern seawater and stagnant 
seawater. Concentrations of dissolved He in the 
Miura G. gradually increase with depth, and are high 
and almost constant in the Hayama G.  

These results indicate that the mixing of young 
fresh water and relatively young seawater in the 
Miura G., while stagnant seawater exists for a long 
time period in the deeper Hayama G. The mixing of 
the young seawater and the stagnant seawater occurs 
across the boundary between the Hayama G. and the 
Miura G. [3]. 

 
[1] Kondo,et al. (2011) CRIEPI report, N15. [2] 
Nakata, et al. (2006) CRIEPI report, N05065. [3] 
Hasegawa, et al. (2013) Journal of Geography, 
(Chigaku Zasshi) 122, 116-138. 
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Earth’s surface environments 2.7 Ga ago, by 
~300Ma earlier than the inferred GOE at 2.4 Ga (e.g., 
Holland, 1994), likely experienced rapid continental 
growth and perturbation in carbon cycle. The former 
wold have provided enhanced nutrient flux to the 
ocean, which facilitated primary production in the 
shallow ocean. In order to unravel the shallow-water 
environment, we obtained modern-weathering-free 
2.7 Ga drilcore samples of stromatolitic carbonate 
and shale (Tumbiana Formation of the Fortescue 
Group) by Archean Biosphere Drilling Project 
(ABDP#10 core) in Meentheena, NE Western 
Australia. The purpose of this study is to extract 
information on the surface ocean chemistry from 
shallow-facies shales. Many studies exist on 
Tumbiana stromatolite, but few on intercalating 
shales.   

Data on abundance and isotope compositions and 
organic and carbonate C, abundance and isotope 
compositions of five S-bearing species, abundance of 
Fe-bearing species, and abundance of REEs 
coherently suggest the following:  

Active carbon recycling involved 
methanogenesis, and generated CH4 was oxidized to 
CO2, which was reused to form organic matter (or 
CH4) by biochemical processes. CH4 oxidation 
required O2 and/or SO4

2-, suggesting availability of 
oxidized species in the 2.7 Ga shallow-water 
environment where positve Ce anonalies and low 
DOP values were often observed. Bacterial sulfate 
reduction would have led to pyrite formation in a 
"freshwater" environment, implying low sulfate 
concentration in a shallow-water depositional 
environment. Source of Fe for biogenic pyrite in the 
lower part of the core would have been, at least 
partially, sporadic and relatively low-temperature 
hydrothermal activity. That in the upper part of the 
core was dominated by continental origin. Chemical 
compositions of the continent 2.7 Ga ago, as the 
source of detrital materials, were already post-
Archean-like in the course of rapid growth.  
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It is important to understand preeruptive 

processes and their time scales to predict volcanic 
eruptions. For this purpose, detailed petrographic 
study, including zoning profile analysis and diffusion 
modeling, is necessary [1]. For example, on the basis 
of petrographic and geodetic observations of the 2011 
sub-Plinian eruption of Shinmoedake, Japan [2], 
injection of mafic magma into the mushy dacitic 
magma reservoir is estimated to have occurred about 
1 year before the eruption, forming a mobile layer 
(mixed andesitic magma). Subsequent overturn of the 
reservoir occurred about 3 days before and triggerred 
the eruption.  

Here we discuss pre-eruptive processes and the 
time scales of the VEI 7, 112-115 ka Toya caldera 
eruption, which produced nearly aphyric high-silica 
rhyolite. Cognate sodic plagioclase (type-A) and low-
Mg magnetite phenocrysts in the rhyolite are 
homogeneous and show no reverse zoning, indicating 
that magmatic disturbance occurred less than a few 
days before the eruption. Calcic plagioclase 
phenocrysts (type-B) derived from a mafic magma 
have a mantle around a homogeneous core, indicating 
years for crystal growth. Intermediate plagioclase 
phenocrysts (type-C) show disequilibrium texture 
(e.g., dissolution). These observations suggest (1) 
mafic injection into the silicic magma reservoir on 
the order of years before eruption, (2) formation of 
the intermediate zone of disequilibrium at the contact, 
and (3) sudden eruption of the silicic magma with 
small amounts of the intermediate and mafic 
magmas. 

 
[1] e.g., Costa et al. (2008) Rev. Min. Geochem. 69, 
545-594. [2] Tomiya et al. (2013) Bull.Volcanol. 
75:750. 
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Deep seafloor rock sample database 

JAMSTEC provides data and samples obtained 
by its research cruises for further public uses with 
research/educational purposes. GANSEKI is one of 
‘NUUNKUI’ websites for JAMSTEC data 
dissemination [1,2]. Using GANSEKI, online users 
can search and download ~21,000 entries of metadata 
of rock samples obtained by submersible dives or 
dredging mainly operated in the Pacific Ocean, and 
~20,500 entries of geochemical data collected from 
literature and individual researchers. Out of ~9,800 
entries of JAMSTEC rock sample collection, samples 
are classified as; 55% volcanic, 12% plutonic, 2.4% 
hypabyssal, 5.1% metamorphic, 21% sedimentary 
(including 3.2% Mn-oxides), and 3.5% ore. Actual 
rock samples are available for offline requesters for 
free of charge, except for sampling/shipping costs 
which are liable to requesters. 
Prominent volume of associated information 

Research activities of most JAMSTEC cruises are 
well-documented and their data are routinely 
preserved for long-term storage. Individual sample 
information in GANSEKI includes direct references 
to associated datasites. As for research/educational 
uses of rock/ore samples, cruise reports and 
geophysical data such as bathymetry, gravity and 
geomagnetism available at DARWIN datasite, 
video/photo data of submersible dives archived at J-
EDI datasite, are especially important for 
understanding research backgrounds, geological 
settings and field occurences of individual samples 
(URLs are listed in [2]). Present users can still access 
those information obtained by old cruises down to 
’80s, and request actual samples for widespread 
surveys of oceanic crustal materials or ore deposits, 
applications of contemporary analytical techniques to 
preexisting samples described in literature, multi-
disciplinary studies involving neighboring research 
fields, or so on. 

 
[1] JAMSTEC (2016) Deep seafloor rock sample 
database (GANSEKI). 
http://www.godac.jamstec.go.jp/ganseki/. [2] 
JAMSTEC (2016) GODAC data site - NUUNKUI. 
www.godac.jamstec.go.jp/jmedia/portal/. 
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PM2.5, atmospheric particle matter smaller than 
about 2.5 micrometers, has influences not only on 
Earth’s climate but also on human health because of 
its smallness. Density monitoring and elemental 
analyses of PM2.5 are widely conducted in Japan, and 
its bulk chemical features have been investigated. 
However, few researches have reported on 
physicochemical characteristics of individual 
particles. In particular, chemical forms of trace heavy 
metals and their associations to minerals and organic 
compounds in PM2.5 remain mostly unknown.  

In order to characterize individual atmospheric 
particles by micro-analytical methods, we sampled 
PM2.5 on copper meshes with carbon micro-grids set 
in an air sampler at Osaka. Scanning and transmission 
electron microscopes equipped with energy 
dispersive X-ray spectrometers (SEM/TEM-EDS) 
have been used to search for particles containing 
trace heavy metals. Infrared (IR) and Raman micro-
spectroscopy can be conducted on the same samples 
to investigate chemical forms of several mineral and 
organic species and their associations. 

By using these methods, we could find some 
particles containing As. One of these As-containing 
particles is found to be sulfate covering a spherical 
particle containing carbon (diameter: about 1 µm). 
And As appeared to be adsorbed on the sulfate 
surface. 

These combined micro-analytical methods are 
then expected to be effective for characterizing 
chemical forms of atmospheric pollutants and their 
associations to mineral and organic components. 
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The gas concentrations in water bodies are 
controlled by air/water exchange, sources/sinks in the 
water, and mixing of different fluids. Atmospheric 
gases originate from air/water partitioning at the 
water surface and (partial) dissolution of air bubbles 
entrained/entrapped in the water (excess air, EA). The 
EA dissolved-gas concentrations are commonly 
substantial in groundwaters. The noble gas 
concentrations in water allow EA quantification, 
which provides a robust basis for quantitative 
interpretation of reactive gases. 

We developed a membrane-inlet mass 
spectrometer system (MIMS) for quasi-continuous 
on-site gas analysis in the field (He, Ar, Kr, N2, O2, 
CO2, CH4, etc.; Mächler et al., 2012, ES&T). Most 
recently, we miniaturized this instrument and 
significantly reduced power consumption to allow 
battery operation in the field. The instrument yields 
gas concentration time series, which provide the data 
basis for robust interpretation and quantification of 
gas dynamics in terms of physical and 
biogeochemical processes. 

Until now our mass spectrometer systems has 
been controlled using a powerful and flexible 
software developed at Eawag/ETH. However, as this 
software runs in a MS Windows environment, the 
host computer must fulfill minimum hardware 
requirements, energy consumption is rather high, and 
in general system customization is not 
straightforward. These and other reasons make the 
use of the present MIMS control difficult to 
implement in case studies where energy and 
connectivity resources are limited. To further 
facilitate the remote operation of the MIMS, we are 
currently developing a new approach based on the 
credit card-sized Raspberry Pi single-board computer 
which runs a free optimized Linux system. Some of 
the advantages of such a simple solution are 
extremely low hardware costs, low energy 
consumption, access via mobile/satellite networks 
using low bandwidth data channels, on-board serial 
connectivity (e.g., for deep-sea deployment using 
remotely operated vehicles). With the present 
contribution we would like to stimulate a discussion 
about the future developments of on-site remote-
controlled gas analysis. 
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We are studying the coupled biogeochemical 
cycles of S, Hg, and C in boreal peatland ecosystems 
as a function of climate. Peatlands are sinks for Hg 
and S from atmospheric deposition, and potential 
sources of methyl-Hg through the activity of 
microorganisms, such as sulfate-reducing bacteria. 
Projected climate changes may alter internal cycling 
of Hg, S, and C as well as fluxes of Hg, S, and C to 
the atmosphere and surface waters. To address this 
concern, we are using whole-ecosystem experiments 
with increased soil- and air-temperature and 
atmospheric CO2. Peat cores are collected once yearly 
from treatment and control plots, in addition 
porewater is collected twice monthly from 
piezometers and Hg(0) fluxes to the atmosphere are 
measured using passive sampling approaches.  For 
the peat and porewater samples, we use a suite of 
analytical methods to track Hg, S, and C chemistry: 
concentrations of total- and methyl-Hg, total CNS, 
δ13C, and δ34S, as well as S X-ray absorption 
spectroscopy. Treatment variables in our experiments 
are temperature and CO2. Our response variables, 
water table depth and soil moisture, should produce 
drier and more chemically oxidizing conditions 
within the peat and porewaters. We hypothesize that 
low water tables and oxidizing conditions in 
temperature treatment plots will: (1) result in a build-
up of oxidized S compounds, such as sulfate, ester-
sulfate, sulfonate, and sulfone in peat; (2) during 
subsequent wetter periods, a pulse of oxidized 
organic S will be released to porewaters; and (3) 
oxidized S in peat and porewaters will stimulate 
production of methyl-Hg in porewaters.  A potential 
outcome of climate change is enhanced release of 
bioaccumulative methyl-Hg from peatlands to 
receiving water bodies and this is a concern for 
human and environmental health.      



Goldschmidt Conference Abstracts 

 

3153 

Evaluation for multi-turn time 
of flight mass spectrum of laser 

ionization mass nanoscope 
A. TONOTANI1, K. BAJO1, S. ITOSE2, M. 

ISHIHARA3, K. UCHINO4, AND H. YURIMOTO1. 
1 Natural History Sciences, Isotope Imaging 

Laboratory, Hokkaido University, Sapporo, 
Japan. 

2 JEOL Ltd., Musashino, Akishima, Tokyo, Japan. 
3 Department of Physics, Osaka University, 

Toyonaka, Osaka, Japan. 
4 Graduate School of Engineering Sciences, Kyushu 

University, Kasuga, Fukuoka, Japan. 
 

Laser ionization mass nanoscope (LIMAS) was 
developed for measuring trace amounts of noble gas 
isotopes in samples such as returned materials 
(Hayabusa and Genesis missions) from micro-area [1, 
2]. We have improved the mass spectrometer 
equipped on LIMAS, which consists of multi-turn 
time-of-flight mass spectrometer (TOF-MS) called 
MULTUM II and an ion injection optics. We 
characterize mass resolution and ion transmittance for 
the LIMAS 

Mass-resolving power had not increased after 
TOF of 1,000 µs (200 multi-turn cycles) in the simple 
accumulation mode, owing to the TOF modulation of 
ion packets. We developed a correction method for 
mass calibration. As a result, mass-resolving power 
of 620,000 was achieved at TOF of 5 ms (1,000 
multi-turn cycles corresponding to flight path length 
of 1,312 m).  

Ion transmittance of LIMAS was limited by the 
divergent trajectories of post-ionized ions before 20 
multi-turn cycles of MULTUM II, and by the 
collisions with residual gas in MULTUM II after 20 
multi-turn cycles. The transmittance per multi-turn 
cycle of 99.96% was achieved. 

Under these conditions, the useful yields for Si 
were 5 × 10-3 in the linear mode, and 2 × 10-3 at 1,000 
multi-turn cycles with mass resolution of 620,000.  

We conclude that LIMAS is an instrument with 
satisfactory high mass-resolving power and a high 
useful yield for microanalysis. 

 
References: [1] Ebata et al. (2012) Surface Interface 
Analysis, 44, 635-640. [2] Bajo et al. (2015), 
Geochem. J., 49, 559-566. 
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Bubble coalescence deeply affects the dynamics 
of conduit flow during volcanic eruptions by 
modifying the rheology of the magma and through 
the development of structural heterogeneity. To 
model bubble coalescence in silicate melts, we 
present a new set of equations that describe the 
efficiency of the coalescence process as a function of 
the timescales for diffusive growth and melt-film 
drainage from bubble-bubble interfaces. The 
frequency of bubble coalescence is controlled by the 
timescales of these two processes, which is in turn 
regulated by the composition and viscosity of the 
silicate melt. When the vesicularity is less than half, 
coalescence efficiency varies as a function of the 
diffusivity of degassing volatiles in melts. At higher 
vesicularity, the coalescence efficiency is controlled 
by the melt film drainage. The model predicts an 
exponential decay of the bubble number density 
(BND) with time and the exponential bubble size 
distribution (BSD) function at stagnant conditions, 
and is in good agreement with in-situ experimental 
observations of bubble coalescence in basaltic, 
andesitic and rhyodacitic melt for lower 
vesicularities. The formulation can be used to 
estimate an original value of BND formed by a 
nucleation event using BSDs measured by the 
textural analysis for pyroclasts which experienced the 
bubble coalescence. In addition, from values of 
slopes of approximated exponential BSDs, we can 
estimate the timescale of magma ascent or the laps 
time from the onset of bubble coalescence to the 
quenching. 
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Accommodation of strain in fault zones may 
affect and steer fluid transport and distribution in the 
crust. Our combined structural, petrographic, and Re–
Os and K–Ar geochronological study documents the 
collective impact of (1) strain localization and (2) 
ingress of oxidizing fluids during cyclic viscous–
frictional oscillations. These processes impact sulfide 
stability and Re–Os systematics within the fault 
zones. Mylonitic, Cu-bearing carbonate veins of 
Paleoproterozoic age in northern Norway were 
studied to constrain the time of deformation and the 
physical and chemical conditions during strain 
localization. Re and Os are chalcophile–siderophile 
elements that fractionate strongly into the sulfide 
phases. Therefore, as long as oxidizing, sulfide-
corrosive fluids are absent, sulfides hosted in silicate- 
or carbonate-rich rocks are unlikely to lose or gain Re 
and Os during later tectono-metamorphism. The 
obtained spread in Re–Os model ages (between 
~2540 Ma and ~460 Ma) reflects structural 
reactivation and ingress of oxidizing fluids during 
both brittle fracturing and ductile deformation. We 
suggest that fluid flow under viscous conditions is 
attained by cavitation creep. Strain and fluid flow 
may exert a significant, yet localized, control on the 
integrity of the Re–Os systematics in pyrite and 
chalcopyrite. 
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Formation of hydrothermal ore deposits is closely 

related to chemical composition of (sub)seafloor 
hydrothermal fluids. Subseafloor hydrothermal 
alteration of intermediate to felsic rocks is a major 
process that controls the fluid compositions in the arc 
and back-arc hydrothermal systems, although the 
detailed chemical processes has not yet been 
examined. Therefore, we experimentally reacted a 
NaCl solution under high-pressure and -temperature 
conditions with a fresh andesite collected from the 
Hatoma Knoll in the southern Okinawa Trough 
during the KY14-02 Cruise by R/V Kaiyo. The 
results show that the concentrations of selected 
elements (e.g., K, Si, and Ca) in the fluid obtained in 
our experiment are inconsistent with those of the 
hydrothermal fluids in the Hatoma Knoll, whereas the 
pH value in the reacted fluid is similar to that of the 
observed value in the field. The apparent 
discrepancies in fluid composition between the 
laboratory experiment and the Hatoma Knoll field 
suggest that the main reaction zone of the field 
includes rocks other than andesite. Further 
experimental study of hydrothermal alteration of 
felsic rocks (e.g., dacite and rhyolite) and of 
sediments would be useful to reveal the factors 
controlling the fluid compositions in the Hatoma 
Knoll hydrothermal field. 
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Rare Earth Elements and Yttrium (REY) are raw 
materials of increasing importance for modern 
technological developments. Most of production is 
concentrated in China, and finding alternative sources 
of REY has become a need for the rest of countries. 
Acid Mine Drainage (AMD) is commonly considered 
an environmental pollution. However, AMD may 
contain REY in concentration various orders of 
magnitude higher than the rest of waters. AMD 
neutralization upon mixing with alkalinity-bearing 
streams causes precipitation of REY with Al and Cu 
when the resulting stream shows pH values higher 
than 5.5. Moreover, the traditional AMD passive 
remediation systems are based on its reaction with 
calcite-based permeable substrates followed by 
decantation ponds. There, schwertmannite and 
basaluminite successive fronts precipitate as the 
AMD is neutralized by calcite. Observations from 
both stream and passive remediation systems 
demonstrate that schwertmannite does not allocate 
REY, which in turn are retained in basaluminite. 
Although REY rates in the treatment residue may be 
competitive, the annual reserves for an entire region 
such as the Iberian Pyrite Belt are low and only 
comparable to the more modest producing countries. 
However, in addition to the environmental benefits of 
its treatment, AMD is expected to run for hundreds of 
years and therefore, total reserves are unlimited. 
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Long-term sea-level fluctuations due to climate 

change have impacts on groundwater flow regimes in 
coastal areas. It can change shoreline distribution and 
associated topography of inner bay and inland sea 
areas, which potentially affect groundwater flow 
regimes. An assessment of the influence of sea-level 
change on groundwater is therefore important for 
predicting long-term groundwater flow patterns. 

To investigate the influence of past marine 
transgression on groundwater systems, we applied 
36Cl dating to deep saline groundwater of sedimentary 
rock areas in Japan (the Ishikari Lowland and the 
Tsugaru Plain). Saline waters were collected from 
deep boreholes and analyzed for major chemistry, 
water stable isotopes, and 36Cl/Cl ratios. The majority 
of the samples were obtained from Miocene to 
Pliocene sediments, with main sampling depth of 
700–2,000 m in Ishikari and 500–1,000 m in Tsugaru. 
Several rock samples were analyzed for whole-rock 
chemistry to calculate secular equilibrium 36Cl/Cl 
ratios in the corresponding reservoirs of sampled 
groundwater. 

Chloride concentrations in the Ishikari Lowland 
exceed 5,000 mg/L in most locations up to ~40 km 
from the coast (~30 m.a.s.l.), and 36Cl/Cl ratios range 
from 3.2 × 10−15 to 7.2 × 10−15. In the Tsugaru Plain, 
Cl concentrations are 1,000–5,000 mg/L in locations 
up to ~35 km inland (~40 m.a.s.l.), and 36Cl/Cl ratios 
are in the range of 3.5–7.6 × 10−15, except for two 
samples (12.8 × 10−15 and 14.1 × 10−15). In contrast, 
the secular equilibrium 36Cl/Cl ratios calculated from 
rock data are mostly greater than the values in 
groundwater for both areas (~10 × 10−15). This 
indicates that the Cl in saline waters has not yet 
attained an equilibrium for 36Cl, suggesting origins 
related to seawater derived from past transgression. 
The obtained 36Cl ages, largely greater than 100 kyr, 
imply that deep groundwater in sedimentary rock 
areas cannot be easily flushed during regression-
transgression cycles. 

Acknowledgement: Main part of this research 
project has been conducted as the regulatory 
supporting research funded by the Secretariat of the 
Nuclear Regulation Authority, Japan. 
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All microbes have a requirement for micro-
nutrients (e.g. Zn, Co, Mo, Ni), but the availability of 
these metals in the oceans may have varied 
dramatically through Earth history. The oceans in the 
Archean and Paleoproterozoic were dominantly 
anoxic and Fe rich (ferruginous), and the stratigraphic 
distribution of early diagenetic chert and 
syndepositional granular silica (Fischer & Knoll, 
2009; Stefurak et al., 2014) indicates that silica 
concentrations were commonly elevated. Trace metal 
cycling under these conditions would have been 
radically different to today because Fe-rich 
authigenic precipitates likely exerted a strong 
geochemical control on the bioavailability of these 
nutrients. Greenalite, a pervasive component of 
banded iron formation forming close to the sediment-
water interface, is one such marine precpitate (Tosca 
et al., 2015), and is an ideal candidate to preserve a 
record of coeval seawater metal concentrations. 

Here, we explore the uptake, retention, and 
recycling of trace metals by greenalite during crystal 
growth, early diagenesis and low grade 
metamorphism. Laboratory experiments were carried 
out under strict anoxic conditions using solutions that 
attempt to mimic ancient seawater.  Solution and 
solid-phase analyses indicate significant partitioning 
of trace metals, including Ni, Zn, and Cu, into the 
greenalite surface during its nucleation and growth 
from anoxic seawater. X-ray absorption spectroscopy 
(EXAFS and XANES) was used to probe the local 
environment surrounding the Fe-atom in the 
greenalite structure and the sorbed trace metals, and 
we find significant changes in structure and oxidation 
state as the solid phase is allowed to oxidize.    

Our results suggest that greenalite is a promising 
archive of trace metal availability under favorable 
precipitation conditions. Basin-scale greenalite 
growth, as recorded by several iron formation 
deposits, may have been an important control on the 
availability of bio-essential trace metals in 
Precambrian basins featuring both anoxia and 
elevated silica.  

 
 Fischer, W. & Knoll, A. (2009) GSA 
Bulletin, 121, 222. 
 Stefurak, E., et al. (2014) Geology, 42, 283. 

Tosca, N. et al. (2015) GSA Bulletin,.B31339-1. 
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Hydrothermal activity was located within the 
summit crater at the water depth of ~1500 m of the 
Hatoma Knoll in the southern Okinawa Trough. The 
activity is characterized by abundant sulfate 
(anhydrite and barite) mineralization associated with 
active venting of substantial Cl-depleted 
hydrothermal fluid up to 300 ºC, which strongly 
suggests extensive subseafloor phase separation. We 
collected hydrothermal sulfide/sulfate ores during 
dive expeditions employing manned submersible or 
ROV, and studied their mineralogical and 
geochemical features using XRD and EPMA. Based 
on the mineral assemblage and its texture, the 
hydrothermal ores can be classified into three types. 
Type I is fine-grained sulfide ore including active 
chimneys, that is characterized by dendritic texture of 
sulfides probably caused by quenching precipitation. 
Type II is sulfide dominant ore typically composed of 
abundant sulfide minerals of sphalerite, galena, and 
tetrahedrite. Some of Type II ores showed high Sb 
content in the tetrahedrite. Type III is barite dominant 
chimney, often associated with arsenic sulfide 
minerals. ESR (electron spin resonance) ages were 
determined for barite crystals in Type II and Type III 
ores. The ages of both ore types showed a similar 
range from almost zero to 7,000 yrs. On the other 
hand, we notice geographical distribution specific to 
the ore types. Whereas Type I and Type III ores and 
chimneys were distributed in the north and west sides 
of the central cone, Type II ores were mainly found 
as mound breccia or half-buried blocks in sediment in 
the south and east sides. These results suggest that 
diversity of ore types is attributed not to 
mineralization in different stages but to precipitation 
from different fluids which chemical composition is 
controlled by the subseafloor phase separation. 
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Clay barriers and clay-rocks show a remarkable 
array of macro-scale properties of interest for high-
level radioactive waste management. In clays, small 
pores hinder water flow and make diffusion the 
dominant solute-transport mechanism. Most clay 
mineral structures also exhibit a negative charge that 
is balanced by an electrostatic diffuse layer at the 
mineral surface-water interface. This clay mineral 
property delays cation migration through adsorption 
processes, decreases the accessible porosity and 
diffusion fluxes for anions compared to water and 
cations, and gives rise to semi-permeable membrane 
properties. While the processes at work are well 
acknowledged, it is clear nonetheless that there is a 
need for an improved understanding of how the 
chemical and mineralogical properties of clay rocks 
impacts transport through them.  

It is at the pore-scale that the chemical properties 
of clay minerals become important since their 
electrostatic properties can play a large role. Since the 
prediction of adsorption and diffusion in clay-rich 
media is complicated by the similarity between the 
width of clay nanopores and the thickness of the 
electrical double layer, it is especially important to 
build macroscopic continuum models that takes into 
account as much constraints as possible from 
molecular and pore scales approaches. This 
presentation will highlight recent advances in this 
field, and will show why a detailed characterization 
and description of the microstructure is necessary to 
develop accurate predictive diffusion models for clay 
media.	  
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The Troodos ophiolitic complex in Cyprus, 

known to host numerous metal-rich volcanogenic 
massive sulfide (VMS) deposits, formed in a supra-
subduction zone context during the late Cretaceous. 
Primary sulfides contained in the magmatic rocks of 
the ophiolite display high concentrations of precious 
and base metals, and are thought to be the main 
source of metals present in VMS. Also, some 
boninitic magmatic suites from the pillow-lava unit 
show evidence of an interaction between the depleted 
mantle underlying the ophiolite and aqueous fluids 
coming from the downgoing plate below the mantle 
wedge. Besides, it was shown that dehydration fluids 
escaping from the altered oceanic crust during 
subduction may contain important amounts of ligands 
such as sulfur and chlorine. This suggests that those 
fluids are likely to carry significant quantities of 
metals through the overlying mantle, and thus are 
able to metasomatize and enrich the mantle source of 
the magmatic rocks of the ophiolite by depositing 
metals as sulfides or oxides, or even secondary 
silicate mineral phases. The purpose of this project 
was to experimentally test this hypothesis in order to 
check whether the metals contained in the VMS may 
– partly or totally – originate from the downgoing 
slab. We have conducted piston-cylinder experiments 
at 1 GPa, 1000°C and variable fO2 conditions by 
using the double capsule technique with three 
different fO2 buffers: Co-CoO (reducing), Ni-NiO 
(intermediate), and Fe2O3-Fe3O4 (oxidizing). A fresh 
natural lherzolite was reacted with an aqueous NaCl 
(0.5 m) and Na2SO4 (0.5 m) solution for one week in 
presence of various metals (Cu, Mn, Ni, Co, Zn, Pb, 
Mo, Au, Ag). The run products were analyzed by 
LA-ICPMS to estimate the metal contents of the new 
metasomatic mineral phases. Results demonstrate the 
importance of fO2 during metasomatic events for the 
metal budget of the mantle source of the ophiolite. 
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Recently, halogens are revealed as one of the 

powerful tracers of water cycling in subduction zones 
[1]. Chorine is the dominant anion in many 
geological fluids and one of the main volatile 
components on Earth. It has high partition 
coefficients in aqueous fluid [2] and is enriched in 
seawater, pore fluid and sediment, but depleted in the 
mantle. Chlorine has two stable isotopes: 35Cl and 
37Cl. The isotope ratios of 37Cl/35Cl are usually 
expressed by δ-notation relative to Standard Mean 
Ocean Chloride (SMOC). Their large relative mass 
difference suggests that these isotopes should 
fractionate during reactions between aqueous chloride 
solutions and solid phases in which Cl is at least 
partly covalently bound. Taken together, the δ37Cl 
also may provide a good tracer of subducted 
materials into the mantle.  

We report a new rapid high-precision 
determination method of chlorine isotope ratios in 
halite and AgCl pellet formed from seawater and 
igneous rock samples. Use of a 266 nm ultra violet–
femtosecond laser ablation (UV-FsLA) provided 
quantitative sampling of halite and AgCl, and enabled 
precise determination of 37Cl/35Cl isotope ratios 
(δ37Cl) coupled with a multiple Faraday collector–
inductively coupled plasma mass spectrometer 
(MFC-ICPMS). We used 36Ar+/38Ar+ as an external 
standard for the mass bias corrections between 39K+–
41K+, 36Ar1H+–38Ar1H+–40Ar1H+, and 35Cl+–37Cl+ with 
isobaric overlap corrections between K+, ArH+, and 
Cl+ ions. Sulfur (36S+) isobar on 36Ar+ was indirectly 
monitored and corrected by a baseline modelling 
using 36Ar+/38Ar+ measurement. Those combined to 
accomplish an accurate and high-precision 
measurement of 37Cl+/35Cl+ ratios. Using the new 
analytical protocol, δ37Cl in the natural halite samples 
were analyzed by direct laser ablation. The δ37Cl in 
igneous rocks were analyzed by AgCl powder pellets 
produced after pyrohydrolysis separation and co-
precipitation of the separated Cl with silver. The 
external reproducibility of δ37Cl measurement was 
±0.2 ‰ 2SD for halite and ±0.3 ‰ 2SD for AgCl 
rivaling to the gas source isotope ratio mass 
spectrometry.  
[1] Sumino et al. (2010) Earth Planet. Sci. Lett. 294, 
163–172. [2] Bureau et al. (2000) Earth Planet. Sci. 
Lett. 183, 51–60. 
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Some limestones contain dolomite.  As for the 
formation of dolomite, conversion of calcite into 
dolomite has been considered [1].  In order to 
understand the genesis of dolomite, the composition 
of dolomitization fluids is important.  To calculate the 
concentrations of chemical elements in the fluids, the 
partition coefficients between dolomite and aqueous 
solution are necessary.  We would like to report the 
experimental partition coefficients of some trace 
elements for dolomite.   

In order to synthesize dolomite, CaCO3 reagent 
(calcite) and 2M MgCl2 + 0.5M NaCl solution 
together with some trace elements were sealed in a 
Carius tube.  The Carius tubes were heated in an oven 
at 200 (or 130) °C for about 10 (or 30) days.  Run 
products of solids and liquids in the tubes were 
separated by filtrations.  The solids (dolomite) were 
dissolved in 0.5M hydrocloric acid (or 0.5M acetic 
acid) solutions.  The chemical element concentrations 
in the  dolomite and the liquid were measured. 

The apparent partition coefficients were 
calculated by dividing the concentrations in the 
dolomites by those in the solutions, and are shown in 
Fig. 1.  For divalent ions, the partition coefficients 
seem to decrease from Mn to Ba.  This indicates that 
the partitioning between the dolomite and the solution 
is largely affected by the size of the cation site in the 
crystal structure and ionic radii of the substituting 
elements.   

 
 

Fig. 1. The apparent partition coefficients for 
dolomite. 

 
[1] Budd (1977) Earth science review 42, 1-47. 
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Nitrous oxide (N2O) is a potent greenhouse gas 
and the most imporant stratospheric ozone-depleting 
substance [1, 2]. Ocean is considered as the second 
largest natural source of N2O, but estimated oceanic 
flux of N2O has large uncertainty because N2O is 
produced by several biological pathways and is also 
consumed depending on oxygen concentration etc 
[1]. Nitrite is a key compound in N2O formation. In 
nitrification, N2O is produced as byproduct during 
ammonia oxidation to nitrite. In denitrification, it is 
produced by reduction of nitrite and is further 
reduced to N2 under low oxygen condition. In order 
to reveal the complex cycling of nitrogen species 
related to N2O, we performed isotopic analyses of 
N2O and nitrite in the subarctic North Pacific (47°N, 
160°E-130°W). 

Samples were collected during the MR14-04 
cruise of R/V Mirai in July-August 2014. 
Concentration and isotopic analyses of dissolved N2O 
were conducted with purge & trap-GC-IRMS [3]. 
Concentration of nitrite was measured on board with 
automated colorimetric analyzer and its isotope ratio 
was measured after converting it to N2O with azide 
[4]. 

Water at 100-500 m depth was supersaturated 
with N2O (100-400%) with respect to the atmosphere. 
The supersaturation is more pronounced in the 
western stations (160°E-180°E) than in the eastern 
stations. 15N-site preference in N2O suggested that 
N2O is mainly produced by nitrification in the 
western region and the deep water (200-500 m) in the 
eastern region while nitrifier-denitrifcation is 
significant production pathway in the shallow water 
(100-200 m) in the eastern region. Nitrite 
concentration maximum was observed at 30-80 m 
depth, and vertical profiles of δ15Nnitrite at the eastern 
and western edge of the studied area were distinct 
from those at other region, indicating different 
production/consumption processes of nitrite.  

 
[1] Ciais et al. (2013) in the 5th Assessment Report 
(WG I) of IPCC, 465-570. [2] Ravishankara et al. 
(2009) Science 326, 123-125. [3] Yamagishi et al. 
(2007) J. Geophys. Res. 112, G02015. [4] McIlvin & 
Altabet (2005) Anal. Chem. 77, 5589-5595. 
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Dating of submarine hydrothermal activities is an 
important issue for the studies on the processes of ore 
formation and on the evolution of the biological 
systems sustained by the chemical species arising 
from hydrothermal activities. Conventionally, dating 
methods using radioactive disequilibrium, such as U-
Th method for sulfide, 226Ra-210Pb and 228Ra-228Th 
methods for barite, have been employed.  

 The electron spin resonance (ESR) dating 
method applied to barite is a new technique, filling 
the gap of age determination between 150 years 
(upper limit of 226Ra-210Pb  method) and about 1000 
years (lower limit of U-Th method), possibly 
applicable from several years to several thousand 
years. ESR detects upaired electrons in materials. A 
radical, SO3

-, is created in barite by natural radiation, 
which is from 226Ra, 228Ra, replacing Ba in barite, and 
their daugher nuclei. The amount of narural radiation 
dose is estimated from the signal intensity of the 
dating signal. The obtained natural dose is divided by 
the dose rate which is estimated from the 
concentration of radioactive nuclei in the sample, in 
order to deduce the ESR age. 
 Although Kasuya et al. (1991) pointed out 
that ESR dating with barite is possible, Okumura et 
al. (2010) first made a practical dating work on barite 
extracted from sea-floor hydrothermal sulfide 
deposits. Subsequently, several basic studies were 
made on the physical properties of the dating signal, 
which is SO3

-, and on the dose rate estimation. The 
most complicated issue is the temporal change of the 
dose rate due to the disequilibrium of  226Ra, 228Ra, 
and their daugher nuclei. The presentation will 
summerize the established method for this issue. 
 On the other hand, using the radioactive 
disequilibirum,  226Ra-210Pb  and 228Ra-228Th ages are 
also obtained for the same barite samples. The dating 
results with these three methods are not consitent in 
some of the samples. The two stage and continuous 
barite deposition models will be proposed based on 
those results. 
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Foraminifers are a unicellular marine organism. 

The organisms have been thought as one of the major 
carbonate producer in ocean. Their calcareous shells 
are preserved as fossils in sediment for geologic 
times. The fossils are utilized as paleo-environmental 
indicators in a variety of studies of geochemistry and 
paleocenography because diverse environmental 
information are brought by population, morphology 
and geochemical fingerprints. Finally, the calcareous 
test is interested by many geochemists. The 
knowledge about the cytological process on 
carbonate precipitation has been described for 
couples of decade using by multi approaches. 
Foraminiferal regulations of calcium and carbonate 
ion uptake into calcareous tests from ambient 
seawater under different pH conditions are of great 
interest. Our studies show the potential to 
understanding the biomineralization of foraminifera 
by the application of fluorescent indicators. Recently, 
we apply the method to show the spatial distributions 
pH and calcium concentrations around living cell. 
Observed results show that foraminifera severely 
controls ambient pH variation. These observations 
results will help to consider how the geochemical 
compositions arranging on the foraminiferal test, 
sensitivity of pH proxy of boron and others. 

Double imaging of pH and calcium in living 
foraminifera 
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Determining eruptibility of silicic magma bodies 

is important in understanding and predicting how 
ancient and modern-day magmatic systems can 
evolve. The goal of this project is to determine if 
supereruptions have the potential to naturally evolve 
and internally trigger eruption or if an external trigger 
is necessary. We use whole-rock compositions from 
the Oruanui Tuff (New Zealand) and the early and 
late-erupted Bishop Tuff (California) to model 
magma evolution using rhyolite-MELTS. Under the 
assumption of closed-system crystallization, volatile 
exsolution leads to expansion of a magma body, 
eventually resulting in overpressurization of the 
system.  We use isenthalpic simulations (constrained 
enthalpy steps and constant pressure) to estimate the 
overpressure. The minimum crystallinity (or, 
similarly, porosity) that leads to overpressures 
sufficient for internal triggering is observed for melts 
initially saturated in water (or, more generally, 
fluids). Comparison of observed crystallinity (or 
porosity) and expected critical overpressure (for 
initially H2O-saturated conditions) leads to the 
recognition of three overpressure regimes.  (1) 
Systems whose observed crystallinity is lower than 
the critical crystallinity are interpreted to require an 
external trigger to erupt. (2) Systems whose 
crystallinity match the critical crystallinity are 
interpreted to be initially fluid-saturated with 
potential to be internally triggered. (3) Systems 
whose crystallinity is higher than the critical 
crystallinity can also be internally triggered, but they 
are interpreted to have been initially volatile-
undersaturated. Our results show that the Oruanui 
Tuff and the Early Bishop Tuff were likely initially 
volatile saturated and were capable of internal 
triggering. The Late Bishop Tuff could also have 
been triggered internally, but it was likely initially 
volatile-undersaturated. In contrast, our results for 
Toba Tuff suggest that either an external trigger was 
needed for eruption, or that the crystallization 
pressure (~300 MPa) we employed is overestimated 
or it varied over the course of crystallization.  The 
results from these models can be used to assess the 
potential roles of external versus internal triggering of 
other silicic magma bodies at upper crustal depths 
considering a variety of volatile saturation conditions.  
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The recent development of full waveform seismic 
tomography on continental scales has provided new 
insights into the seismic structure of the lithosphere 
and asthenosphere. In particular, we can map shorter 
wavelength, high-amplitude velocity anomalies 
which would traditionally be damped and spatially 
smeared using classical methods. Quantitative 
interpretation of these anomalies – expressed as 
absolute rather than relative velocities – may open up 
the possibility of identifying important dynamic 
processes such as melting, that would otherwise go 
undetected or unconstrained.  

In this study we focus on the S-wave speed (Vs) 
structure beneath Europe, as obtained from full 
waveform inversion. The European upper mantle is 
characterised by seismic wave speeds that are slower 
than the global average. However, especially low 
velocities (< 4.0 km/s) are seen beneath Iceland and 
other parts of the mid-Atlantic ridge, as well as 
beneath Iberia, reaching a minimum between 120-130 
km. 

Using Vs alone, in the absence of any other 
observable (e.g. Vp, density), it is difficult to 
constrain the chemical composition beneath Europe. 
This is because chemistry (C) and temperature (T) 
have sensitivities to Vs which trade off with each 
other. However, even considering the full range of 
possible chemical compositions, taking into account 
mineral intrinsic anelasticity, and allowing for the 
presence of fluids, it is very difficult to create 
sufficiently low velocities to fit the slowest regions of 
the tomography model, using simple variations in T 
or C. Doing so requires either extremely high 
temperatures or unrealistically high attenuation. 
However, the slowest velocities can readily be 
modelled by including c. 1-2% melt. We discuss 
whether melt provides the most likely explanation for 
the slow regions, considering also the effect of more 
advanced anelasticity models such as “elastically 
accommodated grain boundary sliding”, recently 
suggested by Karato et al. (2015).  

The possibility of deep melting beneath Europe, 
and its quantitative identification via seismic 
tomography, offers exciting new constraints on 
geodynamic and geochemical processes.  
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The Late Permian Panzhihua layered gabbroic 
intrusion of SW China hosts one of the largest 
magmatic Fe-Ti-V oxide deposits within the 
Emeishan large igneous province and is coeval with a 
peralkaline granitic pluton. The largest oxide ore 
body is found at the base of the intrusion which is 
unlike other layered intrusions where the Fe-Ti oxide 
deposits are located in the uppermost portions. This 
study attempts to model the genesis of the Panzhihua 
layered intrusion, including the formation of the ore 
deposit by reconstructing the crystallization sequence 
of minerals from low and high pressure experiments. 
The starting composition used for the experiment is 
similar to high-Ti Emeishan basalt that resembles the 
theoretical parental composition of the Panzhihua 
intrusion. The low pressure experiments were 
conducted between 1312oC and 1102oC. The first 
mineral to crystallize is Cr-rich titanomagnetite at 
1274oC. Following are Fe-Ti oxides 
(ilmenite+titanomagnetite); clinopyroxene (Wo39-

52En39-47Fs8-16) at 1188oC; plagioclase (An67-41) and 
orthopyroxene (Mg# = 93-95) at 1162oC. The high 
pressure experiment occurs between 1240oC and 
1050oC. Fe-Ti oxide and clinopyroxene (Wo41-54En12-

24Fs28-41) appear together as the first phases at 1180oC. 
Following is plagioclase (An57-38) at 1050oC. The 
results of both experiments indicate that the early 
crystallization sequence of the parental magma is 
dominated by Fe-Ti oxide and partially explain why 
the largest oxide ore deposits of the Panzhihua 
intrusion are found in the lowermost layers. The low 
temperature residual glass compositions in both 
experiments are enriched in SiO2, Al2O3, Na2O and 
K2O; and depleted in TiO2, FeO, MgO and CaO. 
However, minerals crystallize at lower temperature in 
the high pressure and consequently have less silicic 
(SiO2 < 60 wt%) residual glass composition than that 
of the low pressure experiment (SiO2 ≈72 wt%). The 
similarity between Panzhihua granite and low 
pressure residual glass suggests that the Panzhihua 
intrusion probably formed at shallow depth. 
Futhermore, the liquid-crystal evolution constructed 
from the low pressure experiment show that a 
parental magma similar to high-Ti Emeishan basalt 
can produce an early enrichment of oxide minerals 
and a silicic residual liquid via fractional 
crystallization. 
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Advances in marine scientific drilling and 

microbiological methods have led to the discovery of 
seemingly ubiquitous microbial life in a range of 
deep biosphere habitats. To determine a possible 
depth limit of life, IODP Expedition 337 successfully 
recovered core down to a record-breaking 2.5 km 
below seafloor from a deeply buried coalbed system 
of terrestrial origin and low thermal alteration 
(lignite). Initial results showed cell abundances no 
longer tracked the expected depth trend recovered 
from all previous drilling operations, suggesting life-
limiting conditions had been reached (Inagaki et al., 
Science, 2015). The coalbed community, however, 
provided an exception with higher (10-100X) cell 
concentrations than the surrounding shale and 
sandstone lithologies. C1 metabolisms, particularly 
those associated with methoxy groups or low 
molecular weight organic acid byproducts of coal 
breakdown, may serve as a potential source of carbon 
for this coalbed deep biosphere community. To 
determine general cell activity (deuterated water) and 
nitrogen and C1-carbon assimilation strategies, 2.5 
year-long Stable Isotope Probing (SIP) incubations 
were interrogated by NanoSIMS. We found an active 
coalbed microbial community and provide constraints 
on doubling times, growth patterns and C1-carbon 
metabolic capabilities in this unique environment.  
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Overview 
The Saint-Honoré carbonatite is located in the 

Saguenay region of Québec, Canada. The carbonatite 
is enclosed within the central part of an alkaline 
complex and is characterized by calcite rocks in its 
external portion and dolomite and ankerite towards its 
core [1]. It has been exploited for niobium through 
underground mining since 1976. Nb-bearing minerals 
are found predominantly within the dolomitic and 
calcitic units. 

Historically, niobium was mainly extracted from 
fluornatropyrochlore [(Ca,Na)2(Nb,Ti)2O6(O,OH,F)] 
(Pcl) with a minor contribution from columbite-(Fe) 
[(Fe,Mn)(Nb,Ti)2O6] (Clb). However, the abundance 
of columbite-(Fe) increases as exploitation of the 
deposit progresses. Pcl grains are euhedral, often 
zoned, and generally inclusion-free. Most Clb grains 
are anhedral, show no zoning, may be fractured, and 
have many inclusions of calcite and fluorite. Both 
minerals are observed within apatite-rich bands. 
However, unaffected Pcl and Pcl transforming into 
Clb are rarely observed together in the same apatite 
bands. 

Evidence of transformation 
 The alteration of pyrochlore into columbite 

within carbonatites was first studied in 1958 [2]. This 
transformation involves the addition of Fe and Mn 
and the removal of Ca, Na, and F. Most Clb grains 
from the Saint-Honoré carbonatite show a similar 
texture and have calcite and fluorite inclusions. Pcl 
grains at different stages of transformation into Clb 
were observed and analyzed by SEM-EDS. Alteration 
occurs initially along grain margins or within 
fractures. Pcl grains associated with a transformation 
into Clb have a mineral chemistry typical of 
hydrothermal alteration. 
 
[1] Thivierge et al. (1983) Min. Dep. 18, 267–283. 
[2] James & McKie (1958) Min. Mag. 31, 889–902. 
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Cosmogenic noble gases often exhibit open 

system behavior at planetary surface temperatures in 
common rock-forming minerals like feldspars. This 
open system behavior can be exploited to reconstruct 
the paleotemperatures of planetary surfaces, provided 
that the production and diffusion systematics of a 
particular cosmogenic noble gas–mineral pair are 
understood. Paleotemperatures on the moon have 
been reconstructed from cosmogenic and radiogenic 
isotopes of argon measured in multiple solid phases 
[1]. Here, we test whether cosmogenic neon isotopes 
in feldspar minerals can also be used to quantify lunar 
surface paleotemperatures using anorthite from lunar 
troctolite 76535. Measurements of cosmogenic 38Ar 
in 76535 indicate that this sample has a minimum 
exposure age of 142 Ma and did not experience 
temperatures greater than 170 °C during its exposure. 
Argon isotope measurements in other lunar samples 
indicate that effective diffusion temperatures (EDTs) 
of the lunar surface are ~70–80 °C [1]. 

We quantified the diffusion kinetics of neon in 
76535 anorthite through step-degassing experiments 
on neutron-irradiated anorthite fragments. Linear 
behavior in an Arrhenius plot was observed for 98% 
of 22Ne released, indicating an activation energy (Ea) 
of 116 ± 3 kJ/mol and a pre-exponential factor 
(ln(D0/a2)) = 9.5 ± 0.5 ln(s-1). Given these diffusion 
kinetics and lunar EDTs of ~70–80 °C, we predict 
that cosmogenic neon concentrations will have 
reached a steady state between production and 
diffusion during the 142 Ma exposure duration of 
76535. Forthcoming measurements of the 
cosmogenic neon present in 76535 anorthite grains 
will provide a direct test of this prediction allow us to 
assess the viability of cosmogenic neon-in-feldspar 
paleothermometry on the moon and other planetary 
bodies. 
 
[1] Shuster & Cassata (2015), GCA 155, 154-171. 



Goldschmidt Conference Abstracts 

 

3174 

Mosaic zircons indicators of a 
long-lived mantle pathway 
I. TRETIAKOVA1,2, E. BELOUSOVA1, V. 

MALKOVETS2, W. GRIFFIN1, N. PEARSON1 
1 ARC Centre of Excellence for Core to Crust Fluid 

Systems (CCFS) and GEMOC, Dept. of Earth 
and Planetary Sciences, Macquarie University, 
Sydney, Australia 

2 VS Sobolev Institute of Geology and Mineralogy 
SB RAS, Novosibirsk, 630090, Russia 

 
The Nurbinskaya pipe (364 Ma, Rb-Sr) is one of 

four kimberlite bodies within the Nakyn field in the 
Siberian Craton. Forty-eight zircon grains were 
recovered from the crushed whole-rock kimberlite, 
and morphologically all grains are similar to typical 
kimberlitic zircons: they are clear, transparent, 
yellowish or brownish in color and 2 to 5 mm long. 
Trace-element and O-isotope composition of studied 
zircons are consistent with their mantle-derived 
origin. 

Five grains have unusual mosaic-like structures 
revealed by CL imaging. Two of these contain 
inclusions of mantle-derived minerals: chromite (Cr# 
83.5) and olivine (Mg#93.3). EBSD analysis shows 
significant changes in crystallographic orientation 
within an individual grain, with up to 9º 
misorientation across a whole grain. There are 
distinct domains of very similar orientation, 
surrounded by clear domains with mutual 0.5°-1° 
misorientations.  

Zircons without mosaic structures 
(“undeformed”) represent two main age populations: 
Archean (mean age 2709±8.6 Ma) and Devonian 
(mean age 370.7±2.3 Ma) and they show no age 
difference within the grain. In contrast, mosaic grains 
reveal significant variations of U-Pb ages across the 
grain. SHRIMP U-Pb analyses within the blocks 
yield ages 414-457 Ma, while interblock material 
gives distinctly younger ages from 354 to 385 Ma. 
Hf-isotope data identified significant differences 
between Archean (εHf ~ 0), Devonian (εHf > 0) and 
mosaic zircon populations (εHf from -35 to -30). 
Moreover, mosaic and Archean grains lie on the same 
Hf evolution line with protolith T(DM) age at ca 3.3 
Ga.  

Thus, several age populations of zircon 
megacrysts from the Nurbinskaya pipe record a long-
lived , multiply-traversed mantle pathway system. 
The Archean zircons reflect the first crystallization 
event at 2.7 Ga, with the Hf model age indicating that 
the protolith was at least 3.3 Gy old. At 450 Ma pre-
kimberlitic mantle fluid processes formed zircons, 
which then deformed brittly due to pressure build-up 
just prior to final eruption at 364 Ma. Kimberlitic 
magmatism is responsible for the main youngest 
zircon population (ca 370 Ma age group); it also 
carried to the surface both undeformed Archean and 
deformed mosaic grains. 
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 Gold in sulfide ores often exists in the 
“invisible” (refractory) state disseminated in the 
matrix of base metal (Cu, Fe, Zn) sulfides as 
nanoscale particles and/or in the form of the 
isomorphous solid solution. The aim of this study is 
to investigate local atomic environment and 
electronic structure of the “invisible” Au in base 
metal sulfides and arsenides – pyrite FeS2, löllingite 
FeAs2, arsenopyrite FeAsS, and covellite CuS – 
synthetic analogues of natural minerals. In these Au-
bearing minerals formed at high temperature, the 
“invisible” Au withstands quenching and can be 
studied at ambient temperature. 
 Laboratory synthesis experiments were 
conducted using hydrothermal (pyrite, covellite, t = 
400 – 475 °C) and salt flux (pyrite, löllingite, 
arsenopyrite, covellite 495 – 700 °C) methods. The 
Au L3-edge XAFS spectra for these minerals were 
recorded at the ESRF (Grenoble, France) on the high-
brilliance X-ray absorption/emission spectroscopy 
undulator beamline ID26. XANES and EXAFS 
spectra were collected in high energy resolution 
fluorescence detection (HERFD) mode using crystal 
X-ray emission spectrometer. Experimental 
spectroscopic data were combined with ab initio 
molecular dynamic simulations aimed at relaxation of 
crystal structure of the Au-bearing sulfides and 
electronic structure calculations.  
 Modelling of Au L3-edge EXAFS/XANES 
spectra showed that Au can substitute base metal in 
crystalline lattice of all studied sulphides. For pyrite 
only finely grained powder synthesized using 
hydrothermal method contained chemically bound Au 
in the form of the solid solution, whereas Au0 was 
detected in large (n mm in diameter) crystals obtained 
at t>500°C in the salt flux experiments. The 
chemically bound Au in hydrothermal pyrite 
decomposed with the formation of Au0 during heating 
experiments performed in “dry” system. In pyrite, 
löllingite, and arsenopyrite Au atoms are octahedrally 
coordinated by ligands in the first coordination shell 
with Me-L distance enlarged by 0.13 – 0.16 Å 
relatively to the pure sulphide structure. In covellite 
Au substitutes for Cu atoms in triangular coordination 
with Me-S distance increased by 0.18 Å. 

Financial support of this study was partly 
provided by the Russian Scientific Foundation (grant 
14-17-00693). 
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In natural rocks, fluids can infiltrate through grain 
boundaries and/or pre-existing fractures, playing an 
important role on the rate at which chemical 
alteration occurs. In the presence of fluids, 
pseudomorphic mineral replacement reactions are 
typically characterized by the generation of porosity. 
To the best of our knowledge, no attempt was made 
before to quantitatively measure the porosity that is 
generated during such reactions. We used the 
replacement of calcite by fluorite as a model system 
to study the porosity generation during such 
reactions. 

Calcite single crystals were reacted with sodium 
fluoride solutions at 40 °C for different reaction times 
(2, 4, 8, 16, 22, 32 days). The surface area and 
porosity of the samples were determined through 
nitrogen adsorption measures. The quantification of 
the phases was made using powder XRD, and SEM 
was used to study the microstructure of the product 
phase. 

After reaction, all samples had been either 
partially or fully replaced by fluorite. The 
replacement was pseudomorphic, preserving the 
original shape and size of the original calcite crystals. 
The fluorite crystals have a needle-like shape. At the 
reaction front the needles are oriented perpendicular 
to the reaction interface, and as the reaction interface 
moves forward into the crystal, the needles heal or 
recrystallize forming sheets of fluorite parallel to the 
reaction front. 

The diameter of the pores ranged between 3.1 and 
31.0 nm. Samples reacted for higher reaction times 
have bigger pores. The concentration of pores was 
higher for three specific pore diameters in each 
sample: at the lowest diameter (~3.1 nm); at a middle 
diameter (between 10.0 and 16.0 nm, depending on 
the sample); and at the higher diameters (for samples 
reacted for more than 2 days, ranging from 21.6 to 
31.0 nm).  

The surface area of the samples increased as well 
as the permeability. There is a linear relationship 
correlation between  porosity and the fraction of 
fluorite transformed, and a power law correlation of 
each with the reaction time. 
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 Modern U-Pb geochronology relies on highly precise 
and accurate isotope analyses of small samples. 
Conventional dynamic ion counting protocols imply the 
accurate calibration of the ion counter for linearity over an 
extended dynamic range. Faraday cup protocols have proven 
stability and linearity but are limited by the noise  of the 
current amplifiers. The Thermo ScientificTM TRITONTM 
Plus TIMS incorporates a new high gain amplifier 
technology, which improves the noise to signal ratio of the 
1013 ohm current amplifiers by a factor of 5 or more  
compared to 1011 ohm current amplifiers and thus bridges 
the gap between ion counting and Farady cup capabilities. In 
a previous study, we measured Pb/Pb and U/Pb ratios in 
small samples (<1 to 700 pg) by simultaneous acquisition of 
all natural and tracer Pb isotopes (202,204,205,206,207,208Pb) in 
static multiple collection mode [1]. All Pb isotopes were 
measured on Faraday cups equipped with 1013 ohm 
amplifiers, with the exception of 204Pb, which was collected 
on a SEM ion counter. Likewise, 233,235,238U16O2 species were 
monitored simultaneously in static multiple collection mode 
on Faraday cups equipped with 1013 ohm amplifiers. It was 
found that these static measurement routines and 
conventional dynamic ion counting protocols provided 
consistent U-Pb dates in natural and synthetic standard 
zircons. Furthermore, repeated analyses of most synthetic 
U-Pb solution aliquots were more reproducible when Pb 
isotopes were measured in static mode on Faraday cups than 
when measured in dynamic ion counting mode [1].  

We have adapted the static protocol [1] into a 
standardized semi-automated workflow for the analysis of 
zircon U-Pb systematics  including on-line correction of on-
peak-zero baselines and oxygen fractionation control. Mass 
238U16O18O is additionally monitored on the central SEM ion 
counter, simultaneously with 233,235,238U16O2 species 
measured on Faraday cups, in order to characterize oxygen 
isotopic fractionation and accurately correct the oxide 
interference from the tracer 233U on mass 235U16O2. The 
results of the analysis of  well-characterized U-Pb solutions 
doped with the ET2535 spike will be presented.  

 
L3 L2 L1 SEM H1 H2 H3 H4 

1013 1013 1013  1013 1013 1013 1013 

  202Pb 204Pb 205Pb 206Pb 207Pb 208Pb 
233U16O2 235U16O2 238U16O2 238U16O18O     
Table 1: U-Pb cup configurations. 

 
[1] von Quadt et al. (2016) JAAS DOI: 
10.1039/C5JA00457H.  
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Low-δ18O rhyolites in Yellowstone are 

commonly explained by large-scale assimilation of 
previously deposited and subsequently 
hydrothermally altered volcanic material. Current 
magma generation models suggest assimilation 
occurs by bulk remelting of protoliths that are similar 
in elemental and isotopic compositions to altered 
low-δ18O rock samples from surface outcrops. 

Research drillcores from a 1968 USGS drilling 
campaign in the Yellowstone National Park provide a 
unique possibility to study degree and mode of 
hydrothermal alteration with depth and within 
different volcanic protoliths. By coupling major and 
trace elements in bulk rock and minerals to oxygen 
isotopes and petrography and comparing altered 
drillcore samples from three drillcores to their fresh 
surface counterparts, we provide a detailed 
characterization of possible assimilants and their 
compositional and structural variability with depth.  

Yellowstone rhyolites contain abundant sanidine 
and quartz with lesser amounts of plagioclase, Fe-Ti 
oxides and mafic minerals such as augite ± 
orthopyroxene, Fe-hornblende and fayalite. 
Hydrothermal minerals include chalcedony, 
cristobalite, calcite and clay minerals. Plagioclase is 
altered to kaolinite with depth, mafic minerals turn 
into Fe-oxides and -hydroxides. Major elements may 
vary by several weight percent throughout the core, 
LILE are highly variable and may show opposite 
behavior for different mobile elements (e.g. Ba 
enrichment and Pb loss). Mineral δ18O values show 
large ranges at depth (e.g. δ18Oquartz ranges from -1.8 
to -5.7‰ SMOW at 410-430 ft depth). These findings 
provide a framework to assess assimilation processes 
via mass-balancing models and thus help to improve 
our understanding of low-δ18O magma generation in 
Yellowstone and similar hot, dry magmatic settings. 
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The in-situ monitoring of aqueous solution 
chemistry at elevated temperatures and pressures is a 
major challenge in geochemistry. The direct and 
accurate pH measurement of aqueous systems is 
difficult to achieve above 100 °C, and hence is not 
made on a routine basis. Using an innovative 
methodology coupling in-situ Raman spectroscopy 
and potentiometry we measured simultaneously CO2 
dissolved concentration and pH in the H2O-CO2-NaCl 
system at temperature up to 280 °C, pressure up to 
150 bar and salinity up to 1.4 molal [1]. The 
continuous in-situ pH monitoring is based on an 
oxygen-ion conducting ceramics sensor coupled to an 
external pressure balanced Ag/AgCl reference 
electrode. The pH sensor is composed of an yttria-
stabilized zirconia ceramics tubing containing a dry 
Cu–Cu2O internal reference element. We report for 
the first time in situ pH values for the H2O-CO2-NaCl 
system under hydrothermal conditions. A Pitzer 
specific-ion-interaction aqueous model based on 
carefully revised Pitzer coefficients valid at 
temperature up to 250 °C was further developed. The 
revised Pitzer parameters for the H2O-CO2-NaCl 
system are formatted for pitzer.dat thermodynamic 
database working with Phreeqc geochemical software 
and available for the scientific community. This 
model confirmed the accuracy and consistency of the 
measurements. The combination of in situ Raman 
spectroscopy and in situ pH measurement opens up 
new perspectives for the study of geological fluids 
and for the monitoring of high temperature, high 
pressure industrial processes (e.g. cooling circuits in 
nuclear power plant, CO2-H2S sequestration, ore 
processing). The method we described is of primary 
interest for quantification of gas mixtures (e.g. CO2 + 
H2S, CO2 + SO2) dissolved in hydrothermal fluids 
with a high degree of accuracy, without sampling and 
quenching the reaction fluid. The probes (pH and 
Raman) tested here can be applied for the continuous 
in situ monitoring of geothermal boreholes and 
oil/gas wells. 
[1] Truche et al. (2016) GCA 177, 238-
253. 
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The Yuli belt has been recently recognized as the 

youngest known blueschist terrane of the world [1]. 
However, peak P-T conditions and timing of high-
pressure metamorphism in this belt remain 
controversial [2,3,4]. Rare non-mafic glaucophane-
bearing rocks occur in the Tamayen block and are 
closely associated with metabasites. We investigated 
a garnet-bearing paragonite-epidote amphibolite, 
using pseudosection modeling (THERIAK-DOMINO 
software) and Ar-Ar isotopic dating. The studied 
metabasite shows a MORB-like pattern on a 
chondrite-normalized REE diagram. The mineral 
assemblage is garnet (almandine-rich) + amphibole + 
quartz + epidote + paragonite + rutile. The computed 
pseudosection shows that both paragonite-in and 
garnet-in fields represent high-pressure conditions, 
although the rock contains no glaucophane. Peak 
metamorphic conditions are tentatively constrained as 
13-15 kbar and 600-650 °C, compatible with those of 
glaucophane-bearing rocks as part of a subduction 
zone metamorphic complex [2]. Argon step-heating 
analyses of paragonite from the metabasite and 
related samples yield Miocene plateau and weighted 
mean ages (10-13 Ma), which we interpret as the 
timing of high-pressure metamorphism, and indicate 
variable Mio-Pliocence argon loss. This young 
Cenozoic metamorphic age questions the existence of 
a Mesozoic high-pressure event in the Yuli belt [4,5], 
and challenges a recent claim that this belt’s high-
pressure metamorphism initiated at 3-7 Ma [1]. 

 
[1] Sandmann et al. (2015), Terra Nova 27, 285–291. 
[2] Tsai et al. (2013), Journal of Asian Earth Sciences 
63, 218–233. [3] Keyser et al. (2016), 
Tectonophysics, in press. [4] Jahn et al. (1981), 
Memoir of Geological Society of China 4, 497–520. 
[5] Yui et al. (2012), Tectonophysics 541–543, 31–
42. 
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The sources of aerosol particles over the South 

China Sea are complex. In this study, we analyzed the 
chemical components of aerosol particles from 
Dongsha Island (20º42'07"N, 116º43'40"E) in the 
northern South China Sea. Daily values of sea salt, 
mineral dust, sulfate, nitrate, and ammonium salt, and 
trace element oxides are estimated from chemical 
analysis of aerosol samples obtained in 2009. Results 
reveal that sea salt, secondary inorganic particles, 
mineral particles, and trace element oxides account 
for values of 13.39, 8.92, 3.21, and 0.83 µg m-3, 
respectively, of the yearly averaged aerosol 
concentration. The concentrations of mineral particles 
and the secondary inorganic particles, including 
sulfate, nitrate, and ammonium salt are relatively high 
when the northeasterly monsoon prevails (Figure. 1). 
Backward trajectory suggests that the high 
concentration of secondary particles mainly 
originates from Asian countries, including China, 
Japan, Korea and Taiwan, while mineral particles are 
occasionally transported from Chinese deserts. Sea 
salt is identified as the dominant component of the 
aerosol particles over the island, and can reach as 
high as 60 µg m-3 when the surface wind is strong.  

 
Figure 1: Aerosol time series at Dongsha Island in 
2009 
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Hydraulic fracturing (fracking) has been 

extensively developed to recover natural gas in recent 
years. However, this technology may pose potential 
risks on the environment. Fracking flowback water is 
known to occur prior to gas production, which has 
high total dissolved solids level (up to 300,000 mg L-

1), steep ionic strength and elevated concentrations of 
metals [1, 2]. Accidental spills and inappropriate 
disposal may contaminate the soil and groundwater 
sources. The objectives of this study are to invesitgate 
the geochemistry impacts of fracking flowback water 
with various soils on concerned metal transport (e.g., 
Sr, As and Se), and evaluate the associated risk to soil 
ecosystems and human beings. 

 
Flowback water of different time period (Day 1, 

Day 14 and Day 90) was prepared according to the 
reported data. Four soils from shale regions in China 
were leached with flowback waters in the column 
experiment. The metal breakthrough curves were 
modeled by HYDRUS 1D program with both 
equilibrium model and dual-porosity physical 
nonequilibrium model. To examine the toxicity of 
soil, which was incubated with flowback water for 30 
days, Microtox bioassay was adopted. The soil 
quality was determined in terms of dehydrogenase 
and phosphatase enzyme activity.  

 
The results showed that dual-porosity physical 

nonequilibrium model better dicipted the target metal 
transport behaviour. Selenium showed larger affinity 
to soil sorption compared to As, while it also 
desorped a larger percentage ( up to 90%) than As did 
(about 25%) in Day 1 solution. Selenium adsorption 
onto soil increased with the increasing ionic strength 
in the solutions, yet As adsorption did not show a 
consistent trend with ionic strength variation. This 
may indicate different adsorption mechanisms of this 
two oxyanions in soil. Although the soil 
microtoxicity did not varied in various flowback 
solutions, the soil enzyme activities indicated severer 
impacts in all soils with increasing ionic strength. 
 
[1] Vengosh et al. (2013) Earth Planet Sci 7, 863-
866. 
[2] Balaba & Smart (2012) Chemosphere 89, 1437-
1442. 
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Previous studies of the Cerro Colorado copper 
mine, N. Chile, have identified three distinct sub-
volcanic intrusive units: 1) a porphyritic quartz 
monzonite unit (PTO1); 2) a tonalitic unit (PTO2); 
and 3) a leucocratic quartz porphyry unit (PQZ). We 
have obtained new U–Pb spot ages of zircon grains 
from each of the three units using a LA-ICP-MS 
system at Nagoya University. The results show a 
wide range of different age populations, suggesting 
the common presence of xenocrystic zircons. CL 
images show the presence of multiple phases of 
zircon growth over older cores. In order to place the 
ages for the intrusive bodies in context, zircon ages 
were determined for the host Cerro Empexa 
Formation and the basement granite. Removal of the 
xenocrystic components reveals the presence of two 
distinct pulses of zircon growth at c.53Ma and 
c.50Ma. The younger age population is present in 
PTO1 and PQZ but absent from PTO2. These 
relationships suggest that PTO2 formed before PTO1 
and PQZ, revising previously proposed age 
relationsihps. The newly obtained age data are 
compatible with observations of drillcore that suggest 
PTO1 and PQZ have gradational contacts, and that 
PQZ can be interpreted as the phyllic altered 
equivalent of PTO1. The relatively strong alteration 
of PTO2 is compatible with it being the oldest 
member of the intrusive suite. 

The presence of multiple zircon populations with 
different ages suggests strong association between the 
Cerro Colorado mine and abundant igneous activities 
between 60Ma– 50Ma within the regional 
Palaeocene- early Eocene domain [1]. Our results 
show that obtaining reliable ages for the magmatic 
activities related to Cu mineralization in Cerro 
Colorado requires measurement of a large number of 
spot ages including the country rocks. In the Cerro 
Colorado Mine area, our new age data show that two 
pulses of igneous activity took place at c.53Ma 
(youngest age: 49.8±2.8Ma)  and c.50Ma (youngest 
age: 45.7±3.3Ma). The 3 million year age gap 
brackets the timescale of copper mineralization.  
 
[1]Maksaev et. al. (2007) in Moreno & Gibbons 
(Ed.), The Geology of Chile (pp.179-200). London: 
Geol. Soc. 
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Although there are many aspects of nuclear waste 

repositories that have yet to be completely resolved, a 
multi-barrier system that consists of natural rock 
proceeded by an engineered impermeable clay barrier 
is typically invoked. For these impermeable barriers, 
swelling smectitic clays, such as montmorillonite, are 
normally considered for their ability to retard the 
diffusion of contaminants.  As the reducing 
conditions of many subsurface environments are 
often controlled by the Fe(II)/Fe(III) couple, it is 
important to assess redox processes of clay/Fe(II) 
systems where radionuclide (in this case uranium) 
immobilisation could be facilitated through reduction 
processes and the ultimate formation of insoluble 
uraninite (UO2) phases, sorbed U(IV) or U 
incorporated into secondary iron (oxyhydr)oxide 
phases.  

While it has also been known for some time that 
structural Fe in iron-rich montmorillonite end 
members (i.e. nontronite) is redox active, and so 
could potentially serve as a redox-enhanced clay 
barrier, its abiotic ability to reduce U(VI) in the 
presence of Fe(II) has been largely unexplored.  As 
such, we have examined the forms of U produced 
upon reaction with Fe(II) in the presence of three 
Australian smectites (nontronites NAu1 and NAu2 
and an iron-poor montmorillonite) over the pH range 
of 3 - 9 in equilibrium with atmospheric CO2 
concentrations over a 14 day period. 

The uranium products formed varied as a 
function of pH, and time.  At pH values < 6, there 
was essentially no Fe(II) sorption to the smectites 
with surface-sorbed U(VI) dominating U speciation.  
Above this pH, sorbed U and Fe coexisted, resulting 
in the production of stable U(IV) surface complexes 
that eventually precipitated as nano-crystalline UO2 at 
pH > 7.5 after 14 days.  The quantity of Fe(II) that 
could be sorbed to the clays exceeded 4 mole/kg at 
this pH and was observed to be primarily intercalated 
in the interlayer.  Based on these macroscopic and 
molecluar scaleo-scopic results, we propose that 
interlayer Fe(II) is an important redox-reactive specie 
driving the reduction of redox-sensitive 
contaminants, like uranium, at circumneutral pH 
values.   
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Carbon dioxide and silicon dioxide, both group 

IV oxides, are two of the fundamental components in 
the Universe. Under pressure and high temperature, 
CO2 is a supercritical solvent and, therefore, ivery 
likely that under the Earth’s mantle conditions, may 
react with silica (SiO2).  The new compounds formed 
may play an important role in volcanic and seismic 
activityThe mineral This possibility has driven recent 
experimental investigationss on potential reaction 
between CO2 and SiO.  A disordered silicon 
carbonate was found from the compression of a 
mircroporous SSZ-567 zeolite filled with CO2 at 18-
26 GPa and 600-980 K. More inteerestingly, a 
crystalline cristobalite-type CO2.SiO2 solid solution 
was obtained from the reaction of CO2 and molten 
silica at 16-22 GPa at  4000 K. Here we present 
results of First-principle density functional-based 
molecular dynamics (MD) and total energy 
calculations to study the reaction mechanisms, 
structures and propducts of the reactons of CO2 with 
SSZ-567, molten silica and stishovite under high 
pressure and high temperature.  The calculations 
reproduced the different products observeed by 
experiments. In addition, it provides detailed 
imechanistic information on the novel chemcial 
reactions and the physical and electronic properties of 
the products. 
 
[1] Santoro, et.al., (2011). Proc Natl Acad Sci U S A 
108, 7689-7692. [2]. Santoro M, et al. (2014). Nat 
Commun 5, 3761. 
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The Yubileynoye VMS deposit is located on the 
boninite-basaltic basement of the Devonian West 
Magnitogorsk arc in the Urals. The ore body is 
interpreted as a degraded sulfide mound surrounded 
by an apron of sulfide breccias and sulfide turbidites. 
The breccias comprise well preserved fragments of 
chalcopyrite-pyrite-sphalerite chimneys, pyrite 
diffusers, biomorphic and colloform pyrite crusts and 
crystalline pyrite. In the sulfide turbidites, these 
fragments have undergone advanced alteration. 
Sulfide fragments were completely dissolved or 
sulfides were redistributed and recrystallized. 
Colloform pyrite fragments were replaced by 
authigenic chalcopyrite-2. Abundant authigenic 
tellurides, native gold or fahlores occur in the front of 
replacement. Chalcopyrite-2 inherited high contents 
of Mn, Tl, Te, Bi, Au, Ag, Pb from the colloform 
pyrite it replaced and contained less Se and Sn in 
comparison to hydrothermal chalcopyrite-1. In some 
sulfide turbidites, chaclcopyite-2 was recrystallized to 
metamorphic chalcopyrite-3 identified by twinned 
crystals. These crystals display very low contents of 
all trace elements and are not accompanied by rare 
minerals. It is suggested that authigenic processes in 
sulfide turbidites can produce abundant tellurides and 
other authigenic chalcogenides in addition to primary 
hydrothermal analogs revealed in the well preserved 
chimneys. This work was supported by RSF (project 
no. 14-17-00691). 
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Yu. B. Mironov compiled the Mongolian–
Russian joint exploration (between 1970s–1990s) 
findings in a book [1], which describes the principle 
feature of geology and metallogeny of Mongolian 
uranium (U) minerals, and their relations to other 
mineral resources. Each U deposit appears within a 
unique geological setting and is formed by 
chemically distinct fluids. Therefore, the chemical 
compositions of the various types of deposits are also 
distinct. Knowledge regarding distribution pattern of 
elements and isotopic signature are essential 
information for investigating origin of the radioactive 
materials and extraction of U as well as of associated 
economically significant elements. Such data may 
also be relevant for the environmental monitoring, 
such as pollution tracing.  

Mongol Priargun U province hosts several 
volcanic type deposits, such as Marday (resources of 
approx. 29 000 tU), in which ore mining occurred 
from1988 to 1995. In Marday deposit, mineral 
bearing process was identified postvolcanic medium 
and low temperature hydrothermal activity; and its 
mineralization dominated by coffinite and 
pitchblende. Lithogeochemical and ore geochemical 
data are, however, not easily accessible in any ore 
deposits from Mongolia, and very little investigations 
have been conducted.  

Through an International Atomic Energy Agency 
(IAEA) coordinated research project T11007, the 
present project will focus on disclosing element 
distribution (e.g., trace and rare earth element pattern) 
and isotopic fingerprints (O, C and Pb isotopes) in 
Darday.  
 
 [1] Mironov Yu.B., Uranium of Mongolia. 
Petersburg,      
      2003. 326P.  
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Determination of the structure, physical 

properties, and phase relations of high-pressure ice is 
important for physical, geophysical and planetary 
sciences. Hydrogen bonded molecular phases ice VIII 
and ice VII have known to transform to an atomic 
crystal phase ice X at ~60-100 GPa by the hydrogen 
bond symmetrization. However, the phase boundaries 
between ice VII/VIII and ice X phases have not been 
sufficiently determined so far, primarily due to the 
existence of intermediate “dynamically ordered” ice 
VII and X phases at the phase boundary between ice 
VII/VIII and X. In the dynamically ordered ice VII 
and X phases, the proton distribution becomes 
unimodal at the midpoint of two neighboring oxygen, 
even though the underlying potential still remains 
double-well shape. The dynamically ordered ice VII 
was suggested to have highly compressible character 
between 40 to 60 GPa due to the quantum effects of 
protons (Sugimura et al. 2008). On the other hand, 
the sound velocities of ice VII were measured at 
room temperature up to 80 GPa by the brillouin 
scattering experiments (Ahart et al. 2011). 
Nonetheless, the velocities were smoothly increases 
with pressure up to 80 GPa and no indication of 
phase transitions into the dynamically ordered ice 
VII/X nor ice X. Therefore, the purpose of this 
presentation is to investigate how the elastic 
properties of ice are changed by the hydrogen bond 
symmetrization of ice and discuss the location of the 
phase boundary between ice VIII/VII and X phases 
from the viewpoint of elasticity. 

The elastic constants of ice VIII and ice X phases 
under pressure are determined at static 0 K conditions 
using first principles calculation. The step-like 
increase of the elastic constants of ice VIII phase 
occurred at 100-110 GPa by the hydrogen bond 
symmetrization. Those elastic constants and their 
slopes with pressure are completely different between 
ice X and VIII. Therefore, these phases can be 
distinguished by the elasticity. On the other hand, the 
experimental elastic constant of C11 of ice VII 
gradually change from ice VIII like asymmetric 
hydrogen bond character to symmetric hydrogen 
bond character within wide pressure range. The 
present study suggests that the transition from ice VII 
to ice X starts around 30 GPa and completes at 110 
GPa. 
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The Japanese Islands represent a segment of a 500 
Ma old subduction related orogen developed along 
the western Pacific convergent margin (e.g., 
Maruyama, 1997; Isozaki et al., 2010). Here We 
investigate Sr-Nd-Pb-Hf isotopic evolution for Lower 
Cretaceous to Paleogene granitic rocks in northeast 
Japan. Kagami et al. (1999) described that the 
northeast Japan arc can be divided into three groups 
based on their Sr-Nd isotope characteristics: the 
Kitakami, North (Abukuma belt), and South 
(Ashio/Mino belts) Zones. Among these zones, the 
Kitakami zone is characterized by the occurrence of 
adakitic rocks probably related to Lower Cretaceous 
ridge subduction. Sr-Nd-Pb-Hf isotopic study are 
made for granitic rocks from the Kitakami belts 
(Kitakami Mountains), the Abukuma belts 
(Shirakami Mountains, Obonai area, Taihei 
Mountain, Sekiryo Mountains, and Abukuma 
Mountains), and the Ashio/Mino belts (Okutone area, 
Tadami area, Okutadami area, Taisyaku Mountains, 
and Ashio Mountains). Multi-isotope plots of these 
rocks indicate that the trend in variation could result 
from the mixing of depleted and enriched 
components. The depleted components are likely to 
originate from subducted oceanic crust and subarc 
mantle, which shows temporal variation related to the 
Early Cretaceous ridge subduction to younger normal 
subduction. On the other hand, the enriched 
components probably originate from subducted 
sediment including oceanic and continental 
components. The latter component probably originate 
from the old continental fragments rich in detrital 
zircon from proto-Japan arc initially developed along 
the southeastern margin of the South China Block. 
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Hydrothermal activities were investigated in 

order to understand the evolution of supercritical 
geothermal fluids in certain geological settings. 
Temperatures over 350 °C are in the “beyond brittle” 
condition (a temperature of ~350 °C coincides with 
the brittle–ductile transition), and the ways in which 
fractures develop under these conditions are unclear. 

Porphyry copper deposits represent natural 
“beyond brittle” experiments where fluids were 
injected from molten material (magma) into a ductile 
rock mass at ~600 °C, and where lithostatic pressures 
caused fractures in the rock mass, creating a 
stockwork fracture system.  

A granite–porphyry system, associated with 
hydrothermal activity and mineralization, provides a 
suitable natural analog for studying a deep-seated 
geothermal reservoir where stockwork fracture 
systems are created in the presence of supercritical 
geothermal fluids. Fracture networks and their 
formation mechanisms would be studied by using 
petrology and fluid inclusion studies in order to 
understand “beyond brittle” supercritical geothermal 
reservoir. To understand the geological properties of 
a supercritical geothermal reservoir, a granite–
porphyry system was investigated as a natural analog. 
Quartz veins, hydrothermal breccia veins, and glassy 
veins are present in Neogene granitoids, NE Japan. 
The glassy veins formed at 500–550 °C under 
lithostatic pressures, and then pressures dropped 
drastically. The solubility of silica also dropped, and 
the quartz veins formed under hydrostatic pressures. 
Connections between the lithostatic and hydrostatic 
pressure regimes were key to the formation of the 
hydrothermal breccia veins, and the granite–porphyry 
system provides useful information for understanding 
supercritical geothermal reservoirs and EGS 
technology. 
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We investigated the Kan-non-do Kuroko deposit 

in the Hokuroku Basin, Akita Prefecture, Japan to 
understand formation conditions of the Kuroko 
deposit as a modern analogue of hydrothermal vents 
on present seafloor. Based on mineral paragenesis of 
ore, the following formation conditions were 
obtained. 

Kuroko (black ore): temperature  200-250C, log 
fS2  -9.0 to -12.6, log fO2 <-31. 

Ohko (yellow ore) temperature 250-300C, log 
fS2   -8.2 to -11.0, log fO2 <-29.  

We carried out hydrothermal experiment 
(autoclave eperiment) to produce ore deposit. We 
could form chalcopyrire+galena+sphalerite 
assemblage after experiments, which shows micro 
scale similar texture of natural Kuro and Ohko 
deposits . According to the hydrothermal 
experiments, we can propose possible specification of 
anthroporogenic ore deposits of hydrothermal vents 
on seafloor. 
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Earth’s inner core (329~364 GPa and 5000~6000 
K) is thought to be composed of solid Fe-Ni alloy 
with some light elements. Thermoelasticity of iron 
and iron-light element alloys is therefore a key to 
interpreting seismological information of the inner 
core: density, seismic wave velocities, and their 
anisotropy. However, several studies reported that 
pure hcp iron has a shear modulus distinctly larger 
than that of the inner core [1,2]. This large Poisson 
ratio of the inner core is one of the remaining 
inexplicable features of the deep Earth, and some 
studies recently proposed this be explained by alloyed 
with carbon [3]. 

In this study, we perform ab initio molecular 
dynamics simulations of iron and iron-carbon alloy. 
Also computations are conducted in a wide P,T range 
including, but not limited to, the inner core conditions 
to clarify the P,T effects on their elasticity more 
comprehensively, and to provide an internally-
consistent thermoelastic model. In addition to 
checking the validity of the Birch’s law, the obtained 
Poisson ratio and aggregate anisotropy, with and 
without the pre-melting effect, are compared against 
seismological constraints to reinvestigate the viability 
of iron and iron-carbon alloy in the inner core. 

Research supported by KAKENHI and the X-ray 
Free Electron Laser Priority Strategy Program 
(MEXT). 
 
 [1] Mao et al. (1998) Nature 396, 741. 
[2] Vocadlo et al. (2009) Earth Planet. Sci. Lett. 288, 
534. 
[3] Chen et al. (2014) PNAS 111, 17755. 
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X-ray computed tomography (CT) is a 
nondestructive method for determining the 3D 
internal structure of an object by using information 
such as absorption and phase difference of x-rays. SR 
x-rays produce CT images with high S/N ratios and 
high spatial resolution. Nanometer-scale resolution 
(>~30 nm) has been obtained by using imaging 
optical system with a FZP at SPring-8 (e.g., [1]). 

Quantitative information about the size (e.g., 
length and volume) are obtained from CT images. By 
using monochromatized x-rays, quantitative 
information about absorption and phase contrasts can 
be obtained too. However, it is sometimes diffuicult 
to discreminate between minerals from its linear 
attenuation coefficient (LAC) alone in absorption 
tomography. Elemental images were obtained from a 
set of absorption images measured below and above 
the absorption edge energy of the element [2]. 
However, the concentration cannot be obtained 
without the density.  

We have developped a new technique called 
“analytical dual-energy microtomography” that uses 
the LACs of minerals below and above the absorption 
edge energy of an abundant element (e.g., Fe) to 
nondestructively obtain 3D images of mineral 
distribution [3] and successfully applied to particles 
collected by the Hayabusa spacecraft [1]. By 
combining with FIB micro-sampling from a thin 
section, we can obtian 3D images for regions of 
interest [4].  

In absorptin tomography, it is difficult to 
discriminate between void, water and organic 
materials because their LACs are similar. In contrast, 
we can discreminate between them in phase 
tomography, which have information of the refractive 
index by x-ray. Phase and absorption contrast images 
can be simultaneously obtained in 3D by using 
scanning-imaging x-ray microscopy (SIXM) [5]. We 
applied this technique combined with FIB micro-
sampling to carbonaceous chondrites to search for 
primitive liquid water. 
REFERRENCES: [1] Tsuchiyama et al. 2011 
Science 333, 1125. [2] Thompson et al. 1984 Nucl. 
Instr. Meth. Phys. Res. 222, 319. [3] Tsuchiyama et 
al. 2013 GCA, 116: 5. [4] Tsuchiyama et al. 2014 
MAPS, 49: A404. [5] Takeuchi et al. 2013 J. Synch. 
Rad., 20: 793. 
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To understand the feature of elemental 

abundances as well as their isotope anomalies in the 
early solar system, the precise knowledge on the 
astrophysical sites of individual elements is 
undoubtedly required. The origin of r-process 
nuclides has remained unidentified and puzzled us for 
several decades. Since r-process nucleosynthesis 
demands an extremely neutron-rich environment, the 
possible sites are limited to two events, i.e., core-
collapse supernovae (CCSNe) as deaths of massive 
stars leaving neutron stars (NSs) or NS mergers.  In 
the recent couple of years, remarkable progress in this 
issue has been made from both observational and 
theoretical aspects. Here we report the following 
latest results.  
Heavy r-process nuclides from neutron star 
mergers 

 Recent theoretical studies reveal that 
observed chemical feature of heavy r-process 
nuclides such as Eu and Ba in the Milky Way is 
compatible with the enrichment evolutionary paths 
driven by NS mergers. More direct evidence is 
clearly seen in Eu (Ba) abundances in external small 
galaxies (Fig.1). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Observed correlations of Eu/H with Fe/H for 
nearby faint dwarf galaxies. We see no increase in the Eu 
abundance with time, suggesting that NS mergers are the r-
process site. 
Light r-process nuclides from core-collapse 
supernovae 
 On the other hand,  the chemical feature of 
the Milky Way’s halo suggests that light r-process 
nuclides (A<130) such as Sr, Y are produced in the 
different site, i.e., CCSNe. 
Mystery in the early Universe 
 However, the origin of early heavy r-
process nuclides detected in galaxies including our 
own is still a mystery. It seems hard to  identify it as 
NS mergers. Alternatively, rare SNe likely associated 
with magnetars might play a key role.   
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Molybdenum and tungsten are group 6 elements 

and exist as hexavalent oxoacid anion (MoO4
2-, WO4

2-

) in the oxidative ocean. Mo is transformed to 
thiomolybdate and reduced to tetravalent, 
precipitating from the reductive ocean to sediments[1]. 
The concentration and the stable isotope ratio of Mo 
in marine sediments are studied as proxies for 
oxidation-reduction environments. In the modern 
ocean, the concentration of W is about 50 pM. 
Although W is conservatively distributed in the 
modern ocean similarly with Mo, W is not reduced 
and soluble under the reductive condition. In 
addition, W is highly enriched in the hydrothermal 
fluids[2]. Therefore, it is expected that the Mo/W 
concentration ratio in marine sediments would be a 
proxy for redox condition and that the stable isotope 
ratio of W would be a new proxy for hydrothermal 
activities. The objective of this study is to extract Mo 
and W from sediment samples and to precisely 
measure the isotope ratio of Mo and W in marine 
sediments using MC-ICP-MS. 

A sediment sample was decomposed with a 
microwave digestion system (Speedwave MWS-3+, 
Berghof). The decomposed sample was evaporated, 
dissolved in 0.2% HNO3, and passed through a 
NOBIAS Chelate-PA1 column (Hitachi High 
Technologies) to extract Mo and W from co-existing 
elements in sediments. The eluate from the NOBIAS 
Chelate-PA1 column was evaporated, dissolved in 
0.5 M HF- 0.4 M HCl, and passed through the 
column filled with anion exchange resin (AG1-X8, 
Bio-Rad) to separate Mo and W. Then, the isotope 
ratio of Mo and W was measured by MC-ICP-MS. 
The mass discrimination effect was corrected with an 
external correction technique by doping Ru for Mo 
and Re for W. 

 
 

[1]  Anbar, A. D.; Rouxel, O., Annual Review of 
Earth and Planetary Sciences 2007, 35 (1), 717-746. 
[2]  Kishida, K.; Sohrin, Y.; Okamura, K.; Ishibashi, 
J. I., Earth and Planetary Science Letters 2004, 222 
(3-4), 819-827. 

 



Goldschmidt Conference Abstracts 

 

3196 

Five-years, regional-scale 
simulation of 137Cs radioactivity 

in the ocean following the 
Fukushima Dai-ichi Nuclear 

Power Plant accident 
DAISUKE TSUMENE1, TAKAKI TSUBONO1, 

KAZUHIRO MISUMI1, TAKESHI YOSHIMURA1, 
YUYAKA TATEDA1, MICHIO AOYAMA2 

1Central Research Institute of Electric Power 
Industry, Abiko, 270-1194 Japan, 
tsumune@criepi.denken.or.jp 

2Institute of Environmental Radioactivity, Fukushima 
University, Fukushima, 960-1296 Japan, 
r706@ipc.fukushima-u.ac.jp 

 
A series of accidents at the Fukushima Dai-ichi 

Nuclear Power Plant (1F NPP) following the 
earthquake and tsunami of 11 March 2011 resulted in 
the release of radioactive materials to the ocean by 
two major pathways, direct release from the accident 
site and atmospheric deposition. 

We reconstructed spatiotemporal variability of 
137Cs activity in the regional ocean for five years by a 
regional scale  oceanic dispersion models with inputs 
of runoff from river and 1F NPP site in addition to 
direct release and atmospheric deposition.  

Direct release rate of 137Cs was estimated for five 
years after the accident by comparing simulated 
results and observed activities very close to the site. 
The estimated total amounts of directly release was 
3.7±0.7 PBq. Directly release rate of 137Cs was the 
order of magnitude of 1014 Bq/day and decreased 
exponentially with time to be the order of magnitude 
of 109 Bq/day by the end of September 2015. 
Estimated direct release rate have exponentially 
reduced with constant rate since November 2011. 
Simulated 137Cs activities attributable to direct release 
were in good agreement with observed activities, a 
result that implies the estimated direct release rate 
was reasonable, while there is sparse observed data of 
137Cs activity in the ocean before start of direct 
release on 26 March 2011. One of simulated 137Cs 
activities attributable to atmospheric deposition were 
underestemated with observed activities. Simulated 
inputs of 137Cs runoff from river and 1F NPP site 
were also not effective in a regional ocean in this 
earlier period. Simulated atmospheric depositions of 
137Cs on a reginal ocean by 9 regional atmospheric 
transport models still have huge uncertainties.  It is 
important to estimate the deposition process 137Cs 
activity in the earlier periond on a regional ocean to 
understand contamination process of marine biota. 
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Nitrate (NO3

–) is a key nutrient in aquatic 
environments that often limits primary production. 
Nitrate dynamics in an aquatic environment, i.e., 
gross uptake rate of nitrate through assimilation and 
gross production rate of nitrate through nitrification, 
are important to quantify when evaluating both the 
present and future state of an aquatic environment. In 
most studies that have been conducted to date, the 
gross uptake rate of nitrate has been estimated by 
incubation experiments using 15N tracer techniques. 
However, these experimental procedures are 
generally costly and complicated. Furthermore, the 
15N tracer method using bottle incubations can be 
problematic when determining accurate nitrate uptake 
rates. In this study, we would like to present our 
results to quantify the annual average nitrate 
dynamics (gross uptake rate of nitrate through 
assimilation and gross production rate of nitrate 
through nitrification) together with seasonal 
variations in the water columns of lakes. Specifically, 
stable isotopic compositions of nitrate, including 
Δ17O, were determined several times during one year 
at the same water column of a lake studied. By using 
both the deposition rate of atmospheric nitrate onto 
the entire surface of the lake and the influx/efflux of 
both atmospheric and remineralized nitrate via 
streams, we were able to use the Δ17O data to 
quantify the dynamics of nitrate in the lake. One of 
the results done in the mesotrophic Lake Biwa, the 
largest freshwater lake in Japan, revealed that 640 
Mmol of the remineralized nitrate was fed into the 
water column through nitrification on an annual 
basis, while 810 Mmol of nitrate was simultaneously 
removed from the water column mostly through 
assimilation. Furthermore, the uptake rates of nitrate 
varied seasonally and showed the highest values in 
summer and the lowest values in winter. To explain 
the quantified nitrate dynamics in the lake, we found 
that nitrification was highly active in the epilimnion 
and upper thermocline. 
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After the Fukushima Daiichi Nuclear Power Plant 
(FD1NPP) accident on March 11, 2011, we collected 
the used filter-tapes installed in Suspended 
Particulate Matter (SPM) monitors with beta-ray 
attenuation method operated by local governments in 
the air pollution monitoring network of eastern Japan. 
By measuring radionuclides in SPM on the filter-
tapes at 40 stations in the Fukushima prefecture (FP) 
and the Tokyo metropolitan area (TMA) located more 
than 170 km southwest of the FD1NPP, we firstly 
retrieved hourly atmospheric Cs-134 and Cs-137 
concentrations during March 12-23, 2011 [1]. Until 
now, we measured hourly radiocesium at around 100 
SPM sites in the southern Tohoku (ST) region 
including the FP and in the TMA [2]. By analyzing 
the new dataset, we found more than 10 
plumes/polluted air masses which were transported to 
the ST region including the FP or to the TMA. 
Furthermore, it partially suggests from which reactor 
unit radioactive materials were released into the 
atmosphere. Many peaks of radiation dose rate were 
already observed at all the monitoring stations for 
radioactive materials, and a one-to-one 
correspondence could be identified between a peak of 
radiation dose and a plume/polluted air mass of 
radionuclides. Many case studies on the spatio-
temporal distribution of plume/polluted air masses 
were also performed, and which clearly demonstrates 
that local meteorological conditions such as land and 
sea breezes, precipitation, and temperature inversion 
layers near the surface coupled with topography 
could greatly affect the transport pathways of 
radioactive materials, their maximum concentrations, 
and their deposition to the land surface. 
 
[1] Tsuruta, H. et al. (2014) Sci.Rep. 4, 6717; DOI: 
10.1038/srep06717. [2] Oura, Y. et al. (2015) JNRS, 
15, 1-12. 
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In order to obtain basic information on the gold (III) 

removal by biosorption and biominaralization 
from aqueous systems using microbial cells, gold 
(III) removal and recovery by those using 
microbial cells was investigated.  

 
Of microorganisms tested, high abilities of gold 
removal from a solution containing hydrogen 
tetrachloroaurate (III) were found in some species of 
the most of the microbial species, such as bacteria, 
fungi and yeasts, however, the amounts of gold 
removed by biosorption using gram-positive bacteria, 
fungi, and yeasts were smaller than those using gram-
negative bacteria. Therefore, gold (III) removal by 
sorption and reduction was examined using 
Pseudomonas saccharophila, which was able to 
remove larger amounts of gold (III) by sorption and 
reduction, in detail.  

In this research, time course and some factors 
affecting on the gold removal using P. saccharophila, 
were examined. At first, time course of gold (III) 
removal was examined. The amount of gold (III) 
removed using P. saccharophila. The amount of gold 
removed was increased very rapidly using P. 
maltophilia cells. It reached first equilibrium stage by 
biosorption until 6h, however, after that, the amount 
of gold removed was increase again, and the color of 
the solution was changed dark violet.  

The repetition test of removal of gold (III) using 
immobilized P. saccharpphila cells and recovery of 
gold desorbed using aqueous thiourea solution was 
also examined. Immobilized P. saccharophila cells 
can be removed most of the gold (III) removed and 
most of the gold (0) on the immobilized P. 
saccharophila cells can be recovered using the 
aqueous thiourea solution. The removal and recovery 
can be recycled several times. Accordingly, 
immobilized microbial cells, such as P. 
saccharophila, can be used the removal and recovery 
of gold. The experimental data will be presented at 
the conference. 
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Terrestrial mud volcanoes (MVs) representing 

prominent surface geological features in 
compressional tectonics regimes are formed by 
expulsions of muddy fluids, hydrocarbons, and gases 
from deeply buried subsurface sources. Unlike the 
enormous buffering capacity of seawater above 
marine MVs, terrestrial MVs directly emit methane 
into the atmosphere. As microbial communities play 
a key role in governing methane fluxes in MVs [1, 2], 
we are interested in how microbial community 
compositions and functions could be correlated with 
in situ geochemical characteristics and therefore, 
control the flux of methane across redox transitions. 
Here, we coupled sequence-based methods with 
geochemical analyses of sediments, gases, and pore 
and surface fluids to characterize community 
assemblages, functions and activities in a methane-
emitting MV of southeastern Taiwan. Multiple lines 
of evidence indicated that aerobic / anaerobic 
oxidation of methane, metal reduction, 
methanogenesis, and fermentation were active and 
compartmentalized into discrete and stratified niches. 
A number of microbial populations and functions 
showed strong correlations with the types and the 
availability of specific electron acceptors, and 
concentration of methane. Although methanotrophs, 
methanogens, and nitrate-, sulfate-, and metal-
reducing bacteria were observed in all samples along 
the core, functional marker genes related with 
anaerobic oxidation of methane and metal reduction 
were more enriched at shallower intervals, whereas 
those associated with methanogenesis and 
fermentation were more abundant at depth, indicating 
the existence of spatial heterogeneity. Conspicuously, 
both molecular and geochemical evidence indicated 
that microbial communities inhabiting in the bubbling 
pool and near surface region have the strongest 
ability to consume methane. 
[1] Cheng et al. (2012) ISME J., 6, 2280-2290. 
[2] Wang et al. (2014) Front. Microbiol., 5. 
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It is entirely possible that deposits of pure water, 

or mixtures of pure water with small molecules such 
as hydrogen, are a common occurrence throughout 
the universe. Solid solutions of water and hydrogen in 
icy bodies are likely results, these include simple 
amorphous/crystalline mixtures and hydrogen 
clathrate hydrates. In this study we have vapor 
deposited water, at cryogenic temperatures near 10 K, 
to form deposits of low density amorphous ice. 
Recent work has indicated that when this vapor 
deposited amorphous ice is subjected to hydrogen 
pressure of 150 bar and annealed near 160 K these 
amorphous deposits crystalize into cubic ice that is 
‘loaded’ with substantial amounts of entrapped 
hydrogen molecules. This does not happen with more 
common hexagonal ice. We present the inelastic 
neutron scattering density of states data of this 
crystalline material and compare it with that of the 
deposits of pure low density amorphous ices. 
Differences in these spectra indicate that indeed 
hydrogen is trapped within the cubic ice network, and 
that this alters the molecular interactions and 
molecule dynamics away from ‘normal’ crystalline 
ice and toward a more disordered yet still crystalline 
state. 

Additionally, using neutron diffraction and 
Raman spectroscopy, we have studied hydrogen 
clathrate hydrate as it is subjected to high vacuum 
and annealed at temperature near 150 K for extended 
times. The cage occupancy (guest occupancy) 
behavior and decomposition process are determined. 
We found that a dramatic  reduction in the hydrogen 
content of the clathrate cages is possible with little 
change in the structure of the host water lattice, 
which is then in a metastable state of being either 
without guests or nearly without guests. 
Reintroduction of hydrogen can refill the hydrate 
structure. This leads to the possibility of a new very 
low density crystalline form of ice being present in 
icy bodies throughout space. 
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CO2 removal through dissolution of carbonates 
occurring in altered oceanic lithosphere and its 
sedimentary cover, along with diapirism of slab rocks 
and/or melts, provides an efficient way to recycle 
carbon back to the mantle wedge and, ultimately, to 
the Earth's surface. However, other forms of carbon, 
such as graphite, often closely associated with 
silicates, have been reported in slab rocks and in 
particular in subduction mélanges. Graphite has been 
considered a refractory sink of carbon in the 
subduction slab, owing to its lower solubility in 
aqueous fluids compared to carbonates. However, 
graphite dissolution mechanisms and solute transport 
in complex COH fluids at high P are experimentally 
unconstrained. Estimates of CO2 in subduction fluids 
are mainly based on traditional thermodynamic 
models relying on a very limited experimental 
ground. Here we present for the first time 
experimental constraints on graphite-saturated H2O–
CO2 fluids, synthesized at 1 GPa and 800–900° C in 
equilibrium either with forsterite + enstatite or quartz, 
and analyzed both for volatiles and dissolved SiO2 
and MgO. At the investigated conditions, the CO2 
content in fluids exceeds the amounts retrieved by 
traditional thermodynamic models of ternary 
graphite-saturated COH fluids by up to 40 mol%. Our 
results suggest that the interaction of deep aqueous 
fluids with silicates in the presence of graphite, as 
occurs in a subduction mélange, exerts a major role in 
controlling the volatile composition of the resulting 
COH fluid, thereby promoting the dissolution of 
graphite and enhancing the CO2 content towards 
unpredicted values. As a consequence, the deep CO2 
transfer from the slab-mantle interface to the 
overlying mantle wedge is sustained by this new 
mechanism, most favorable in cold subduction zones, 
where fluids are thought to be stable over melts. 
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Modification of clay minerals by organic cations 

is a subject of great interest because of the possibility 
to develop new materials with the specific properties 
for new technological applications (e.g. polymer-clay 
nanocomposites, sorbents, deposites of radioactive 
waste, fireproof coats, etc.). Especially 
montmorillonite (Mnt) is suitable candidate for 
modification because of its swelling and ability to 
replace exchangeable cations. Knowledge on the 
structure and properties of organoclays is essential for 
their preparation and applications. Organo-
montmorillonites can be characterized by different 
physicochemical methods including infrared (IR) 
spectroscopy. In spite of the intense spectroscopic 
research of the organoclays, many important 
questions remain open or experimental data have not 
been completely interpreted yet because of the 
complex structure of the studied organoclay 
materials. In such situation molecular simulations can 
effectively complement experimental data.  

This work is focused on the structure, dynamics, 
and stability of four n-butylammonium cations in the 
montmorillonite interlayer space and on the surface 
(mono-, di-, tri-, and tetra-butyl ammonium cations, 
nBA, where n=1-4). The structures of  intercalates 
and surfaces are modeled by using periodic models 
and DFT approach. Preliminary results showed that 
the stability of the nBAM structures decreased with 
the increasing number of butyl chains in order 
1BAMnt> 2BAMnt> 3BAMnt> 4BAMnt. The 
interaction energies were in a good correlation with 
the strength of the hydrogen bonds formed between 
cations and montmorillonite surfaces. Power spectra, 
calculated from the first principle molecular 
dynamics, helped in the interpretation of the complex 
IR spectra of nBA-organoclays. 
 
Acknowledgements. Gratefully acknowledged is the 
financial support for this research by Slovak Grant 
Agency VEGA (Grant 2/0132/13) and by the 
Austrian Science Fund, FWF (project I880-N21). 
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The Philippines is one of the world’s largest 

nickel (Ni) sources from laterite soils,  derived from 
the weathering of the mantle sections of various 
obducted ophiolite sheets. Most of these nickel ores 
are shipped directly abroad without processing, with 
payments only for nickel and iron. Other valuable 
elements such as Rare earth elements (REE) and Sc 
are not included in ore payments because these have 
not been quantified.  This study attempts to quantify 
and  establish protocols for accurate determination of 
Sc and Ree in these ores. . Using ICPMS analyses, 
the over-all REE (La-Lu) contents are very low when 
compared with conventional REE ore deposits.  
However, Sc can be found in several ppm levels and 
is strongly correlated with Fe in laterites. The 
limonite and saprolite samples show relative 
depletion of heavy rare earth elements (HREE) to 
light rare earth elements (LREE). Studies are ongoing 
to determine whether these REE signatures reflect the 
source and have survived the extensive weathering 
process. Potential benefits from this study are 
additional credits from Sc contents in the ores and 
assistance in REE recovery processes. 

[Click here and type the text] 
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Separated CO2 streams from industrial sources 

such as coal may contain variable quantities of 
impurities including SOx, NOx, and O2 [1].  The 
speciation of NOx dissolution products and their 
interaction with reservoir or cap-rock at carbon 
sequestration conditions is not well known. A series 
of batch experiments were performed with a CO2/NO 
stream and a highly quartzose reservoir rock sample 
from a potential geosequestration site in the Surat 
Basin, Australia. Nitrate was found to preferentially 
form over nitrite.  Reactions also revealed enhanced 
brine-rock interactions and a lower intial pH value 
compared to a pure CO2 experiment.  This work is 
part of a project on the feasibility of modifying 
Welldog’s novel Downhole Reservoir Raman 
Spectroscopy (DRRS) tool to monitor in situ SOx, 
NOx and CO2 dissolution species during CO2 
sequestration in Precipice Sandstone. Additional 
experiments with CO2/SO2 and Precipice Sandstone 
core are in progress to facilitate further calibration of 
the DRRS tool.  

 
 
 
 
 
 
 
 
 
 
 
Fig 1: Water chemistry during reaction of 

Precipice Sandstone core (1165 m) with a low 
salinity brine and CO2/50 ppm NO at 12 MPa and 60 
°C.  

 [1] Talman (2015), IJGGC, 10.1016/ 
.ijggc.2015.04.019.  
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The geochemistry of arc volcanics reflects 
contributions from the slab, variations in the wedge 
melting regime, crustal overprinting, and the original 
composition of the mantle wedge. To constrain the 
importance of variations in the original wedge 
compositions we use the compositions of rear-arc 
volcanics, which have only minor subduction 
signatures, and therefore may represent relatively 
uncontaminated melts of the ambient mantle. 

A global database of rear-arc volcanism, and a 
regional database from the rear of the Chilean 
Southern Volcanic Zone (SVZ), share the following 
characteristics: 1) On a plot of 87Sr/86Sr vs. 
143Nd/144Nd, the data form a tight linear array between 
the compositions of depleted MORB, and EM-1 type 
OIB. 2) Rear-arc 143Nd/144Nd corresponds on a near 1-
to-1 basis with 143Nd/144Nd from associated arc-front 
volcanics. 3) 143Nd/144Nd isotopes in arc-front settings 
do not correlate strongly with trace element ratios 
dominated by the slab component, and do correlate 
with trace element ratios that are variable among 
depleted MORB and EM-1. These observations are 
consistent with ambient mantle wedges that vary 
primarily due to the addition of a component that is 
compositionally similar to EM-1. Further, this 
ambient mantle heterogeneity is the origin of much of 
the 143Nd/144Nd variation both among arcs globally 
and among the arc-front volcanoes of the SVZ. For 
arc-front samples both globally and within the SVZ, 
correlations between 143Nd/144Nd and certain trace 
element ratios, such as Zr/Nb and Th/U, indicate that 
these trace element ratios may also vary primarily as 
a function of ambient mantle wedge heterogeneity. 

Based on these observations, a quantitative model 
of ambient mantle heterogeneity has been constructed 
by inverting for the source composition of the EM-1 
type Gough Island Basalts and adding variable 
proportions of that component to depleted MORB. 
Combining these wedge compositions with variations 
in mantle wedge thermal structure owing to 
lithospheric thickness and convergence rate [1] 
successfully reproduces the systematic along strike 
compositional variability within the SVZ and 
globally.  

 
[1]Turner and Langmuir (2015) Geochem, Geophys., 
Geosys.  
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Kaite and Cueva Mayor caves in northern Spain 

are being monitored for callibrating paleoclimate 
studies based in speleothems, and used as natural 
observatories to control key environmental variables 
of the karst systems. These variables provide insights 
to inorganic geochemical processes occurring at 
present time in the system, and to factors that may 
perturbate the physicochemical equilibrium of the 
karst.  

This study is based on a continuous seasonal 
multi-parametric monitoring in both caves, which has 
yielded a record of several years of stable isotopes in 
rainfall, drip water and present calcite, as well as CO2 
and δ13C-CO2 signals in the atmosphere and cave air.  

CO2 concentration in the air outside the cave is 
438 ± 60 ppm in Kaite and 437 ± 64 ppm in Cueva 
Mayor. δ13C-CO2 signal is -13 ± 3 ‰ in Kaite and -
14 ± 4 ‰ in Cueva Mayor.  CO2 concentration in the 
air inside the Kaite cave ranges from 500 ppm in the 
area closest to the entrance to 1300 ppm towards the 
end part of the cave where main monitoring system is 
installed. δ13C-CO2 signal varies in the same way fro 
-18 to -30 ‰. In Cueva Mayor, variations range from 
800 ppm to 25000 ppm in the smaller and closest to 
the end galleries and δ13C-CO2 signal varies from -20 
to-30 ‰.  

Both caves acts as sinks of CO2 which 
accumulates in areas where very scarce ventilation 
exists. The increase of CO2 correlates with a δ13C-
CO2 decrease. Both present-day growing of calcite 
and CO2 concentration inside the cave show seasonal 
cycles and show a robust inverse correlation. 

Contribution to Project CGL2013-43257-R of 
MINECO (Spain). We thank Junta de Castilla y León 
for permissions and Grupo Espeleológico Edelweiss 
for speleological advice during cave work. 
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Ultramafic mine tailings are being investigated 

for their potential to trap and store atmospheric CO2. 
The anion exchange properties of hydrotalcite 
minerals, and their presence within many ultramafic 
mineral deposits, make them a potentially important 
resource for CO2 sequestration. To this purpose we 
have investigated the formation mechanisms of 
pyroaurite [Mg6Fe3+

2(CO3)(OH)16·4H2O] in the 
tailings of the derelict Woodsreef Chrysotile Mine, 
Australia. 

Pyroaurite is known to be present at the surface 
of the tailings pile [1]; however, the depth to which it 
is present remains unknown. We have used Powder 
X-ray diffraction (XRD) and stable isotope analyses 
to determine the carbonate source and extent of 
pyroaurite formation from the surface down into the 
tailings material. Two structureless pattern fitting 
methods [2, 3] were used to quantify the abundance 
of pyroaurite in  serpentine-rich samples taken from a 
suite of vertical profiles. Synthetic tailings were 
analysed alongside natural samples to determine the 
accuracy of both methods. 

Pyroaurite occurs throughout the tailings with the 
highest abundances, 7-10 wt.% being found in the 
upper 15 cm of the tailings. The abundance decreases 
with depth, becoming undetectable below 70 cm, 
implying that pyroaurite is forming as a weathering 
product. Analyses show a preference for isotopically 
lighter carbon with δ13C values between -7.5 ‰ and -
2.5 ‰ (VPDB). Our preliminary studies suggest that 
this signature may reflect uptake of atmospheric CO2 
under carbon-limited conditions. Thus formation of 
pyroaurite may respresent an additional carbon sink 
to the hydrated Mg-carbonates found at Woodsreef 
and other ultramafic mines. 
 
[1] Oskierski et al. (2013) Cheml Geol 358, 156-169. 
[2] Wilson et al. (2006) Am Mineral 91, 1331-1341. 
[3] Scarlett & Madsen (2006) Powder Diffr 21, 278-
284. 
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The techniques available to geochemists for 
characterizing pore scale processes have grown so 
numerous that the challenge in interpreting these 
complex systems now often lies in the ability to 
produce a coherent description that meshes well with 
all of the available data rather than in simply 
producing the data itself.   This richness of data is 
rapidly advancing our understanding of pore scale 
geochemical processes, but an additional layer of 
complexity arises when attempting to contextualize 
these pore-scale observations at the field scale.  The 
growing ability of fully coupled reactive transport 
models to simulate complex, 3-dimensional systems 
over long time scales has made the problem of 
integrating and upscaling these various data sets 
increasingly tractable.   

In this energy-themed session, we will present the 
results of flow-through CO2 sequestration 
experiments conducted on K-feldspar-rich 
sandstones, glauconitic sediments, and dolomites.  
Utilizing a variety of characterization techniques, 
including small and ultra small angle neutron 
scattering ((U)SANS), laboratory and synchrotron X-
ray computed tomography (XRCT), Mössbauer 
spectroscopy, and other fluid and solid chemical 
analyses, we will present fundamental constraints on 
the evolution of solid and aqueous phase 
geochemistry, porosity, and permeability, with 
reaction progress.  In particular, the utility of coupled 
XRCT and (U)SANS observations for elucidating the 
contribution of nanoscale pores to bulk geochemical 
changes will be emphasized, as will the value of 
Mössbauer analyses for distinguishing Fe mineral 
transformations.  Using these experimental results 
and a reservoir-scale modeling study from the 
dolomite system, we will emphasize the utility of 
RTMs for interpreting and upscaling laboratory 
experiments.  Finally, we will offer lessons learned 
from these various experimental results and RTMs 
for improving experimental approaches to pore-scale 
geochemical systems. 
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A number of the key carbonate successions used 
to interpret biological evolution, seawater 
geochemistry, and rift-sag basin evolution contain Al-
poor sedimentary Mg-clays, such as stevensite, 
sepiolite, kerolite, and/or talc.  The chemistry and 
crystal structure of these clays and their authigenic 
associations with carbonate minerals likely record 
important information about the physical and 
chemical conditions associated with the formation of 
these successions.  However, at present, only broad 
constraints may be placed upon their formation, and 
relatively little is known about their interactions with 
the carbonate minerals with which they are 
associated.  Furthermore, the potential effects of 
diagenesis on their crystallinity and chemistry have 
only been constrained by a handful of studies.  

To fill this knowledge gap and provide the 
requisite data for future modeling studies, we have 
conducted laboratory experiments to explore how 
interrelated geochemical factors such as solution 
composition, pCO2, pH, degree of supersaturation, 
temperature, and mineral substrate affect the 
heterogeneous precipitation of carbonates onto Mg-
silicates, Mg-silicates onto carbonates, and the 
homogeneous nucleation and growth of both mineral 
groups from supersaturated solutions.  We have also 
performed a number of parallel experiments to 
examine these same processes on the Mg-free, 
aluminous clays kaolinite and gibbsite.   Experiments 
were performed either at fixed pH or in free-drift 
mode in order to enable separation of the 
contributions of individual processes to the overall 
mineral growth regime.  The experiments were 
specifically designed to permit high resolution 
characterization of the solid precipitates, using high 
resolution x-ray diffraction, Fourier transform infra-
red spectroscopy, and scanning electron microscopy.  
Nonetheless, changes in fluid chemistry were 
additionally monitored throughout.  In general, the 
results show a sensitivity to solution Mg/Ca ratio, 
which appears to be more significant in substrate-
free, homogeneous nucleation experiments than in the 
experiments containing mineral substrates.  
Interesting, although not yet fully constrained, 
forcings appear to control the relative abundance of 
aragonite and Mg-rich calcite precipitated during the 
experiments. 
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Hydroxy fatty acids (FAs) were measured in the 

aerosol samples collected from Chichijima Island in 
the western North Pacific from January 2001 to 
January 2003. These fatty acids are the structural 
components of bacterial membrane and plant waxes 
and thus can serve as such markers during the 
atmospheric transport over the Pacific. 

We observed a clear seasonal variation with 
winter/spring maxima and summer/autumn minima 
along with an even C-number predominance. This 
seasonal pattern clearly indicates their atmospheric 
transport from the continents during winter/spring 
and from the ocean in summer/autumn. Furthermore, 
in winter/spring we found co-variability in their 
temporal trends between hydroxy FAs and biomass 
burning tracers such as levoglucosan and nss-K as 
well as with nss-SO4 ions. This suggests that hydroxy 
FAs are co-transported with dust and biomass 
burning plumes from the Asian continent to the 
remote marine island via the westerlies during 
winter/spring. Moreover, cluster analysis showed that 
spring and winter seasons are characterized by the 
aeolian transport of hydroxy FAs from the arid 
regions in North China, Korea, Russia, and 
Mongolian.  

Overall, continental sources overwhelm hydroxy 
FAs in the atmospheric particles over Chichijima 
Island than marine sources. These results have 
implications towards assessing the atmospheric 
transport of bacterial and plant lipids in the 
continental outflow over the open ocean. This 
chemical marker-based approach is a suitable tool for 
the rapid and comparative analysis of microbes in the 
particulate matter, which does not require the 
biological recovery and microbial cultivation. 

 

 
Figure 1. Seasonal variability of hydroxy FAs in 
marine aerosols. 
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Several geochemical studies of volcanic 
successions in Archaean terranes (e.g. Isua, Superior, 
Kapvaal, Pilbara) have previously addressed the 
bimodal bulk chemistry observed in early Archaean 
metabasalts. Most rocks show an affinitiy to 
undepleted mantle, while some have island arc- or 
cont. crust-like trace elment signatures with highly 
enriched Th, U, LREE and significant HFSE (Ti, Nb, 
Ta) depletion, despite being isotopially (Hf, Nd, Pb) 
homogeneous. This has been interpreted either as 
contamination by a crustal precursor of comparable 
age [1], or the origin from an enriched mantle source 
[2]. So far the role of accessory mineral phases in 
these rocks (which can hold a significant portion of 
the total trace element budget) has not been explored 
much. 

Titanite has several advantages over other 
mineral geo-chronometers such as zircon or 
monazite: (i) strong textural and compositional links 
to the p/T history of the host rock, (ii) the potential to 
record post-emplacement metamorphic events and 
(iii) a higher modal abundance in mafic volcanic 
rocks. Therefore, titanite is a suitable canditate for in 
situ mineral microanalysis on early Archaean 
greenstones, which are linked to the formation and 
evolution of the Early Earth’s crust. 

Titanite crystals (~50–120 μm) from circa 
3.45 Ga old metabasaltic rocks of the Warrawoona 
Group, sampled from several greenstone belts within 
the eastern Pilbara Craton in Western Australia, were 
analysed for major (EPMA), and trace element (LA-
ICPMS) compositions. Bulk rock major element 
chemistry is partially reflected in titanites (Si, Ca, Na, 
not Ti), but corresponding LREE-enrichments are not 
found in titanites, which show overall flat to LREE-
depleted REE patterns and 10–80x whole rock 
abundances. Most titanites appear to be of 
metamorphic origin with Al/Fe (apfu) between 2 and 
5, low Th/U (<1) and low Zr (<100 μg/g). However, 
one sample shows distinctly magmatic affinities 
(Th/U 2–8, Zr >400 μg/g). Additional U-Pb dating 
will help to further constrain the titanite origin. 
 
[1] Green et al., (2000), Tectonophysics, 322, 69-88. 
[2] Jenner et al., (2013), Geology, 41, 327-330. 
 



Goldschmidt Conference Abstracts 3213 

Consideration of the marine Kd 
and the exchangeable fraction: 

the case of 90Sr and 137Cs 
S. UCHIDA1*, K. TAGAMI1 

1National Institute of Radiological Sciences, Chiba 
263-8555, Japan (*correspondence: 
s_uchida@nirs.go.jp) 

 
Sediment-seawater distribution coefficient (Kd) 

for radionuclides based on field observations are 
limited because number of radionuclides found in the 
natural environment are limited. IAEA provided Kd 
data derived from stable element data in sediment and 
seawater concentrations, assuming that exchangeable 
fraction in sediment was 20% for ocean margin for all 
elements [1]. This assumption may be acceptable; 
however, it is still necessary to check the 
exchangeable fraction of important radionuclides for 
more precise modeling of dose assessment. In this 
study, therefore, we focused on global fallout 90Sr and 
137Cs data obtained coastal area in Japan and 
compared the data with stable elements.  

  Sediment and seawater were collected from 19 
coastal sites from 2007 to 2011. Details have been 
reported elsewhere [2]; Kds were obtained 
considering that 20% of the total concentration in 
sediment was exchangeable. We also surveyed 90Sr 
and 137Cs data in coastal area in Japan for samples 
collected in 2000-2010. For this case, total 90Sr and 
137Cs concentrations in sediments were used to 
calculate Kds. The obtained Kd values are summarized 
in Fig.1. The geometric mean (GM) of 90Sr was 40 
times higher than that of stable Sr, while GM of 137Cs 
was 5 times smaller than that of stable Cs. Probably, 
applying fixed exchangeable fraction percentage to 
all elements would be sometimes overestimated and 
underestimated the real values.  

Figure 1: Kd of 90Sr, stable Sr, 137Cs and and stable 
Cs. 
 
This work was partially supported by the Agency for 
Natural Resources and Energy, the Ministry of 
Economy, Trade and Industry (METI), Japan. 
 
[1] IAEA (2004) Technical Report Series No. 422. 
[2] Takata et al. (2016) Sci. Total Environ. 543, 315-
325. 
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Boron to calcium (B/Ca) ratios in foraminiferal 

calcite have been recognized as a potential proxy for 
the ocean carbonate system. However, data from 
calibration campaings (field, core-top, culture) show 
that foraminiferal B/Ca ratios co-vary with multiple 
environmental parameters.  

In this project, we intend to unravel the key 
chemical control(s) on the B/Ca proxy based on 
inorganic calcite precipitation experiments. We 
previously reported that B/Ca ratios in synthetic 
calcite increase with solution pH and concentration of 
total dissolved B, DIC and Ca2+ ions. These novel 
results collectively suggest apparent kinetic effects 
related to the precipitation rate on B/Ca ratios in 
synthetic calcite [1]. These experiments were run 
with relatively simple solutions (NaCl–CaCl2–
Na2CO3–B(OH)3), which are now replaced by 
artificial seawater in order to close the gap between 
simplified experimental conditions and in-situ marine 
settings. This presentation provides a compilation of 
new results from our experiments using artificial 
seawater. We aim to put a special emphasis on re-
evaluating the influence of [DIC] on B/Ca ratios. In 
our previous experiments, B/Ca ratios increased with 
[DIC] presumably due to kinetic effects (calcite grew 
more rapidly and hence incorporated more B at 
higher [DIC]). In contrast, B/Ca ratios of cultured 
planktonic foraminifers decreaed with [DIC], which 
may suggest a competition between dissolved B and 
DIC species in the calcite lattice [2, 3]. We will test 
this hypothesis by running experiments at different 
[DIC] yet at relatively constant precipitation rates via 
simultaneous [Ca2+] adjustments to eliminate kinetic 
effects.  
 
[1] Uchikawa et al. (2015) GCA 150, 171-191. [2] 
Allen et al. (2012) EPSL 351-352, 270-280. [3] 
Haynes et al. (2015) Abstract PP31F-03, 2015 AGU 
Fall Meeting, San Francisco, CA, USA, 14-18 
December 2015.  
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Water-rock interaction experiments, which have 
been carried out for specified purposes using different 
minerals and rocks under controlled conditions, were 
used to study the effect of dissolution of minerals on 
weathering of metamorphic rocks of different 
weathering grades. Samples of sillimanite-garnet 
gneiss were collected at the Samanalawewa 
hydropower plant site, southern Sri Lanka. Rock 
cubes with each side of 1 cm were placed in PE 
bottles with 500 mL distilled water for 200 days. 
Electrical conductivity (EC) and pH were measured, 
while solution was sampled for chemical analysis 
using ICP-OES. Surfaces of rock samples were 
observed using SEM-EDS before and after the 
experiment. EC of the solutions continuously 
increased and pH fluctuates between 3.5 and 4.5. 
Concentrations of Na, K, Al and Fe in the solutions 
promptly started to fluctuate indicating rapid 
dissolution of minerals such as feldspar and 
almandine, but the dissolution rates of Si, Ca and Mg 
were slower for all weathering grades. Trace 
elements, except Ni, did not show sign of dissolution. 
Depleted highly weathered rock dissolved a less 
amount of elements. Observation of surfaces of these 
minerals correlates with the dissolution of element 
and clearly indicates the depletion of elements during 
the water-rock interaction that lead would to rapid 
weathering. 
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Deep-sea hydrothermal system has been 

considered as one of the favorable environments for 
the emergence and early evolution of life on Earth. In 
particular, H2-rich hydrothermal fluids generated 
through the serpentinization of ultramafic rocks 
potentially drove prebiotic chemical evolution and 
the acquisition of energy metabolism [e.g., 1, 2]. The 
H2-rich seafloor hydrothermal environments would 
have been predominantly driven by komatiite 
volcanism in the Hadean ocean. Previously, 
hydrothermal alteration experiments have been 
conducted to understand the potential for H2 
generation during the serpentinization of komatiites 
under CO2-free conditions. However, atmospheric 
CO2 levels prior to the late Archean were likely much 
higher than the modern level, as suggested by 
theoretical calculations and geological records [e.g., 
3,4]. 

We conducted two hydrothermal serpentinization 
experiments using synthetic komatiites and CO2-rich 
acidic NaCl fluids at 250 °C and 350 °C, 500 bars. 
We revealed that the difference in temperature 
influences the precipitated carbonate species (Fe-rich 
dolomite at 250 °C and calcite at 350 °C) during the 
serpentinization of komatiites. The steady-state H2 
concentration at 250 °C is approximately 0.024 
mmol/kg, which is significantly lower than that under 
CO2-free condition. Ferrous iron incorporation into 
dolomite at 250 °C likely suppressed iron oxidation 
and concomitant H2 generation. On the other hand, H2 
concentration at 350 °C reached up to 2.9 mmol/kg, 
which is equivalent to those in modern serpentinized 
hydrothermal systems. These results suggest that 
high-temperature komatiite-hosted hydrothermal 
systems had the potential to generate H2-rich 
hydrothermal environments, in contrast to low-
temperature equivalents, even under the CO2-rich 
conditions in the Hadean ocean. 
 
[1] Takai et al., (2006) Paleontol. Res. 10, 269–282.  
[2] Russell et al., (2014) Astrobiology 14, 308–343.  
[3] Kasting, (1993) Science 259, 920–926.  
[4] Shibuya et al., (2007) J. Metamorph. Geol. 25, 
751–767. 
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 The Anshan area in northeastern part of North 
China Craton is one of a few places, where over 3.8 
Ga crustal materials are found, in the world. Previous 
works reported ca. 3.8 Ga zircons from the Baijiafen 
and Dongshan gneisses [1, 2]. But, Wu et al. [3] 
emphasized that the protolith of granitic gneisses was 
formed at 3.3 Ga, and that the older zircons, up to 3.8 
Ga, are inherited. Recent U-Pb dating, 
Cathodoluminescence (CL) observation and Hf 
isotope analyses of the zircons from the Baijiafen and 
Dongshan gneisses criticized the presence of the 3.8 
Ga rocks in the Anshan, but it is still controversial [1, 
2, 3]. 

We carried out a comprehensive investigation of 
detailed observation of an outcrop in Anshan area, 
and mineralogy and geochronology of the zircons 
from the outcrop. The outcrop consists of highly 
altered metamorphosed mafic rock and orthogneisses 
with three generations: pale-gray gneiss, white gneiss 
and white granitic intrusion. The occurrence of these 
rocks indicates that the mafic rock (1) was intruded 
by the pale-gray gneiss (2), the pale-gray gneiss (2) 
was further intruded by the white gneiss (3), and all 
of them were, finally, intruded by the white granitic 
intrusions (4). We studied CL imaging and U-Pb 
dating of zircons carefully separated from each rock 
type. The results follow: (1) the metamorphosed 
mafic rock yields only metamorphic zircons with ca. 
3.3 Ga ages, (2) only the pale-gray gneiss contains 
3.8 Ga zircons, (4) the white gneiss has ca. 3.3 Ga 
zircons and (4) the white granitic intrusion contains 
very young, ca. 500 Ma, zircons. 

 We will report their protolith ages and the related 
granitic intrusion events based on the CL images, U-
Pb dating with LA-ICP-MS, Hf and O isotopes and 
REE patterns of the zircons and whole rock 
compositions of the host rocks. 
 [1]Liu et al. (1992) GOLOGY. v.20, 339-342. 
[2]Song et al. (1996) Precamb. Res. 78, 79-94. [3]Wu 
et al. (2008) Precamb. Res. 167, 339-362. 
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Introduction 
The density of the hydrous silicate melt plays key 

roles in various subduction zone magma processes. 
We present a new numerical model for the 
calculations of the density and the seismic velocity of 
hydrous silicate melts as a function of temperature, 
pressure, water concentration, and melt composition.  

Model configuration and parameters 
We optimize volumetric parameters of the H2O 

end-member components in hydrous silicate melts, as 
well as K’ of anhydrous silicate melts, using 
previously reported experimental results of density 
values of various hydrous melts. The parameter set 
optimized in this study is internally consistent with 
the parameter values for the properties of anhydrous 
silicate melt reported by [1, 2]. 

Results 
The model developed in this study reproduces the 

experimentally determined densities of various 
hydrous melts, and can be used to calculate the 
relationships between pressures, temperatures, and 
water concentrations of hydrous melts (from basalt to 
rhyolite) at pressures of 0 to 4.29 GPa. Using the new 
parameter set, we investigate the effects of water 
content on the seismic velocity of hydrous melts. 
With the 5 wt% of water, P-wave velocity of silicate 
melt decreases by >10%. Based on the melt P-wave 
velocity, we demonstrate the effect of the melt water 
content on the seismic velocities of the partially 
molten regions of the subduction zones. The results 
show that the water content in silicate melt plays an 
important role in determining the seismic velocity 
structure of the partially molten rock. 
 
 [1] Lange & Carmichael (1987), Geochim. 
Cosmochim. Acta, 51, 2931–2946. [2] Lange & 
Carmichael (1990), Rev. Mineral. Geochem., 24, 25–
64 
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Nutrient supply to the ocean surface layer is an 

important factor controlling the marine ecosystem. 
The major paths of supplies of nutrients have been 
considered as those from nutrient-rich deep waters 
and riverine input, which is mostly taken up near the 
estuary region, but the nutrients transported through 
the atmosphere are recognized to be important for the 
open ocean, where the nutrients are limiting primary 
productivity.  Because of rapid economic 
development surrounding the Pacific Ocean, 
anthropogenic NOx emissions have increased by 2-3 
times during the past decades. This rapid increase of 
NOx  emission causes a large amount of N deposition 
mostly in the form of nitrate and ammonium over 
ocean surfaces, and strongly impacts their marine 
ecosystems.  Especially, biological N2 fixation, 
riverine input and atmospheric deposition contribute 
to support “new production” and affect CO2 air-sea 
exchange.   

Nitrogen compounds in marine aerosol have been 
measured on the island stations and onboard research 
vessels in the Pacific Ocean over a few decades.  The 
temporal and spatial atmospheric distribution of 
water-soluble particulate nitrogen compounds is 
summarized in this study.  As reflection of the 
transport of anthropogenic nitrogen compounds from 
land, high concentration is revealed over the marginal 
seas in the western North Pacific.  Most of nitrate 
exists in the coarse aerosol associated with sea-salt 
particle while ammonium exists in the fine particle 
and showing a good relationship with non-sea-salt 
sulfate.   

Over high primary productive areas such as the 
equatorial Pacific and the Southern Ocean, ammonia 
is released to the atmosphere and transported to other 
areas.  By atmospheric  deposition, 
ammonia/ammonium is expecting to be supplied to 
the ocean surface and enhanced primary production 
especially in the nutrient deficient areas just like a 
little precipitation on the desert area to maintain their 
ecosystem. 
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The last deglaciation is the most recent natural 

global warming period. An abrupt climate change 
occurred during a transition from the Last Glacial 
Maximum (LGM) to Bølling-Allerød (BA) in 
Northern hemisphere. However, the island climate 
change in East Asian Monsoon region is unclear due 
to sparsity of the high-time resolution paleoclimate 
record. In this study, we have measured isotope ratios 
of fluid inclusions and the calcium carbonate of a 
speleothem in a subtropical island. 

A stalagmite sample, HSN2 was collected in 
Hoshino cave at Minami Daito Island, Okinawa, 
Japan (25°N 51’ 29’’; 131°E 13’ 28’’). The isolated 
island (30.57 km2) is located in the western Pacific 
Ocean. Isotope ratios of the fluid inclusions were 
measured using the CRDS-based isotope 
measurement system [1]. 

The stalagmite covers the transition period from 
the LGM to BA. There are visible patterns of 
dark/transparent stripes on the cross section of the 
sample. The pattern does not correlate oxygen isotope 
ratio of carbonate, but correlates with water content. 
There is weak correlation between the oxygen isotope 
composition of the fluid inclusions and that of 
calcium carbonate. Further results with additional 
data will be discussed in the conference. 
 
[1] Uemura et al. (2016) Geochim. et Cosmochim. 
Acta, 172, 159–176 
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Sulfur Mass Independent Fractionation (S-MIF) 
is a useful tracer for atmospheric chemistry. Our 
recent experiment of SO2 photochemistry first 
succeeded to reproduce the basic character of the 
Archean S-MIF (i.e. Δ36S/Δ33S ratio from –1.5 to –
0.85). Our experimental results indicate that a key 
factor to change the isotopic fractionation is partial 
pressure of SO2. Depending of the optical thickness 
of SO2, magnitude of MIF signal is changed due to 
isotopic self-shielding. Also, high pSO2 atmosphere 
provides excess O atoms, resulting in an oxidizing 
condition which is probably dissimilar to the Archean 
atmosphere. In other words, the S-MIF signature 
reflects mainly pSO2 as well as redox state of the 
atmosphere even without any molecular oxygen. 
Based on the experiment, we have developed 
photochemical model of S-O-C system including 200 
reactions. The model successfully reproduces not 
only our experimental results but also most previous 
laboratory experiments, when assuming MIF only in 
the two reactions: (1) SO2 + hν -> SO + O and (2) 

1SO2 + M -> 3SO2 + M. Moreover, the model indicates 
that the large S-MIF (Δ33S > +4‰) observed in late 
Archean sediments requires sufficiently high SO2 
levels (~1016 molecules cm-2) suggesting high 
volcanic activity at that time. The observed Δ36S/Δ33S 
slope of –1.5 ~ –0.85 can be produced by solar UV 
irradiation under the presence of reducing gasses 
(e.g., several % of CH4 and/or CO). The late Archean 
from 2.8 to 2.5 Ga, the atmosphere may have been 
more reducing than before and after this interval. 



Goldschmidt Conference Abstracts 3222 

Complexities in the phase 
relations of MgFe2O4 at high 
pressure and temperature: 

evidence for new oxides such as 
Mg5Fe2O8 

LAURA UENVER-THIELE1 , ALAN 
WOODLAND1, TIZIANA BOFFA 

BALLARAN2, NOBUYOSHI MIYAJIMA2, 
DAN FROST2 

1Institut für Geowissenschaften, Universität 
Frankfurt, 60438, Frankfurt am Main, Germany  

2 Bayerisches Geoinstitut, Universität Bayreuth, 
95440, Bayreuth, Germany 

 
Magnesioferrite, with an ideal chemical 

composition of MgFe2O4, belongs to the spinel 
structured minerals, which are present in most parts 
of the deep upper mantle and transition zone. Because 
of the incooperation of trivalent and divalent cations, 
spinel group minerals are of particular interest. Some 
endmember compositions (e.g. FeFe2O4, FeCr2O4, 
FeAl2O4) differ in their high pressure behavior from 
each other whilst others do not show significant 
differences. For example, FeFe2O4 breaks down at 
~10 GPa to Fe4O5 + Fe2O3 whilst FeAl2O4 breaks 
down to its constituent oxides [1, 2]. For MgFe2O4 [3] 
proposed a direct transformation to a hP-modification 
at > 1500°C and 17 GPa, and decomposition to MgO 
+ Fe2O3 at lower T and P. However, hP-MgFe2O4 was 
never produced in their experiments.  

In order to investigate the phase relations of 
MgFe2O4 multi-anvil experiments have been 
performed at 8-18 GPa and 900-1600°C. 
Stoichiometric mixtures of MgO+Fe2O3 or pre-
synthesized MgFe2O4 were used, along with PtO2 to 
insure high oxygen fugacities. Run products were 
analysed by microprobe, X-ray diffraction and TEM.  

Our study confirms the breakdown of MgFe2O4 to 
its constituent oxides, but the phase boundary is 
shifted to somewhat lower P-T conditions (8-9 GPa 
and 900-1200°C) than proposed by [3]. At T > 
1200°C and ~ 9 GPa MgFe2O4 breaks down to Fe2O3 
+ a new Mg-rich phase. Although this new phase is 
unquenchable, microprobe data, as well as TEM 
observations indicate that this new phase has a 
Mg5Fe2O8 stoichiometry. Depending on P and T, 
phases with other stoichiometries also appear to be 
stable, although they are not quenchable. Above 10-
12 GPa Mg2Fe2O5 (isostructural with Fe4O5 [4]), 
becomes stable together with Fe2O3.  

 
[1] Woodland et al. (2012) Am. Min. 97, 1808-

1811 [2] Schollenbruch et al. (2010) Phys. Chem. 
Min. 37, 137-143 [3] Levy et al. (2004) Phys. Chem. 
Min. 31, 122-129 [4] Boffa Ballaran et al. (2015) 
Am. Min. 100, 628-632 
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As forest ecosystems evolve over pedogenic 

timescales chemical weathering alters the nutrient 
status of the regolith. To maintain the nutrient status 
to a vital level plants developed strategies such as 
nutrient uplift and recycling  [1]. Since phosphorus 
(P) is a plant-limiting element it is predestined to 
explore from what depth forest ecosystems obtain 
their P in a supply-limited (meaning element-
depleted) weathering regime. 

Therefore, we selected two study sites with 
contrasting parent bedrock P concentrations in the 
Black Forest and in the Bavarian Forest. Both study 
sites are underlain by gneissic bedrock, mantled by 
Cambisols and covered by a mixed deciduous and 
coniferous forest. At both study sites we drilled up to 
30m deep drilling cores through the regolith into 
unweathered bedrock and applied geochemical mass 
balances to characterise the nutrient status of the 
regolith. While the depletion of soluble nutrients (Ca, 
Mg, K) is high in the Black Forest (supply-limited) 
soluble nutrients are only partially lost in the 
Bavarian Forest (kinetically-limited). 

In spite of these differences in the weathering 
regime P is depleted by up to 70% relative to bedrock 
at both study sites. Between topsoil and 3m depth the 
remaining 30% are mainly converted into bio-
inaccessible P forms. Therefore, we hypothezise that 
nutrients are assimilated by plants from remaining 
primary minerals such as apatite and silicates below 
3m depth down to the weathering front located at 7m 
depth in the Black Forest. 

Using isotope geochemical tools such as 
traditional 87Sr/86Sr and innovative meteoric 10Be/9Be 
source tracer we find that mineral-derived nutrients 
are taken up from surprisingly deep layers at 3-7m at 
both study sites. This challenges the view that 
mineral-derived nutrients are taken up from shallow 
soil horizons. However, re-enrichment of micro-
nutrients in the shallow soil as shown by mass 
transfer coefficients provide indications that these 
nutrients are recycled and become available in 
organic-bound sources in the Black Forest. Because 
in the Black Forest nutrients are simultaneously 
mineral-derived from 3-7m depth and also organic-
derived from shallow soil, we suggest that the so 
called nutrient-pump [1] is active. 

 
[1] Jobbagy and Jackson (2001) Biogeochem., 53, 
p.51-77 
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Introduction 
Recent East Siberian Arctic shelf is affected by 

rapid changes in different environmental parameters 
as geological, biogeochemical, geomorphological, 
and hydrological behavior [1-3]. Study of 
immobilized into permafrost organic carbon takes on 
special significance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. PCA biplot of obtained n-alkanes data. 
 

Results and discussion 
Based on molecular composition of n-alkanes 

from samples and principal component analysis three 
types of organic matter (OM) were identified (Fig. 1). 
Using a data set of multiple molecular organic 
proxies (n-alkanes, polycyclic aromatic hydrocarbons 
(PAHs), lignin and soil phenols) we compared 
organic geochemical compositions in the samples 
from the Laptev Sea submarine cryolithozone. 
Molecular compositions and contents of above 
mentioned OM classes in subsea thawed and frozen 
deposits from Buor-Khaya Bay were discovered. 

 
[1] Shakhova et al. (2010) Science 327, 1246–1250. 
[2] Günther et al. (2013) Biogeosciences 10, 4297–
4318. [3] Günther et al. (2015) The Cryosphere 9, 
151–178. 
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Introduction 
At Hanford site (WA, USA), the 216-U-8 and U-

12 Cribs located in the 200 West Area received acidic 
process condensate from different sources. The 
phosphate content of these sources is expected to 
inhibit long-term uranium release from sediment 
exposed to acidic reaction. To investigate this effect, 
two acidic, nitrate-containing waste simulants were 
prepared with and without phosphate and reacted 
with Hanford vadose zone sediment for 3-15 months. 
Characterization of the reacted sediment identified 
two different uranium mineral phases, meta-ankoleite 
(K[UO2][PO4]•3H2O) in the sediments reacted with 
phosphate containing simulant and becquerelite 
[Ca(UO2)6O4(OH)6•8(H2O)] in the sediments reacted 
with phosphate-free simulant. Uranium release from 
the reacted sediments was then investigated for 120 
days using the flow-through cell test with synthetic 
Hanford background pore water (BPW) to understand 
the phosphate effect on uranium releases.    

Results 
No significant difference in uranium release was 

observed between sediments reacted for 90 and 450 
days with phosphate-free simulant, implying that 
uranium phase stabilization occurred by 90-day 
reaction. However, for samples reacted with 
phosphate-containing simulant, the uranium release 
from the 450-day sample was ~40% lower than the 
90-day sample, where the extended reacting time 
could produce larger particle sizes or more crystalline 
meta-ankoleite. Insoluble uranium phosphate phases 
(meta-ankoleite) strongly retained uranium in the 
reacted sediments, even after 120 days of leaching by 
BPW (Fig. 1).  

 

 
Fig.1. Uranium released mass (%) as a function 

of leaching volume (3.5 mL/day) for 90-days reacted 
sediment with (+PO4) and without phosphate (-PO4)  
 

The presence of phosphate minimizes uranium 
release through rapid precipitation of insoluble meta-
ankoleite,  
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Since hydrogen and iron are two of major 

constituents of the Earth and planetary interiors, the 
crystal structures of hydrogen-bearing iron solid are 
one of the most fundamental information in order to 
understand properties of planetary cores. Recently, 
hydrogen-rich phases, FeH2 and FeH3, were 
experimentally synthesized [1].  The crystal structure 
of FeH3 was clarified by comparing experimental 
compression curve with calculated one. On the other 
hand, the structure of FeH2 remains unclear. It is 
mainly because the hydrogen positions are quite 
difficult to be determined by x-ray diffraction 
measurements. Ref. 1 proposed the crystal structure 
of FeH2 with the iron sublattice symmetry of 
I4/mmm, but it is less consistent with its experimental 
compression curve. Here we report the results of first-
principles calculations on FeH2. We find the new 
hydrogen positions which lead to more stable 
structure than proposed by Ref. 1 and reproduces 
experimental compression curve very well. 
Combined with the crystal structures of FeHx for x<1 
which have been well known, we will have volume 
per hydrogen in iron-hydrogen alloys. It will be an 
essential information to determine the amount of 
hydrogen. 

 
[1] C. M. Pépin, A. Dewaele, G. Geneste, P. 

Loubeyre, and M. Mezouar (2014), Phys. Rev. Lett. 
113, 265504. 
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 We determined the pH values, electrical 
conductivity (EC) and elemental concentrations of 
streamwater in the Yamato River and effluent from 
the sewage treatment plant in order to elucidate the 
effects of anthropogenic activities on stream water 
chemstry. We collected 10 sites of the mainstream 
and 7 sites of the tributaries of Yamato River and the  
treated sewage samples before and after the addition 
of NaClO at the treatment plant in Nara prefecture.  

The pH values of the mainstream decreased, and 
their EC and concentrations of Na+, K+, Ca2+, Mg2+, 
Cl-, NO3

-, SO4
2-, HCO3

-, Si, B, Mn, Zn, Sr, Ba, Li, Ti, 
V, Cr, Ni, Cu, As, Rb, Mo, Ag and Sb increased from 
the upstream to the downstream of the input point of 
the sewage from the treament plant. On the other 
hand,  the pH values of sewage samples were lower, 
and their EC and concentrations of Na+, K+, Ca2+, 
Mg2+, Cl-, NO3

-, SO4
2-, HCO3

-, Si, B, Zn, Sr, Ba, Li, 
Ti, V, Cr, Ni, Cu, As, Rb, Mo and Sb were higher 
than those of the upstream of Yamato River. These 
results indicate the input of sewage effluent 
substantially affected decreasing pH and increasing 
EC and concentrations of Na+, K+, Mg2+, Si4+, Cl-, 
SO4

2-, B, Zn, Sr, Ti, Ni, Rb, Sb, Li, V and Cr of 
mainstream water.  

The major elemental compositions of Yamato 
River mainstream changed from Ca2+-HCO3

- type in 
the upstream side of the plant to Na+-Cl- type  at the 
site immediately after the input of sewage, and 
approached to be relatively rich in Ca2+ and HCO3

-. 
Those of sewage samples and tributaries were 
enriched in Na+ and Cl- and in Ca2+ and HCO3

-, 
respectively. These results suggest the downstream 
side of the plant in Yamato River are subjected to 
dilution by tributaries, however, the elemental 
compositions of the downstream become different 
from those of the upstream side of the plant.  

The elemental compositions of sewage samples 
before and after the addition of NaClO had no 
significant change, indicaing the addition of NaClO 
has small influence on the chemistry of sewage. 
Therefore, sewage accumulated into the treatement 
plant is considered originally high concentrations of 
Na+ and Cl- and major changes in river water 
chemistry of Yamato River after sewage effluent flow 
is attributed to anthropogenic substances such as 
domestic effluent. 
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In rocks with pores partially filled with water and 
air, different physicochemical properties than the 
water-saturated states occur affecting various material 
transport and chemical reactions. Electrical properties 
of rocks are known to depend on degrees of water 
saturation and pore structures. Electrical conduction 
in rocks is considered to be composed of conductions 
in bulk pore water and electrical double layer at 
mineral/water interface at high water saturation. At 
low water saturation, when water in rock pore loses 
electrical conduction connectivity, water film is still 
percolating all over the pore space conducting 
electricity.  

In this study, to investigate electrical conduction 
down to low degrees of water saturation (Sw), 
electrical conductance was measured on a Berea 
sandstone (main mineral composition: quartz, 
porosity 25%) initialy saturated with pure water upon 
natural drying for decreasing water saturation degree. 
For lower water saturation than Sw = 0.03, dry air was 
flowed in the sytem to attain until Sw = 0.001. Since 
electrical properties of rocks are known to depend 
mainly on conduction of electrical double layer in 
water film at low water saturation, surface 
conductivity was calculated with the measured 
electrical conductance values. The obtained surface 
conductivity is mostly constant for higher water 
saturation Sw > 0.2. However, the surface 
conductivity for Sw < 0.2 (water film thickness h < 20 
nm) decreases with decreasing degree of water 
saturation, indicating changes in the structure of 
electrical double layer in water film. 

In order to understand the surface conductivity, 
we first calculated the distribution of dissolved ions 
at quartz/water interface using triple-layer model 
(TLM). Then, we estimated the surface conductivity 
by summing the following three contributions: 
conductivity of ions in diffuse layer; conductivity of 
ions absorbed in Stern layer; and proton transfer at 
surface silanol group (>Si-OH). 
 
 
 
 
2191 missing, required resubmit in .doc format 
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The aim of this research is to bring clarity to the 
fundamental mechanisms of clay-oil-brine interfaces 
that underpin low-salinity enhanced oil recovery 
(EOR), a technique whereby sea water, partially 
desalinated, is used to push increasing amounts of 
crude oil from existing, and future, oil reservoirs, 
increasing the reservoir lifetime and overall 
production.  

Using large-scale molecular dynamic (MD) 
simulations to model the interactions of several 
different clays (montmorillonite, kaolinite and illite) 
interacting with various model oil compounds, we 
have been able to analyze the phenomena of low-
salinity EOR at the molecular level, Figure 1. 

 

Our work presents an increasingly high-
resolution picture of low-salinity EOR, whereby it is 
observed that the effects of double layer expansion 
cannot explain the phenomenon of low-salinity 
enhanced oil recovery. Rather, the results show that it 
is the pH level surrounding the clay in conjunction 
with the presence of divalent cations that is the 
determining factor driving the titular effect [1, 2]. 
 
[1] Underwood, Erastova, Cubillas & Greenwell 
(2015), J Phys. Chem. C 119.13, 7282-7294. [2] 
Underwood, Erastova & Greenwell (2016); J. Phys. 
Chem. C (Submitted) 
 

Figure 1: A snapshot presenting the interaction 
between an oil-wet montmorillonite clay particle 
and charged decanoate molecules. 
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Much attention is paid to long-life radioiodine 

(129I) that has been emitted from nuclear fuel 
reprocessing plants, because its behavior in the 
environment has not sufficiently been clarified yet. 
The mobility of 129I in the terrestrial environment, 
especially in soil, is important for understanding its 
behavior. Although various studies pointed out that 
iodide (I-) mobility in soil was affected by I- 
oxidizing bacteria which are capable of oxidizing I- to 
I2, the ecology and role in I dynamics of these 
bacteria under field conditions has been still unclear.  

A nuclear fuel reprocessing plant is located in 
Rokkasho and has been under the final test. In this 
study, soil core samples from a surface layer down to 
50 cm were collected at a pasture in the vicinity of 
the plant on August, 2014 and studied for their 
bacterial community structure and distribution of 
IoxA gene, which is one of the gene code for I- 
oxidizing enzyme (IOE). The results were discussed 
in relation to various chemical and biological 
characteristics such as I concentration in soil solution, 
I- soil-water partitioning coefficients (Kd) and IOE 
activity.  

Amplicon libraries of 16S rRNA gene were 
constructed for each soil layer, and sequenced by 
using MiSeq sequencer. Phylogenetic analyses 
revealed that the decreasing tendency of relative 
abundance of Alphaproteobacteria with depth. IoxA-
like sequences were only detected in the surface soil, 
and its sequences had high similarities to IoxA of  
Alphaproteobacteria.  

Concentration of I in the soil solution was 
relatively high in the surface soil in comparison to 
that from common field soil under oxic conditions. 
Although the total I concentration was decreased with 
depth, organic I and I- proportion are fairly constant 
in ranges of 58-74% and 42-26%, respectively, with 
undetectable IO3

-. Those results suggested that 
organic-I and I- are mobile forms in the soil. In 
addition, the surface soil showed relatively high IOE 
activity and low Kd value. All those results are not 
inconsistent with that bacterial I- oxidization and 
subsequent iodination of organic materials played an 
important role in I mobility in pasture soil. 
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Dehydration and hydration reactions deep in the 
Earth control the water budget in the subduction zone 
system. Hydration reactions in particular, associate 
large solid volume changes. Such solid volume 
changes can induce large stress by the release of 
Gibbs free energy during the reactions, which can be 
larger than the strength of rocks and generate 
fracturing. However, whether volume change in 
hydration reactions causes fracturing, enhance fluid 
flow and promote further hydration reactions, or it 
fills in the pores, reduces fluid flow and suppresses 
further hydration, is largely unconstrained. Here we 
explored mechanical responses of polycrystalline 
rock through hydration reactions CaSO4 + 2 H2O → 
CaSO4·2H2O, wich involves as much as +60% of 
theoretical solid volume change. 

To understand the dependency of reaction-
induced stress and strain on confining pressure and 
porocity, constant load experiments with various 
loadings (0.01–10 MPa), and constant volume 
experiments with various porocities (20–35%) were 
conducted. Reaction–induced strain and stress, and 
heat of reaction were measured during the 
experiments. Starting materials are pressed poweder 
of mixture of anhydrite and hemihydrate, with grain 
size of ~50–100 µm. 

Although the samples have high porosity (ø = 
24%), direct measurement of reaction-induced strain 
under constant load experiments revealed that 
reaction-induced bulk strain does occur under 
loadings of 0.01–10 MPa. The increase of loading 
enhances deformation mechanisms such as pressure-
solution creep, and the amount of reaction-induced 
bulk strain decreases. Constant volume experiments 
revealed that reaction-induced stress increases 
linearly with reaction rate. These results suggest that 
the mechanical behavior during hydration reaction is 
primary controlled by the competition between the 
reaction rate and deformation rate.  

Such competition of reaction rate and 
deformation rate may control whether the rock 
fractures during hydration reactions or not, and would 
have significant effect on the extent of reactions in 
wedge mantle or arc crust at subduction zones, where 
aqueous fluid is provided for hydration reaction. 
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The Si cycle is a globally important 

biogeochemical cycle. Although the global and 
specifically the ocean cycle have been well studied, 
the processes occurring within soils remain unclear. 
The processing of weathered Si in soils is now 
strongly within the scope of biogeochemists: a 
secondary Si pool develops in soils that is delayed in 
its transfer to the aquatic environment and the ocean. 
We scarcely know the effects of multiple global 
changes on this secondary Si pool. In the present 
study we focused on the effects of erosion and land 
use change on the terrestrial Si pools in a subtropical 
Ultisol in the south of Brazil (28°49'48.56"S, 
52°12''19.96"W). 

Soil bulk samples were collected in four sites: a 
natural forest and a cropland (deforested 50 years 
ago), both under two different erosion rates (low and 
high erosion rate). Soil collected from 3-4 positions 
along the slope (from top to bottom) was sampled and 
analyzed using a novel alkaline extraction (in NaOH) 
of silica and aluminum. This method allows us to 
distinguish reactive silica fractions from the non-
reactive fractions, as well as to distinguish the origin 
of those fractions according to the Si/Al ratios. Ratios 
above 5 correspond to biogenic silica (due to the 
proportion of these elements in phytoliths), while 
ratios below 5 are assumed to correspond to 
pedogenic fractions (e.g. secondary clay minerals or 
oxides). This method distinguishes reactive and non-
reactive silica compounds and their origin in one 
single extraction with no need of isotopic 
composition analysis. 

Overall, croplands showed a 44% and 39% (low 
and high erosion rate site respectively) reduction in 
the total amount of biogenic silica, compared to the 
forest. Similar results were shown for Belgian long-
term cultivated soils. Our study shows how rapidly 
deforestation depletes silica pools of subtropical soils 
in a short-term (50 years). 

Our results also show a huge increase of 19% and 
53% (for the forest and cropland site respectively) of 
reactive biogenic silica deposition at the bottom of 
the steeper slopes, showing a clear impact of erosion 
processes. 

The effects of land use changes and erosion lead 
to severe changes on the availability of ready-soluble 
silica and consequently on the amount exported from 
the watershed to the river, which may lead therefore 
to changes in the global Si cycle. 
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 The rise in atmospheric oxygen at ~2.3 Ga ago, 
called the Great Oxidation Event, changed the redox 
state of Earth's atmosphere-ocean system leading to 
the oxidative weathering of landmasses and possibly 
increasing the delivery of sulphate and phosphate into 
the oceans. The availability of nutrients and 
increasing seawater sulphate concentrations might 
have created new environmental niches for 
microorganisms to thrive in the changing world.  

Several recently drilled cores from the  ~2.0 Ga 
Zaonega Fm in NW Russia contain some of the 
world's best preserved Paleoproterozoic rocks. These 
exceptionally organic-rich rocks formed in a vent- or 
seep-influenced depositional setting 
contemporaneous with voluminous mafic volcanism. 
Previous S isotope work on the Zaonega Fm has 
demonstrated a wide range of δ34S values with a 
stratigraphic trend towards highly 34S-enriched 
sulphides in the upper part, which was interpreted to 
reflect a global signal and substantial contraction in 
the seawater sulphate reservoir.  

Here we present an extensive new stratigraphic 
dataset on sulphides throughout the Zaonega Fm, that 
reveal a trend from light δ34S (~-10‰) in the lower 
part to very heavy δ34S (up to ~40‰) in the upper 
part. Isotopically heaviest pyrite occurs in sections 
where pseudomorophs after Ca-sulphate are present. 
The initial change in δ34S towards heavier values is 
accompanied by a negative shift in δ13Corg  from ~ -
25‰ to -40‰ whereas the highest δ34S values occur 
in the upper part where the δ13Corg shifts back to ~ -
25‰. The new dataset gives insights into assessing 
the importance of global versus basinal processes 
(magmatic activity, hydrocarbon seepage, restriction 
of the basin) recorded in chemostratigraphic trends 
during this important time in Earth history. 
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Abstract: Carbon sequestration in geological 

formations has long been viewed as one of the most 
practical options for reducing carbon dioxide in the 
atmosphere. Depleted fossil fuel reservoirs may also 
benefit from existing oil and gas infrastructure and a 
better understanding of reservoir functions. 
Moreover, pumping carbon dioxide into these 
reservoir has been shown to enhance oil and gas 
production.  The potential for value added returns 
through the production of low carbon renewable 
natural gas, however, has not been fully considered. 
For example, simple and complex carbohydrates 
could be delivered to the indigenous microorganisms 
living in these reservoirs as an  alternative substrate 
or food source, leading to the production of biogenic 
methane (i.e., low carbon renewable natural gas). 
Carbon dioxide could also serve as an electron 
acceptor for enhancing hydrogenotrophic 
methanogenesis. In addition, much of the injected 
carbon would likely remain in the subsurface as 
microbial biomass and carbonate species, further 
lowering the carbon intensity of the gas through 
carbon capture and storage. As a result, any 
remaining fossil-based natural gas would be 
effectively decarbonized in the process. In fact, it’s 
conceivable that low carbon renewable natural gas 
recovered from depleted fossil fuel reservoirs could 
someday be classified as “carbon negative”, resulting 
in a net reduction in global carbon dioxide emissions. 
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Hydrogen isotope (D/H) ratio of volcanic rock is 

useful tool to identify fluid sources and dehydration 
processes of magma. We established the in-situ 
analysis technique for H isotope of volcanic glass and 
melt inclusion with a multi-collector ion microprobe, 
CAMECA IMS 1280-HR at JAMSTEC. A 20kV Cs+ 
primary beam (~5nA and 15µm in diameter) was 
used. The accelerating voltage of the secondary ions 
was 10kV. An electron gun was used for electrostatic 
chage compensation. With a aperture, the central 
7µm×7µm area of the secondary ions was detected. 
The 16OH− and 16OD− ions for the D/H ratio were 
measured in multidetection mode with a Faraday cup 
and an elemctron multiplier, respectively. The 
measurement consisted of 50 cycles with 5s/cycle. 
The mass-resolving powers (M/ΔM) were set at ca. 
5,000 for 16OH− and ca. 10,000 for 16OD−, which are 
sufficient to separate interference 17O− and 17OH− 
signals. No 16OH2

− signal was recognized under the 
analytical condition. 

The synthetic basaltic glass standard of [H2O]= 
3.34wt% and δDSMOW=36±4‰ (2σ) was used as a 
running standard. H isotooe of the standard was 
tagged using thermal conversion elemental analyzer 
with isotope ratio mass spetrometry (TC/EA-IRMS) 
at Tokyo Inst. Tech. Unknown sample data are 
normalized to the data of bracketing standard 
analyses (n=8). Typical reproducibility of bracketing 
standard analyses was ±6‰ (2 SD). Analytical 
uncertainties (2SE) of unknown samples (H2O down 
to 0.1wt%) are usually better than 10‰. 

Fresh volcanic glasses of fore-arc basalts (FABs, 
typically SiO2~51wt%, H2O=0.11-0.82wt%) and 
boninites (typically SiO2=54-60wt%, H2O=1.5-
2.1wt%) recovered from igneous basement of the Izu-
Bonin-Mariana fore-arc by IODP Exp.352 were 
selected to investigate H isotopic signatures of the 
subduction initiation. Boninitic glasses have higher 
δD values of −84 to −63‰ than those of FAB glasses 
(δD=−100 to −75‰). Two anomalous δD values 
(−110‰ and −54‰) were also found in the FAB 
predominant site (U1440). These suggest that H 
isotope ratio of the mantle wedge was heterogeneous 
at the stage of FAB formation, then gradually 
increased and homogenized by an influx of a high δD 
fluid. 
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Located between the Istanbul terrane to the north 

and the Sakarya terrane to the south, the stratigraphy, 
age and origin of the Armutlu Metamorphics in NW 
Turkey are hotly debated. The Armutlu 
Metamorphics comprise an amphibolitic basement 
and transgressive, low-grade cover units. The only 
age constraint on the Armutlu Metamorphics comes 
from dating of metagranitic intrusions within the 
amphibolitic basement, which revealed Late 
Neoproterozoic and Mid-Ordovician ages of 
crystallisation. Arkosic metasandstone and quartzites 
at the base of the cover succession in the Armutlu 
Metamorphics are commonly correlated with the 
Ordovician part of the Palaeozoic sequence of the 
Istanbul terrane and therefore the Armutlu 
Metamorphics are regarded as the metamorphic 
equivalent of the İstanbul terrane.  

We report new LA-ICP-MS and ID-TIMS U-Pb 
zircon ages from both the basement metagranites and 
the cover metasediments of the Armutlu 
Metamorphics. Dating of several metagranitic sills, 
dykes and larger intrusions within the basement 
confirm that the felsic magmatism was emplaced in 
Ediacaran (ca. 575 Ma). Geochemical data from the 
metagranites, on the other hand, are indicative of 
formation and emplacement of magmatism at an 
active margin setting. U-Pb dating of detrital zircons 
separated from a metaarkosic sandstone directly 
above the unconformity surface and a quartzite 
(Tazdag quartzite) higher in the succession of the 
cover units provided a Late Palaeozoic (Permo-
Carboniferous) maximum age of deposition. 

Our data clearly show that the Armutlu 
Metamorphics is not an extension of the İstanbul 
terrane to the N and should be considered as a 
separate terrane in the NW Turkish orogenic collage. 
We think that the Armutlu Metamorphics is a sliver 
of Cadomian/Avalonian intra-oceanic arc that rifted 
off Gondwana active margin, possibly in Early 
Palaeozoic, and was later accreted to the S margin of 
Eurasia in Late Palaeozoic. The S Eurasian margin 
was a transform margin in Late Palaeozoic-Early 
Mesozoic time along which Gondwana-derived 
terranes migrated laterally and were subsequently  
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The purpose of this work is to re-examine the 

decompression P-T path of a garnet-clinopyroxene 
(Grt-Cpx) intermediate granulite in the Moldanubian 
Zone of the Bohemian Massif using the Zr-in-rutile 
thermometer and Grt-Cpx and jadeite-quartz-albite 
geobarometers. Early high-pressure (HP) 
metamorphic stage of rutile and omphacite occur as 
inclusions in high-Ca garnet core. By contrast, later 
medium-pressure rutile occurs in the matrix 
composed of augite, plagioclase, mesoperthite, quartz 
and ilmenite. The Zr contents of the most rutile 
inclusions are in a limited range of 1100-1500 ppm, 
regardless of inclusion size. This may suggest that 
rutile inclusions have preserved original Zr 
compositions without much modification by later 
diffusional re-equilibration. Using the Zr-in-rutile 
thermometry, we obtained ~830 °C at 18 kbar for the 
early HP stage. Rutiles in clinopyroxene-plagioclase 
domains of the matrix generally occur as small 
euhedral crystals and have higher Zr contents (mostly 
8000-10000 ppm), corresponding to 1000-1020 °C at 
11 kbar. Those in quartz-feldspar domains of the 
matrix occur as coarser and elongated grains with 
lower Zr contents (3000-5000 ppm), yielding slightly 
lower temperatures. An intensive Si and Zr X-ray 
mapping of the matrix suggests that rutiles in both 
domains of the matrix were formed in quartz-bearing 
but zircon-absent conditions. Thus, the obtained Zr-
in-rutile temperatures indicate the minimum 
estimates. Based on these new results, we revealed 
that a Moldanubian Grt-Cpx granulite has undergone 
a significant heating of about 200 °C during 
decompression from the peak pressure condition. 
This heating was caused by incorporation of a HP 
rock into an exhuming higher-temperature felsic 
granulite as a result of continental collision.  



Goldschmidt Conference Abstracts 3238 

Challenging Radionuclides in 
Environment at the Atomic 

Scale: Issues in Waste Disposal 
and Fukushima 
SATOSHI UTSUNOMIYA1 

1 utsunomiya.satoshi.998@m.kyushu-u.ac.jp 
 

Radionuclides are beneficial in many instances 
such as power generation, industrial, medical, and 
geochronological applications. Conversely, some 
fission products and actinides produced in nuclear 
reactors are radiotoxic and have long half-lives. 
These radionuclides need to be isolated and safely 
stored for geological periods; however, there have 
been instances where the release of these 
radionuclides has caused serious environmental 
issues. In such instances, the release of these 
radionuclides is governed by their interaction with 
inorganic, organic, and biological substances at the 
molecular scale in the Earth’s surface and sub-
surface. Naturally-occurring nano-particles and 
microorganisms also play an important role in 
facilitating or retarding the migration of low-
solubility radionuclides. The migration processes at 
the nano- and atomic-scales have been illustrated by 
atomic-resolution transmission electron microscopy 
(TEM). TEM is a powerful technique that enables us 
to investigate the structural and chemical properties 
of these particles at scales ranging from micron to 
sub-angstrom. This talk will address some of the 
observable microscopic phenomena that can impact 
the migration of radionuclides in surface and 
subsurface environments; physical and chemical 
alteration of nuclear waste and UO2+x, colloid-
facilitated transport, microbial nanocrystallization of 
rare earth elements that are used as surrogate of 
trivalent actinides, the interaction between 
nanoparticles and microorganisms, and most recently 
contamination at Fukushima. At the present, 134Cs 
and 137Cs are important dose contributors, and their 
radioactivity will remain in soils, mainly fixed in the 
form of submicron-sized clay minerals. Some of the 
particles associated with Cs are transported while 
surface soils are run off. On the other hand, at the 
initial stage of Cs release from Fukushima Daiichi 
Nuclear Power Plant, low-solubility Cs-rich micro-
particles, which contain up to ~36 wt% of Cs as 
Cs2O, are responsible for ~90% of the radioactivity 
(rather than soluble forms of Cs such as CsOH). The 
interior of these particles exhibit evidence of various 
nanoscale processes in the molten core-concrete 
interaction (MCCI) that occurred subsequent to melt 
down in the primary containment vessel. Still, these 
particles play an	   important role in the dispersion of 
low-volatile radionuclides into the surrounding 
environment. The latter half of the talk will highlight 
various microscopic but critical phenomena in 
Fukushima as unveiled by state-of-the-art TEM 
investigations. 
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Beypazarı-Çayırhan volcano-sedimentary basin is 
located at northwest of Ankara, Central Anatolia, 
Turkey. Basement rocks formed by the Pre-Neogene 
aged units such as metamorphics, ophiolites, granites 
and limestones. Paleocene aged Kızılbayır Formation 
rests upon the basement unconformably and the 
Miocene lacustrine sequence overlies it. The 
sedimentary units consist of Miocene aged Çoraklar, 
Hırka, Karadoruk, Akpınar, Bozçayır, Acısu, 
Kırmızıtepe Formations and Pliocene aged Softa 
Formation.  

The mineralogical composition of the 137 
samples were determined by X-ray diffraction. Whole 
rock mineralogical compositions of formations are 
formed by  analcime, clinoptilolite, feldispar, quartz, 
Opal-CT, calcite, dolomite, magnesite, gypsum, mica 
and clay minerals. Clay mineral  fractions of 75 
samples  are composed of   illite, smectite, sepiolite, 
kaolinite and chlorite.  

Geochemical analysis  indicate that the samples 
were not derived from a homogeneous source. The 
elemental composition ratios, spider diagram patterns 
and Eu anomalies imply  that provenance of the 
sediments are dominantly  felsic   and rarely 
intermadiate origin. Beypazarı Granitoid is thought to 
be the source of these sediments.  Th-Sc-Zr/10 
tectonic discrimination diagram shows that  the great 
majority of the samples are originated from 
continental environment.    

U/Th and Ni/Co element ratios of the most of the 
units suggest the  oxic paleo-environment  conditions, 
however Çoraklar and Hırka Formations display the  
suboxic and anoxic conditions which are supported 
by the coal seams and the bituminous shale deposits. 
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CM carbonaceous chondrites recorded intense 

episodes of hydrothermal alteration that have strongly 
modified their primitive petrography [1]. They 
contained several hydrated minerals, but tochilinite 
(6Fe0.9S�5(MgFe2+(OH)2) - cronstedtite 
(Fe2+

2Fe3+(Fe3+Si)O5(OH)4 intergrowths (also referred 
as TCI) are the most predominant hydrated phases 
[2]. These secondary phases are likely to have form 
during hydrothermal alteration processes in the parent 
body conditions, but their stability is poorly 
constrained.  

To fill this gap, we performed anoxic 
hydrothermal experiments at 80°C contacting glass 
powder of GEMS-like composition [3], metal iron 
and forsterite with a salty solution (I = 0.07m NaCl, 
MgCl2 and CaCl2) during 3 months. The water/rock 
ratio is set to 10, and we played on pH (neutral to 
alkaline) and sulphide (as Na2S) concentration.  

Micrometric pyramidal crystals of cronstedtite 
were formed in neutral conditions and high quantity 
of iron metal (33 wt%). In sulphide-rich environment, 
TCI precipitated around iron metal particules in small 
amounts (<1 wt%). TEM analyses indicate that TCIs 
are very heterogeneous in cristallinity. They are 
principally composed of nanometer acicular crystals 
of Fe-rich tochilinite, but they can also occur as 
intergrowth with another 7Å d-spacing phase.  

Our experiments confirmed that TCI in CM 
chondrites are formed by low-temperature 
hydrothermal aqueous alteration under reducing 
conditions. Futur works are envisaged to constrain 
the stability fields of cronstedtite and tochilinite at 50 
and 150°C during long term hydrothermal 
experiments.  

 
[1] Brearley (2006) MESS II, 587-624 [2] Rubin et 
al., (2007) GCA 71, 2361-2382 [3] Leroux et al., 
(2014) GCA 170, 247-265. 
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Although “plate tectonics” is commonly taught in 
Earth Science and Geochemistry, the physical entity 
of a plate, its motion and driving forces still remain 
unresolved. To assist students’ comprehension of 
tectonic plates and plate dynamics, we have 
developed a tank apparatus and performed 
experiments using paraffin wax to simulate the 
subduction of a plate as a well-developed thermo-
mechanical boundary layer on top of a vigorously 
convecting mantle. We constructed a glass tank with 
an inner size of 120x23x4cm. The walls were made 
from double-pane glass, and reinforced with 
aluminum plates and bars. The paraffin was melted 
from below by a copper heat-sink. To prevent the 
paraffin wax sticking at the boundary layer as it 
cooled down we attached a wire heater to the inner 
walls. The top layer of the wax was cooled with a 
flow of liquid nitrogen. A clear “plate” could be 
observed forming. In a plate of moderate thickness, 
after artificial fracturing or weakening of the 
boundary layer, subduction was initiated. Colder and 
thicker plates did not subduct even after an external 
force was applied, forming a stagnant lid. Hotter and 
thinner plates did not show continuous subduction. In 
every case where subduction was initiated plate 
motion soon stopped, possibly because the slab pull 
force was too weak. Controlling plate behaviour by 
adjusting the cooling-heating balance may provide a 
useful perspective in understanding tectonic plate 
formation and motion.  

 
Figure 1: The tank apparatus used to model 
“plate subduction” with molten paraffin wax. 
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Ureilites are coarse-grained, highly equilibrated, 

ultramafic rocks thought to represent the residual 
mantle of a partially melted (15-30%), C-rich asteroid 
[1]. However, their petrogenesis and parent body 
make-up remain unresolved primarily because they 
exhibit such a peculiar composite of igneous and 
primitive characteristics. 

Although the ureilites’ non-chondritic textures, 
mineralogies, and chemical compositions are taken to 
be clear evidence of igneous processing, their 
remarkably high C contents and broadly varying O-
isotopic compositions indicate the preservation of 
some primitive features as well [1]. Oxygen isotopes 
in ureilites scatter along the mixing line defined by 
CAIs (CCAM) in carbonaceous chondrites (CC), 
which is considered characteristic of unprocessed 
nebular material [2]. This has long been taken as 
evidence for ureilite derivation from CC-like 
material. 

However, ureilite parent body (UPB) Si/Mg and 
Mg/Mn ratios required by partial melting models in 
order to yield residues with mineral ratios observed in 
ureilites are similar to those of ordinary chondrites 
(OC) or R-chondrites [3]. Additionally, recent high-
precision isotopic data (Cr, Ti, Ni) show that ureilites 
are similar in composition to (suggesting derivation 
from) OC- and enstatite chondrite (EC)-like material, 
and not at all to CC-like material [4].  

Valdes et al. (2014) showed that resolvably 
different Ca isotopic signatures exist for the various 
chondrite groups and subgroups [5]. Calcium is a 
refractory lithophile element and an ideal tool for 
tracing genetic links between planetary materials 
because its isotopes are minimally affected by the 
post-accretionary processes of impact-induced 
volatilization and core formation. To gain insight into 
UPB composition and further investigate which, if 
any, chondrite type the ureilites resemble, we 
measured Ca stable isotopes in six monomict 
ureilites. We observe that ureilites (average δ44Ca = 
0.69‰) clearly do not resemble CC material (average 
δ44Ca = 0.09‰) or, indeed, any chondritic material 
(δ44Ca = -0.31 – 0.26‰). These results support the 
idea that parent body processes (e.g. partial melting) 
can express isotopic heterogeneity on the UPB, as has 
recently been determined for Os [6]. Though, the 
degree of partial melting required to explain the 
erasure of any chondritic Ca isotopic signature would 
be high enough to homogenize O isotopes also. This 
conundrum may require the invocation of a more 
complicated UPB formation model. 
 
[1] Goodrich, C. A. (1992) Meteoritics 27, 327-352. 
[2] Clayton, R. N. & Mayeda, T. K. (1988) GCA 52, 
1313-1318. [3] Goodrich, C. A. (1999) Meteorit. 
Planet. Sci. 34. 109-119. [4] Warren, P. H. (2011) 
GCA 75, 6912-6926. [5] Valdes, M. C. et al. (2014) 
EPSL 394, 135-145. [6] Goderis, S. et al. (2015) 
EPSL 431, 110-118. 
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Climate sensitivity is one of the most important 
parameters related to future climate change, and for 
which there are many attempts for estimating it from 
past climate data. However, the value of such work 
depends on whether climate sensitivity is constant 
through time. We present a large series of simulations 
with a version of the Hadley Centre model, HadCM3. 
The simulations cover warm and cold climates, 
ranging from the Aeronian (440Ma BP) through the 
Mesozoic and Cenozoic, and the Late Quaternary. 
The results show that climate sensitivity is not 
constant in time, but can vary by about 30-40% 
depending on the starting climate state. Some causes 
of this variability is related to the amount of ice in the 
climate system, and others causes will also be 
discussed. 
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Mantle and lower crust derived xenoliths 

entrained in calc-alkaline magmas provide a unique 
insight to the sub-arc composition and processes. The 
unique calc-alkaline signature of arc magmas for 
example are attributed to hornblende-rich lithologies 
hypothesized to comprise thickened arc crusts [1]. 
Such lithologies however are seldom observed in the 
Earth’s surface because of the limited stability of 
amphibole [2]. In this study, we report new 
petrographic and mineral chemistry data on 
hornblende-rich mafic, and ultramafic xenoliths from 
the Sabtang island, Batanes which forms part of the 
Babuyan segment of the Luzon Arc. The xenoliths 
range from hornblende pyroxenites, hornblende 
gabbros, hornblendites and peridotites.  

In the mafic xenoliths, secondary hornblende 
mantle or occur within the large pyroxenes which 
display cumulate texture. Mosaic texture in the 
hornblende gabbro xenoliths indicates subsolidus 
recrystallization. Plagioclase microcrystals fill the 
interstices or cut the clinopyroxenite xenoliths 
forming microscopic veins. In the peridotites, 
recrystallization of coarse olivine grains to finer 
grains is associated with the growth of secondary 
orthopyroxene which either surround the fine olivine 
crystals or occur as radial aggregates.  

Mineral chemistry analysis of the dunite xenolith 
revealed olivine Fo content ranging from 81 to 90 
with the fine grained olivine being slightly more Fe-
rich (Fo=81-87) compared to the coarse olivine grains 
(Fo=88-90). The Cr# of the chromian spinel in the 
dunite sample ranges from 0.64-0.71. The hornblende 
and clinopyroxene have major oxides comparable to 
exposed lower crustal sections. The Mg# of the 
secondary hornblende from the mafic xenoliths range 
from 0.60-0.82 with a narrow range of Al2O3 (=8.98–
14.77 wt %) and low TiO2 content (<2 wt%).  
 
[1] Greene et al., (2006) J Petrol 47, 1051-1093. [2] 
Davidson et al., (2007) Geology 35, 787-790.  
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Organic carbon (OC) in freshwaters is of critical 
importance for global carbon cycling, drinking water 
treatment and ecosystem functioning. During recent 
decades, widespread increases in OC have been 
reported across the northern hemisphere. While 
several competing mechanisms have been proposed 
for this phenomenon, there is no agreed upon 
explanation for the widespread browning of 
freshwaters. Here, we show the overarching 
importance of land use change as a control on surface 
water browning using sediment OC reconstructions 
between 1200 A.D and the present. Our novel study 
set up consists of ten lakes in the same catchment 
area with similar climate and deposition histories but 
markedly different land use histories prior to 20th 
century. Our data show two distinct patterns in OC 
concentrations connected to intensified industrial 
forestry in the early 20th century. This management 
shift increased OC concentrations between 3-6 mg L-1 
during the same time as the second subarea with 
continues production forestry had a continuous OC 
decrease of 0-12 mg L-1 related to historical lake 
acidification. Complementary sediment metal 
analysis provided further evidence of substantial land 
use effects. We conclude that land management is 
possibly the most important and underappreciated 
driver of historical and future changes in OC 
concentrations in surface waters. Land use change 
will be of great importance for future biogeochemical 
cycles in the natural environment and the potential 
for change to the global carbon cycle caused by land 
conversion must be included in any assessment of 
environmental impacts. 
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The mobility of radiogenic Pb in geochronology 
minerals such as zircon has been a concern in U-Th-
Pb dating for over a century and potentially causes 
erroneous ages to be old or young. Many tests are 
applied that correlate to age fidelity to identify 
“good” zircon domains including: imaging by SEM 
(CL, BSE), TEM & SIMS; EBSD; XRD; calculated 
α-dose; Raman spectroscopy; birefringence; U-Pb 
concordance; trace elements; water content; δ18O; 
acid solubility; magnetism; density; microcracks; 
and, most recently, APT. Atom-Probe Tomography 
(APT) measures the X,Y,Z position and mass/charge 
of individual atoms in 100-nm-scale samples; the 
technique is capable of spatial precision ±0.3 nm, 
MRP ~1000, MDL ~10 ppm, and a useful ion yield of 
~50%. No other technique measures atom-scale Pb 
mobility. Although molecular interferences make 
spectra complex and analysis of some elements is 
difficult, peaks for 207Pb2+ and 206Pb2+ appear clean in 
zircon and have yielded accurate model Pb ages from 
as few as 1400 atoms of Pb [1]. “Good” zircons that 
are well behaved at the micron scale are found by 
APT to either have homogeneously distributed Pb 
atoms or isolated nm-scale clusters of radiogenic Pb. 
These clusters are interpreted to result from migration 
of non-formula-unit elements into isolated (i.e. below 
the first percolation point) amorphous domains 
caused by α-recoil. Pb mobility at the nm-scale is 
homogenized and has no affect on compositions 
measured at µm-scale by SIMS, ICPMS or TIMS.  In 
contrast, migration distances can be longer and 
retentivity should be questioned in zircons (or sub-
grain domains) that experienced higher degrees of 
radiation damage, ductile deformation or UHT (>900 
C) metamorphism; such grains may be badly altered 
and unfit for geochronology, trace elements or stable 
isotope analysis. The ability to track intracrystalline 
element and isotope mobility at single-atom scale 
provides a new tool for studying thermal and fluid 
history of good zircons, and can add confidence to 
macroscopic tests that correlate to geochemical 
fidelity. More generally, APT can provide 
fundamental new insight for many solids including 
bad and ugly zircons. 
 
 [1] Valley et al. (2015) Am. Min. 100, 1355-1377. 
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Some transition metals (e.g. Fe, Zn) are important 

micronutrients that support phytoplankton growth and 
carbon sequestration in the ocean. Others (e.g. Mo) 
are increasingly being used as tools to understand 
ocean redox in Earth history. The modern oceanic 
budgets of these elements, and the likely controls on 
those budgets through Earth history, need to be 
quantified and understood. For many of these metals 
the riverine input to the ocean is an important, 
sometimes dominant, source. The focus of this 
contribution is the controls on the size and isotopic 
composition of this input, in terms of the processes 
occurring during chemical weathering, soil 
development and riverine transport. 

A clear and consistent feature of many transition 
metals in rivers is that their stable isotopes are heavy 
in the conventionally-defined dissolved (<0.4micron) 
load. Thus the estimated isotope composition of the 
global riverine flux of Mo, Ni and Cu are all about 
0.6-0.7‰ heavier than the likely value for the upper 
continental crust. If representative of the long-term 
riverine input to the dissolved pool of the oceans, this 
gives rise to budgetary problems that either require 
additional fractionation into the oceanic sinks or non-
steady-state behaviour in the oceans. Efforts to 
understand the export of heavy isotopes from the 
weathering environment, and to locate the 
complementary light reservoir, are beginning to focus 
on trace metal mobility and isotope fractionation in 
soils. Soils do preserve evidence of isotope 
fractionation during their development, including 
retention of a light pool, but they are also 
complicated by the impact of multiple processes, 
such as aerosol deposition, biological cycling and 
redox transformations. In addition, the soil pool can 
only be a transient storage reservoir over the long 
term. In this context, export of an isotopically light 
signature in riverine particulates is potentially 
significant. Moreover, a large portion of the 
particulate reservoir of metals may be stored in labile 
phases (grain coatings, organic material), whose fate 
on reaching the oceans is of key importance to 
oceanic budgets. 

Overall, the investigation of the transition metals 
and their isotopes has the potential to identify and 
quantify the importance of key processes during soil 
development and riverine transport, as well as to shed 
light on the relative importance of oceanic sources 
and sinks. 
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The neodymium (Nd) isotopic composition of 

seawater has been considered a promising water mass 
tracer for many years, and has been used extensively 
to reconstruct ocean circulation on million year, 
glacial-interglacial, and even sub-millennial 
timescales. While published Nd isotope records show 
intriguing co-variations with other climate indicators, 
our understanding of the modern cycling of Nd in the 
ocean has been rather limited. However, a good 
understanding of modern processes is critical before a 
paleoceanographic tracer can be applied with 
confidence to study the past.  

Here we present a new global database for 
seawater Nd isotopes and concentrations in the 
context of hydrography and macronutrients. We 
further compare the first two high resolution Nd 
isotope datasets produced by the international 
GEOTRACES program in the western and eastern 
North Atlantic. This comparison provides invaluable 
insights into the relative roles of physical mixing and 
vertical water column processes in setting observed 
water mass signatures, with the former dominating in 
the west, and the latter having more prominence in 
the east. In addition, we explore Nd isotopes in the 
North Atlantic in ‘tracer-tracer’ space. Inspired and 
facilitated by the assembly and publication of the first 
GEOTRACES intermediate data product (IDP2014), 
we carry out a regional comparison of Nd isotopes 
and concentrations with another lithogenic tracer, 
aluminum (Al). Jointly, the two tracers reveal novel 
insights into boundary exchange, advective tracer 
transport, and vertical cycling.  

Finally, we reflect on the application of Nd 
isotopes as an ocean circulation tracer for the past 
oceans. In particular, we discuss the challenges that 
have emerged out of the growing number of modern 
observations, including potential changes of global 
endmembers through time, spatially varying effects 
of boundary exchange, and the role of internal 
cycling. There are numerous challenges left before 
we fully understand the marine Nd cycle, but it is 
clear that the wealth of new seawater data, to be 
produced in the next five to ten years, will 
revolutionise our understanding of Nd as a tracer in a 
way rarely every achieved in (paleo) oceanography. 
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Precipitation of amorphous silica (am. SiO2) 

scales in the pipelines of geothermal power plants is a 
common factor limiting the efficiency of energy 
production. The mechanisms of am. SiO2 scale 
formation in such settings are however poorly 
understood and no universal mitigation strategy to 
prevent or reduce precipitation is currently available. 
Here we describe the microtextures of am. SiO2 scales 
formed on stainless steel scaling plates inserted into 
the pipelines of the Hellisheiði power station (SW-
Iceland) at 4 locations, over deployment durations of 
1 day to 10 weeks. We document two independent 
mechanisms of am. SiO2 precipitation: (1) direct 
deposition of monomeric silica (i.e., molecular 
deposition), resulting in the formation of dense, 
‘bumpy’ layers which grow over time, and (2) 
deposition of am. SiO2 particles that have 
homogeneously nucleated and grown in the fluid, and 
which aggregate into macroscopic fan- and ridge-
shaped structures that grow towards the flow. The 
growth of the am. SiO2 scale by molecular deposition 
(< 0.5 g m-2 yr -1) depends on the concentration of 
total and monomeric silica in the fluid and, to a lesser 
degree, on fluid temperature and pH. Particle 
deposition on the other hand is controlled by the 
concentration of particles in the fluid and decreases 
along the flow path  as the fluid is depleted in 
particles. Particle deposition as well as the exact 
structures formed are a function of flow rate. We 
expect that particle deposition and the resulting 3D 
structures that form on the inside of the pipelines are 
more problematic for the efficiency of geothermal 
energy production compared to molecular deposition 
as the 3D structures likely result in more turbulent 
fluid flow and thus likely require higher operational 
pressures to maintain required fluid flow rates. Our 
results indicate that by specifically targetting certain 
mechanisms of am. SiO2 precipitation (e.g., particle 
growth or deposition), the effectiveness of mitigation 
strategies for am. SiO2 scaling can be  maximised. 
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Recent results obtained from the MErcury 
Surface, Space ENvironment, GEochemistry, and 
Ranging spacecraft showed the surface of Mercury 
has low FeO abundances (<2 wt%) and high S 
abundances (~4 wt%) [1], suggesting the fO2 of 
Mercury’s surface materials is somewhere between 3 
to 7 log10 units below the IW buffer [2]. The highly 
reducing nature of Mercury has resulted in a 
relatively thin mantle and a large core that has the 
potential to exhibit an exotic composition in 
comparison to the other terrestrial planets. This exotic 
composition may extend to include light elements 
(e.g., Si, C, S). Furthermore, [3] has argued for a 
possible primary floatation crust on Mercury 
composed of graphite, which may require a core that 
is C-saturated. In order to investigate mercurian core 
compositions, we conducted piston cylinder 
experiments at 1 GPa, from 1300 °C to 1700 °C, 
using a range of starting compositions consisting of 
various Si-Fe metal mixtures (Si5Fe95, Si10Fe90, 
Si22Fe78, and Si35Fe65). All metals were loaded into 
graphite capsules used to ensure C-saturation during 
the duration of each experimental run. Our 
experiments show that Fe-Si metallic alloys exclude 
carbon relative to more Fe-rich metal. This exclusion 
of carbon commences within the range of 5 to 10 
wt% Si. These results indicate that if Mercury has a 
Si-rich core (having more than ~5 wt% silicon), it 
would have saturated in carbon at low C abundances 
allowing for the possible formation of a graphite 
floatation crust as suggested by [3]. These results 
have important implications for the thermal and 
magmatic evolution of Mercury. References: [1] 
Nittler, L.R. et al., (2011) Science [2] McCubbin, 
F.M. et al., (2012) GRL. [3] Vander Kaaden, K.E. and 
McCubbin, F.M. (2015) JGR-Planets. 
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Mt. Cameroon is, with its >4000 m, the highest 
volcano of West-Africa and very active with 7 
eruptions in the 20th century. Understanding 
processes governing the evolution and function of the 
magma plumbing system beneath the volcano is of 
both social and economic importance, as its flanks are 
populated by almost half a million people, and it is 
located in close vicinity to Cameroons only deep 
water harbour and oil refinery. Mt. Cameroon is part 
of the 1700 km-long Cameroon Volcanic Line 
(CVL), an intraplate region that has been erupting 
alkaline volcanics since at least 50 Ma [1]. 
Nevertheless, the cause for CVL magmatism is still 
strongly debated, with models ranging from various 
types of hotspots/hotlines to extension-related 
magmatism and to lithosphere instabilities or erosion 
[see e.g. 1,2,3], but without any clear consensus.  

Complementary to potential underlying physical 
causes for magmatism studied so far, we investigate 
here the chemistry of the Mt. Cameroon magmas in 
order to assess the chemical composition of the 
mantle source, and to constrain ascent and storage 
processes modifying the magma and potentially 
influencing eruptive style and products. Mineral 
chemistry shows that olivine and pyroxene 
phenocrysts in both recent and older eruptions are 
largely xenocrystic to the magmas in which they 
erupted. However, they are related to the magmatic 
system in general, probably representing deep-seated 
cumulates, and thus melt inclusions in these minerals 
are ideal to study deep magma chamber processes. 
Melt inclusions in olivine display a larger variation in 
their chemistry than the host magmas and have a 
more primitive character. Together with the mineral 
data they provide insights to the chemistry of the 
most primitive melts and to the deep plumbing 
system. 

 
[1] Njome & de Wit (2014), Earth-Sci. Rev. 139,168-
194. [2] Milelli et al. (2012), Earth. Plan. Sci. Let. 
335-336, 80-87. [3] Elsheikh et al. (2014), J. Afr. 
Earth Sci. 100, 96-108. 
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The recent discovery of a novel microbial 
pathway of sulfide oxidation has radically changed 
the views of sulfur cycling in marine sediments [1]. 
In this process, referred to as electrogenic sulfur 
oxidation, long filamentous cable bacteria couple the 
oxidation of free sulfide in deeper sediment horizons 
to the reduction of oxygen near the sediment-water 
interface by means of long-distance electron transport 
[2,3].  

Laboratory studies have recently shown that 
electrogenic sulfur oxidation by cable bacteria creates 
extreme excursions in porewater pH, and in this way, 
the process exerts a powerful control on element 
cycling in marine sediments [4]. Yet, the natural 
distribution of cable bacteria is still largely unknown, 
and so their role in coastal biogeochemical cycles 
remains poorly quantified.  

 
Here, we present data from three campaigns 

(January, March and May 2014) in the North Sea 
(Station 130, Belgian coastal zone). Our results 
document the effect of electrogenic sulfur oxidation 
on the geochemistry of coastal sediments. The 
acidification of the porewater leads to the dissolution 
of calcium carbonates and iron sulfide minerals, 
which makes the porewater enriched in iron, 
manganese  and calcium. Near the sediment-water 
interface, oxic conditions trap the upward diffusing 
Fe2+ as iron oxides, while the alkaline pH promotes 
precipitation of carbonates. Electrogenic sulfur 
oxidation thus promotes the cycling of Fe, Mn and 
Ca. Overall, our results demonstrate that cable 
bacteria can strongly modulate the sedimentary 
biogeochemical cycling under in situ conditions.  

 
[1] Nealson (2010) Nature 463, 1022-1023. [2] 
Nielsen et al. (2010) Nature 463,1071-1074. [3] 
Pfeffer et al. (2012) Nature 491,218-221. [4] 
Risgaard-Petersen et al. (2012) Geochim. 
Cosmochim. Acta 92,1-13. 
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The Devonian Duvernay Formation of the 

Western Canada Sedimentary Basin is a significant 
unconventional hydrocarbon play in North America, 
but it’s geochemical evolution is poorly understood. 
In order to better understand the organic and 
inorganic interactions which may control the 
distribution and type of hydrocarbons present, two 
locations were selected for high-resolution, integrated 
geochemical analyses on core materials. Kerogen 
parameters (RockEval), major, minor, trace and rare 
earth element concentrations (ICP-MS), and stable 
isotope ratios of organic matter (C), carbonate (C and 
O) and sulphide (S) minerals were determined and 
interpreted in this study. The Duvernay Formation 
samples are rich in kerogen Type I/II and TOC ranges 
from 0.15 – 6.22 wt %. Organic matter occurs as 
bitumens  coincident with authigenic calcite and 
pyrite. Oxygen isotope ratios of calcites are depleted 
in 18O compared to Devonian sea water (DSW). O 
isotope ratios of dolomites are also depleted in 18O, 
although δ18O values plot closer to the DSW range. 
This may indicate dolomitization resulted from and 
calcite precipitated from an ex situ fluid source. C 
isotope ratios of carbonates (average δ13C -3.3 ‰ 
VPDB) do not suggest interactions with kerogens. 
The wide range of δ34S values for pyrites (-9.5 to 
+16.1 ‰ CDT) indicates bacterial sulfate reduction 
(BSR) of Devonian sea water sulfates may have 
occurred within the system, though thermochemical 
sulfate reduction (TSR) is also possible. Post-
depositional mobilisation of trace elements (V, Mo, 
Ni, Cu, Cd, Co, U, Th) indicates a significant 
increase in reducing conditions, relative to other 
North American shales (NASC). This reducing 
environment associated with relatively enriched 
LREE, and depleted HREE patterns, Ce* (0.8), Gd* 
(1.2) and Eu* (1.1), suggests coeval seawater and 
secondary fluid mixing. In summary, these data 
suggest that diagenesis during sulfate reduction is the 
primary contributer to elemental, isotopic and 
kerogen characteristics in the Duvernay Formation. 
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Over the past decade, the general picture of 
inorganic crystallization from solution has changed 
from nucleation via stochastic monomer clustering 
and growth through monomer addition and unit-cell 
replication, on towards significantly more complex 
multi-stage mechanisms.[1,2] Indeed, a variety of 
precursor and intermediate species have been 
identified on the way to finally stable crystals – 
including amorphous, metastable crystalline as well 
as liquid-like species – and the effects of additives on 
these processes were explored extensively.[3] 
However, most of the work contributing to the 
emerging new understanding of crystallization 
focused on compounds relevant for 
biomineralization, such as calcium carbonate or 
phosphate.  

The aim of the present study was to shed light on 
the crystallization of calcium sulfate, a mineral 
system with great industrial importance, especially in 
the field of construction materials.[4] By combining a 
number of complementary experimental techniques, 
including cryo-electron microscopy and synchrotron-
based methods, the formation of gypsum was 
investigated in detail both from homogeneous salt 
solutions and during the hydration of solid bassanite, 
a key step in many cementitious binder systems. The 
results are critically discussed with respect to so-
called “classical“ and “non-classical“ paradigms of 
crystallization, in an attempt to gain a clearer picture 
of gypsum formation under different conditions. 
Finally, various polymeric additives were introduced 
in order to assess their influence on the occurring 
processes. The obtained data emphasize that a 
targeted design of additives for controlling the 
precipitation scheme of gypsum will only become 
possible once the underlying mechanisms, and their 
interplay, are understood on a molecular level.  

 
[1] Gebauer et al. (2014), Chem. Soc. Rev. 43, 2348-
2371. [2] De Yoreo et al. (2015) Science 349, 6247. 
[3] Rieger et al. (2014), Angew. Chem. Int. Ed. 53, 
12380. [4] Tritschler et al. (2015), Angew. Chem. Int. 
Ed. 54, 4083. 
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A 10-day field monitoring campaign at the Ketzin 

pilot site for CO2 storage in northern Germany was 
performed during which a newly developed and 
commercially available isotope ratio laser 
spectrometer for CO2 analyses was tested. The laser 
instrument is based on tunable laser direct absorption 
in the mid-infrared. The instrument recorded a 
continuous 10-day carbon stable isotope data set with 
30 minutes resolution directly on-site in a field-based 
laboratory container during a tracer experiment. To 
test the instruments performance and accuracy the 
monitoring campaign was accompanied by daily CO2 
sampling for laboratory analyses with isotope ratio 
mass spectrometry (IRMS). The carbon stable isotope 
ratios measured by conventional IRMS technique and 
by the new mid-infrared laser spectrometer agree 
remarkably well within 2σ analytical precision 
(<0.3‰). This proves the capability of the new mid-
infrared direct absorption technique to measure high 
precision and accurate real-time table isotope data di- 
rectly in the field. The injected CO2 tracer had a 
distinct δ13C value that was largely different from the 
reservoir background value. The laser spectroscopy 
data revealed a prior to this study unknown, intensive 
dynamic with rapidly changing δ13C values. The 
arrival pattern of the tracer suggest that the observed 
fluctuations were probably caused by migration along 
separate and distinct preferential flow paths between 
injection well and observation well. The new 
technique might contribute to a better tracing of the 
migration of the underground CO2 plume and help to 
ensure the long-term integrity of the reservoir.  
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The oxidation of Fe(II) by O2 or H2O2 produces 
strong, short-lived oxidants (*O2

-, *OH, Fe(IV). These 
Fenton-type reactants are widely exploited in water 
treatment and are implicated in the decomposition of 
organic matter in soils. Recent evidence has also 
shown that reactive oxidants (*O2) produced in 
natural systems (e.g. via photochemical reactions 
with organic carbon) can oxidize Mn(II). However, 
the co-oxidation of Fe(II) and Mn(II) in Fenton-type 
systems has not received attention.    

Our objectives in this work are to characterize the 
reaction products of Fe(II)-mediated Mn(II) oxidation 
and to determine the factors that control the Mn(II) 
oxidation efficiency. We employ the Fe(0) 
electrocoagulation (EC) system, which permits 
precise control over the rate of Fe(II) production and 
concomitant reactive oxidants. In all experiments, we 
investigate the co-oxidation of 200 μM Fe(II) and 
100 μM Mn(II) as a function of the iron production 
rate (IPR), the Fe(II) oxidant (≈ 250 μM O2 or H2O2), 
and solution pH (3.5 - 8.5). Our approach combines i) 
time-dependent Mn(II) removal experiments, ii) 
pyrophosphate (PP) extractions for measurements of 
Mn(III), and iii) Mn and Fe K-edge EXAFS 
spectroscopy.   

Our results show that Mn(II) oxidation in the 
Fe(II)/O2 system increases with decreasing IPR and 
increasing solution pH, with a maximum 
Mn(II):Fe(II) oxidation efficiency near 15 mol% at 
pH 8.5.  These trends can be explained by the 
improved competition of Mn(II) for Fenton-type 
reactants under conditions that minimize aqueous 
Fe(II). Although Mn(II) oxidation in the Fe(II)/H2O2 
system was also most efficient at pH 8.5 (40 mol%), 
a local maximum in the Mn(II):Fe(II) oxidation 
efficiency was observed at pH 4.5 (12 mol%).  These 
results are consistent with the pH-dependent products 
of Fe(II) oxidation by H2O2: *OH is generated at pH < 
6, whereas a more selective oxidant (e.g. Fe(IV)) 
forms at pH > 6.  The results from PP extractions and 
Mn and Fe K-edge EXAFS spectroscopy show that 
Fe(II)-mediated Mn(II) oxidation yields Mn(III) in all 
samples, which is coprecipitated or structurally  
incorporated into lepidocrocite (O2 system) or 
hydrous ferric oxide (H2O2 system).  

Our work uncovers a new pathway of Mn(II) 
oxidation and will help form the basis of Mn(II) 
oxidation kinetic models in Fenton-type systems.  
While these reactions can be exploited for Mn(II) 
removal from water supplies, the consumption of 
reactive oxidants by Mn(II) must also be considered 
for accurate predictions of target compound oxidation 
in Fenton-type systems containing Mn(II).  
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Significant amounts of water enter the world’s 

subduction zones in the form of free and 
mineralogically-bound water. While the free water 
likely disappears nearly completely at shallow levels, 
the water bound in rock is released at depth through a 
series of metamorphic dehydration reactions. Water 
can move past the volcanic front and be recycled to 
the deeper Earth particularly in the colder subduction 
zones.  

Geodynamical predictions show that water that is 
released from the slab travels towards the arc and 
triggers wet melting in the warm mantle wedge. The 
released water can also travel back up the slab 
through the crust and slab wedge. Comparisons with 
well-determined hypocenters and low-velocity crustal 
channels in a number of subduction zones suggest the 
rehydration of the crust and mantle by fluids released 
from deeper dehydration reactions is likely the cause 
for intermediate-depth seismicity in these regions by 
‘rehydration embrittlement’.  

These results indicate the importance of 
hydrological flow in subduction zone processes with 
potentially significant flow back up the slab. The 
extent to which these fluids rehydrate the cold fore-
arc region of the mantle wedge is still unclear. 
Seismological observation of this region suggest that 
in most cases the amount of rehydration and 
associated serpentinization is modest at best. 
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The formation pathways of organic matter in 
chondrites are still poorly understood and could be 
related to some combination of inheritance from the 
molecular cloud, chemistry in the disk and Strecker 
synthesis on asteroids [1]. Some lithic clasts in 
Isheyevo (CB/CH chondrite) represent pristine 
chondritic materials with extreme 15N-rich organic 
domains [2], for which an outer Solar System origin 
has been proposed, potentially akin to that of comets 
[3]. To better constrain the formation pathways and 
understand the origin of the N and H isotope 
variability in chondritic organic matter, we report on 
structural analyses by TEM-EELS of the Isheyevo 
lithic clast organic matter correlated to 15N-rich 
domains identified by SIMS. Some of the least 
altered 15N-rich clasts have distinct C=O 
(ketone/aldehyde- related) bonding environments in 
their organic matter with nitrile functional groups 
related to N-heterocycles. In contrast, the more 
hydrated clasts are highly aromatic with amine 
functional groups. Bulk D/H ratios from 
phyllosilicates plotted against relative water content 
show that the lithic clasts fall on distinct hydration 
lines that yield two different D-rich end members, 
which we infer represent different organic precursor 
molecules. We suggest that these precursors likely 
embody D-rich nanoglobules that contain aromatic or 
aldehyde/ketone-related functional groups. 
NanoSIMS analyses show that the 15N-rich domains 
are dominated by diffuse organic matter unrelated to 
the nanoglobules, indicating that the organic 
precursors were altered by a 15N-bearing fluid on the 
lithic clast parent body.  Using radiative transfer 
models of the proto-planetary disk, we propose a 
scenario where the N- and H-isotope distribution in 
Solar System reservoirs is highly dependent on their 
accretion location with respect to H2O, NH3 and HCN 
and organic precursor ice stability regions. 
 
[1] Ehrenfreund & Charnley (2000) Ann. Rev. Astron. 
Astrophys. 38, 427-483; [2] Bonal et al. (2010) GCA, 
74, 6590–6609; [3] van Kooten et al. (2016) PNAS, 
in press.  
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A cm-thick tourmaline-bearing unit has been 

discovered forming a coating on rounded riverine 
cobbles in the 3.48 Ga Dresser Formation of the 
Pilbara Craton, Western Australia, which hosts 
Earth’s oldest convincing evidence of life. 
Tourmaline crystals are tooth-shaped, up to 1 mm 
long, but generally only 50-100µm in diametre. They 
vary texturally along their length and compositional 
data indicate derivation from B-rich muds. Highly 
fractionated B isotopic data (δ11B = -13.1 average) 
indicate an origin through evaporation in a non-
marine setting. Based on these data, we interpret the 
crusts as the recrystallised mud deposited from a 
boratic hotspring[1]. 

This is the second indication from the Dresser 
Formation for deposition on an emergent land 
surface, in addition to geyserite[2], signifying a 
completely new take on where and how life may have 
not only flourished on early Earth, but originated in 
hotspring settings[3]. The significance of the Dresser 
tourmaline is that it shows that one of the key 
elements required as a catalyst for prebiotic 
chemistry[4] could have been present in ancient 
geothermal fields. This, combined with the presence 
of hydrothermal alteration-generated kaolinite, and 
organic matter and apatite in hydrothermal veins from 
the Dresser Formation, and the ability of geothermal 
fields to provide the wetting-drying cycles needed for 
polymerisation of organic molecules, makes 
geothermal fields an ideal candidate for the origin of 
life[5]. 

 
[1] Ghosh et al. (2012), Geomicrobio J 29, 
879-885. [2] Djokic et al. (2014), Abstract for 
Biosignatures across Space and Time, 
Bergen, Norway. [3] Damer et al. (2016), 
Abstract, Gordon Conference on Origin of 
Life. [4] Kim et al. (2011), J American Chem 
Soc 133, 9457-9468. [5] Deamer (2012). First 
Life. U. California Press. 
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Synchrotron science for life of mine (mineral 

exploration, production, and remediation) questions is 
an innovation with the potential to change the way in 
which high resolution techniques are used to address 
industry relevant questions. But the barrier to 
adoption of these techniques by the broader 
geoscience community is significant. Through a 
unique collaboration between academia, industry, and 
synchrotrons we are tackling this problem head on to 
develop techniques for the geoscience community 
and mining industry. 

Synchrotron micro X-ray fluorescence (uXRF) 
provides rapid and cost-effective micron-scale trace 
element analysis and mapping of ore minerals at ppm 
levels. Speciation of trace elements important for 
understanding element mobility can be probed using 
X-ray absorption near-edge structure (XANES) 
spectroscopy. uXRF mapping and XANES analysis 
of pyrite grains associated with gold deposits in the 
prolific Timmins and Kirkland Lake gold camps in 
Canada has revealed key indicators of mineralization 
history and novel exploration vectors. Gold in these 
deposits is present both as free and/or “invisible” 
gold, bound in the pyrite crystal lattice. The high flux 
and energy of a synchrotron allows for in situ and 
non-destructive detection of invisible gold by uXRF, 
and probes its nature using XANES spectroscopy. 

Furthermore, new fast-scan boron K-edge 
XANES spectroscopy is being evaluated to provide a 
direct, rapid boron analysis for novel uranium 
exploration vectors. XANES directly identifies the 
speciation and the proportions of trigonally-
coordinated (BO3 moieties) and tetrahedrally-
coordinated (BO4 moieties) boron in complex 
mineralogical mixtures in whole rock samples and 
suggests a link between trigonally-coordinated boron 
with uranium mineralization. 

For regulatory compliance it is important to 
determine which minerals are present in any tailings 
management facility and how they evolve over time. 
XANES spectroscopy is an excellent tool for 
determining element speciation. Mineral phases can 
be accurately identified as well as relative amounts 
determined. With this information the oxidation-
reduction of deleterious-element bearing compounds 
(e.g., As, Se, Mo, Cr, etc.) can be monitored and 
effective management practices implemented to 
ensure long-term capture of deleterious phases. 



Goldschmidt Conference Abstracts 

 

3261 

Modified montmorillonite as 
tool for exploring diffusion 

pathways for anions and cations 
LUC R. VAN LOON*2, ELISABETH FETZ1, 

WOLFGANG HUMMEL2,  MICHAEL PLÖTZE1 
1 Institute for Geotechnical Engineering, ETH Zurich, 

CH-8093 Zürich, Switzerland 
2 Laboratory for Waste Management, Paul Scherrer 

Institut, CH-5232 Villigen PSI, Switzerland 
(*correspondence: luc.vanloon@psi.ch) 

 
In montmorillonite differently charged species 

diffuse in different types of pore spaces [1,2]. 
Whereas for cations and neutral species the whole 
pore space (interlayer pore space, interparticle pore 
space) is accessible, anions are assumed to diffuse 
only in the uncharged pore space [1,3], or also in the 
total pore space [4]. Diffusion of anions is thus still 
controversily discussed in the literature. The use of 
targeted modified montmorillonite (i.e. by using 
differently modified montmorillonites and by 
studying the effect of this modification on the 
diffusion behaviour of water, cations and anions) 
might help to shed more light on this item. 

The modification of the interlayer pores can be 
done by enlargement and blocking. The enlargement 
can be achieved by pillaring [5]. Pillaring agents such 
as Al prop apart the interlayer pore space and with 
such an enlarged interlayer even anions potentially 
might be able to diffuse through the interlayer. The 
blocking of the interlayer can be achieved with an 
agent like guanidinium [6] that strongly adsorbs in 
the interlayer leaving no space for other molecules, or 
by collapsing the interlayer by alternate wetting and 
drying of K+-montmorillonite [7]. With blocking, 
even water might be unable to move through the 
interlayer and is forced to diffuse through the 
interparticle pore space.  

The diffusion of HTO, 22Na+ and 36Cl- in 
compacted modified montmorillonite was studied and 
compared with unmodified montmorillonite. First 
results showed that pillar-ing did not have a 
significant effect on the diffusion of HTO, but largely 
affected the diffusion of both 22Na+ and 36Cl-. 
Blocking of the interlayer also significantly affected 
the diffusion behaviour of ions, but not diffusion of 
HTO. 
 
[1] Van Loon et al 2007. Appl. Geochem. 22, 2536. 
[2] Glaus et al. 2007. ES&T 41, 478. 
[3] Appelo & Tournassat 2011. GCA 75, 3698. 
[4] Birgersson & Karnland. GCA 73, 1908. 
[5] Schoonheydt et al 1999. Pure Appl. Chem. 71, 
2367. 
[6] Plötze & Kahr 2008. Mineralogia. 33, 132. 
[7] Maes et al 1985. Clays Clay Miner. 33, 251. 
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Global flows of reactive nitrogen (N) have 

increased significantly over the last century in 
response to land-use change, agricultural 
intensification and elevated levels of atmospheric N. 
Despite widespread implementation of a range of 
conservation measures, N concentrations in surface 
waters are in many cases remaining steady or 
continuing to increase.  Time lags to the recovery of 
surface water quality are increasingly being attributed 
to the presence of legacy N stores in subsurface 
reservoirs.  It remains unclear, however, what the 
magnitudes of such stores might be, and how they are 
partitioned between soil and groundwater reservoirs.  
In the present work, we have developed a 
comprehensive, 200-year dataset of N inputs to the 
land surface of the continental United States.  We 
have concurrently developed a parsimonious, 
process-based model utilizing this N input trajectory 
to simulate biogeochemical transformations of N 
along subsurface pathways.  Model results allow us 
predict the magnitudes of legacy N in soil and 
groundwater pools and to predict long-term N-
loading trajectories over the last century and into the 
future.  Using the model, we estimate spatiotemporal 
patterns of N accumulation in both groundwater and 
soil organic matter in response to increases in N 
inputs to agricultural soil as well as changes in N 
residence times across the terrestrial system. 
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Over the last decades significant progress has 

been made developing applications of 
biomineralization in geotechnical and environmental 
engineering. Biochemical conversions can be used to 
improve the physical properties and sustainability 
performance of materials and processes used in 
constructions and subsurface applications. For 
example, biologically induced mineral precipitation 
can be used to increase the strength and stiffness of 
porous materials, mitigating liquefaction and erosion 
or improving bearing capacity of foundations and 
stability of slopes and excavations in granular soils. 
At the same time, these minerals can be used to fill 
up pores and fractures and create (reactive) 
hydrological barriers to control migration of 
contaminants, prevent leakage during CO2 
sequestration or improve the durability of ageing 
construction materials. Although many recent 
developments involve microbially induced 
precipitation of calcium carbonate, other biominerals, 
as well as biofilms and biologically produced gas, can 
be used to alter material behaviour in engineering 
applications. This contribution provides an overview 
on recent advances, including experimental studies at 
various scales, using either specific micro-organisms 
or enrichment of indigenous microbial communities, 
theoretical and numerical studies aimed to improve 
fundamental insight on the biogeochemical 
conversions and coupled to the hydro-mechanical 
properties. Besides the scientific and technological 
advances, also  market potential, sustainability 
performance and other factors, which determine the 
successful implementation of these new bio-based 
technologies are discussed.  
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Eclogite xenoliths generally make up only a small 
portion of the xenoliths in kimberlite pipes. However 
higher abundances of diamonds in them relative to 
peridotite xenoliths [1] may have implications for the 
origins of eclogite diamonds. δ13C of diamonds and 
trace elemental and isotopic analyses of associated 
eclogite minerals established subducted altered 
oceanic crust as the initial source for such assemblage 
[2]. Diamond formation in relation to subduction is 
not only defined by PT-conditions, but also by 
oxygen fugacity (fO2) [3]. 

A newly developed eclogite oxybarometer 
reaction [4] applied to 15 eclogite xenoliths from 
Udachanya kimberlite pipe show a correlation of 
redox state with equilibration pressure of the 
xenoliths (log fO2 [ΔFMQ] =-2 to 1 and P=6 to 3 
GPa). The fO2 calculation is based on Fe3+/ΣFe of 
garnet, which was accurately determined by ‘flank’ 
method [5]. Two diamond-bearing eclogite xenoliths 
from the batch have significantly reduced oxidation 
states, but higher fO2 than reported for peridotite 
xenoliths of Udachanya pipe [6]. 
Eclogite and peridotite xenoliths of Udachnaya pipe 
that coexisted at the same PT-conditions have very 
different redox states. This could potentially 
influence the abundance of diamonds in eclogite 
xenoliths. 
 
[1] Stachel & Harris (2008) Ore Geol. Rev. 34, 5-32 
[2] Ickert et al (2015) Geochem. Perspect. Lett. 1, 65-
74 [3] Luth (1993) Science 261, 66-68 [4] Vasilyev et 
al. (2016)  “Oxidation State of Deeply subducted..” 
PhD Thesis, RSES ANU  [5] Hoefer and Brey (2007) 
Am. Mineral. 92, 873-885 [6] Yaxley et al. (2012) 
Lithos 140-141, 142-151 
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Strange Lake granites and pegmatites (Québec-

Labrador, Canada) display extreme enrichment in 
high field strength elements (HFSE) including rare 
earth elements (REE). The strongest enrichment is 
confined to pegmatites and the most altered granites, 
indicating a significant role for hydrothermal 
processes during the final stages of pluton evolution. 
We have modelled the hydrothermal stage 
thermodynamically, using results of a fluid inclusion 
study, involving microthermometry, Raman 
spectroscopy and bulk gas mass spectrometry.  

Our calculation show that the evolution of the 
fluid was governed by gradual oxidation 
accompanying fluid-rock interaction during isobaric 
cooling. Oxidation transformed the gas component 
from CH4+H2 at ≥ 450°C, to CH4-dominated at 
~400°C, to CH4 + higher hydrocarbon-dominated at 
~350°C and CO2-dominated at ≤ 300°C. The CO2 
component was gradually consumed by fluid-rock 
interaction during further cooling, and at ≤220°C the 
fluid only contained an aqueous component.  

Changes in the gas composition lead to changes 
in the aqueous component, which was reflected in a 
significant decrease in the fluid pH during evolution. 
As a result, the dominant ligands available for metal 
transport changed from Cl- during the early high 
temperature stage, to CO3

2- and HCO3
- and then 

H2CO3 during the CO2 stage, and back to Cl- during 
the latest, low temperature stage. 

Fluid-rock interaction governed replacement of 
primary minerals by secondary ones, i.e., 
arfvedsonite was replaced by aegirine at 350-400°C 
and pseudomorphs after Na-rich zircono- and titano-
silicates formed at 290-330°C. Replacement of 
fluorbritholite-(Ce) by bastnäsite-(Ce) occurred 
whenever fluorbritholite-(Ce) was brought into 
contact with the carbonic component of the fluid. At 
temperatures below 200°C, there was a second wave 
of arfvedsonite alteration, involving replacement by 
aegirine and hematite. 

HFSE remobilisation is interpreted to have 
resulted from long-term fluid-rock interaction during 
a gradual increase in oxygen fugacity and decrease in 
pH, both of which occurred during isobaric cooling.  
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Chilika Lake, the largest Asian lagoon on the east 

coast of India, has a surface area of 1160 km2 or 
about 900 km2, respectively for the monsoon and the 
dry winter-spring season. The average depth is about 
1.2 m, and it is separated from the Bay of Bengal by a 
100 m to 1.5 km wide sand bar of about 30 km 
length, separating the outer channel that connected 
the lagoon naturally to the sea but that closed due to 
long-shore sand drift in 1992, completely isolating 
the lagoon. The consequence was a reduction in the 
unique biodiversity and primary production of the 
lagoon, while eutrophication and siltation increased. 
As a counter-initiative it was decided to artificially 
open the lagoon to the sea by dredging. To help 
evaluate anthropogenic effects on Chilika Lake, a 
combined sedimentologic, chemical, and isotopic 
study of the lagoon and its sediments is in progress. 
Results from the monsoon and following dry season 
indicate that the chemical and isotopic composition of 
the lagoonal waters, including the nutrient supply and 
primary productivity are entirely controlled by 
terrestrial inputs from the three distinct drainage 
basins. H- and O-isotope compositions of waters, but 
also the concentrations and C- and/or N-isotope 
compositions of DIC, POM and aquatic plants 
support some seawater influence within the outer 
channel but very limited mixing via the newly 
dredged seaward channel. The sediment records 
indicate an increase in Corg and silt and changes in the 
C-isotope compositions and C/N ratios compatible 
with increased eutrophication and terrestrial influence 
over the past 50 to 100 years, while the proportion of 
“marine” or estuarine-derived POM is higher in the 
deeper sediment record back to several thousands of 
years. Hence the three distinct drainage basins must 
be monitored/controlled if further environmental 
impacts by the increased population and agricultural 
activities on the lagoon are to be limited. 



Goldschmidt Conference Abstracts 

 

3267 

Bacterial FeIII reduction 
enhances the dissociation of Fe 
oxyhydroxides - organic matter 
associations in podzolic Bhs soil 

horizons 
M.-L. VERMEIRE1, S. BONNEVILLE2, B.STENUIT1, 

B. DELVAUX1, J.T. CORNELIS3 
1 ELI, Université catholique de Louvain, Croix du 

Sud 2, 1348 Louvain-la-Neuve, Belgium 
(*correspondence : marie-
liesse.vermeire@uclouvain.be) 

2 DSTE, Université libre de Bruxelles, Campus 
Solbosch CP 160/02, Bruxelles, Belgium 

3 Gembloux Agro-Bio Tech, University of Liège, 
Passage des 
Déportés 2, 5030 Gembloux, Belgium 

 
Fe oxyhydroxides in soils can bind large amounts 

of dissolved organic matter (DOM) because of their 
specific surface area and variable charge surface. The 
formation of DOM–Fe oxide association is a major 
process of soil organic matter (SOM) protection 
against heterotrophic respiration, as well as a control 
of Fe oxyhydroxide reactivity and evolution. 
FeIII oxyhydroxides can undergo reductive dissolution 
in anoxic conditions without any biotic control. Yet it 
is now evidenced that microbial FeIII reduction 
primarily controls iron redox chemistry, and is one of 
the most significant event in soils. However, little is 
known on the impact of dissimilatory FeIII reduction 
on the fate of the Fe-SOM association in soils. We 
incubated during 96h three soil samples from Bhs 
horizons in the presence of Shewanella putrefaciens, 
a well-known dissimilatory FeIII-reducing bacteria. 
We measured the kinetics and extent of the release of 
DOM, Fe2+ and total Fe in solution. The three 
selected Bhs horizons are 270, 330 and 550 yr-old 
and were collected in a podzolic chronosequence. 
The soil free Fe content amounts to 2.648, 21.632 and 
26.114 g kg-1 of soils, respectively in 270 yr-Bhs, 330 
yr-Bhs and 550 yr-Bhs. The contents of both the 
short-range-order (SRO) Fe phases and mineral-
protected C also increase with age from 2.271, 11.645 
to 24.847 g kg-1 (SRO), and 0.8, 13.2, 15.9 g kg-1 (C)  
respectively in 270 yr-Bhs, 330 yr-Bhs and 550 yr-
Bhs. We show that the release of dissolved Fe2+ and 
C increases by 2.8-fold and 1.7-fold, respectively, in 
the presence of Shewanella putrefaciens compared to 
control experiment. Furthermore, the kinetics of C 
release strongly follows the one of Fe2+ release. The 
concentration of DOM is positively correlated with 
the Fe2+ concentration in the presence of S. 
putrefaciens. Our results, showing the release of both 
Fe2+ and DOM, suggest that the dissimilatory FeIII-
reduction during soil anoxic events can have a 
significant impact on the mobilization of Fe and OM, 
hence on the podzolization process. 
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Whatever their nature and composition, basaltic, 
nuclear or historic glasses are subject to alteration 
when in contact with water. It is thus crucial to 
understand mechanisms of glass alteration and to 
determine their associated kinetics to implement them 
into models aiming at predicting for instance the 
impact of basaltic glass alteration on ocean budget, 
the durability of radioactive waste in geological 
storage or the conservation of cultural heritage 
artefacts. However, recent studies [1,2,3] revealed 
that the respective contributions of diffusion, 
dissolution, condensation and precipitation are still a 
matter for debate. In this work, the alteration of a 
historic glass was investigated. Alteration 
experiments were performed using a dynamic device, 
at 30°C, at pH of 8 and 9 during 1 month with a 
solution doped in 29Si to discriminate between the 
silicon from glass (mainly 28Si) and from solution. 
The results demonstrate that the alteration layer is not 
a glass skeleton as it is reorganized by hydrolysis and 
precipitation reactions. This process is progressively 
achieved from the internal to the external part of the 
altered layer as the progress of these reactions is 
constrained by the extent of the modifier cations 
release by interdiffusion. The proposed mechanism is 
therefore a dissolution / precipitation process driven 
by interdiffusion. The key role of interdiffusion 
contrasts with a strictly coupled dissolution / 
precipitation process established for minerals and 
potentially for other glass types. This discrepancy 
will be discussed by the light of differences of glass 
composition and experimental conditions that control 
kinetics of ion exchange and hydrolysis. 

 
[1] Hellmann et al. (2015), Nature Mat. 14, 307-311. 
[2] Geisler et al. (2015), Geochim. Cosmochim. Acta 
158, 112-129. [3] Gin et al. (2015), Nature Comm. 6, 
6360, 8pp.  
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Dykes of adakites (576-552 Ma) and small bodies 

of gabbro-anorthosites (546 Ma) are found in the 
Yenisey Ridge orogen (southwestern framing of the 
Siberian craton). These intrusions cut metabasites 
with layers of metaandesites, which are represented 
by granulite to amphibolite facies Grt-bearing meta-
igneous rocks of the Zimovey massif. Metabasites 
have high Nb сoncentrations, which are higher than 
primitive mantle values (up to 10-80 times), but 
lower than in OIB. Adakites and gabbroids show 
negative Nb anomalies similar to island arc rocks. 
Adakites (SiO2 varies from 63.81 to 72.06 wt%) are 
produced by melting of Nb-enriched metabasites. 
They have Nb enrichment of zircons and their Nb, 
Ta, Sr, Tb, and Y abundances are complementary to 
those of metabasites.  Late Neoproterozoic adakite-
gabbro-anorthosite association was possibly formed 
in an active margin setting along the tectonic 
boundary between Siberia and the Paleo-Asian plate.  
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We report viscosity measurements of synthetic 
silicate melts as analogue for the magma erupted at 
the surface of Mercury. Mercurian surface magma 
composition has been calculated using the most 
recent data from MESSENGER XRS data (Namur et 
al., 2016). We focused on the northern hemisphere 
(Northern Volcanic Province, NVP, the largest lava 
flow on Mercury and possibly in the Solar System) 
for which the spatial resolution of MESSENGER 
measurements is high and individual maps of Mg/Si, 
Ca/Si, Al/Si and S/Si were combined. The high Na2O 
content (~7 wt.%) of the experimental starting 
material strongly reduces its viscosity. Concentric 
cylinder apparatus equipped with an Anton Paar 
RheolabQC viscometer head was used to carry out 
high temperature viscosity measurements at the 
Department of Physics and Geology (PVRG_lab), 
University of Perugia (Perugia, Italy). The zero 
pressure viscosity change induced by crystallization 
was measured in the 1463-1229 °C temperature range 
by using different shear rate (from 0.1 to 5 s-1). 
Results showed an increase in effective viscosity 
from 4 to ~104 Pa*s with decreasing T. The liquidus 
in the nominally dry NVP is placed at 1308 °C, but 
an abrupt viscosity increase is recorded only at 1247 
°C, continuing to 1229 °C where the crystallinity 
increases up to 30 vol%. Interestingly, melt viscosity 
remains nearly unvaried (changing from 4 to 16 Pa*s) 
in the temperature range 1463-1327 °C. These very 
low viscosity values explain the extreme fluidity of 
Mercurian lava and their ability to cover long 
distances as shown by satellite data.  
 
Namur, O., Collinet, M., Charlier, B., Grove, T.L., 
Holtz, F., McCammon, C., 2016. Melting processes 
and mantle sources of lavas on Mercury. Earth and 
planetary science letters, 439, 117-128. 
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The 1257 A.D. caldera-forming eruption of 
Samalas (Lombok, Indonesia) was recently 
associated with the largest sulfate spike of the last 2.3 
ky recorded in polar ice cores [1]. This eruption 
provoked a global cooling over land of -1.3°C to -
2.7°C over 4-5 years [2]. Detailed analysis of the 
stratigraphy and quantification of the eruptive 
dynamics suggested that the 1257 A.D. Samalas 
eruption stands as the most powerful event of the last 
millenium [3]. Major and trace element geochemistry 
of bulk erupted products and plagioclase-hosted  melt 
inclusions shows that the 1257 A.D. trachydacite 
magma belongs to the Rinjani K-calc-alkaline suite, 
and more importantly that the eruption evacuated 40 
km3 of trachydacite at 990-1030°C from a 
geochemically uniform reservoir [64.2±0.5 SiO2; 
7.7±0.7 (Na2O+K2O), in wt% normalized on 
anhydrous basis], located in the upper crust. Evidence 
from the 1257 minerals, melt and fluid inclusions 
indicates that the magma was satured with Fe-bearing 
sulfides and in equilibria with a free (C)-O-H-S vapor 
phase prior to eruption. Mass-balance calculations 
provide a maximum sulfur partition coefficient 
DS

fluid/melt of 13, which fills a gap of experimental 
constraints for these magmatic conditions. The 
eruption released a total of 79±6 Tg of sulfur (158±12 
Tg of SO2), 227±18 Tg of chlorine and 1.3±0.3 Tg of 
bromine into the atmosphere. Vapor supply from the 
deeper parental basalt, if occurred, could have 
increased the sulfur budget by a factor of ~1.5. These 
prodigious sulfur, chlorine and bromine yields 
constitute the largest stratospheric volatile emissions 
over the last 2.3 ky. The efficiency of the plume to 
load volatiles up to 43 km in the stratosphere inferred 
from the study of the plume dynamics suggests that, 
besides the reported global impact on climate, the 
1257 Samalas eruption may have generated 
substantial ozone destruction. 
 
[1] Lavigne et al. (2013) PNAS 110(42):16742-
16747. [2] Stoffel et al. (2015) Nat Geosci 
8:784e788. [3] Vidal et al. (2015) Bull Volcanol 
77(9):1-24. 
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In order to reduce our fossil energy consumption 
and GHG emissions, numerous wind turbines, solar 
power stations and other facilities for the storage, 
distribution and use of low-carbon energy will have 
to be constructed in the next decades. Building this 
new infrastructure requires vast amounts of diverse 
mineral resources, and energy is required to produce 
these mineral resources. Therefore, the production of 
(even clean) energy and mineral resources are 
inseparable issues that need to be addressed in one 
comprehensive framework. We have combined the 
material and energy intensities of energy production 
facilities with various energy scenarii to estimate the 
amount of mineral resources that will be required in 
the next three decades. Large variations are observed 
for different global scenarios from the International 
Energy Agency and the Wide World Fondation. Our 
results are discussed in the light of the raw materials 
primary and secondary production and the evolution 
of reserves observed since the beginning of the 
century. They show that the replacement of fossil 
energy by renewable energy requires the use of large 
amounts of other fossil resources. The availability of 
mineral resources might eventually put a limit on the 
achievement of the most stringent scenarii.  
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Estuaries play a crucial role in the freshwater to 

ocean continuum in regulating the fate, recycling and 
transport of nutrients and metals. Sediment 
mobilisation during regular tidal cycles and less 
frequent (seasonal-annual) storm events leads to the 
release of porewater and particles from different 
sediment redox zonations to the water column. 
During sediment resuspension, a combination of 
desorption and adsorption processes, ion-exchange 
and redox reactions, and precipitation of new 
minerals take place in the estuarine environment. 
Sediment has been collected from two different 
depths, the frequently mobilised oxic surface layer 
(0-1 cm) and the rarely disrupted anoxic subsurface 
layer (5-10 cm), at four sites along the salinity 
gradient of the Humber Estuary (UK). A series of 
batch experiments were carried out to investigate 
which geochemical processes drive major element 
(N, Fe, S and Mn) cycling and trace metals behaviour 
during simulated sediment resuspension events in 
oxic conditions. Nutrients and major metals 
behaviour showed significant differences when 
surface and subsurface sediments were reoxidised; 
whereas the behaviour of the selected trace metals did 
not differ between sediment depths. Humber 
sediments showed an important scavenging capacity 
for dissolved Mn, Cd, Cu and Zn, therefore they may 
act as an ultimate sink for these elements. 
Additionally, in terms of magnitude, nutrient and 
metal release was significantly greater during the 
resuspension of sulphidic (outer estuary) rather than 
from non sulphidic (inner estuary) sediments. Hence, 
nutrient cycling may be altered if anoxic, especially 
FeS-rich, subsurface sediments are disturbed. This 
may become increasingly important since, in a 
climate change scenario, the frequency of extreme 
storms mobilising deeper (subsurface) and larger 
amounts of sediments in the UK is expected to 
increase, which will have implications for the cycling 
and transport of nutrient and heavy metals to the 
coastal environment, enhancing the likelihood of 
eutrophication.   
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Benthic foraminifera are often used for 
reconstructing ocean paleo-pH or paleo-chemistry, 
using assemblage composition or the geochemical 
composition of their calcite. Transfer functions for 
most geochemical proxies are based on laboratory 
experiments performed under controlled conditions, 
often on isolated species and short duration times. It 
is therefore important to assess whether they are 
representative of natural environments where 
multiple physico-chemical parameters may interfere 
in the incorporation of trace elements and light 
isotopes. An in situ ocean acidification experiment 
(eFOCE) has been performed in the Bay of 
Villefranche (NW Mediterranean): an offset of 
ambient pH of -0.3 unit was imposed over 5 months 
into a semi-opened enclosure lying on the sea bottom 
over a seagrass bed (12m depth). This long-term 
experiment provides a unique opportunity to check 
geochemical and isotope proxies under natural 
conditions.  

The ecology of living foraminifera and 
geochemistry of their tests were studied at time t=0 
and after 4 months. Li, Na, Mg, Ca, Sr, Ba and Zn 
concentrations were measured by LA-ICP-MS. δ7Li 
and δ11B are determined using an ion microprobe. 
Ecological investigations highlight no significant 
impact of the pH decrease, the duration of the 
experiment being probably too short compared to 
their generation time. There is a strong "species 
effect" on Li/Ca that is correlated to Na/Ca and 
Sr/Ca. For a few species, the correlation between 
Na/Ca and Mg/Ca is different in the acidified and in 
the control enclosures, suggesting that the carbonate 
chemistry impacts significantly these proxies, 
independantly of salinity and temperature. δ7Li in the 
Li-rich Rosalina bradyi tests are fractionated by 5‰ 
vs seawater, indicating the need to take into account 
vital effects when reconstructing ocean δ7Li 
paleovariations from foraminifera or bulk carbonates. 
We now intend to check whether the combination of 
B/Ca, δ7Li and δ11B allows us to recalculate the 
seawater pH and pCO2. 
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A sensitive technique to measure halogens at ng/g 
levels is by irradiating samples and measuring Ar, Kr 
and Xe [1, 2]. Absolute rare gas amounts are 
converted to absolute halogen amounts via the SY 
scapolite monitor [2]. Kr-Xe systematics also yield 
Ba and U concentrations. We combined irradiation 
with stepheating on carbonate-sulfate-rich fluid 
inclusions (FI)-bearing xenoliths from El Hierro, 
Canarias: a spinel lherzolite and a dunite [4]. 

Three components are recognized in the rare gas 
release. Atmospheric surface contamination affects 
all steps to 1000 °C. FI decrepitation by laboratory 
heating is mostly observed above 1200 °C [3], 
corresponding to the release of 80,82Kr and 128Xe in the 
1200 and 1400 °C steps. Halogen-derived rare gases 
are closely associated to Ba-derived 131Xe; this is ex-
plained by the high affinity of Ba for CO2-rich fluids. 
Daughter minerals in multiphase FI were identified 
by Raman microspectroscopy [4]. Calculated whole-
rock concentrations: [Br] = 3-21 ng/g, [U]= 25-95 
ng/g; [Ba] = 2-15 µg/g. The molar Br/Cl and I/Cl 
ratios in the lherzolite and dunite FI are identical, 9 
E-4 resp. 2 E-4. This sets the halogens in our FI apart 
from MORB [2].  

The third component is 238U-derived (retained 
radiogenic) 134,136Xe and 235U-derived 86Kr released in 
a spike at 1000 °C, decoupled from FI. This requires 
a different carrier than FI, e.g. ilmenite; given the ppb 
U concentration, the modal abundance of the U-
bearing phase needs to be a few ppm, undetectable by 
petrographic observation. Retention of radiogenic Xe 
in a HFSE mineral at mantle conditions is not 
unexpected, given its large atomic radius. 
 
[1] Jeffery & Reynolds (1961) JGR 66, 3582 [2] 
Kendrick (2012) Chem Geol 292, 116 [3] Roedder 
(1965) Am Min 50, 1746 [4] Oglialoro et al (2015) 
AGU abs V21C-3046 

 



Goldschmidt Conference Abstracts 

 

3276 

Sorption of Pb(II) on K-jarosite 
and As-jarosites  

M. VILLALOBOS1*, D.I. ALCALDE-FRANCO1, J. 
AGUILAR-CARRILLO2 AND F.M. ROMERO1 

1Environmental Bio-Geochemistry Group, 
Geochemistry Department, Geology Institute, 
UNAM, Coyoacan, CU, Mexico 04510, Mexico 
City (*correspondence: 
mariov@geologia.unam.mx) 

2 Instituto de Metalurgia, Universidad Autónoma de 
San Luis Potosí (UASLP), Sierra Leona 550; Col. 
Lomas 2ª. Sec. CP 78210, S.L.P., México 

   
 Jarosite (Js), [KFe3(SO4)2(OH)6] is a 

secondary mineral that forms in mine-related wastes 
and is important for its contaminant sequestering 
capabilities under acid conditions. To date, several 
studies of As(V) incorporation into the Js structure, 
replacing SO4

2-, have been reported [1,2], but few of 
cationic incorporation/retention, and especially not of 
the simultaneous uptake of arsenic and heavy metal 
cations. The goal of the present work is to investigate 
the sorption mechanism of Pb(II) on both pure K-Js, 
and As-Js [KFe3(SO4)2-z,(AsO4)z) (OH)6] with As(V) 
molar contents of 6% and 12% with respect to the 
SO4

2- position (z= 0.12 and 0.24, respectively).  Pb(II) 
may potentially substitute for the K+ position 
(together with H3O+) in the Js structure [3]. 
 Pb(II) was added either during (As-)Js 
synthesis or after its formation at pH 2. Wet-chemical 
experiments, thermo-dynamic modeling, attenuated 
total reflectance - Fourier transform infrared and X-
ray absorption spectroscopies, as well as X-ray 
diffraction were employed to determine the Pb(II) 
sorption behavior and mechanisms involved.  Pb(II) 
additions after (As-)Js formation showed a slow 
Pb(II) uptake and a synergistic sorption capacity with 
As(V) content in the Js, with values ranging from 50 
to ca. 200 mmol Pb(II)/kg Js. 
 The sorption mechanism that takes place 
when the (As-)Js samples are exposed to Pb(II) is 
mostly via surface precipitation; whereas in the cases 
where Pb(II) was added during (As-)Js formation, a 
considerable proportion of Pb(II) was incorporated 
into the (As-)Js structure, but more than one solid 
phase was produced simultaneously. 
 

 
[1] Paktunc & Dutrizac (2003) Can. Mineral. 41, 
419–905 [2] Savage et al. (2005) Chem. Geol. 215, 
473-498 [3] Smith et al. (2006) Chem. Geol. 229, 
344-361. 
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The role of acetoclastic methanogenesis in coals 
and shales is uncertain, especially given the slow 
production of acetate, an intermediate and CH4 
precursor, from fossil Corg. We report preliminary 
acetate in water from 4 groups: (A) Powder River 
Basin (PRB) coal (acetate <20 µM of δ13C -34.3 to -
15.1‰); (B) Michigan Basin-Antrim Shale (acetate 
<20-630 µM of δ13C -26.7 to -14.0‰); (C) Illinois 
Basin coal (acetate <20-150 µM of δ13C -24.9 to -
3.1‰); and (D) incubation of PRB coal (acetate 120-
1300 µM of δ13C -19.3 to -9.2‰). These basins 
exhibit variations of sulfate (e.g. <0.1-10.4 mM in A) 
and other factors including chloride (B-C) and 
thermal maturity (lowest in A and D).  

Two apparent trends of acetate vs. δ13C-acetate 
were observed: (I) Acetate <20 µM across a range of 
δ13C-acetate (groups A and C?); and (II) More 
positive δ13C-acetate at higher acetate concentrations 
(groups B, C?, and D).  

More positive δ13C-acetate is consistent with 
methanogenesis, which leaves residual acetate 13C-
enriched. Intriguingly, elevated δ13C-acetate 
contradicts the expectation that H2-trophic 
methanogenesis dominates systems fueled by fossil 
Corg [1]. The data record acetate production balanced 
by utilization by competing methanogens and non-
methanogens (e.g. sulfate reducers). Trend I suggests 
competition for acetate between methanogens and 
non-methanogens, perhaps linked to variations in 
sulfate supply and all maintaining low acetate 
concentrations. Trend II is consistent with 
methanogens utilizing acetate more effectively when 
acetate concentrations are higher, due to higher 
acetate production and/or less competition from non-
methanogens [2]. 

Overall, acetate-utilizing methanogens seem to be 
active in these systems. However, acetate in D 
exceeds A by >10x and D plots on trend II, unlike A. 
This inconsistency illustrates the challenge of 
replicating substrate availability in the laboratory.  
 
[1] Golding et al. (2013) Int. J. Coal Geol. 120, 24-
40. [2] Blair and Carter (1992) Geochim. Cosmochim. 
Acta 56, 1247-1258. 
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Faulting accommodates momentous deformation 
and its style reflects the complex interplay of often 
transient processes such as friction, fluid flow and 
rheological changes within generally dilatant 
systems. Brittle faults are thus unique archives of the 
stress state and the physical and chemical conditions 
at the time of both initial strain localisation and 
subsequent slip(s) during structural reactivation. 
Opening those archives, however, may be 
challenging due to the commonly convoluted (if not 
even chaotic) nature of brittle fault architectures and 
fault rocks. This is because, once formed, faults are 
extremely sensitive to variations in stress field and 
environmental conditions and are prone to readily slip 
in a variety of conditions, also in regions affected by 
only weak, far-field stresses. The detailed, multi-
scalar structural analysis of faults and of fault rocks 
has to be the starting point for any study aiming at 
reconstructing the complex framework of brittle 
deformation. However, considering that present-day 
exposures of faults only represent the end result of 
the faults’ often protracted and heterogeneous 
histories, the obtained structural and mechanical 
results have to be integrated over the life span of the 
studied fault system. Dating of synkinenatic 
illite/muscovite to constrain the time-integrated 
evolution of faults is therefore the natural addition to 
detailed structural studies. By means of selected 
studies it will be demonstrated how careful structural 
analysis integrated with illite characterization and K-
Ar dating allows the high-resolution reconstruction of 
brittle deformation histories and, in turn, multiple 
constraints to be placed on strain localisation, 
deformation mechanisms, fluid flow and mineral 
authigenesis within actively deforming brittle fault 
rocks. Multi grain-size illite dating permits the 
investigation in time coordinates of the subtle details 
of initial localisation and subsequent reactivation(s). 
This innovative approach makes it possible to refine 
the understanding of fundamental geological 
processes such as seismogenesis and strain 
localisation/partitioning. 
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Ecosystem development relies on nutrients 
availability. Capturing their dynamic in ecosystem 
models is necessary to predict terrestrial carbon 
evolution. Amongst these nutrients, phosphorus (P) is 
often limiting. It is supplied by apatite weathering, 
which a common accessory mineral of silicate rocks. 
Once this mineral source is exhausted, only 
atmospheric deposition can compensate its loss by 
drainage or soil erosion. On the contrary of the major 
cations that are easily leached out of the soil, P shows 
a great affinity for soil particles. This increases its 
residence time in the soil, as it can be sorbed on clays 
and oxides surface. But it can also be trapped into the 
oxides (the occlusion process), reducing then its 
bioavailability. These processes are primarily 
controlled by the mineral sorption properties 
(variable charges surfaces) and soil pH. As a part of 
the Imbalance-P project (ERC Synergy Grant ERC-
2013-SyG 610028-IMBALANCE-P), we introduced 
a simplified version of the Barrow’s P sorption and 
diffusion model [1] into the WITCH weathering 
model [2]. We propose here to evaluate it on the 
Hawaiian chronosequence described by Crews et al. 
(1995) [3] and intensively studied since.  
Intermediate-aged andososols developed on basalt 
show the greatest ecosystem fertility. The weathering 
model cannot explain the nutrients dynamic in the 
youngest ecosystem. However, since the ecosystem 
reaches an equilibrium (20 kyr), the weathering 
model alone reproduces well the chemical 
composition of the soil solutions. We calibrate then 
the slow diffusion process. The long-term inorganic P 
dynamic is explored through its links with the soil 
mineralogy and ecosystem maturation. 
 
[1] Barrow (1983) J. Soil Sci 34, 733-750. [2] 
Goddéris et al. (2006) Geochim Cosmochim Ac 70 
1128-1147. [3] Crews et al. (1995) Ecology 76(5) 
1407-1424. 
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In order to understand how winter turbulent 

mixing shutdown influences biogeochemical cycles 
in deep Pavin crater lake, an autonomous sediment 
trap and autonomous sensors (data loggers: CTD, 
turbidity, dissoulved oxygen) were moored from 
November 2014 to May 2015 in lake Pavin water 
column. Lake Pavin is a French crater lake known for 
its meromicticity and accumulation of dissolved trace 
element in the deep anoxic iron rich layer. 

Ice cap footprint on water column turbulence is 
clearly visible on (1) conductivity and temperature 
records in the chemocline vicinity, (2) dissolved 
oxygen signal close to the oxycline. Physical 
processes that controls the oxycline and chemocline 
depths are identified and allow to discuss the 
behavior differences of trace lement concentrations 
profiles  (Li, Y, La, Ce, Co, Ni, As, V, Cr, U,  Mo, 
Cu, Zn, Al, Sb, Au, Se, Ba) collected just after ice 
cap melting. These interpretations are also 
enlightened by settling particules compositions and 
fluxes measured from sediment trap samples 
collected weekly along the deployment period. 
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The geomicrobiology, molecular biology and 
geochemistry of sulfur and arsenic cycling has been 
extensively studied in modern sediments and a 
potential role for both sulfur arsenic metabolism in 
the Precambrian has been proposed. Specifically, 
sulfide and arsenite oxidation and, similarly, sulfate 
and arsenate reduction may have played an important 
biogeochemical role in benthic microbial mats and 
microbialites (their lithified counterparts) before 
oxygenation of the oceans. Here, we present evidence 
for extensive sulfur and arsenic cycling, both coupled 
to calcium carbonate precipitation, in microbial mats 
of the Atacama desert in Chile. Gelatinous mats 
containing thin layers of carbonate precipitates 
photosynthesized but did not produce oxygen. 
However, sulfide and arsenite oxidation were 
stimulated in the light. Nitrate additions also 
supported sulfide and arsenite oxidation but at much 
lower rates. Sulfate and arsenate reduction were 
major respiration pathways in these permamently 
anoxic mats. Calculations show that arsenic and 
sulfur cycling both played a potential role in 
microbialite formation (i.e., calcium carbonate 
precipitation). Laboratorium experiments revealed 
that anoxyphototrophs were stimulated slightly more 
by sulfide than by arsenite, but that the potential of 
organic carbon turnover was equally supported by 
arsenate and sulfate. Complex As-S complexes, 
resembling polysulfides were formed in the field and 
in the laboratory. A previous investigation using 
Synchrotron-based X-ray fluorescence found 
evidence for arsenic cycling in 2.7 Ga stromatolites 
(Tumbiana formation, Pilbara, Western Australia). 
Although we cannot draw firm conclusions from our 
Precambrian analogs in the Atacama, a careful 
evaluation of the role of arsenic biogeochemistry in 
microbialite formation has merit. 
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Nitrate-reducing Fe(II)-oxidizing bacteria are 
commonly found in the environment and may play a 
major role in the remediation of nitrate-contaminated 
sites [1,2]. Moreover, coupled nitrate reduction 
coupled to Fe(II) oxidation appears to be an 
important N2O production pathway [3]. The 
mechanisms of nitrate-dependent Fe(II) oxidation, 
however, are still not fully understood.  For example, 
it remains unclear to what extents, respectively, Fe(II) 
oxidation is enzymatically driven or caused by an 
abiotic reaction of reactive nitrogen (N) species (e.g. 
nitrite) that are formed during heterotrophic 
denitrification [3]. Previous studies showed that 
enzyme-catalyzed reactions can be distinguished 
from abiotic reactions based on differences in 
reaction-dependent isotope effects [5]. Therefore, we 
conducted time-series experiments with several 
nitrate-dependent Fe(II)-oxidizers: Acidovorax sp. 
strains BoFeN1 and 2AN, and Pseudogulbenkiania 
ferrooxidans sp. strain 2002. Concentrations of 
nitrate, nitrite, acetate, Fe(II), Fe(III), as well as the 
N-isotopic composition of denitrification substrates 
and intermediates (i.e., NO2

-, N2O) in the presence 
and absence of Fe(II) were measured over time and 
compared to abiotic experiments with nitrite and 
Fe(II). Additionally, we are analyzing the 
concentration and isotopic composition of N2O 
produced in the different setups. We will discuss the 
obtained N-isotope data in the context of their 
potential to assess the relative importance of biotic 
vs. abiotic nitrate-dependent Fe(II) oxidation, 
Ultimately, such data will not only allow evaluating 
the role of these processes in the natural environment, 
they may also aid in our efforts to test and establish 
viable nitrate-mitigating biotechnological 
applications. 
 
[1] Wang et al. (2015) Geomicrobiology Journal, in 
press. [2] Zhu et al. (2013) Environmental Science & 
Technology 47, 8970-8977. [3] Jones et al. (2015) 
Environmental Science and Technology 49, 3444–
3452 [4] Klueglein and Kappler (2013) Geobiology 
11, 180-190. [5] Granger et al. (2008) Limnology and 
Oceanography 53, 2533-2545. 
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Alteration of ultramafic rocks plays a major role 

in the production of hydrocarbons and organic 
compounds via abiotic processes on Earth and 
beyond. This process contributes to the redistribution 
of C between solid and fluid reservoirs over 
geological cycles. Abiotic methanogenesis has been 
widely documented at shallow crustal levels, whereas 
little natural evidence exists at greater depths. We 
provide proof of intense deep abiotic methanogenesis 
during high-pressure alteration of ophicarbonates in 
the Italian Alps. Protracted (≥0.5-1Ma) production of 
CH4 occurred from at least ~ 40 km depth, and then 
even increased during decompression up to ~15-
20km depth. Textural, mineralogical and petrological 
evidence, including abundant CH4-H2 fluid 
inclusions, shows that saturation of CH4 triggered 
precipitation of graphite and replacement of the 
precursor serpentinite. Although previous studies 
proposed that ophicarbonates contribute little to the 
deep C cycle at forearc depths, this study provides a 
clear natural evidence of massive abiotic 
methanogenesis from these rocks, with strong 
implications for deep C mobility. Moreover, as 
shown for other fluid-precipitated graphite, the 
massive graphite precipitation exerts a negative 
feedback on C fluxes from the deep Earth to 
shallower reservoirs, and a strong redox potential in 
mantle rocks. This study also provides new views on 
the genesis of extra-terrestrial methane and 
condensed organic C compounds in ultramafic rocks. 
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Weathering processes are active in surface waters 

but groundwater also represents no negligible 
chemical fluxes. As residence-time in groundwater 
are high, silicate weathering might take place and 
control Si, Ca and C fluxes. Weathering processes 
can be deduced from U isotopic ratios but the kinetics 
of these processes remain relatively poorly 
constrained. 

In order to better characterize these processes, 
residence-times deduced from anthropogenic gases 
(CFC and SF6) analysis and 234U/238U isotopic ratios 
determination have been coupled. Water samples 
were collected in both springs and boreholes in the 
granitic Strengbach catchment (Hydro-geochemical 
Observatory OHGE, Vosges Massif, Eastern France). 
Two campaigns were carried out in May and August 
2015 during highly contrasted hydro-climatic periods. 

A very clear geochemical distinction is observed 
between groundwater from surface springs and 
deeper groundwater from boreholes. Springs show 
much lower residence time (few years) and specific 
chemical composition. Deeper groundwater has 
residence time of several decades and different 
geochemical composition.  

The 234U/238U isotopic ratios confirm this vertical 
zonation in the boreholes, with much higher activity 
ratios in depth in the borehole than in the surface and 
spring waters; such high ratios are indicative of long 
water-rock interactions, which is consistent with the 
long residence times deducted from the CFC and SF6 
data. 
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Deep-well injection of liquid nuclear wastes 
(LNW) into the water-permeable strata is a practice 
of LNW management established in Russia since 
1963. The sorption processes along with the filtration 
and permeability properties of the reservoir bed are 
the key factors governing the radionuclides spreading 
within the disposal. Prediction of radionuclides 
migration outside from the location of the injection 
well requieres characterization of all the surfaces 
existing in the disposal, including sandy rock 
minerals and precipitates forming from LNW 
solution. The disposal is a complex natural and 
artificial system which needs to be monitored using 
exploration wells along with investigation under the 
well controlled laboratory conditions. 

The composition of wastes injected in the deep 
disposal vary significantly including acidic 
technological wastes, which consist of sodium nitrate, 
acetic acid, corrosion products (Fe, Cr, Mn, Ni, Al) 
and radionuclides. Some of the short-lived fission 
products that sorbed just near the injection well cause 
the heating of the bed till 100-150°C. Both corrosion 
products phases and secondary phases of the reservoir 
bed forming under acid hydrothermal conditions have 
been studied in this work. The most of radionuclides 
are sorbed on different surfaces extremely 
unhomogeneously. Fe/Cr-containing phases along 
with clayey minerals and organic matter play the 
important role in the retention of actinides (Pu, U, 
Am, Np).  

The solid phases of corrosion products from 
LNW solutions along with altered minerals of the 
sandy rocks of reservoir bed were characterized using 
XRD, Mössbauer spectroscopy, optical microscopy, 
SEM-EDX and HRTEM. The retention properties of 
the different mineral phases towards actinides are 
presented in the paper. 
 
This work was supported by the RSF (No. 16-13-
00049) and the RFBR (No. 14-03-00821). 
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Environmental risk at mercury (Hg) contaminated 
sites derives mainly from methylmercury (MeHg) 
exposure and bioaccumulation. MeHg is produced by 
heterotrophic bacteria that use sulfate, iron, and 
CO2 as terminal electron acceptors (TEA). Our 
research is focused on mineral-based amendments 
that can serve as a preferred alternate TEA to inhibit 
sulfate reduction, thereby suppressing mercury 
methylation in situ. Manganese(IV) oxides 
(pyrolusite and birnessite), applied either as direct 
sediment amendments or in a thin-layer reactive 
cover, have been demonstrated to reduce net MeHg 
production and efflux (by an order of magnitude) 
from contaminated sediment in laboratory sediment-
water “aquarium” microcosms operateed for several 
months. Microbial community census using PCR and 
DNA sequencing indicates that the addition of 
manganese oxide does not markedly alter the 
indigenous community structure although an increase 
in iron and manganese reducing species was 
observed. The mechanism of MeHg suppression 
therefore most likely involves a shift from sulfate 
reduction to Mn(IV) reduction as the energetically 
favorable TEAP. CO2 respirometry shows no 
evidence of microbial toxicity of the amendments but 
rather suggests that the Mn(IV) addition actually 
stimulates microbial activity.  Mn XANES shows that 
Mn(IV) oxides are gradually converted to mixed-
valence Mn(II/III) oxides (e.g. bixbyite, hausmanite) 
and rhodochrosite over time, a solid phase 
assemblage which continues to poise redox and 
inhibit sulfate reduction, and thereby suppress Hg 
methylation. The retention of the added Mn in the 
sediment also suggests an area for future work -- the 
possibility for regeneration of Mn(IV) oxides under 
dynamic settings where soils and sediments 
experience periodic redox fluctuations (e.g. subaerial 
exposure due to tidal cycles in intertidal zones and 
marshes), thereby prolonging amendment effective 
lifetime, and providing for sustained in situ 
suppression of MeHg production. 
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Thallium (Tl) is a highly toxic trace element. We 
investigated the speciation and fractionation of Tl in 
soils from the Swiss Jura mountains that developed 
from a Tl-As-Fe-sulfide mineralization hosted within 
carbonate rocks [1]. Within a zone of about 200×100 
m2, the topsoil contained 100-1000 mg/kg Tl, the 
subsoil up to several 1000 mg/kg Tl. 

Using micro-focused X-ray fluorescence 
spectrometry and X-ray absorption spectroscopy 
(XAS) at the Tl L3-edge, we identified four Tl 
species: (i) Avicennite (Tl2O3) and Tl(I)-substituted 
jarosite as weathering products of the primary 
mineralization. (ii) Tl(III) associated with Mn-
concretions and Tl(I) bound to illite as pedogenic Tl 
species. The analysis of whole soils by XAS showed 
that Tl(I) uptake by illite was the most relevant 
sequestration mechanism in topsoils. 

For topsoil samples containing dominantly Tl(I) 
bound to illite, 1 M NH4-acetate extractions 
suggested that a major fraction of the Tl(I) may be 
fixed in the illite interlayers rather than sorbed at 
edge sites. The concentration of Tl in 10 mM CaCl2 
extracts ranged from ~10 to ~1000 µg/L. The log-
transformed concentrations of Tl in the extracts 
correlated with the log-transformed soil Tl contents, 
but did not show any detectable variation as a 
function of soil Tl speciation. 

This study provided first spectroscopic evidence 
for the effective sequestration of Tl by illite in 
contaminated soils. In ongoing work, we therefore 
investigate the sorption of Tl by illite and its effect on 
the solubility of Tl in soils. Further work is concerned 
with the detailed characterization of secondary Tl- 
and As-bearing minerals. 

 
[1] Voegelin et al. (2015) Thallium speciation and 

extractability in a thallium- and arsenic-rich soil 
developed from mineralized carbonate rock. 
Environ. Sci. Technol. 49, 5390-5398. 
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The calcite tests of foraminifera used for 

reconstructing oceanic and climatic conditions in the 
past are altered after deposition by diagenetic 
processes that replace the original biogenic calcite by 
secondary calcite. The recrystallisation process 
remains poorly understood. In order to reliably apply 
proxy data obtained from foraminiferal tests, it is 
therefore important to quantify changes in their 
elemental and isotopic composition. 

We are investigating two dissolution events in 
recrystallised Miocene sediment sections from IODP 
Expedition 320/321 using laser ablation ICP-MS 
derived element/Ca ratios of the planktonic 
foraminifera Dentoglobigerina venezuelana: a) The 
peak warmth events of the middle Miocene climate 
optimum (15.6 Ma) and b) of the “Lavender” seismic 
reflector interval (16.9 Ma) which are characterised 
by an increase in CaCO3 dissolution and sharp 
declines in benthic foraminiferal δ18O and δ13C [1, 2].  

Dissolution of tests can result in decreased 
Mg/Ca ratios [3] whereas recrystallisation tends to 
increase the Mg/Ca [4]. Preliminary results of tests 
from the peak warmth event at 15.6 Ma indicate no 
change in Mg/Ca but Sr/Ca decreases through the test 
wall suggesting recrystallisation as less Sr is 
incorporated into secondary calcite. Tests from Site 
U1336 are more affected compared to tests from Sites 
U1337 and U1338. These results are compared to 
older sediment sections (> 20 Ma) of Site U1336, 
where several Sr parameters (Sr2+, Sr/Ca, 87Sr/86Sr) 
indicate that bulk carbonates are extensively 
recrystallised at this site [5]. However, results 
obtained from tests from recrystallised sediments 
indicate that much of the original geochemical proxy 
signals (Mg/Ca) is still preserved. 

 
[1] Mayer et al. (1986) Science 233, 761-764. [2] 
Holbourn et al. (2015) Geology 23, 123-126. [3] 
Sadekov et al. (2010) EPSL 292, 312-324. [4] Sexton 
et al. (2006) G-cubed 7,  
1-29. [5] Voigt et al. (2015) GCA 148, 360-377.  
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Even though the weathering of mafic rocks 

generates a substantial flux of Mg and Ca to the 
oceans the rates of denudation of these lithologies are 
not well-constrained. One reason is that in situ 
cosmogenic 10Be, having been measured in quartz in 
thousands of rivers, is not applicable to e.g. basalts 
where no quartz is present. This gap can be closed by 
the combination of a) erosion rates (E) from meteoric 
10Be, adsorbed to fine-grained river particles after 
precipitation; b) denudation rates (D) from the 
10Be(meteoroic)/9Be(stable) ratio in river sediments; 
c) the fraction of stable 9Be released from silicate 
minerals that serves as a proxy for the degree of 
weathering [1, 2]. The challenges are: knowing the 
delivery flux of meteoric 10Be; assessing the 
retentivity of meteoric 10Be that depends on pH and 
on grain size; determining the 9Be bedrock 
concentration at the catchment scale.  

We applied this new method in three small Czech 
catchments underlain by granitic, mafic, and 
ultramafic rocks in the Slavkov Forest. The 
catchments are in close vicinity with each other, 
similar in relief, and have a identical climate and 
tectonic history. We experienced difficulties in 
obtaining representative 9Be bedrock concentrations 
and developed an approach based on multi-element 
regression. We found loss of 10Be in the granitoid 
catchment (low pH) and full retention in mafic 
catchments. As expected E (10Be meteoric) is lower 
than D from (10Be/9Be) which agrees with D (in situ 
10Be) within a factor of 2 or better. This result 
presents an encouraging first step in developing 
means to measure denudation in mafic landscapes. 

[1] von Blanckenburg et al. (2012) EPSL 351, 295-
305. [2] Wittmann et al. (2015) JGR-ES 120, 2498-
2528.  
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Unlike most basalts sampled during the Apollo 

and Luna missions, lunar meteorite NWA 479/032 is 
fresh and unbrecciated. With a crystallization age of 
2.8 Ga, it is the youngest ever-dated lunar basalt, 
clearly post-dating the Late Heavy Bombardment 
period (4.0 - 3.6 Ga) and the last twitches of lunar 
tectonism (~4 Ga). The pristine preservation state of 
NWA 479/032 makes it a sample of choice for 
anyone willing to investigate lunar shock 
metamorphism. 

Deformation of minerals in extraterrestrial rocks 
have been the subject of numerous TEM studies over 
the last 40 years. Most of the attention has been given 
to the deformation of major minerals, whereas 
accessory phases have received little interest. In 
addition, in spite of being an extremely valuable tool 
to image and characterize deformation features, TEM 
is limited to the very local scale, which prevents the 
broad picture of deformation from being investigated. 
We present here preliminary results on shock 
deformation of major (olivine and pyroxene) and 
accessory (ilmenite, chromite, FeNi metal, 
pentlandite, troilite) minerals in lunar basalt NWA 
479 taking advantage of the flexibility of electron 
backscatter diffraction (EBSD). 

Olivine and pyroxene phenocrysts display 
gradual crystal-plastic deformation features 
characterized by lattice distortion of up to 40° 
resulting from the combined activation of several slip 
systems. Olivine also shows typical planar 
deformation features (PDF) parallel to (001) and 
brittle fractures parallel to (100). Pyroxene 
phenocrysts are overgrown by radiating pyroxene 
grains with crystallographic orientation mimicking 
that of the underlying crystal lattice, a feature 
interpreted as magmatic epitaxial growth followed by 
concomitant shock-induced lattice distortion. Ilmenite 
shows misorientation of up to 22° along the main 
elongation axis, whereas that of chromite generally 
remains below 20°. FeNi metal particles consist of a 
core of tiny deformed bcc crystals (probably 
martensite) surrounded by a heavily distorted fcc 
single-crystal rim (probably taenite). Pentlandite and 
troilite form aggregates of undeformed randomly-
oriented polygonal crystals with triple-junction grain 
boundaries. 
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Many trace elements are of increasing importance 
for a variety of applications in electronics, catalysts, 
ceramics, metallurgy and pharmaceuticals. 
Particularly in high-tech applications, these so-called 
‚technology-critical trace elements’ often fulfill 
crucial functions. Examples include Ga, Ge, In, Te, 
Nb, Ta, Tl, most rare earth elements, platinum group 
elements and certain other heavy metals. Although 
the global use and environmental fluxes of many of 
these trace elements have increased tremendously due 
to economic and population growth over the last 
decades, there is relatively little quantitative 
information about their industrial use and emissions 
and about their environmental fate. Since trace 
element contents in wastewaters and sewage are an 
indicator of their use in society, it may be assumed 
that the loads of these trace elements have risen 
correspondingly in waste waters and sewage sludges 
worldwide. 

Therefore, we investigated the concentrations and 
fluxes of >60 major and trace elements in >50 waste 
water treatment plants (WWTP) in Switzerland. 
Multiple (microwave-assisted) acid digestion 
techniques and (collision/reaction cell) ICP-MS 
methods were developed and validated to quantify 
these elements at the trace level in sewage sludge and 
treated waste water samples.  

We will present an overview of the measured 
elemental concentrations and their geographical 
distribution. These results will be put into context by 
correlating measured elemental concentrations and 
sludge/water ratios with relevant WWTP properties 
such as capacity and treatment type, with 
geographical information on population and 
industries in the catchment areas, as well as 
meteorological data. We will discuss in more detail 
those elements with elevated concentrations that 
warrant particular attention (e.g., Gd) and treatment 
options to increase the elimination and potential 
recovery of these elements from WWTPs.  

This work is part of an ongoing effort to create a 
national inventory for trace element fluxes in 
WWTPs in Switzerland. 
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In this study, we explore factors that affect 

mantle wedge flow patterns through three-
dimensional numerical experiments and examine the 
modeling results against a range of geophysical 
observations, using Northeast (NE) Japan as an 
example. Key observations include the orientation of 
volcanic cross-chains, volcano clustering, surface 
heat flow, seismic velocity and attenuation structures, 
and seismic anisotopy. Seismically polarized fast 
direction in the mantle wedge varies spatially beneath 
Hokkaido, where subduction direction is oblique to 
the trench. Our modeling results indicate that oblique 
subduction results in out-of-plane mantle inflow and 
outflow streamlines that are symmetric about the 
down-dip direction. The predicted complex mantle 
flow pattern may explain the observed spatial 
variability in seismic anisotropy. The orientations of 
volcanic cross chains are normal to the trench in 
Tohoku and oblique to the trench in Hokkaido. They 
are sub-parallel to the model-predicted mantle inflow 
directions, possibly indicating the role of mantle 
inflow in controlling the location of melt generation 
beneath the arc. Volcanos occur in clusters in 
Tohoku, beneath which narrow low seismic velocity 
zones (LVZs) extending from the back-arc into the 
sub-arc mantle. These LVZs are interpreted as 
regions of high temperature and/or presence of free 
fluids that provide melts to the arc. The mantle 
beneath volcanic arcs is brought in from the backarc 
region, and the thermal state of the backarc has a 
direct impact on sub-arc mantle temperatures. Our 
models that incorpoate small backarc thermal 
perturbations indicate that vigorous inflow of hotter 
mantle and subdued inflow of colder mantle occur 
beneath the arc due to strong temperature dependence 
of the mantle viscosity. This results in a complex 3-D 
mantle flow pattern that amplifies the along-arc 
temperature variation of the sub-arc mantle and can 
provide a simple mechanism for volcano clustering. 
Between the regions of vigorous and subdued inflow, 
margin parallel flow occurs, possibly contributing to 
the observed trench-parallel fast direction beneath 
Tohoku. 
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   Obsidian and rhyolite formation process during 
emplacement of silicic magmas was studied through 
the observation of internal structure of obsidian-
rhyolite lava from Shirataki, northern Hokkaido, 
Japan. The Shirataki monogenetic volcano field (2.2 
Ma) contains many outcrops of densely compact 
obsidian layers (SiO2=76.7-77.4 wt.%).  Akaishiyama 
lava in the field shows good exposures of internal 
sections from the top to the bottom with thickness of 
about 250 m, and it comprises an upper dense 
obsidian zone (10m thick), an upper banded obsidian 
zone (100m), a central rhyolite zone (100m), a lower 
banded obsidian zone (5m), a lower dense obsidian 
zone (7m), and a lower clastic zone (3m).  
   The upper banded obsidian zone includes many 
concentration layers of spherulites (<12cm in 
diameter). This zone also contains rhyolite blocks 
comprising innumerable spherulites and tuffisite short 
channels. The variety of spherulite morphology is 
probably due to difference in the number density and 
the connectivity of vesicles, and subsequent 
outgassing. The lower-banded obsidian zone is 
characterized by alternating thin layers of vesicular 
rhyolite and obsidian. The dense obsidian is 
composed of >98 % glass with H2O (<0.1wt.%) and 
magnetite microlite (<1.5%). The obsidian glass from 
the upper dense obsidian zone is lower in FeO 
content than that from lower dense obsidian zone, 
which is correlated with the number density of 
magnetite. These geological and petrological features 
indicate that the formation of obsidian and rhyolite 
was mainly controlled by the timing of vesiculation 
and outgassing of silicic magmas, in addition to the 
cooling effect. 
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Determining the extent of mantle mixing during 

the Hadean-Archean is an integral factor in our 
understanding of early geodynamic processes and 
degree of mantle homogenisation. If a dynamic 
convecting mantle was the predominant regime it 
would be expected that early formed isotopic 
anomalies would be quickly homogenised, whilst in a 
stagnant lid regime these anomalies might last for 
hundreds of millions of years [1]. Using the short-
lived 146Sm-142Nd chronometer, any 142Nd anomalies 
that formed only during the first 500 Ma of Earth’s 
history is subsequently remixed with the bulk mantle. 
Both positive and negative 142Nd anomalies have 
been observed in rocks ranging from 2.7-3.9 Ga [2]. 
However, to determine whether these were local 
anomalies or are representative of the entire Earth 
requires that Archean rocks from other localities are 
also investigated. As such, we will present 142Nd data 
on the 2.8-3.3 Ga ultramafic-TTG suite of the West 
African Craton. 

The Amsaga area of the West African Craton is 
host to both silicic and mafic suites. The mafic 
amphibolites display typical flat incompatible 
element patterns, indicating little fractionation or 
secondary metamorphic enrichment. The silicic TTGs 
have typical incompatible element patterns with an 
enrichment in the most incompatible elements, due to 
their more evolved nature. The amphibolites yielded 
a 147Sm-143Nd isochron age of 3353±75 Ma, with 
initial εNd compositions ranging between +5.0 and 
+6.2 and zircon dating indicates an age of 2.6-2.9 Ga 
for the TTGs [3,4]. A positive initial εNd for the 
amphibolites suggest that the magmatic protolith 
evolved from an already differentiated source, 
making these samples a prime candidate for a 142Nd 
investigation. The 142Nd isotopic composition will 
provide constraints on timing of mantle mixing, as 
the ages observed throughout the suite will enable us 
to track the homogenisation of the local mantle 
through time.  
 
[1] Debaille et al. (2013) Earth Planet. Sci. Lett., 373, 
83-92. [2] Rizo et al. (2012) Nature, 491, 96-100. [3] 
Laurent et al. (in prep). [4] El Atrassi et al. (in prep) 
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A small but significant stable isotopic variation of 

some major and trace elements has been reported 
among granites [1-5]. Among those elements, 
strontium shows the largest range of stable isotopic 
variation [3, 5]. While fractional crystallization of 
plagioclase was suggessted to cause the Sr isotopic 
fractionation [5], the nature of the isotopic 
fractionation process has not been well documented. 
In order to link the Sr isotopic variation of granites 
with the possible isotope fractionation process 
occurring in high temperature magmatic 
environment, we have studied Sr stable isotopic 
composition of suite of samples from a single granitic 
pluton.  

Twenty-one granite and three aplite samples were 
taken from the late Cretaceous Tadamigawa granite 
(SiO2 = 59.6 – 76.1 wt.%). Plagioclase was separated 
from one of the granite sample (YT11062503: SiO2 = 
71.4 wt.%) using heavy liquid. Samples were 
measured for there stable Sr isotopes by double spike 
TIMS technique using Thermo Finigan TRITON at 
Kochi. Reproducibility of the δ88Sr analysis was ± 
0.02. 

The Tadamigawa granites shows large variation 
of δ88Sr values from 0.27 to -0.15. The variation is 
correlated with SiO2 content were the more evolved 
samples show low δ88Sr values. The aplite samples 
show extremely low δ88Sr down to -0.74. The δ88Sr 
of the granites linearly correlate with the log of Sr 
concentration indicating that the δ88Sr variation was 
controled by Raleigh-type isotope fractionation 
process with an isotope fractionation factor of 
α88SrRaleigh = 1.00018. The plagioclase fraction of 
YT11062503 has significantly high δ88Sr of 0.31 
compared with its bulk sample (δ88Sr = 0.21). The 
plagioclase-bulk isotope fractionation factor 
calculated  from this data is α88Srplagioclase-bulk = 1.0001 
and agrees quite well with the α88SrRaleigh. These 
observations show that plagioclase crystallization is 
the key process causing the stable Sr isotopic 
variation in granites.  

 
[1] Poitrasson and Freydier (2005) Chem. Geol. 222, 
132-147. [2] Teng et al. (2007) EPSL 261 84-92. [3] 
Ohno and Hirata. (2007) Analytical Sciences 23, 
1275-1280. [4] Heinmann et al., (2008) GCA 72, 
4379-4396. [5] Charlier et al. (2012) EPSL 329-330, 
31-40. 
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Long-term temporal variations of Cs-137 wash-

off should be understood for predicting the fate on 
terrestrial environment. However, only a few studies 
presented long term observation of slope scale Cs-
137 wash-off and its seaonality. This study presents a 
three years’ Cs-137 wash-off observation and 
morphological surveys on a soil erosion plot 
establised in Fukushima area to describe processes 
and seasonality of Cs-137 wash-off. 

The soil erosion plot with length of 22.13 m and 
width of 5 m was established on an uncultivated 
tobacco farmland in Kawamata town on July 2011. 
Eroded sediments from the plot had been collected 
until August of 2014 for measuring Cs-137 
concentration. Soil surface had been scanned for ten 
times using a 3D laser profiler during the observation. 
Based on scan data, changes of height of soil surface 
in the plot were calculated. The positive and negative 
values mean rise and lowerig of soil surface, 
respectively . 

Mean concentration of Cs-137 in eroded sediment 
was 13 kBq kg-1. No sginificant decreasing trend of 
Cs-137 concentration was found due to enormous 
fluctuation through the obsravation. However, Cs-137 
concentrations tended to decrease gradualy from 
spring to autumn and increase again after winter. 
Based on the scan data, the expansions of a rill from 
spring to summer and rise of soil surface from winter 
to spring were found. Although Cs-137 
concentrations of sediment tended to be correated 
with changes of heights of soil surface except for data 
obtaied in winter 2013 which showed high Cs-137 
concetration and high rise of soil surface. These 
results suggest that the rill was dominant source of 
sediments of low Cs-137 concentration. Intensive 
rainfall events washed off the sediment with high Cs-
137 concentration from interrill area in warm season, 
whereas freezing and thawing cycles during winter 
provided sediments of high Cs-137 concentration. 
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Stable isotope-based climate reconstructions 

spanning the Phanerozoic are controversial.  Low 
δ18O values in well-preserved carbonate shells and 
limestones suggest (a) Cambrian temperatures could 
have been ca. 30°C warmer than today if sea water 
δ18O was similar to modern, or (b) temperatures were 
similar to today, but sea water δ18O values were 6 to 
8 ‰ lighter.  Both explanations are contested, and it 
has been argued that the oxygen isotope compositions 
of carbonates have been increasingly altered through 
time, and are unreliable as a proxy for ancient 
environments.   

Phosphate δ18O values are generally thought to be 
more resistant to diagenetic alteration than 
carbonates.  We have compiled over 2500 published 
phosphate δ18O measurements on marine phosphatic 
fossils spanning the Phanerozoic.  These include 
measurements on conodonts, shark teeth, inarticulate 
brachiopods, and phosphorites.  We address 
variations in measurement technique and standards 
over the past four decades in assembling this data set.  
We compare analyses of each category of phosphatic 
record against the overall composite trend, examining 
the preservation potential for each material and the 
environment in which mineralization originally took 
place (e.g., upper water column vs. benthic vs. early 
diagenetic environments).   

We have extended the record to the early 
Cambrian with measurements on phosphatic fossils 
known as small shelly fossils (SSF).  SSFs from 
several regions were sampled and analyzed: (1) the 
Pioche Formation, Nevada, United States; (2) the 
Dengying Formation, Shaanxi Province, China; and 
(3) the Bayan Gol Formation, Orolgiin Gorge, 
Mongolia.  

The overall phosphate δ18O record, including that 
from well-preserved SSF, is very similar to the 
Phanerozoic record from well preserved carbonates 
compiled in Veizer et al. (1999) and Veizer and 
Prokoph (2015). The record of a secular trend in both 
phosphate and carbonate δ18O from Cambrian to 
present is robust. We compare these records, 
carbonate Δ47 measurements, and geologic evidence 
for intervals of major continental glaciation, 
concluding that the secular trend is mainly the result 
of a significant shift in sea water δ18O rather than 
much warmer temperatures in the Cambrian than at 
present or diagenetic alteration.  
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Reactions between groundwaters, cement, clay, 
zeolite and/or rock forming minerals will control the 
geochemical evolution of a repository built for the 
geological disposal of radioactive waste in Japan. The 
Japan Atomic Energy Agency (JAEA) has therefore 
developed a thermodynamic database (TDB) to 
simulate and assess the impact of these different 
reactions on the safety and performance of the 
repository. 

The themodynamic properties of all relevant 
aqueous species/complexes and minerals have been 
written into a TDB supporting the SUPCRT92 [1] 
computer program. Aqueous species/complexes were 
mostly taken from the 'revised H-K-F' series of 
publications by Helgeson and co-workers e.g. [2], 
cement minerals from the temperature dependence of 
log equilbrium constants (K), clays and zeolites from 
predictive models e.g. [3], and rock forming minerals 
from Helgeson et al. [4]. SUPCRT92 [1] was then 
used to calculate log K values for reactions of 142 
aqueous species/complexes and 285 minerals over 
their respective stable domains, and written into 
equivalent TDBs supporting the Geochemist's 
Workbench® [5] and PHREEQC [6] computer 
programs. 

Validation and improvement of the TDB is 
ongoing by comparison of predicted solution 
compositions, log K values and phase relations with 
their experimental counterparts and simulations of 
industrial and natural analogues.  

This study was partly funded by the Ministry of 
Economy, Trade and Industry of Japan through “The 
project for validating assessment methodology in 
geological disposal system” in JFY 2015. 

 
[1] Johnson et al. (1992) Comp Geosci 18, 899-947. 
[2] Sverjensky et al. (1997) Geochim Cosmochim 
Acta 61, 1359-1412. [3] Arthur et al. (2011) Clays 
Clay Min 59, 626-639. [4] Helgeson et al. (1978) Am 
J Sci 278-A. [5] Bethke (1996) Geochemical 
Reaction Modeling, New York, NY. [6] Parkhurst & 
Appelo (1999) Water-Resources Investigations 
Report 99-4259, Denver, CO. 
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Our belief that Earth has a sizable metallic core 

stems largely from geophysical observations. Low 
abundances of siderophile elements in the silicate 
portions of the Earth, compared to chondrites, 
provide a modicum of reassurance that the 
geophysical observations have not been grievously 
misinterpreted. Despite this happy concordance of 
geophysics and geochemistry, related topics, such as 
the chemical nature of the core and lowermost 
mantle, and whether or not chemical and/or isotopic 
exchange between the core and mantle occurs (past or 
present), remain shouded in mystery. Advances on 
these issues may come from further studies of 
siderophile element abundances and isotopic 
compositions. The generally chondritic relative 
abundances of highly siderophile elements (HSE), 
including 187,186Os isotopic evidence, has commonly 
been cited as evidence that progressive core 
formation stripped the mantle of these elements, and 
that they were replenished by late stage accretion that 
followed core formation. Differences in absolute 
abundances of HSE between the mantles of the Earth 
and Moon, coupled with a small but significant 
difference in their 182W isotopic compositions, 
suggest that the dominant period of late stage 
accretion occurred soon after the putative Moon-
forming giant impact. This means a final stage of 
core formation accompanied the giant impact, and 
that the merging of the two cores was effective in 
stripping HSE from much of the Earth’s mantle. The 
discovery of 182W anomalies in ancient and modern 
mantle-derived materials, however, suggests that 
some mantle domains were chemically processed 
well before the giant impact, and yet survived the 
giant impact, as well as the subsequent attempts of 
4.5 Gyr of convective mixing to make them go away. 
Highly siderophile element abundance data, coupled 
with 182W isotopic evidence in rocks with anomalous 
182W suggest that these primordial domains achieved 
some level of chemical uniqueness as a result of 
multiple metal-silicate and silicate-silicate processes. 
Whether or not the processes responsible for creating 
the domains and their present locations can be better 
constrained by combining siderophile element data 
with other geochemical data, such as for noble gases, 
remains to be seen. The ability of Earth’s mantle to 
generate 182W-enriched and depleted domains, alas, 
diminishes the use of tungsten isotopes to trace 
possible core-mantle interactions.  
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In the presence of reductants, such as Fe(II), and 

catalytic mineral surfaces, such as iron oxides 
surfaces, Cr(VI) may be reduced to a less toxic and 
relatively insoluble form Cr(III). We investigate the 
interaction between Cr(VI) and the surface of the 
Fe(II)-bearing mineral magnetite, Fe(II)Fe(III)2O4, 
using electrochemical atomic force microscopy 
(EC-AFM). Here, the redox potential is controlled by 
an electrode, and Cr deposition on the magnetite 
surface is imaged over time as a function of redox 
potential and pH of the solution. Quantitative 
analyses of volumetric growth and surface coverage 
reveal that more precipitation occurs over time at 
very negative (–500 mV at pH 3, –750 mV at pH 7, 
and –1000 mV at pH 11) and very positive 
(+1000 mV at pH 3 and +500 mV at pH 11) 
electrochemical potentials. Up to 70% of the surface 
is covered with precipitates at pH 7, while less 
coverage is observed at pH 11 (< 8%) and pH 3 
(< 2%). Particle growth at pH 3 is predominantly 
lateral in nature with a tendency to form smaller 
adsorbate particles. At pH 11, growth is primarily 
vertical (perpendicular to the surface), and smaller 
particles tend to aggregate into larger clusters on the 
surface with increasingly negative redox polarization. 
These larger clusters (most likely subcrystalline Cr-
(oxy)hydroxides) co-exist with rhombic, crystalline 
particles, most likely chromite. 

Results from growth analyses were confirmed by 
batch experiments performed on the same samples 
used in the AFM, where changes in the Cr 
concentration in solution were monitored using 
inductively coupled plasma mass spectrometry 
(ICP-MS). Virtually all of the Cr was removed after 
30 minutes at pH 7 (starting at 2 µM Cr(VI)) at all 
potentials, ~60% at pH 3, and very little removal at 
pH 11. X-ray photoelectron spectroscopy (XPS) 
analyses of the magnetite surface at pH 3 suggest that 
only Cr(III) phases are present and that Cr and/or Fe-
Cr oxide phases are more stable at very reducing 
conditions (–750 mV), while Cr and/or Fe-Cr 
(oxy)hydroxide phases are present under more 
moderately-reducing conditions (–250 mV). At pH 
11, any Cr deposited is below the detection limit for 
XPS analysis (< 1% surface coverage); however, 
Fe(II)/Fe(III) ratios (~0.3) are lower than the 
expected ratio of magnetite, which indicates that 
some oxidation of the surface has occurred. This 
oxidized layer may inhibit the reduction of Cr(VI) on 
the surface. 
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The Caledonian orogenic belt spans Norway, East 
Greenland, Scotland, and Ireland. In a central 
location between the Norwegian, Greenlandic, and 
northern Scottish sectors lies Shetland; an inlier of 
metamorphic basement in the Mesozoic sediments of 
the North Sea. 

Here we present Lu-Hf and Sm-Nd garnet ages, 
and Rb-Sr mica ages for metamorphic lithologies 
across a wide geographic and stratigraphic area of 
Shetland. Lu-Hf and Sm-Nd garnet ages are 
interpreted to represent the timing of peak 
metamorphic conditions in garnets where prograde 
zoning is observed in trace element LA-ICPMS 
profiles. Conversely Rb-Sr mica ages appear to relate 
to deformation-induced recrystallisation.  

Caledonian prograde garnet ages of c.480-c.430 
Ma are prevalent throughout the whole of Shetland, 
with three distinct thermal pulses: c.475 Ma (n=6), 
c.450 Ma (n=4), and c.435 Ma (n=2). These relate to 
the Ordovician Grampian (I & II) and Silurian 
Scandian phases of accretion, similar to those 
observed in the Caledonides of mainland Scotland.  

Whilst Rb-Sr mineral ages paint a similar picture, 
some subtle differences may necessitate a more 
complex explanation1. An apparent paucity of 
Silurian Rb-Sr ages suggests that extensive reworking 
of mica fabrics did not occur during the Scandian 
event despite metamorphic conditions permitting 
new, albeit limited, garnet growth. However, 
Devonian Rb-Sr mica ages in westernmost Shetland 
are consistent with the diachronous northward-
younging of the thrust belts that define the western 
Laurentian margin, suggesting a late orogenic 
evolution that has more in common with East 
Greenland and Norway than with northern Scotland. 

   
1Walker et al. (2015) JGSL 
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Space missions are headed off to collect and 
return samples from the surfaces of asteroids. The 
most accessible asteroids are km-sized near-Earth 
asteroids, which consist of short-lived (~10Myr) 
visitors to the inner Solar System whose current 
orbits do not reveal where they, or their parent 
bodies, formed. However, basic physical properties, 
their shapes and spins, suggest dramatic physical 
evolution and our meteorite collections provide 
insight into the geologic evolution of a plethora of 
possible parent bodies. Returned samples can  link 
asteroids with specific meteorite classes and advance 
the study of surface geology and recent physical 
evolution. 

The Hayabusa mission to Itokawa found a highly 
elongated body covered alternately in smooth ponds 
of small grains or very large blocks and boulders. The 
images and surface geology of Itokawa did justice to 
the moniker “Rubble Pile”, and generally showed 
signs of significant transport of surface materials. 
Analysis of the returned sample allowed positive 
links with known meteorite classes [1], validation of 
suspected space-weathering processes [2] and also 
indications of epochs of re-surfacing [3]. 

Meanwhile JAXA’s Hayabusa2 mission and 
NASA’s OSIRIS-REx mission both seek to return 
samples from low-albedo primitive targets, Ryugu 
and Bennu respectively.  Unlike Itokawa, they are not 
elongated [4,5], and Bennu has a “top-shape” that is 
found among a large fraction of rapidly rotating small 
asteroids. This is typically attributed to re-shaping 
during phases of spin-rate increases [6]. The 
implications for surface geology are vast – including 
latitudinal variations in properties that has already 
been suggested from thermal and spectral data [7]. As 
with Itokawa, samples returned from the surface will 
constrain recent surface evolution while also 
providing links to specific meteorite classes and 
parent body evolution in the Main Belt. 
 
References: [1] Nakamura et al. (2011) Science 333, 
1113 [2] Noguchi et al. (2011) Science 333, 1121 [3] 
Nagao et al. (2011) Science 333, 1128. [4] Tachibana 
et al., 2014 Geochem. J. 48, 571 [5] Lauretta et al. 
(2014) Meteoritics and Planetary Science 50, 834 [6] 
Walsh et al. (2008) Nature 454, 188. [7] Binzel  et al. 
(2015) Icarus 256, 22. 
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Models of each stage of planet growth have 
largely been successful at identifying the important 
physics in different regions of space at different 
times. The earliest stages are dominated by small-
body interactions, where km-size bodies collide with 
each other but also interact with the gaseous solar 
nebula. Later, the gravitational interaction between 
planetary embryos on long timescales becomes more 
important. However, splitting the problem into 
different stages, each modeling subsets of the total 
physics, has an inherit weakness - planet growth does 
not progress at the same speed at all locations. Rather 
the inner regions of the Solar System may have many 
gravitationally interacting planetary embryos, while 
outer regions are still dominated by small-body 
collisions.  

Using the particle-based code LIPAD that models 
the fragmentation, accretion and dynamical evolution 
of a large number of planetesimals through the entire 
growth process, one can avoid the pitfalls of the 
classical piece-wise approaches [1]. This technique 
finds that growth timescales that are far more 
dependent on distance from the Sun than previously 
found. This leads to giant collisions between Mars-
size planetary embryos at 1 AU before Ceres-size 
embryos have formed beyond 2 AU.  

This disparate timescale has a strong impact on 
the results for simulations that include both 
fragmentation and gas affects. The difference in 
growth timescale for planetary embryos between 1 
and 2au is large enough to span the expected lifetime 
of nebular disks [2]. This serves to stunt growth in the 
outer disk, beyond 2au, and to ultimately lead to a 
loss of material particularly notable around 1.5au. 
These simulations serve notice that the initial 
conditions typically used in Terrestrial Planet 
Formation simulations contain significant flaws. 

 
References: [1] Levison et al. (2012) 

Astronomical Journal 144, 4  [2] Haisch et al. (2001) 
Astrophysical Journal 553, L153 
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The Earth’s mantle is a potentially vast carbon 

reservoir. Ingassing and outgassing of carbon via the 
plate tectonic cycle modulates the evolution of 
surface carbon on timescales of millions to billions of 
years [1]. Although estimated carbon fluxes into and 
out of the mantle have large uncertainties [1,2], the 
mantle reservoir may be dominated by carbon 
recycled into the mantle at subduction zones [3]. The 
form of carbon in the mantle depends on oxygen 
fugacity, and will include carbon-rich fluid and melt, 
solid carbonate, diamond, Fe-rich alloy and FeNi-
carbide. Estimates for mantle oxygen fugacity 
indicate that below ~150-250 km diamond or metal 
carbide should be the primary host of carbon [4,5]. 
This is consistent with diamonds that originate in the 
sub-lithospheric mantle, containing mineral 
inclusions that indicate an origin typically between 
~200-700 km. Sub-lithospheric diamonds provide 
abundant evidence for subducted carbon and crustal 
components; their carbon isotopes are 
characteristically ‘light’ relative to mantle carbon, 
they contain silicate mineral inclusions dominated by 
non-peridotitic compositions, and many silicate 
inclusions contain isotopically ‘heavy’ oxygen [6,7]. 
Moreover, majoritic garnets and calcium silicate 
phases have major and trace element compositions 
best explained by equilibration with low-degree 
carbonate rich melts derived from oceanic crust [8,9]. 
Experiments show that carbonated oceanic crust 
subducted into the deep upper mantle and transition 
zone will melt along subducted crust geotherms, 
effectively limiting the deep carbon cycle to the 
transition zone and shallow lower mantle [8]. Mobile 
carbonate melts will react with mantle peridotite to 
form hybrid minerals similar to those found in 
diamonds. This process of deep carbonatite 
metasomatism may have operated since subduction 
initiated, with the potential to pervasively alter the 
chemical and isotopic character of the deep upper 
mantle and transition zone. 
 
[1] Dasgupta & Hirschmann (2010) EPSL 298, 1-13. 
[2] Kelemen & Manning (2015) PNAS 112, 3997 [3] 
Hirschmann & Dasgupta. (2009) Chem Geol 262, 4. 
[4] Rohrbach & Schmidt (2011) Nature 472, 209. [5] 
Stagno et al. (2013) Nature 493, 84. [6] Burnham et 
al. (2015) EPSL 432, 374. [7] Thomson et al. (2014) 
CMTP 168. [8] Thomson et al. (2016) Nature 529, 
76. [9] Walter et al. (2008) Nature 454, 622. 
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Marine is one of the major source of nitrous 

oxide, 300x CO2 in term of greenhouse potent, to 
atmosphere. However, the emission estimate shows 
great uncertainty in the euphotic zone, where light 
and phytoplankton competition may inhibit 
nitrification. The rigorous physical mixing in the 
surface ocean prevents N2O accumulation thus 
masking the potential role of biological N2O 
production. Here we presented high vertical 
resolution N2O profiles in the euphotic zone from the 
oligotrophic South China Sea and mid-latitude 
northwestern Pacific Ocean.  Distinctive N2O peaks, 
which deviated from the vertical mixing curve, were 
observed near the nitracline, of which the maximum 
of Chl-a and nitrite appeared correspondingly. The 
intimate association between N2O excursion and 
biological parameters suggests that extra source in the 
euphotic zone is required to support such an offset of 
N2O. By adding 15NH4

+ and 15NO2
- tracers, we 

measured rates and explored the potential processes 
associated with N2O production.  More high vertical 
resolution observation and process studies are 
urgently needed to explore the spatial-temporal 
distribution of euphotic zone N2O production and its 
controlling mechanisms to fill the knowledge gap. In 
addition, innovative methods are required to discern 
pathways biologically produced N2O in mixed layer 
from physical supply from deeper ocean. 
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We have taken the valence multipole model (or 

VMM, an expanded version of the bond-valence 
model) and begun the process for implementing it 
into a molecular mechanics framework. The 
implementation is taking place as a user expansion 
module in the molecular modeling package, 
LAMMPS.  This allows us to take advantage of the 
extensive capabilities of LAMMPS, including its 
modular structure. In time it should allow the VMM 
to function as a fully realized force field potential for 
MD simulation. The VMM has been shown to have a 
remarkable ability to correctly predict the energies of 
equilibrium structures, due to its ability to more 
correctly mimic the multi-body nature of chemical 
bonding.1 However, this level of calibration is wholly 
inadequate to the level required for a full potential 
energy surface (PES). The requirement for an 
effective PES first requires recasting energies and 
gradients and then filling in the data into regions both 
near and far from equilibrium. This type of “data” is 
not realizable solely through experiment, which 
overwhelmingly favors equilibrium and near 
equilibrium configurations.  Key to this problem is 
understanding the behavior of the “hard-sphere” 
repulsion terms that dominate away from equilibrium 
in a Bond Valence context. Given this need emphasis 
has shifted away from water as a primary liquid to 
understanding noble gas fluids that are far more 
simple, and understanding reached from these studies 
can be used to help fill in the missing pieces in our 
water force field.  Preliminary simulations for liquid 
water and noble gas systems will be presented and 
their implementation issues discussed. 

 
 

[1] Wander, Matthew & Barry Bickmore (Submitted 
2015), American Mineralogist, "A preliminary 
valence-multipole force field: Al-Si-H-O system".  
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The removal of Fe-rich components during the 

formation of cratonic lithosphere makes it buoyant, 
refractory and anhydrous, and hence long lived in the 
earth’s history. However, some of the Precambrian 
cratons, such as the Wyoming craton and North 
China Craton (NCC), underwent extensive thinning 
and modification in the Neoproterozoic and 
Phanerozoic (e.g., Gao et al., 2004). However, there 
are still significant controversies with respect to the 
mechanism of destruction. Here we report infiltration 
experiments of dolomite-melt (CaCO3:MgCO3~1:1) 
in harzburgite, which demonstrate that carbonatite 
melts can percolate very quickly along grain 
boundaries in harzburgite to form porridge-like 
texture and totally disperse the cratonic lithospheric 
mantle. We suggested that the carbonate melt from 
earlier subduction plate (e.g. paleo-pacific plate) is 
the key for destruction of North China Craton. The 
destruction of lithospheric mantle can be divided into 
two steps: (1) the lithospheric mantle was thinned 
gradually by mantle convection after it is dispersed 
by carbonatitic melts; (2) delamination of the lower 
crust along with a comparable thinner lithospheric 
mantle (about 30~40 km thick) as a whole into the 
asthenosphere. 
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Orthopyroxenite is observed as dikes in dunite in 

the mantle sections of ophiolites. It also forms 
composite xenoliths with dunite brought to surface or 
near surface by basalts or diorites. Formation of this 
seemingly incompatible lithological assemblage is 
often attributed to interaction between hydrous 
(siliceous) melt and peridotite. To better understand 
the mechanism of hydrous melt-peridotite interaction 
and its role on the formation of orthopyroxenite-
dunite assemblage, we conducted melt-rock reaction 
experiments by juxtaposing a layer of dunite or 
lherzolite against a layer of hydrous basaltic andesite 
(0.5 or 4 wt% H2O) in Au-Pd capsules. The 
experiments were run at 1200°C and 1 GPa for 3-12 
hrs. In all the experiments, an orthopyroxene reactive 
boundary layer was formed, but its texture and 
thickness are different depending on water content in 
reacting melt. In the 0.5% water-bearing melt and 
dunite reaction experiment, the orthopyroxene layer 
is thin (<15 μm at 12 hr) and nearly impermeable. In 
the 4% water-bearing melt and dunite reaction 
experiments, the orthopyroxene layer has a larger 
grain size and porosity, hence permeability. 
Thickness of the orthopyroxene layer is 70 μm at 3 hr 
and 120 μm at 12 hr. In the 4% water-bearing melt 
and lherzolite reaction experiment, similar 
orthopyroxene + melt layer was formed with the 
lherzolite transformed into a pyroxene-free dunite. 
This orthopyroxene layer (130 μm at 3 hr) is thicker 
than that from the dunite dissolution experiments. 

Our results underscore the importance of water 
content and water infiltration in controlling the 
kinetics of hydrous melt-peridotite interaction and the 
style of hydrous melt transport in the mantle. 
Sufficient water in melt is required to form of high-
porosity orthopyroxenite channels in the mantle. 
Partial melting of ambient peridotite triggered by 
water infiltration facilities the development of 
orthopyroxenite channel, and water loss likely causes 
its closure. 

This research was financially supported by the 
National Key Basic Research Program of China 
(2015CB856101). 
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The Fukushima nuclear power plant accident in 
2011 resulted in the largest accidental release of 
artificial radionuclides into the world’s oceans. 
Among the fission products released in large 
quantities, 137Cs has the greatest potential for long-
term impacts on marine biota and human consumers 
of seafood. Bottom dwelling fish near Fukushima had 
consistantly higher radiocesium (134Cs and 137Cs) 
levels than pelagic fish in the same area. We 
hypothesized that contaminated sediments have acted 
as a source of Cs for benthic fish and their 
invertebrate prey. The large temperature differences 
between surface and bottom waters off Fukushima 
may also affect the elimination rates of Cs in fish. We 
therefore assessed (a) the release of Cs from 
sediments to overlying waters, (b) the bioavailability 
of sediment-bound and dissolved Cs for deposit-
feeding polychaetes, and its subsequent transfer to 
crabs and fish, and (c) the effects of water 
temperature on Cs retention in fish. We found that 
desorption of Cs from sediments to overlying 
seawater followed a concentration gradient, and 
bioturbation by polychaetes significantly increased 
the initial release rate of Cs to overlying seawater. 
The assimilation efficiency of ingested 137Cs ranged 
from 16% in polychaetes ingesting sediments to 79% 
in fish ingesting worms. Efflux rate constants of 
ingested 137Cs ranged from 5% d-1 for killifish to 40% 
d-1 for polychaetes. Uptake rate constants of dissolved 
137Cs ranged from 0.6 mL g-1 d-1 in killifish to 20 mL 
g-1 d-1 in polychaetes. Efflux rate constants following 
aqueous exposure ranged from 6% d-1 for killifish to 
20% d-1 for polychaetes. Unlike dietary Cs, 
elimination of aqueous Cs in killifish is not affected 
by temperature in the range of 10-20 °C. Our results 
are consistent with the idea that sediments can be a 
continuous source of Cs for benthic food chains and 
help explain why bottom fish remained more 
contaminated than pelagic fish. 
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Hot spring fluids emanating from unsedimented 

mid-ocean ridge hydrothermal systems hosted in 
basalt and ultramafic rock commonly contain high 
concentrations of methane. Multiple hypotheses have 
been proposed for the origin(s) of this methane, 
ranging from synthesis via aqueous reduction of 
inorganic carbon (ΣCO2) [1] to leaching of methane-
rich fluid inclusions formed in minerals such as 
olivine at depth [2–3]. To place constraints on the 
mechanism(s) reponsible for methane generation in 
these systems, we determined the relative abundance 
of four stable isotopologues of methane (12CH4, 
13CH4, 12CH3D, and 13CH3D, a “clumped” 
isotopologue) in geochemically diverse fluids of 
varying temperatures sampled at the Rainbow, Von 
Damm, Lost City, and Lucky Strike hydrothermal 
vent fields.  

The data indicate highly uniform clumped 
isotopologue temperatures (averaging 310+53/−42 °C) 
across the suite of fluids, with no apparent relation to 
the wide range of geologic settings, fluid 
temperatures (96 to 370 °C) and chemical 
compositions (pH, [H2], [ΣCO2], [CH4]) represented. 
Combined with stable isotope ratio data (13C/12C and 
D/H of methane), the available constraints suggest a 
common mechanism of methane generation at depth, 
the most likely of which is leaching of volatile-rich 
fluid inclusions. Apparent isotopologue equilibrium 
at temperatures of ca. 270 to 360 °C is consistent 
with thermodynamically favorable reduction of 
CO2(g) to CH4(g) with H2(g) in inclusions at 
temperatures below ca. 400 °C under redox 
conditions that characterize submarine hot spring 
systems.  

 
[1] Proskurowski et al. (2008) Science 319, 604–607; 
[2] Kelley (1996) JGR 101, 2943–2962; [3] 
McDermott et al. (2015) PNAS 112, 7668–7672. 
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Abstract:The middle part of Jilin Province in 

China is a major part of the northeast black soil zone, 
which is one of the three black earth terrains in the 
world. Soil in this region is of deep layers and high 
organic content. However, frequent occurrence of 
heavy metal contamination in this region due to the 
industrial manufacture and many other human 
activities has caught the attention of scholars in 
relavent disciplines.   And monitoring of the bio-
availability of heavy metals along with the total 
content become an important method to prevent the 
contamination. Therefore, on the basis of 
systematical soil geochemistry investigation in black 
soil area in the middle of Jilin province, this paper 
analyzes and counts the characteristics of bio-
availability coefficients(soil bio-available content/soil 
total content) and accumulation coefficients (element 
content of corn seeds/ soil total content)of heavy 
metal elements(As, Cd, Cr, Cu, Ni, Zn) in soil-crop 
system.  

Fig 1 Mean value of Bio-availability  and Accumulation  
Coefficients of sampling in studied area 

Element Bio-availability 
Coefficients /% 

Accumulation 
Coefficients /% 

As 0.19 0.05  

Cd 34.42 1.10  

Cr 0.53 0.10  

Cu 7.37 2.35  

Ni 9.09 0.60  

Zn 3.94 10.30  

(Note: n=62, the mean indicates arithmetic average.) 
The results indicate:1) Heavy metal contents of 

soil and corn seeds in study area are all below the 
limits of national soil environmental quality standard 
of China, which indicates no contamination. 2) The 
sequence of bio-availability coefficients is As< Cr< 
Zn< Cu< Ni< Cd and their variations are relatively 
high. The sequence of accumulation coefficients is 
As< Cr< Ni< Cd <Cu< Zn and their variations are 
relatively low. 3) The accumulation coefficients of 6 
heavy metal elements are relatively low in corn seeds 
collected from the studied area. Under the 
uncontaminated situation, Cu and Zn are soil 
nutrients for corn plant which makes them top the 
accumulation coefficients rank; Cd is of high bio-
availability and high accumulation degree. Attentions 
should be paid to the prevention and treatment of Cd 
in this region; The bio-availability coefficients of As 
and Cr are relatively low and it  
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Greenschist to amphibolite-facies metamorphic 

rocks, involving mica schist, quartzite, marble, 
amphibolite (together are called the South Liaohe 
groups) as well as intrusive metabasic rocks, are 
cropped out in Southern Liaoning in the 
Paleoproterozoic Jiao-Liao-Ji Belt, eastern North 
China Craton. Reported U–Pb zircon dating analyses 
have been focused on the aforementioned low–
medium-grade metamorphic rocks, however, high-
grade granulite-facies rocks have not been 
documented as well as their metamorphic ages. Now 
we report here that high-grade granulite-facies rocks 
including metapelitic sillimanite-garnet-biotite 
gneisses and garnet-hypersthene granulite have been 
found in South Liaoning. Further SHRIMP U–Pb 
dating of metamorphic zircons from sillimanite-
garnet-biotite gneisses and garnet-hypersthene 
granulite reveal consistent ages of 1853–1849 Ma and 
1854 ± 5 Ma. Moreover, other amphibolite-facies 
rocks of marble, garnet-bearing quartzofeldspathic 
rock, and garnet amphibolite show similar 
metamorphic ages of 1853–1858 Ma, 1856 ± 4 Ma, 
and 1855 ± 3 Ma, respectively. These new age data 
indicate that metamorphic age of high-grade 
metapelitic rocks of South Liaohe groups and 
metabasic rocks of amphibolite and granulite in 
Southern Liaoning is concentrated in ~1855 Ma. 
Similar age has been reported in the Jiaobei Terrane 
of the Jiao-Liao-Ji Belt, southwest to Southern 
Liaoning. For instance, metamorphic zircons from 
medium-pressure granulite/amphibolite show post-
peak retrogressive metamorphic age of 1860–1820 
Ma, and anatectic zircons from granitic leucosomes 
reveal melt crystallization age of 1860–1833 Ma. It is 
therefore proposed that the age of 1860–1820 Ma 
corresponds to the timing of exhumation in the 
southwestern part of the Jiao-Liao-Ji Belt. As a 
whole, combined with our age data as well as the 
reported results, it is elucidated that ~1900 Ma and 
~1855 Ma represent the metamorphic ages of peak 
stage and post-peak decompressional stage 
accompanied with partial melting event, related to the 
tectonic processes of subduction and collision (~1900 
Ma), followed by exhumation (~1855 Ma) of the 
Jiao-Liao-Ji Belt. 
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One of Mg isotope application in geoscience is to 

trace deep carbon recycling in subduction zone (Li et 
al., 2015; Yang et al., 2012; Huang et al., 2015). The 
low δ26Mg terrestrial basalts from the both North 
China Block (NCB) and South China Blck, eastern 
China have been suggested to result from interaction 
of their mantle sources with isotopically light 
carbonatitic melts derived from the subducted 
oceanic slab. However, light Mg isotope signature in 
basalts in NCB did not appere before 120Ma, but 
only younger than 106 Ma basalts (Yang et al., 2012). 
In this study, we investigated high-precision Mg 
isotope compositons of the mafic rocks along the 
easten Lower Yangtze River belt formed between 
100-110Ma (Wang et al., 2014). Our results show 
that the mafic rocks in eastern LYRB with EMI like 
Sr-Nd isotopic compositions have δ26Mg values 
ranging from -0.28‰ to -0.42 ‰ and an average of -
0.35±0.04‰ (2sd, n=11), which are relatively lighter 
than the mantle Mg isotope compositions (-0.25 ± 
0.07‰, Teng et al., 2010) and the mafic rocks before 
120 Ma in NCB. The nagtive correlations between 
Nd isotopic compositions and δ26Mg indecated the 
mantle was influced by recycled deeply subducted 
ligh carbonatitic melts. Since these maifc rocks still 
preserve EM1 like Sr-Nd-Pb isotopic compositions 
and high Ce/Pb and low Nb/U ratios similar to those 
of  mafic rocks older than 120 Ma in NCB, the light 
Mg isotope compositions is most likely formed by 
magma mixing between EM mantle, HIMU mantle. 
We proposed that the mantle trasformation time from 
EM to DM in Eastern China may be ~110Ma which 
may caused by delamination of continental crust and 
enriched mantle. 

Acknowledgments: This work was supported by 
the State Naturel Science Foundation (No. 41373035, 
41203028).  
 
Reference: 
1. Yang, W., et al., Chemical Geology, 
2012:185-194. 
2. Wang, F., et al., Lithos, 2014: 299-316. 
3. Teng, F.-Z., et al., GCA, 2010: 4150-4166  
4. Huang, J., et al., GCA, 2015: 298-317. 
5.   Li, SG., Earth Science Frotiers, 2015:143-159 
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Lithospheric destruction of the North China 
Craton (NCC) is a prominent phenomenon during the 
Mesozoic but the timing and process are still in 
dispute. Furthermore, whether the Yangtze Craton 
(YTC) was also destructed is controversial. 
Widespread occurrence of Mesozoic granitoids might 
present record of the cooling history through argon 
diffusion within their K-feldspars. Samples collected 
from the NCC and YTC were subjected to high-
resolution 40Ar/39Ar geochronological and 
thermochronological studies. Crustal thickness can be 
roughly estimated by using pure conductive (in situ) 
cooling showing that the crust of the NCC in the 
Jurassic was thicker than in the Cretaceous. 
Nonlinear cooling histories and cooling rates were 
then obtained by using multidomain diffusion (MDD) 
theory. Results show that the upper crusts of NCC 
and YTC had different cooling patterns during the 
late Mesozoic. This means they underwent different 
unroofing processes, and therefore had different 
dynamic settings during the Mesozoic. Combined 
with the sedimentation rates on the NCC, we argue 
that lithospheric thinning of the NCC began in the 
northern portion at ~140 - 135 Ma and peaked in the 
central and eastern portions at ~125 - 100 Ma, at a 
cooling rate of ~9.6 oC/Ma. In contrast, the YTC 
cooled gently during 200 - 75 Ma at a rate of ~1.2 

oC/Ma, implying that the lithospheric thinning did not 
happen there during this time although the slower 
cooling rate could be interpreted to reflect less 
amount of lithospheric thinning or different thinning 
mechanism. Pure conductive cooling suggests that the 
crust of the YTC in the Late Triassic was thicker than 
that of the NCC in the Cretaceous; therefore, we 
argue that the lithospheric destruction in the YTC 
might have occurred after ~75 Ma. 
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The Xinanjiang Reservoir (E118o42´~E118o59´, 

N29o28´~N29o58´) is a large artificial reservoir in 
subtropical area, which has a surface area of 567 km2, 
with a mean water depth of 34 m, and is in an 
oligotrophic state at present. In order to estimate the 
annual diffusion flux of CO2 from this reservoir, the 
partial pressure of CO2  in surface water and along the 
water column was determined using a continuous 
measurement system  from upstream to central 
reservoir, during five seasonal curises.  

Results showed that, CO2 diffusion from the 
reservoir surface had important seasonal patterns. In 
total, about 88.9 kton a-1 CO2 was emitted to the 
atmosphere from the Xinanjiang Reservoir surface, 
while 39% of it (35.1 kton a-1) was absorbed by 
surface water in warm seasons for the reason of 
photosynthesis. Downstream and turbine had a 
comparable CO2 outgas flux of 61.5 kton a-1. When 
taking the whole reservoir surface, turbine and 
downstream into account, the Xinanjiang Reservoir 
system had a net CO2 emission flux of 115.3 kton a-1. 
In comparison with reservoirs in other area, the 
Xinanjiang Reservoir in the present study had lower 
CO2 flux, which is obviously lower than that of 
tropical reservoirs, and is at the similar level of boreal 
reservoirs. 

In addition, we suggest a hydrological retention 
time model for the CO2 emission estimation from the 
reservoir in low to mid-latitude areas. It should be 
mentioned that, data from reservoirs in high latitude 
and tropical area was not included in this retention 
time model, due to the possibility of ice coverage and 
melting in high latitude reservoirs. Reservoirs in 
tropical area generally have quite high CO2 emission, 
which should be explained by other mechanisms. 

In summary, it should be paid more attention of 
the  seasonal patterns of CO2 diffusion flux from 
reservoir surface and the quite high CO2 flux in the 
downstream, when estimating the CO2 emission from 
the global reservoirs, especially the hydro-electrical 
reservoir. 
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The Dashui gold deposit is one of the super-large 
gold deposits in the world-class West Qinling 
orogenic gold belt (China). The metallogenesis of this 
deposit is under debate because only a small amount 
of fine particles of sulfur can be found, the 
chronology of orebodies is difficult to constrain, and 
it is hard to extract ore-forming temperature from 
fluid inclusions in calcite from the deposit. In this 
paper, 3D deposit-scale geological and geochemical 
modeling was used to derive exploration targets in 
Dashui deposit. The methodology consists of the 
following steps:  

(1) Gold-bearing geological objects in 3D space 
were observed and surveyed. The datasets include a 
1:10,000 scale geological map, 27 cross-sections, 110 
boreholes (with total log length of 25,466.61 m, and 
the longest borehole is 781 m), and lithogeochemical 
data from 433 samples from four level plans in the 
Dashui gold deposit.  

(2) 3D geological objects modeling in GoCAD 
software using the mentioned datasets, involving 3D 
intrusion modeling, 3D orebody modeling, and 3D 
fracture modeling.  

(3) 3D grade modeling of orebodies (#Au2, 
#Au7, #Au20) using discrete smooth interpolation 
(DSI) and ordinary kriging.  

(4) Exploration targets extraction based on 
comparison of the 3D ore-forming fracture model and 
intrusion model with the 3D grade and orebody 
models.    

The results show that: (1) the 'front' halo of 
Dashui gold deposit is characterized by a 
Au×Ag×Pb×Cu multi-element association, and its 
'tail' halo by W×Bi×Sn×Mo; (2) Cu/Pb ratios 
correlate with the ore-forming temperatures in the 
deposit; and (3) the kriging interpolation of gold 
assays shows that #Au2 orebody has potential 
extension target from 3500 to 3000 m level and it 
inclines southwest in the western part of study area, 
and the #Au7 and #Au20 orebodies incline south 
from 3450 to 3000 m level in the eastern part of study 
area. 
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METHOD AND RESULTS 
A suit of asphaltenes, isolated and purified from 

crude oils with various depositional environments, 
biodegradation and thermal maturation, were 
conducted on catalytic Hydropyrolysis apparatus [1]. 
The generated hydrocarbons were collected in the 
trap cooled with dry ice, and recovered in DCM for 
subsequent fractionation, and the covalently-bond 
biomarkers of the asphaltenes were released. It was 
found that the composition and evolution of the free 
and bond biomarkers were distinct. The bond steranes 
and terpanes were less mature than (or consistent) 
their counterparts in the oil phase; this is consisting 
with the bond biomarkers in kerogen [2]. Moreover, 
some biomarkers have not been detected or very low 
in the bond phase including 4-methylsteranes, 
triaromatic steroids and isoprenoids, although they 
were abundant in the oil phase. Contrast with the 
biodegraded aromatics of oil, PAH such as 
naphthalenes and phenanthrenes were highly rich in 
the Hypy yields. 

DISCUSSION 
Petroleum biomarkers are believed to be derived 

from the biological precursors directly or via 
decarboxylation, aromatization or reduction in 
diagenesis [3]. They will undergo configurational 
isomerization and rearrangement with maturation, 
and forming the free biomarkers in the oil phase, 
including many source- and age-diagnostic 
biomarkers. In contrast, a stream of biological 
precursors would bond into asphaltenes (or kerogen), 
including n-alkanes, steranes, hopanes, and PAH. 
Their evolution will be inhibited by the large 
structure that they host. In addition, these bond 
biomarkers would not be destroyed during 
biodegradation.  
 
 [1] Love et al. (1997) Energy Fuels 11, 522-531. [2] 
Murray et al. (1998) Org. Geochem. 29, 1487-1505. 
[3] Peter et al. (2005) The Biomarker Guide, 
Cambridge University Press. 
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We present new estimates of the bulk chemical 

compositions of the proto-Sun and the Earth. The 
latest elemental abundances in CI chondrites and the 
up-to-date solar photospheric data are combined to 
get the protosolar abundance. Due to the lack of 
measurable photospheric line of mercury (Hg), the 
solar Hg abundance is traditionally referred to its 
abundance in primitive meteorites, whereas, 
meteoritic abundance is presumably depleted for 
highly volatile elements, including Hg. Based on our 
simultaneous fitting to the terrestrial and meteoritic 
volatile depletion patterns, we redetermined the solar 
Hg abundance that is over 10 times its previous 
estimate from CI chondrites. On the other hand, a 
heterogeneous set of literature values for Earth’s 
primitive mantle and core are combined into a 
concordance set of elemental abundances of the bulk 
Earth. The compositional similarities and differences 
of the bulk Earth and proto-Sun by comparison imply 
the potential chemical evolution relationship from a 
Sun-like star to a habitable planet.  
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Global warming caused by rapid increase of 

carbon dioxide (CO2) concentration in atmosphere 
has forced scientists and engineers looking for CO2 
emission reduction methods, such as Carbon Capture, 
Utilization, and Storage (CCUS). Mineral 
sequestration is one of these strategies, which offers 
advantages like thermodynamic stable products and 
free from CO2 leakage. Salt lakes in northwestern 
China hold large amount of Mg elements in water 
while potash fertilizer production industry produces 
massive Mg-bearing salts by-products, which are 
promising raw materials for CO2 sequestration. 
Qarhan Salt Lake—located in the south of Qaidam 
basin—can offer more than 2 billion tons of Mg-
bearing salts, which we can utilize to develop a 
process to converting CO2 to Mg carbonates. 

 
The main form of Mg carbonate produced is 

nesquehonite (MgCO3•3H2O), while the final product 
is converted to hydromagnesite 
(Mg5(CO3)4(OH)2•4H2O) for better utilization, say, 
the materials of ceramics and building. 

A pilot scale demo capturing boiler flue gases is 
under constructing in Nanjing, China. The designed 
absorption capacity of flue gas is 210 m3/h with 
15v% CO2 under standard condition. Output of Mg 
carbonate (hydromagnesite) product is estimated to 
be 160 kg/h. 
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 A lot of bitumen with or without siliceous 
shell were found in unit 3 of the Xiamaling 
Formation (1.39 Ga) in the Xiahuayuan district, 
Hebei province, northern of China. Most of the 
bitumen or bitumen concretions occurred at low angle 
or parallel to the depositional plane, embedded in the 
surrounding black shale or green chert, without any 
signs of diagenetic alternation. The bitumen 
concretions found both in the black shale and green 
chert in the unit 3 of Xiamaling Formation have 
almost same morphological structure and chemical 
composition suggesting similar formation pathways 
and timing. 
 Fresh bitumen and surrounding rocks, 
including the black shales and green cherts, were 
sampled, crushed and prepared for biomarker 
analysis. All of the analyses were performed at Key 
Laboratory of Petroleum Geochemistry, China 
National Petroleum Corporation, China. Saturated 
hydrocarbon fractions were analyzed by GC-MS. 
 In the chromatograms of m/z 191, all of the 
C18~C24 tricyclic terpanes, C24 tetracyclic terpane 
(C24TT), 18α(H)-17α-methyl-22,29,30-trisnorhopane 
(Ts), 7α(H)-22,29,30-trisnorhopane (Tm), and 
C29~C34 hopanes could be detected in the bitumen and 
surrounding rocks. However, the C19~C22 long chain 
alkyl tricyclic terpanes (*C19~*C22), C29 pre-eluting, 
and the diahopanes of *C29, C29Ts and *C30 showed 
similar distribution features in the bitumen and black 
shale, while green cherts has no this kind of 
diahopanes. Furthermore, the main advantage peaks 
of tricyclic terpanes were C19 and C20 in the bitumen 
and black shales, different with that of C21 and C23 in 
the green cherts. 
 In the chromatograms of m/z 217, partial 
spectrum peaks of C27~C29 steranes could be checked 
out in the green chert, while they were both below the 
detection limits in the bitumen and black shales.  
 Therefore, the biomarker distributions in 
the fresh bitumen were similar with those in the 
surrounding black shale, different with those in the 
surrounding green chert. Thus, the bitumen appears to 
have originated locally from the black shales of 
Xiamaling Formation. 
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Gypsum (CaSO4·2H2O) precipitates widely as 

evaporited mineral in evaporitic environment. 
However, non-evaporitic occurrences of gypsum 
have been reported recently in the marine methane 
hydrate-related sediments. Whether this gypsum is an 
in-situ authigenic precipitation and how it forms 
remains controversial. The GMGS2 expedition in 
northern South China Sea provided an excellent 
opportunity for investigating the formation of 
authigenic minerals and the relationship between 
gypsum and methane hydrate. Based on the 
occurrence, relative concentration, morphology and 
sulfur isotope of gypsum and pyrite at the drilled site 
GMGS2-08, we propose that gypsum precipitated as 
in-situ authigenic minera precipitaed mainly in the 
sulfate-methane transition zone (SMTZ). The sulfurs 
in gypsum are mixed by the sulfate derived both from 
seawater and from partial oxidation of authigenic 
pyrite. The Ca2+ ions for gypsum formation might be 
generated by the partial disolution of authigenic 
carbonate due to the SMTZ fluctuation and/or by the 
formation of methane hydrate below the SMTZ. This 
proposal thus links the formation mechanism of 
authigenic gypsum with the evolution of SMTZ and 
underlying methane hydrates for the first time, and 
could implicate for the recognition of paleo-SMTZs 
and methane hydrate stabilities in ancient marine 
sedimentary sequences. 
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Scientific issues 
Pyroxenite formed by silicic melt-peridotite 

interaction has been recognized as one of the sources 
of oceanic island basalts [1,2]. Mantle wedge can be 
metasomatised by aqueous fluids, hydrous melts and 
even supercritical fluids. All these mobile phases can 
bring silicon into the mantle wedge and thus likely 
interact with the wedge peridotite to produce 
pyroxenes at the expense of olivine. First row 
transition elements (FRTEs) are compatible to 
moderately incompatible in mantle minerals during 
the partial melting, which makes them useful in 
tracking mantle heterogeneities in terms of 
mineralogy[3]. However, mineral/melt trace elements 
(including FRTEs) partition coefficents at the P, T, 
H2O and fO2 conditions of arc settings are still rare. 
This study conducted experiments to investigate 
partitioning behaviors of trace elements at conditions 
corresponding to arc settings. The aim is to identify 
source mineralogy of mantle wedge using the 
partition coefficients of these elements.  

Methods and Results 
The starting composition is a synthetic high-Mg 

basalt doped with trace elements. The experiments 
were conducted on a piston cylinder apparatus at 
1120-1200�, 1-2 Gpa and 5wt% H2O with fO2 
ranging from FMQ-2.6 to FMQ+2.3. Major and trace 
elements were analyzed by EPMA and LAICP-MS 
respectively, and trace element partition coefficients 
were obtained from the LAICP-MS data.  

The results show that Ti, Sc, Ga, and Ca have 
distinct partition coefficients for olivine and 
pyroxenes: Ol/melt is 0.008±0.002 for Ti, 0.20±0.04 
for Sc, 0.013±0.008 for Ga and 0.014±0.004 for Ca; 
Opx/melt is 0.17±0.04 for Ti, 1.33±0.33 for Sc, 
0.930±0.545 for Ga and 0.18±0.04 for Ca; Cpx/melt 
is 0.36±0.11 for Ti, 2.41±0.88 for Sc, 0.97±0.59 for 
Ga and 1.39±0.10 for Ca. These partition coefficients 
were used to model hydrous mantle melting to 
identify source mineralogy. The modelling results 
indicate that the mantle wedge has in general higher 
pyroxene proportion compared to the source of 
MORBs, in particular, some arc basalts may have 
been derived from a pyroxenite source. 
 
[1] Sobolev, A.V et al. (2005) Nature 434,590-597. 
[2] Herzberg, C (2011) JP 52, 113-146. [3] Le Roux 
et al. (2011) EPSL 307, 395-408. 
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The end-Permian mass extinction (ca. 252.2 Ma) 

represents the most devastating loss of biodiversity in 
both terrestrial and oceanic environments during the 
Phanerozoic. Multiple lines of paleobiological, 
sedimentary, and geochemical evidence indicate a 
significant perturbation to the global C cycle, likely 
induced by CO2 emissions during eruption of the 
Siberian Traps large igneous province. Given that the 
C and Ca cycles intersect through chemical 
weathering and carbonate precipitation, the isotopic 
analysis of Ca (δ44/40Ca) preserved in marine 
carbonate rocks deposited during this time may offer 
insight into the causes and consequences of the mass 
extinction. Here, we report a high-precision 
(2σSD=±0.04‰), high spatial resolution (~1 cm) 
δ44/40Ca record for the end-Permian from Meishan, 
Zhejiang Province, China. Following the mass 
extinction in bed 25, δ44/40Ca values (reported relative 
to seawater) in bed 26 remain unchanged around 
−1.25‰ and then decrease to −1.45‰ before 
increasing to −1.05‰ in bed 27, which straddles the 
Permian-Triassic boundary. δ44/40Ca values in bed 27 
oscillate but remain elevated before decreasing to 
−1.25‰ in bed 29. δ44/40Ca values show no obvious 
correlations with other parameters, such as wt% 
CaCO3, δ13C, Ca/Mg, and Ca/Sr. Challenges exist to 
invoke enhanced delivery of terrestrially-derived Ca, 
given the short amount of time that the data represent 
(~60 kyr or less) combined with the overall positive 
direction of the excursion. We are presently 
considering two hypotheses to explain the Meishan 
Ca isotope record. One involves changes in the 
magnitude of the carbonate fractionation factor due to 
transient ocean acidification and global warming. The 
second pertains to carbonate depositional changes in 
the aftermath of the extinction due an “alkalinity 
overshoot.” Additional measurements and model 
calculations are underway to help refine and improve 
these preliminary interpretations. 
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Recent high-precision isotopic measurements 
show that the isotopic similarity of Earth and Moon is 
unique among all known planetary bodies in our 
Solar System. These observations provide 
fundamental constraints on the origin of Earth-Moon 
system, likely a catastrophic Giant Impact event. 
However, in contrast to the isotopic composition of 
many elements (e.g., O, Mg, Si, K, Ti, Cr, and W), 
the Fe isotopic compositions of lunar samples were 
reported to be significantly different from those of the 
bulk silicate Earth. Such a global Fe isotopic 
difference between the Moon and Earth, if real, was 
argued to be due to Fe evaporation as a result of a 
Giant Impact origin of the Moon. Such Fe 
evaporation seems unlikely from chemical modeling 
of the Moon formation [1]. Last year, we reported 
high-precision Fe isotopic measurements of one of 
the oldest lunar rocks (4.51 ± 0.10 Gyr dunite 72415), 
as well as more data for other lunar samples from the 
Apollo program and lunar meteorites. We found that 
the lunar dunite is enriched in light Fe isotopes, 
complementing the heavy Fe isotope enrichment in 
other lunar samples [2]. Thus, the earliest olivine 
accumulation in the Lunar Magma Ocean may have 
been enriched in light Fe isotopes. This new 
observation allows the Fe isotopic composition of the 
bulk silicate Moon to be identical to that of the bulk 
silicate Earth, by balancing light Fe in the deep Moon 
with heavy Fe in the shallow Moon rather than the 
Moon having a heavier Fe isotope composition than 
Earth as a result of Giant Impact vaporization. 

 
[1] Petaev et al. (2016) 47th Lunar Planet. Sci. Conf. 
Abstract #2468. 
[2] Wang et al. (2015) Earth Planet. Sci. Lett. 430, 
202-208. 
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We recently reported new ultra-precise 

measurements of K isotopes by Multi Collector-
Inductively Coupled Plasma-Mass Spectrometry 
(MC-ICP-MS) equipped with a hexapole collision 
gas cell [1]. This new development allows us to use K 
isotopes as a tool to study the K cycle and different K 
reservoirs on the Earth. Basalts define the bulk 
silicate Earth (BSE) K isotope composition, which is 
used as a reference for all K isotope measurements as 
δ41KBSE values. We focused our initial measurements 
on rocks from the upper continental crust, which is 
highly enriched in K. The igneous rocks (e.g., basalt, 
andesite and granite), including a 3.8 Ga old 
metavolcanic rock from Isua, have very uniform 
δ41KBSE values. This implies relatively small K 
isotope fractionation during high-temperature 
magmatic processes, but three out of four granites are 
0.056 to 0.095 per mil heavier than the BSE value. In 
contrast, δ41KBSE values of marine sedimentary and 
meta-sedimentary rocks, including the ancient Isua 
metasediments, are significantly higher (~0.3 per 
mil). Seawater has even higher δ41KBSE of 0.579, 
suggesting that a substantial portion of the K in 
marine sediments may be derived from seawater, as 
non-marine clays have lower δ41KBSE values. There is 
a large fractionation during weathering of rocks: river 
suspended loads have δ41KBSE = −0.073 while 
dissolved load is 0.321 per mil. Average upper crust 
appear to be heavier than the BSE, thus there must be 
complementary depleted K reservoirs in the lower 
crust or upper mantle. Also, since shales are heavier 
than igneous rocks, other sediments may have lighter 
isotope signatures. Clearly, K isotope variations have 
a great potential for constraining/evaluating crust and 
mantle evolution processes. 

 
[1] Wang and Jacobsen (2016) Geochim. Cosmochim. 
Acta 178, 223-232. 
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Silicate melt immiscibility is one of the basic 

method of magma evolution and has been widely 
reported in various type of rocks[1, 2, 3, 4]. The 
opposing trends of immiscibille melts are fascinating 
and may be a potential ore forming factor, however, 
its role is deemd to be minor in petrogenesis and ore 
genesis[5]. In this contribution, we identify melt 
inclusions with highly variable compositions and Fe-
rich reactive microstructure, which reflects 
immiscibility, in the Panzhihua intrusion, ELIP. The 
compositions of melt inclusions recorded in apatite of 
the middle zone b range from very Si-poor  
(17.7 wt.% SiO2, 40.2 wt.% FeO) to very Si-rich  
(76.5 wt.% SiO2, 0.73 wt.% FeO). Fe-rich replacive 
microstructures in the lower zone indicate a high 
temperature immiscibility and disclose the upward 
migration of interstitial immiscible Si-rich melt. The 
wide composition range of melt inclusions in apatite 
is attributed to the coexistence of in situ melts and 
immiscible Si-rich melts migrated from different 
layer positions. The downward migration of network 
Fe-rich melt forms a Fe-rich melt pool at the base of 
the intrusion. In this Scenario, large amount of 
magnetites crystallized from the Fe-rich melt to form 
massive ores containing embayed silicates. This study 
highlights that large-scale separation of immiscible 
liquids may play a significant role in the petrogenesis 
and metallogenesis of the Panzhihua intrusion. 

 
[1] Philpotts (1982) Contrib Mineral Petr 80, 201-

218. [2] Jakobsen et al. (2005) Geology 33, 885-888. 
[3] Holness et al. (2011) J Petrol 52, 175-222. [4] 
Charlier et al. (2011) Geology 39, 907-910. [5] Greig 
(1927) Am. Jour. Sci 13, 133-154.  
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New whole-rock major-, trace-elemental 

chemistry, including platinum-group elements (PGE), 
and Re–Os isotope data from the upper mantle 
peridotites of Proterozoic (1020 Ma; Khain et al., 
2002) Eastern Sayan Ophiolites in Hara-Nur and 
Ulan-Sardag massifs in Siberia reveal existence of 
depleted supra subduction zone (SSZ) type ophiolitic 
peridotites. They consist of depleted harzburgites in 
Hara-Nur massif, and mainly depleted harzburgites 
with minor dunite and one orthopyroxenite in Ulan-
Sardag massif. Comparing to the Hara-Nur 
harzburgites having Al2O3 contents of 0.48-0.83 wt.% 
and 187Os/188Os(i) ratios from 0.1173 to 0.1242 with 
Cr contents of co-existing spinel ranging from 
Cr#=44 to 65, the Ulan-Sardag harzburgites are 
characterized by lower Al2O3 (0.60 and 0.71 wt.%) 
and 187Os/188Os(i) ratios of 0.1151 and 0.1235 with 
narrower range of spinel Cr# of 53 and 63. The Ulan-
Sardag dunite has the lowest Al2O3 content of 0.35 
wt.% and 187Os/188Os(i) ratio of 0.1135. Mineral 
chemistry and whole-rock trace and PGE data 
indicate that formation of the Hara-Nur and Ulan-
Sardag peridotites cannot be explained by a single 
stage melting event but at least two-stages of melting 
and re-enrichment processes are needed to explain 
their geochemical characteristics. Their trace-element 
patterns are similar to residual peridotites melted in a 
SSZ environment (Parkinson and Pearce, 1998; Uysal 
et al., 2012) indicating these depleted harzburgites 
and dunites are the product of melting and related re-
enrichment took place in SSZ. The Re–Os isotope 
compositions of the Hara-Nur and Ulan-Sardag 
peridotites yield model age peaks at ~2300 Ma, 2100 
Ma, ~1400-1600 Ma and ~950Ma, which may record 
major tectonic events prior to and associated with 
closure of palaeo-Asian ocean at the southern margin 
of the Siberian craton since the late Mesoproterozoic 
time. 
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As the complexity of coal chemical 

industry wastewater components, the direct discharge 
of wastewater will cause serious environmental 
pollution. The sequencing batch reactor (SBR) is 
perhaps the most promising and viable of proposed 
activated sludge modifications made for the removal 
of organic carbon and nutrients[1]. In this study, a 
modified sequencing batch reactor (SBR) operated at 
the aerobic–anoxic-anaerobic mode was developed to 
fully utilize the organics in coal chemical industry 
wastewater and improve the effect of water treatment, 
the wastewater and sludge were both taken from a 
coal chemical wastewater treatment plant in Shaanxi 
Yulin. In this experiment, the reaction steps are adjust 
to influent instant, aeration 7.5h, stir (anoxic) 1.5h, 
effluent instant, anerobic process 5h, as the plant’s 
SBR reaction steps are influent 1h, aeration 8h, stir 
(anoxic) 2h, effluent 1h. By adding the anerobic 
process, the COD remove efficiency is up to 99%, 
and the NH4

+-N remove efficiency is up to 98% at 
room temperature about 22℃ , while the plant’s 
COD and NH4

+-N remove efficiency are 98% and 
96% at a high temperature about 32℃. The results 
show that the COD and NH4

+-N remove efficiency of 
SBR can achieve a higher level than actual project at 
lower temperature via changing the reaction steps. 
This method can save more energy and  provide a 
reference for the actual project. 

 
[1] Heloísa Fernandes, Mariele K. Jungles, Heike 

Hoffmann, et al. (2013)Full-scale sequencing batch 
reactor (SBR) for domestic wastewater:Performance 
and diversity of microbial communities. Bioresource 
Technology, 132: 262–268 
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A-type granite has been considered to be 

anhydrous but F- and/or Cl- rich. However, halogen 
data of natural samples are limited. Hereby we 
present an integrated study involving halogen 
elements (F-Cl-Br-I) and routine geochemical studies 
on the I- and A- type granites from Jiuhuashan region 
of South China. The investigated I-type granites are 
granodiorite and monzogranite, while associated A-
type series include alkaline granite, alkaline granite 
porphyry and quartz syenite. Some dolerite dykes 
intruding into the granodiorites were also studied. 
The A-type series are fluorite-bearing, free of mafic 
microgranular enclaves and display miarolitic 
structures. Geochemically, the rocks exhibit typical 
A-type granite affinities of high alkaline ratios, HFSE 
and HREE contents, and low MgO+FeO, CaO, Ba, Sr 
and Eu contents. Geochronologically, A-tpye granites 
and dolerite dyke rocks formed simultaneously at 
125-130 Ma, slightly younger than the I-type (140-
143 Ma). Initial 87Sr/86Sr ratios and εNd(t) values of 
both granitic series are similarly lower than the 
dolerite dykes. Whole-rock halogen results reveal that 
the A-type granites contain much higher F, slightly 
lower Cl and Br, and undistinguishable I contents 
than the I-type series. The F and Cl contents in biotite 
and apatite show consistent variations, indicating an 
magmatic origin for the halogens rather than anion 
exchange with late-stage circulating fluids. The 
increase of most HFSE and HREE with an increase F 
suggests that F plays a key role on genesis of A-type 
granite. We propose that direct partial melting rather 
than fractional crystallization is likely the preferred 
generic model for A-type granites. The source rock is 
supposed to be the felsic granulite remaining in the 
lower crust after previous melting events which 
produced earlier I-type granitic magmas. Upwelling 
of mantle-derived mafic magmas provides abundant 
heat to trigger high-temperature, vapour-absent 
melting of the residue granulite to generate a low 
viscosity, relatively anhydrous and F-rich A-type 
granitic melt.  
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Esters of phosphoric acid constitute a large 
fraction of the total organic phosphorus (OP) in the 
soil environment and thus play an important role in 
the global phosphorus cycle. These esters, such as 
glucose-6-phosphate (G6P), exhibit unusual reactivity 
toward various mineral particles in soils, especially 
those containing calcite. Many important processes of 
OP transformation including adsorption, hydrolysis 
and precipitation occur primarily at mineral-fluid 
interfaces, that ultimately govern the fate of 
organophosphates in the environment. Yet little is 
known about the kinetics of specific mineral surface-
induced adsorption and precipitation of 
organophosphates. By using in situ atomic force 
microscopy (AFM) to visualize the dissolution of 
calcite (10-14) faces [1], we show that the presence 
of G6P results in morphology changes of etch pits 
from the typical rhombohedral to a fan-shaped form. 
This can be explained by a site-selective mechanism 
of G6P-calcite surface interactions that stabilize the 
energetically unfavourable (0001) or (0112) face 
through step-specific adsorption of G6P. Continuous 
dissolution at calcite (10-14)-water interfaces caused 
a boundary layer at the calcite-water interface to 
become supersaturated with respect to a G6P-Ca 
phase, that then drives the nucleation and growth of a 
G6P-Ca precipitate. Furthermore, after introduction 
of the enzyme alkaline phosphatase (AP), the 
precipitates were observed to contain a mixture of 
components associated with G6P-Ca, amorphous 
calcium phosphate (ACP)/hydroxyapatite (HAP) and 
dicalcium phosphate dihydrate (DCPD). These direct 
dynamic observations of the transformation of 
adsorption/complexation-surface precipitation and 
enzyme-mediated pathways may improve the 
mechanistic understanding of the mineral interface-
induced organophosphate sequestration in the soil 
environment.  
 
[1]. Wang LJ et al., Environ. Sci. Technol. 2016, 50, 
259−268. 
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Wetlands have been considered to represent a 

major natural source of methane emission, 
intensifying greenhouse effect. Despite in situ 
methanogenesis sustained by organic degradation, 
methanotrophy also plays a vital role in controlling 
the exact quantity of methane release to the 
atmosphere. As wetlands constantly experience 
disturbances of anthropogenic and biological 
activities, tidal inundation, and plant development, 
rapid elemental turnover would enable various 
electron acceptors available for methanotrophy. The 
potential rates, effects of electron acceptors and the 
population compositions involved in methane 
transformation in wetland sediments need to be 
further explored. In this study, sediments recovered 
from tidally influenced, mangrove covered wetland in 
northern Taiwan were analysed to investigate the 
distribution of methanotrophy and methanotrophic 
rates in the presence of various electron acceptors. 
Our results demonstrated that while aerobic 
methanotrophy was confined at or near surface 
sediments, anaerobic methanotrophy was 
dynamically positioned and seemed to be controlled 
by the redox gradient and sulphate cycling. The 
potential rates of aerobic methanotrophy surpassed 
those of anaerobic methanotrophy by orders of 
magnitude. Anaerobic methanotrophy was stimulated 
w/o the presence of various electron acceptors. 
Overall, the ultimate control on methane oxidation 
and emission is complicated by the interplay between 
oxygen penetration, sulphate reduction, 
methanogenesis, methanotrophy, and anaerobic 
sulphate production modulated by tidal influence. 
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Copper isotopic composition for the main channel 
of Yangtze river, from Chongqing to Nanjing, ranges 
from a minimum of 0.6‰ to a maximum of 1.46‰, 
which is higher than that of the global average value 
(0.68‰)[1]. There are resolvable differences of the 
δ65Cu of the dissolved load between upper and 
middle-downstream reaches, and the middle-
downstream reaches is characterized by the lower 
values of δ65Cu from Jiujiang to Nanjing, in contrast, 
that of the upper reaches with a greater values from 
Chongqing to Yichang, and a increasing trend of 
δ65Cu before the Three Gorges Dam. The possibility 
of reasons are: a) The intercept of the Three Gorges 
Dam leads to the accumulation of sediment in upper 
reaches, the uptake of Cu incorporated/adsorbed 
in/onto secondary minerals favors the lighter 
isotopes, which causes the residual Cu in dissolved 
load to accumulate the heavier isotopes; b) The 
uptake of light Cu isotope by phytoplankton and the 
release of organic ligands which can complex heavy 
Cu by phytoplankton such as cyanobacteria can make 
the dissolved phase with heavier isotopic 
composition, consistent with the increasing trend of 
phytoplankton’s amount in the upstream of the Three 
Gorges Dam[2]. In the lower reach, δ65Cu is between 
0.60‰ ~ 0.62‰ during Jiujiang to Tongling, the 
possibility for light value of δ65Cu is relate to the 
contribution of nearby mineral deposits which have 
lighter copper isotopic composition (Tongling: 
0.09‰ ~ 0.83‰[3]; Dexing: -0.6‰ ~ 0.36‰[4]). 
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Riverine (234U/238U) activity ratios have been 
widely used for studying weathering processes and 
source mixing in river catchments around the world 
and can be considered as a potential tool that reflects 
the extent of physical erosion and mineral dissolution 
during weathering. The main controls on riverine 
(234U/238U) in mountainous rivers, however, are still 
poorly constrained. This study presents major and 
trace elements and uranium isotopic data for 
dissolved phase from mountainous rivers of Taiwan. 
In general, the highest (234U/238U) were observed in 
the up-steam of most of the river catchments, and 
showed a decreasing trend towards the down-steam, 
highlighting the important roles of geomorphic 
regime and physical erosion in modulating the 
riverine (234U/238U). Of special interest is that the 
relationship between (234U/238U) and net uplift rate are 
significantly distinct in different river catchments, 
suggesting that the variation of riverine (234U/238U) 
ratio is not solely controlled by physical erosion in 
Taiwan mountainous rivers. Other potential factors 
will be further discussed in the presented work.  
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In recent years, domestic and foreign scholars 

have done more and more research on trace elements 
in coal，the most common research is about rich 
germanium(Ge) in coal mine. The geological survey 
confirmed that the average grade of Wulantuga 
germanium deposit in Shengli coalfield is 244g/t, 
germanium reserves amounted to 1600t. The deposit 
not only has a large scale and high grade, but also has 
the advantages of simple geological condition, 
shallow buried and easy to open pit mining. The 
genesis and metallogenic model of the oversize coal-
germanium deposit in Mesozoic of Inner Mongolia 
are different from other coal-germanium deposit, it 
has its own particularity and typicality. The abstract 
mainly take the Ge enrichment zone Wulantuga coal 
germanium deposit as the object, the deposit located 
in Shengli Coalfield, Erlian basin in Inner Mongolia. 
It discussed on the occurrence state of germanium in 
coal and the metallogenic environment of Ge deposit. 
Specific content as follows: 

From the view of plane, the thickness of Ge coal 
mining area in Inner Mongolia is gradually 
thickening from basin edge to the basin center, but 
the grade of germanium is from high to low, it  shows 
clear direction gradual change. The content of Ge in 
the north and south of the mining area is high, in the 
east and west part is relatively low, and the Ge grade 
in the mining area is above 200×10-6. 

Ge mainly deposit in the top, middle and bottom 
of the coal seam,on the other side the grade of roof 
and floor is very low. Different from other Ge coal 
deposit, Ge was generally enriched in the roof and 
floor of coal seam, Wulantuga coal germanium 
deposit has its unique metallogenic model, caused by 
sedimentary environment and geological background. 

The relationship among the grade, ash content, 
volatile matter and total sulfur quantity of Ge in the 
coal seam has been studied through the test results, 
namely Ge content and the correlation of coal 
industry analysis element indicate that：in general, 
coal sample ash index are negatively related with Ge 
content，while the coal sample volatile related with 
Ge content in general were positively correlated. The 
grade and volatile into proportional shows that Ge 
mainly riched as organic state occurrence in coal 
mining area. The total sulfur content of the coal 
sample in the borehole is positively related to the Ge 
content, it shows Ge-coal formed in the strong 
reduction environment. 
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Recently, important gas discoveries have been 

made in Sinian- Cambrian reservoirs in the central 
Sichuan Basin, inwhich the geological gas reserves 
are over trillions of cubic meters[1].This is the largest 
gas reserve to have developed from the oldestmarine 
source rocks in China. The main production layers of 
Sinian-Cambrian buried deep 4500-6000m were 
formed 5-6 million years ago, organic matters have 
reached high to over mature stage. The gas 
accumulations in Sinian-Cambrian had experienced a 
complex tectonic movement. 

We conducted a series of geochemical analyses 
onthe gases, and undertook geological investigations 
of the reservoirs.The gas generation, oil cracking in 
paleo-oil pools, and the gas accumulation process in 
details. we found that the natural gas is mainly oil 
cracking gas and the main source rocks were black 
shales of Qiongzhusi formation in Lower Cambrian, 
followed by dark algae dolomite and shale in the third 
member of Dengying formation.  

Three sets of reservoir in the gas field including 
Cambrian Longwangmiao formation, the second 
member and the fourth member of Sinian Dengying 
formation. The formation of effective reservoir was 
controlled by supergene karstification and 
sedimentary facies. The reservoir was widely 
distributed with large thickness but strong 
heterogeneity.The area located at the east high point 
of an ancient uplift in a long period. It developed 
large-scale which had strong oil and gas capability.  

Analysis of the structural evolution history of the 
region and thermal history of the source rocks 
showed that: The allocation of the ancient rift, the 
ancient dune, the paleo uplift, the ancient trap and the 
preservation condition in the time and space is the 
key to the formation of the giant gas field. Forming of 
hydrocarbon generation center, source-reservoir 
combination and a lateral sealing condition was 
controlled by paleo-taphrogenic trough. The scale 
karst reservoirs and the lithologic-stratigraphic traps 
were based of ancient algal dune body. The paleo 
uplift controlled the formation of large oil paleo 
reservoirs and the effective preservation conditions at 
late Himalayan period. The ancient lithologic-
stratigraphic traps determined the forming of gas 
reservoir groups. 
[1] Zou C N, et al. (2014) Petroleum Exploration & 
Developmen3:278-293. 
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Paragenetic association of elements is a natural 

and important geological phenomenon reflecting the 
geochemical behavior of elements during proceedings 
of various geo-processes. Because of intrinsic 
characteristics, different elements of paragenetic 
association may also be differentiated. As a result, the 
respective material sources could be shifted from the 
original places, and the strength of paragenetic 
association of elements could be declined. Therefore, 
study on paragenetic association of elements can help 
with locating the material source, characterizing 
migration form, and indicating precipitation 
conditions. Resulted from complicated and cascade 
geo-processes, the strength of paragenetic 
relationship between elements presents variations in 
space. To examine influences of the strength of 
paragenetic association of elements on polymetallic 
mineralization, the current research proposed a data 
processing procedure, including non-linear regression 
and multi-fractal analysis on the regression 
coefficient. This procedure is currently tested in the 
Duolong mineral district, Tibet, China, and 
encouraging results can be derived. In this research, a 
geographically weighted regression (GWR) is 
currently used to examine the relationships between 
the Au and Cu concentration in the study area. The 
variation of the strength of Au-Cu paragenetic 
association across the space can be derived. 
Furthermore, multi-fractal methods are applied to the 
regression coefficient map in order to delineate the 
locations highly associated with Au-Cu 
mineralization. Anomalies respecting the very strong 
paragenetic association are separated from the 
background. In addition, noises indicating the 
locations with strong paragenetic relationships but are 
not suitable for Au-Cu mineralization is removed; 
whereas, information indicating locations which 
possess medium paragenetic relationships but are 
suitable for Au-Cu mineralization are enhanced. On 
the other hand, the background map is also 
informative. Analytical results could be useful with 
mineral exploration for polymetallic deposits in the 
future. 
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The water content within the mantle transition 

zone (MTZ), which is important to understand the 
dynamics and evolution of Earth, is still debatable. 
The elasticity of olivine and its hydrous polymorphs 
is critical for us to constrain the water content in 
MTZ. Here we calculated the elastic properties of 
hydrous wadsleyite at high temperature and pressure 
using first-principles calculations. The presence of 
water in wadsleyite decreases significantly its density 
and sound velocities. Our results agree well with 
available experimental data. This calculation and 
previous works [1,2] provide high-precision elasticity 
and density data of olivine and its polymorphs with 
various iron and water concentration at the pressure 
and temperature condition of MTZ without any 
extrapolation, which are ideal to constrain the water 
content of MTZ. Since water and iron have opposite 
effect on the density, the water content in MTZ is in a 
narrow range to match simultaneously the observed 
jumps of density and seismic wave velocities at the 
depth of 410 km. Such constrained water content in 
MTZ depends on the amount of olivine in the upper 
mantle. 
 [1] Núñez Valdez, M., Wu, Z., Yu, Y.G., 
Wentzcovitch, R.M., 2012b. Thermoelastic properties 
of ringwoodite (Fex,Mg1−x)2SiO4: its relationship to 
the 520km seismic discontinuity. Earth Planet. Sci. 
Lett.351–352, 115–122. 
 [2] Núñez Valdez, M., Wu, Z., Yu, Y., 
Wentzcovitch, R., 2013. Thermal elasticity of  
(Fex,Mg1−x)2SiO4: olivine and wadsleyite. Geophys. 
Res. Lett.40, 290–294. 
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The challenges of projecting tropical precipitation 
response to anthropogenic warming underscore the 
need for quantitative data on tropical hydroclimate 
history. Precipitation reconstruction from the tropics 
however has been difficult, particularly in the 
Amazon Basin, one of Earth’s major centers of deep 
atmospheric convection. There has been controversy 
over whether the Amazon Basin was significantly dry 
or remained wet during glacial times, largely because 
most study sites are located in the basin periphery and 
interpretations can be complicated by sediment 
preservation, chronology uncertainties, and 
topographical setting. Here we report a highly 
resolved, U-Th dated, speleothem oxygen isotopic 
record through much of the last ~45,000 years from 
Paraíso Cave in eastern Amazonia. We show that 
rainfall in this region was substantially low in the last 
glacial period, during the last glacial maximum in 
particular, whereas it became noticeably abundant 
during the mid-Holocene, likely responding to glacial 
boundary condition changes in temperature and 
atmospheric CO2 concentration. When comparing 
with cave records from the western edge of the 
lowland, we find that the Amazon Basin was widely 
dry during the recent glacial period, probably due to a 
dramatically weakened water recycling by reduced 
plant transpiration, although the rainforest may have 
persisted through time. 
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Oxygenic photosynthesis fundamentally 
transformed all major biogeochemical cycles and 
markedly increased the size and complexity of Earth's 
biosphere. However, the onset of oxygenic 
photosynthesis is still stridently debated, with 
estimates ranging from >3.75 Ga to ~2.4 Ga (e.g. 1, 
2). The debate has been fueld by lack of robust 
proxies, biomarker being a formost example 3. 
Alternatively, coupled trace element and isotopic 
signatures in Archean sedimentary rocks can be used 
to track the onset of oxygenic photosynthesis by 
looking for evidence of its waste product—O2. 

However, previous work has produced only a 
fragmented view of this record (e.g. 4-6). In order to 
gain a better understanding of the spatial and 
temporal distribution of evidence for oxygenic 
photosynthesis in the Archean we present a new 
uranium (U) isotope record (238U/235U relative to 
CRM 112a), unprecedented in scope, from a suite of 
26 globally distributed banded iron formation and 
black shale units. Our new dataset show an increase 
in sedimentary δ238U at ~3.15–2.95 Ga. This suggests 
that extensive oxidative weathering on the continents 
occurred around this time, which serves as a 
munimum estimate for the the onset of oxygenic 
photosynthesis. Our finding provides a key tie point 
for reconstructing the history of life on Earth. 
 
References: 1.Rosing MT & Frei R (2004) U-rich 
Archaean sea-floor sediments from Greenland–
indications of > 3700 Ma oxygenic photosynthesis. 
Earth. Planet. Sci. Lett. 217(3):237-244. 2.Ward LM, 
Kirschvink JL, & Fischer WW (2015) Timescales of 
Oxygenation Following the Evolution of Oxygenic 
Photosynthesis. Origins of Life and Evolution of 
Biospheres:1-15. 3.French KL, et al. (2015) 
Reappraisal of hydrocarbon biomarkers in Archean 
rocks. Proc. Natl. Acad. Sci. U. S. A. 112(19):5915-
5920. 4.Planavsky NJ, et al. (2014) Evidence for 
oxygenic photosynthesis half a billion years before 
the Great Oxidation Event. Nature Geoscience 
7(4):283-286. 5.Crowe SA, et al. (2013) Atmospheric 
oxygenation three billion years ago. Nature 
501(7468):535-538. 6.Kendall B, et al. (2010) 
Pervasive oxygenation along late Archaean ocean 
margins. Nature Geoscience 3(9):647-652. 
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Continental weathering, especially silicate 

weathering, is a net consumption of atmospheric CO2, 
which is important for understanding of global carbon 
cycle and climate change. During the late Cenozoic a 
series of basalts were formed in East Asian 
continental margin (China continent and surrounding 
islands such as Hainan) as the result of tectonic 
movement. Weathering of the basaltic crust subject to 
the East Asian monsoon climate plays a vital role in 
the sedimentation and biogeochemical processes in 
the west Pacific.  

Two well preserved boreholes with Pliocene 
basaltic rock weathering cycles were taken from the 
Yangtze Delta. Sequential large scale magmatic 
(volcanic) activities occurred in the Pliocene epoch 
along the East Asian continental margin. Such event 
is preseved in these two boreholes, showing eight 
successive basaltic weathering cycles (top part 
erosed) altogether. With only distinctive weathering 
information attached, these samples are excellent 
materials to study the Pliocene weathering pattern. 
Previous studies has shown that the typical 
weathering index like CIA has its drawbacks in 
explaining chemical weathering. The bulk Sr-Nd 
isotopic compositions could provide good weathering 
and source constraints on the evolution of weathered 
upper continental crust. As a relatively novel stable 
isotope, δ7Li has been successfully applied in the 
rock weathering and juvenile (basaltic) crust. Li 
isotope has the potential to record rapid cimate 
change and the subsequent chemical weathering. 
Therefore, in this work we try to recover the Pliocene 
weathering history in East Asian Continental Margin 
with multitracrs Sr-Nd-Li, and finally to reveal the 
potential contribution of source transport to the 
marginal ocean. 
Acknowledgement: This work was supported by 
National Natural Science Foundation of China (Grant 
Nos. 41225020 and 41376049). 
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Significant Mg isotope variation in mantle-

derived magmas is commonly a mirror of the mantle 
source with heterogeneous Mg isotopic compositions. 
Thus we can obtain important mantle source 
characteristics of basalts by using Mg isotopes. 
Existing Mg isotope research of continental basalts 
mostly focused on intraplate sodic basalts. For 
example, light Mg isotopic compositions of Cenozoic 
sodic basalts from eastern China have been suggested 
to inherit from low-δ26Mg carbonated mantle source 
that produced by carbonate recycling. Here, we firstly 
report the Mg isotope data of Cenozoic intraplate 
potassic basalts from northeastern China. The 
Wudalianchi potassic basalts (K2O/Na2O > 1) and the 
Nuomin transitional basalts (0.75 < K2O/Na2O < 1) 
display low δ26Mg values (−0.60‰ to −0.34‰) that 
correlate with major element systematics (SiO2, 
MgO, Fe2O3

T, Al2O3, and Ca/Al) and radiogenic 
isotope ratios (e.g., 143Nd/144Nd), suggesting that the 
magma formed through the mixing of two end-
members. The low-δ26Mg end-member is 
characterized by high K/U ratios, low Ce/Pb, Nb/La 
and Th/Th* ratios, enriched Sr-Nd isotopic 
compositions, and extremely unradiogenic Pb 
isotopic compositions. These characteristics cannot 
be formed by fractional crystallization, crustal 
contamination and mantle melting processes. What is 
more important is that the trace  element and 
Sr−Nd−Pb isotopic features of the low-δ26Mg end-
member are obviously not consistent with the melting 
of low-δ26Mg carbonated mantle source, which was 
considered to be the origin for light magnesium 
isotopic compositions of continental intraplate sodic 
basalts. Potassic basalts in this study may thus 
indicate the presence of an undiscovered low-δ26Mg 
component in the mantle. Therefore, further research 
work should be done to learn more about the mantle 
Mg isotope heterogeneity that sampled by basaltic 
magmas. 
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The Mesoproterozoic Eon (1600 to 1000 million 
years ago, Ma) is emerging as a key interval in Earth 
history, with a unique geochemical history that might 
have influenced the course of biological evolution on 
Earth, thus shales with high total organic carbon 
(TOC) formed. 

The high-TOC shales are enriched in the redox-
sensitive elements molybdenum (Mo) and uranium 
(U), but are either depleted or unenriched in 
vanadium (V). Thus, an oxygen minimum zones 
(OMZs) where anoxic waters overlay sediments was 
deduced. And the chemical environment of the 
Xiamaling Formation is further constrained by the 
abundance of 2,3,6-trimethylarylisoprenoids (2,3,6-
TMAI).  

The concentration of terpanes, including hopanes, 
rearranged hopane, 2-methylhopanoids (2-MeH) and 
3-methylhopanoids (3-MeH) are all high in the whole 
OMZ samples. So absolutely dominated prokaryotic 
biomarkers in this high TOC sediments confirmed the 
prokaryote contribution. The disappear of eukaryotes 
suggests the occurrence of a catastrophic transition or 
environmental perturbation for the eukaryotic 
biomass in a Mesoproterozoic OMZ setting, which 
provides a favourable environment for the prosperity 
of different prokaryotic organisms. 

 So these trace elements and biomarkers could 
provide intriguing glimpses into the biological and 
ecological patterns in the Mesoproterozoic Ocean, 
and hints derived from biomarkers in the organic-rich 
Xiamaling sediments could display microbial 
communities in an old OMZ set. 
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Unconventional Resources including shale gas 
and shale oil have been proved highly promising, 
especially in Sichuan basin, Ordos basin, and Junggar 
basin in China. Organic matters (OM) in shale, 
mostly kerogen, play a key role in both generation 
and rentation of hydrocarbons, which are both related 
to the microstructure. The routine geochemistry 
analyses of OM mainly focus on marcoscopic 
paramters such as the level of maturity, the type of 
kerogen, etc. They can barely elucidate the 
microstructure difference or microstructure change of 
OM. Focused ion beam – scanning electron 
micrscope (FIB-SEM) with scanning transmission 
electron microscopy (STEM) detector and Energy 
Dispersive Spectrometer (EDS) makes it possible to 
directly analysis the microstructure and element 
distribution of the OM down to nano-scale. Two 
shale gas samples from Longmaxi formation and 
Qiongzhusi formation in Sichuan basin, two shale oil 
samples from Yanchang formation in Sichuan basin, 
Lucaogou formation in Junggar basin, are 
systemetically analysised by conventional 
geochemistry analyses and STEM-EDS analyses. It 
shows that the microstructure of OM in Longmaxi 
shale (kerogen Ro~2.33%) is highly porous and 
aboundant of well-connected nano pores with pore 
size in the range of 5~20 nm, providing an excellent 
storage space for shale gas. The over matured OM of 
Qiongzhusi shale (kerogen Ro~3.67%) shows a 
granular morphology, with sporadic pores in the 
range of 50~100 nm. Qiongzhusi shale was once 
considered a potential shale gas reservoir, however it 
revealed far less productive than Longmaxi shale, 
these STEM-EDS results may give a novel 
microscopic point of view by comparasion of these 
two distinct microstructures. For the Yanchang shale 
oil sample (kerogen Ro~0.73%), the appeared black 
OM in SEM backscattered image actually contains a 
large quantity of nano-sized filamentous mineral 
particles, which may act as catalysts during the 
hydrocarbon formation process, and few micro cracks 
along the edge of the particles were observed. For the 
Lucaogou shale oil sample (kerogen Ro~0.61%), the 
OM exhibits a uniform amorphous structure, no 
visible pores exist, indicating a good oil generation 
potential. In conclusion, the STEM-EDS method is a 
feasible method in identifying the mico structure of 
OM in shale, and it may provide much more 
information than normal SEM imaging and higher 
resolution. Combined with conventional 
geochemistry analyses, it will provide a novel 
perspective in evaluating shale rocks. 
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Identifying sources of organic matter (OM) by 

carbon and nitrogen isotope techniques can provide 
important information of the river erosion and 
pollution assessment. In this paper, the carbon and 
nitrogen isotope composition and spatial distribution 
characteristics of various samples including surface 
water, sediment, suspended particles, soil, and plants 
samples have been studied on source and destination 
of OM from the North Canal in Beijing, China. 
Samples were analyzed for elemental and stable 
isotope composition of nitrogen (N) and carbon (C); 
moreover, a standard water analysis was conducted. 
The multivariate mixture models for these sources 
contribution ratio was used for qualitative discussion 
on the OM sources. There was significant difference 
of δ13C of sediment between in wet season and in dry 
season. The values of δ13C of sediments in wet 
season are much lower than those in dry season. δ15N 
of sediment showed the similar pattern. The potential 
sources for particulate organic matter buried in rivers 
usually include aquatic plants (e.g., phytoplankton), 
zooplankton, terrestrial plants (C3and C4), soil OM. 
Based on End-member model, OM in sediments are 
from external runoff from the catchment (~58.37%) 
and C4 plant (41.63%). OM in suspended particles are 
mainly from internal macrophytes (77.63%) and the 
aquatic plankton (22.37%) in river. 
 
This project is financially supported by the National 
Natural Science Foundation of China (41271495). 
[1] Kendal et al (2001) Hydrological Processes, 

15(7): 1301-1346.  
[2] Xiao et al (2010) Geochemical Journal, 44(3): 
181-187. 
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Human alteration of the global nitrogen cycle 

accelerated with the invention of the Haber-Bosch 
process (i.e. ammonia synthesis) in the 1910s. As of 
today, the rate of N fixation by humans (~200 Tg/yr) 
is similar to the global rate of natural N fixation (200-
250 Tg/yr), with a substantial fraction of the human-
fixed N entering the broader environment and altering 
terrestrial and coastal ocean ecosystems. Model 
results suggest that the open ocean might also be 
affected by the anthropogenic N through atmospheric 
transport and deposition. However, it remains 
challenging to assess the impacts of atmospheric 
anthropogenic N on the open ocean N cycle due to a 
lack of continuous atmospheric and oceanographic 
measurements. Here, we investigate the possibility of 
changes in the North Atlantic open ocean N cycle 
since 1780 AD using the nitrogen isotopes of the 
organic matter bound in the skeletal carbonate of 
corals from offshore Bermuda. The coral skeletal 
δ15N record shows a gradual decrease from the early 
20th century to the 1980s but the magnitude is small, 
<1.0‰. In contrast to nitrogen isotope records and 
nutrient data suggesting that the North Pacific N 
cycle has already been significantly altered by human 
activities [1-3], our data suggest that the North 
Atlantic N cycle has been minimally affected. Given 
that anthropogenic N emissions (NOx and ammonia) 
have been decreasing in North America since 1990s, 
we postulate that in the coming decades North 
Atlantic will remain largely unaffected by 
anthropogenic N, even as other drivers of 
environmental change intensify. 
[1] Sherwood et al. (2014), Nature. 505, 78–81. 
[2] Kim et al. (2014), Science. 346, 1102–
1106. 
[3] Deutsch et al. (2014), Science. 345, 665–
668. 



Goldschmidt Conference Abstracts 3346 

Early-formed chemical 
heterogeneity recorded by 

142Nd-143Nd in 3.8-3.0 Ga 
samples from the Archean 

Anshan Complex, North China 
Craton 

XUAN-CE WANG*1, CHAO-FENG LI2, SIMON A. 
WILDE1, XIAN-HUA LI2, YA-FEI WANG2 

1 The Institute for Geoscience Research (TIGeR), 
Department of Applied Geology, Curtin 
University, GPO Box U1987, Perth, WA 6845, 
Australia (Xuan-Ce Wang: 
x.wang3@curtin.edu.au; Simon Wilde: 
s.wilde@curtin.edu.au) 

2 State Key Laboratory of Lithospheric Evolution, 
Institute of Geology and Geophysics, Chinese 
Academy of Sciences, Beijing 100029, China 
(Chao-Feng Li: cfli@mail.iggcas.ac.cn; Xian-
Hua Li: lixh@gig.ac.cn;  
Ya-Fei Wang: pengfei4783@163.com) 
 
The Archean Anshan Complex in the 

northeastern part of the North China Craton is one of 
the few areas on Earth where rocks older than 3.8 Ga 
have been identified, and provides a rare opportunity 
to determine the relative roles of early planetary 
processes versus progressive differentiation in 
shaping the Earth’s chemical architecture. We 
undertook 142,143Nd isotopes and major and trace 
element analyses on well-dated 3.81−3.0 Ga Anshan 
samples. The most prominent feature is that their 
142Nd isotopes tightly correlate with 143Nd isotopes 
and incompatible trace elements. These correlations 
suggest that their generation most likely involved 
high- and low-µ142Nd end-members. The high-µ142Nd 
end-member melt had µ142Nd = +15 and ε1

43Nd(t) = 
+10 with crust-like incompatible trace element ratios 
and may have been derived from proto-crust 
extracted from an early-formed depleted reservoir 
formed at about 4.5-4.4 Ga. In contrast,  the low-
µ142Nd end-member melt had µ142Nd = -4 and 
ε1

43Nd(t) ≤0 with trace element ratios similar to the 
average value of komatiities. Furthermore, the 
estimated composition of the source of the low-
µ142Nd end-member melt suggests an early-formed 
(4.5-4.3 Ga) enriched dense melt, possibly part of the 
thermo-chemical piles near the core mantle 
boundary[1]. Thus, the chemical and 142,143Nd isotope 
heterogeneity of the Anshan Complex preserves 
information on formation and preservation of early 
differentiation of the bulk silicate Earth at 4.5−4.3 
Ga. 

 
[1] Wang, X.-C., Li, Z.-X. & Li, X.-H. Early 
differentiation of the bulk silicate Earth as recorded 
by the oldest mantle reservoir. Precambrian Research 
238, 52-60 (2013). 
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Recent studies have suggested that world’s rivers 

play an important role in transporting black carbon 
(BC) from land to the ocean (Dittmar et al., 2012; 
Jaffé et al., 2012). It is estimated that 26.5 ±1.8 x 106 
tons of BC is transported in dissolved phase by the 
rivers each year, which accounts for ~ 10% of the 
global flux of dissolved organic carbon (DOC) (Jaffé 
et al., 2013). The sources of this large amount of 
riverine dissolved black carbon (DBC), whether is 
from recent biomass burning or from ancient fossil 
fuel combustion, however, is not clear.  Here, we 
present results from radiocarbon measurements of BC 
in both dissolved and particulate phases transported 
by the Yangtze and Yellow Rivers, the largest two 
rivers in China. Our results show that two distinct BC 
pools (young vs. old) were carried by the rivers.  The 
14C ages of DBC (475-1,510 years BP) were much 
younger than the ages of the particulate BC (PBC, 
2,675-12,600 years BP) in the two rivers. Isotopic 
mass balance calculation indicates that the DBC 
contained a large fraction BC derived from biomass 
burning while the PBC comprised mainly fossil fuel 
combusted BC. The great age differences of the two 
BC pools suggest that BC derived from biomass 
burning and fossil fuel combustion have different 
chemical structure and mobilized in different phases 
and time scales in the rivers. 
 
Reference 

Dittmar, T., de Rezende, C. E., Manecki, M. et 
al., 2012. Continuous flux of dissolved black carbon 
from a vanished tropical forest biome. Nature 
Geoscience 5, 618-622. 

Jaffé, R., Ding, Y, Niggemann, J. et al., 2013. 
Global charcoal mobilization from soil via 
dissolution and riverine transport to the oceans. 
Science 340, 345-347. 
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Layered mafic-ultramafic intrusions in the Panxi 

region, SW China, such as the Panzhihua, Hongge, 
Xinjie and Baima intrusions, are parts of the ∼260 Ma 
Emeishan large igneous province (LIP). These 
layered intrusions are volumetrically small relative to 
the world-known layered intrusions such as the 
Bushveld Complex in South Africa. However, a 
distinct feature of the intrusions in the Panxi region is 
that large volumes of Fe-Ti oxide ores occur in the 
middle to lower parts of the intrusions.  

The Panzhihua intrusion is mainly composed of 
melagabbro and lecuogabbro and can be divided into 
the marginal zone (MGZ), lower zone (LZ), middle 
zone (MZ), and upper zone (UZ). The LZ and MZa is 
mainly composed of melagabbro and host major ore 
bodies whereas the MZb and UZ is mainly composed 
of lecuogabbro and rich in apatite. 

we identify the melt inclusions in the apatite with 
highly variable compositions in MZb and reactive 
microstructure in LZ of the intrusion. The 
compositions of the melt inclusions range from very 
Si-poor (10.0 wt.% SiO2 and 48.8 wt.% FeO) to very 
Si-rich (76.5 wt.% SiO2 and 0.73 wt.% FeO). 
Replacive symplectites of Cpx+An-rich Pl and Fe-Ti 
oxides +Amp±Cpx in the interstitial phases of the 
ores indicate a high temperature immiscibility and 
disclose the upward migration of interstitial 
immiscible Si-rich melt. The wide composition range 
of melt inclusions in the apatite is attributed to the 
coexistence of in situ melts and immiscible Si-rich 
melts migrated from different layer position. The 
downward migration of Fe-rich melt form a Fe-rich 
melt pool at the base of the intrusion. In this 
Scenario, large amount of magnetite crystallized from 
the Fe-rich melt to form massive ores containing 
embayed silicates. This study highlights that large-
scale migration of immiscible Si-rich liquids may 
play a significant role in the petrogenesis and 
metallogenesis of the Panzhihua intrusion. 

Acknowledgement: This study is supported by 
NSFC grant (41325006) and Chinese 973 project 
(2011CB808903) 
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      The mobility and fate of arsenic(As) is 
influenced by its speciation in aquatic environment 
[1]. Thioarsenic species, including thioarsenates and 
thioarsenites, are important As species in sulfidic 
waters, such as geothermal alkaline waters [2]. 
However, little is known about the sorption behavior 
of thioarsenite on mineral surfaces. In this work, we 
investigated the adsorption kinetics and envelopes of 
arsenite on magnetite and ferrous sulfide from 
sulfidic solutions at various S/As ratio, in which 
thioarsenite has been identified as important As 
species, and characterized the speciation of the 
adsorbed arsenic by XAS and Raman.  

       The results showed that adsorption of 
thioarsenite on magnetite and ferrous sulfide was less 
than arsenite. The sorption of arsenic from 
thioarsenite solution on magnetite dropped with 
increasing pH, while that on ferrous sulfide did not 
change appreciably with pH. Adsorption of 
thioarsenites on magnetite caused desulfidization and 
Fe(III) reduction, and arsenic was adsorbed as 
arsenite. The adsorbed arsenic on the surface of 
ferrous sulfide was present partly as  thioarsenite and 
partly as arsenic sulfide. 

Acknowledgements: The authors thank the 
National Natural Science Foundation of China 
(41530643) for the financial supports. 
  
[1] Terlecka (2005) Environmental Monitoring and 
Assessment 107, 259-284.  
[2] Keller et al. (2014) Geochimica et Cosmochimica 
Acta 142, 15-26. 
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Although microaerophilic or anaerobic microbial 

oxidation of Fe(II) has attracted great interests given 
its significance in iron cycling in many suboxic and 
anoxic environments, and the c-type cytochromes (c-
Cyts) involvement in the Fe(II) oxidation processes 
have been proposed, little effort was made on the 
molecular reaction of c-Cyts in the presence of Fe(II). 
In this study, spectral kinetics and 
spectroelectrochemistry characteristics of commercial 
c-Cyts were investigated under various environmental 
conditions (i.e., Fe(II) concentration, pH and ionic 
strength). The concentrations of reduced c-Cyts (c-
Cytred) increased gradually over time and then 
reached a steady stage. The c-Cytred formation rate 
constants (k) increased with increasing initial Fe(II) 
concentrations (5-1000 μM) and pH (5.5-8.0). The k 
values decreased with increasing NaCl concentrations 
(0-1.0 M), and then increased slightly when the NaCl 
increased from 1.0 M to 3.4 M. 
Spectroelectrochemistry characterization results 
revealed that the extent of c-Cytred was strongly 
dependent on pH but not associated with the ionic 
strength. The reaction equilibrium constant (K) of 
reaction between c-Cyts and Fe(II) was determined as 
(10.5 ± 0.9) × 10-3 from the average K values based 
on the experimental results of c-Cytred with excess 
Fe(II) concentrations (i.e., 100-800 μM) at the 
equilibrium stage. The standard redox potential (E0) 
of c-Cyts was calculated as 0.65 V according to the 
kinetic data and Nernst equation. The correlations 
between the reaction rates and the 
concentrations/activities of Fe(II) species were 
discussed with results demonstrating that the Fe2+ 
activity was the major factor influencing the reaction 
kinetics. This study provides a fundamental 
understanding of the biologic iron oxidation process 
under a molecular level. 

 
This work was funded by the National Natural 
Science Foundations of China (41522105 and 
41571130052). 
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The Tibetan Plateau is the world’s largest and 

highest plateau, approximately two thirds of which is 
covered by permafrost. Due to recent climate 
warming, large organic carbon stored in the 
permafrost is thawing and becomes available for 
transport to aquatic ecosystems (i.e., stream and lake) 
as dissolved organic matter (DOM) and fine 
particulate organic matter (POM). These DOM and 
POM are not only important food sources for the 
aquatic food web, but also a significant feedback if 
remineralized during transport. In this work, we 
collected water samples along a stream from the 
headwater in the Permafrost region to the 
downstream in the Qinghai Lake. The concentration 
and composition of DOM were determined using 
high temperature combustion analysis, UV- Vis 
absorption spectroscopy and fluorescence 
spectroscopy. The concentration of dissolved organic 
carbon decreased sharply from 13.87 mg/L to 4.32 
mg/L from collapsing permafrost area (3850 m a.s.l.) 
to the foot of the mountain (3200 m a.s.l.), and then 
fluctuated in a narrow range between 3.00 mg/L and 
4.50 mg/L. The DOM with high humic-like 
fluorescence, specific UV absorbance (SUVA254), and 
low spectral slope ratio (S275-295) and fluorescence 
index (FI) was observed in the headwater, which was 
distinct difference from that at the middle and 
downstream area where the DOM are less aromatic 
and low molecular weight. Meanwhile, the freshness 
index (β/α) increased slightly in mid and down-
stream. This increasing trend for FI and β/α indicated 
a contribution of recently in situ produced DOM by 
aquatic bacteria and algae in the stream. We speculate 
that the biological process is an important way to 
cause the chemical change of DOM composition and 
concentration, and therefore the thawing and 
transport of permafrost carbon may play a key role in 
sustaining the alpine stream ecosystem.  
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In this study, we conducted a mesocosm drought 
experiment in Qinghai-Tibet Plateau to simulate a 
three-year water-table decline by 20 cm in an alpine 
wetland in comparison to the control (water-logging). 
We found that in soil from 10−20 cm, both water 
extractable OC and dissolved lignin decreased in the 
drought treatment compared with the control (from 
2.24 ± 0.44 mg g−1 to 0.75 ± 0.02 mg g−1 and from 
111 ± 9 μg g−1 OC to 50 ± 10 μg g−1 OC, 
respectively), confirming that organic matter 
decomposition was enhanced after exposure to 
oxygen. We then used a dithionite-citrate-bicarbonate 
(DCB) method to release the iron oxide “protected” 
organic matter [1] and found that a significantly 
higher proportion of OC (up to 11.8%) was bound to 
iron oxide in the 30−40 cm layer of the drought 
treatment than that in the control (8.3% ± 1.1%), 
indicating that more OC was protected by newly 
precipitated iron oxide during drought. Furthermore, 
increased amount of vanillyl and syringyl phenols 
were found associated with iron at 10−20 cm in the 
drought soils. Although drought increased the soil 
respiration rate [2], it also increased the portion of 
iron-protected OC. We therefore propose that wetland 
drought has a differential effect on the stable soil 
carbon pool in the longer term. 

 
[1] Lalonde et al. (2012) Nature 483, 198-200. [2] 
Hao W et al. (2014) Chinese Journal of Plant 
Ecology 38, 619-625. 
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Two sets of pyrolysis experiments were 
performed for bitumen “A” and extracted bitumen of 
low-maturity bitumen at two heating rates of 2 °C/h 
and 20 °C/h in confined systems ( gold capsules). The 
main observations can be listed as follows: 

(1) Bitumen “A” and extracted bitumen have 
similar evolution characteristics of hydrocarbon gas 
generation. (2) Asphaltenes, resins and extracted 
bitumen are more likely to produce methane, and 
under the same temperature conditions, the relative 
amount of methane is relatively higher for type III 
than for type I kerogen, while saturates are more 
likely to produce wet gases. Bitumen “A” and 
extracted bitumen have wide activation energy, and 
the “slightly continuous” generation of asphaltenes,  
and resins might be the main contributor of natural 
gas in the deep. (3) The evolution of stable carbon 
isotope values of individual hydrocarbon gases could 
be divided into three stages, and the δ13C2 are similar 
for conventional natural gas and pyrolysis simulative 
gas at the same Ro%/EasyRo%. (4) Wet gas 
generation is more complex than cracking, and the 
maximum yields of individual wet gases decrease 
with a faster heating rate. 

In addition, the extracted bitumen and bitumen 
"A" were considered Cambrian source rock and oil, 
respectively, and the oil charge into Sinian in the 
Early Jurassic, and then the kinetic parameters 
derived for extracted bitumen are applied to 
Cambrian strata and the parameters for bitumen “A” 
to Sinian strata. The conversional rate of C1-5 and C1 
are 0.71 and 0.48 for Cambrian source with a Ro ~ 
2.2%, 0.90 and 0.81 for charged oil cracking with a 
Ro ~ 3.0%, respectively. The calculated wetness are 
far higher than the natural gas. More hydrocarbon 
gases, especially methane, have been generated in 
Sinian strata, and the dryness of natural gas is higher 
for Sinian than Cambrian in Gaoshiti-Moxi area. 



Goldschmidt Conference Abstracts 3354 

Melting of mixed continental 
crust and depleted peridotite: 

Potassium rich magmatism 
from a phlogopite-free source  

YU WANG1,*, STEPHEN F. FOLEY1 AND DEJAN 
PRELEVIĆ2 

1 [arc centre of excellence for core to crust fluid 
systems/gemoc; department of earth and 
planetary sciences, macquarie university, nsw 
2109, australia] 

2 [Institute of Geosciences, University of Mainz, 
Becherweg 21, Mainz 55099, Germany] 

 
To better constrain the processes by which 

subducted continent-derived sediment and the 
overlying mantle wedge react and produce hybrid 
magmas, we performed a series of piston-cylinder 
interaction experiments involving continental crustal 
sediment (natural Q-phyllite, Serbia) and depleted 
peridotite (natural dunite, Tibet) at 1000-1100°C, 2-3 
GPa. Results were compared from two different 
capsule preparation methods; firstly reaction 
experiments in which blocks of phyllite and depleted 
peridotite were juxtaposed, and secondly, mixed 
experiments in which powders of the two rocks were 
intimately mixed. In reaction experiments, a clear 
hybridization zone dominated by orthopyroxene is 
identified between dunite and phyllite but no 
hybridized melt was formed, whereas in mixed 
experiments no such reaction belt feature was 
present, but hybridized melts scattered all over the 
charges.  

Siliceous melts of sediment exert a much greater 
effect on trace element signatures during sediment-
peridotite interaction than does peridotite. The 
sediment-peridotite (melt-rock) ratio at the 
slab/mantle interface where infiltration melting 
occurs is thus a key factor in controlling elements in 
subduction zones. There was a remarkable 
resemblance of trace element distributions between 
hybridized melts produced in this study and 
Mediterranean K-rich lavas, implying that the 
hybridization processes might account for the 
characteristic geochemical features observed in some 
orogenic lavas from Alpine-Himalayan belt. The 
absence of K-rich minerals, especially phlogopite, 
indicates that K-rich post-collisional magmatism 
could be induced at shallow depth via hybridization 
between continent-derived sediment and depleted 
peridotite without the need for residual phlogopite.  

 
*correspondence: yu.wang33@students.mq.edu.au  
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The Cambrian explosion occurred between 

increases in atmospheric oxygen concentration during 
the early Paleozoic Era. Oceanic chemistry conditions 
during the early Cambrian have experienced frequent 
oscillations between anoxic and oxic, which tied 
intimately to the evolution and extinction of life. 
Carbon isotopic data and Biomarker analyses of the 
black shale of Yurtus Formation that was the earliest 
strata records of Cambrian in the Tarim basin, 
northwest China, indicate that euxinic conditions 
prevailed in the paleowater column during the early 
Cambrian stage.  

δ13Ccarb from the Yurtus Fm. varies from -3.3‰ to 
2.0‰ with the mean value of -1.2‰, while δ13Corg 
exhibit abnormally negative values from -37.0‰ to -
33.1‰ leading that the values of εTOC exceed 32 
during this stage. Occurrences of εTOC>32 indicate 
significant inputs from sulfide-oxidizing or other 
chemoautotrophic bacteria[1] which resulted in 
depletion of δ13C in the preserved biomass. The 
biomarkers of Yurtus Formation are characterized by 
indicators of stratified water including abundant 
Gammacerane derived from tetrahymanol and 
abundant aryl isoprenoids(1-alkyl,2,3,6-
trimethylbenzenes). The prevalence of abundant aryl 
isoprenoids that derived from green sulphur 
bacteria(Chlorobiaceae) using hydrogen sulfide as 
electron donor in anoxygenic photosynthesis provides 
reliable evidence for photic zone euxinic during early 
cambrian in the Tarim basin[2]. The Yurtus 
Formation is considered comparable with pervasively 
distributed black shale of early Cambrian age in the 
Yangtz Block as they shares a lot of geochemical and 
geological resemblance. Thus, euxinic conditions 
may be widespread during early Cambrian in the 
Yangtz and Tarim blocks. 

 
 [1]Hayes, et al(1999), Chemical Geology 161, 

103-125.[2] Grice, et al(2005), Science 307, 706-709.  
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Chermak and Rimstidt (1990) used the following 

reaction to describe the formation of muscovite from 
clay: 1.5 kaolinite + K+ = muscovite + H+ + 1.5 H2O 
at 250–307 °C. Wibberleg (1999) reported that under 
certain conditions, feldspar can break down to form 
muscovite and sericite as follows: 1.5 K-feldspar + 
HCl = 0.5 muscovite + 3 quartz + KCl. Both 
mechanisms can produce muscovite under low- to 
medium-temperature conditions during deformation, 
accompanied by sliding and grain dissolution in 
claystone, sandstone, limestone, and marble. During 
folding and with related fluid influx, both processes 
therefore enable muscovite/sericite mineral growth on 
flexural slip surfaces. The addition of a fluid 
containing K+, Al3+, and Si4+ to a rock of suitable 
siliceous composition, such as rocks with illite, 
smectite, or kaolinite, can lead to the formation of 
dioctahedral muscovite or sericite 
[KAl2AlSi3O10(OH)2]. 

Impure dolomite (CaMg(CO3)2) and limestone 
(CaCO3) often contain traces of quartz (SiO2), as do 
siliceous limestones and dolomites. Moreover, 
samples from this study contain traces of kaolinite 
and claystone, meaning that Si4+, K+, Al3+, and Mg2+ 
cations were readily available to form authigenic 
muscovite, sericite and phlogopite. Smectite, 
kaolinite and illite are usually present in the original 
sedimentary sequence. In the present study, chemical 
compounds such as K2O and Al2O3, which are 
constitutive of clay minerals, could have contributed 
to the crystallization of muscovite, sericite, 
phlogopite, quartz and Mg-rich chlorite. 

Muscovite, sericite, and phlogopite are the most 
common K-bearing minerals in low-grade 
metamorphic rocks, particularly from the lower to 
middle greenschist facies (~400 °C). 40Ar/39Ar dating 
can be used to constrain the timing of muscovite and 
sericite growth at moderate to low temperatures 
(<400 °C) during folding, yielding well-defined 
plateau ages and thereby the age of deformation in 
the upper crust. 
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Arsenic (As) contamination in groundwater in 

Southeast Asian deltas is common and represents a 
significant health hazard [1]. Despite extensive 
research to reveal the mechanism of As release, from 
sediments to groundwater, its sources and sinks 
remain under debate. 

Here, we investigate As speciation in redox-
preserved sediment cores from the Mekong Delta in 
Vietnam. We characterize the sediments at a wide 
range of scales, including bulk mineralogical and 
chemical analyses, micro-scale electron microscopy 
and spectroscopy, and molecular scale X-ray 
absorption spectroscopy. We discovered a novel As 
species associated with carbon nanostructures. This 
species was identified throughout the sediment 
profile as well as in suspended particulate matter in 
the Mekong River. At some depths, the sediment also 
harbored arsenian pyrite and trivalent arsenic bound 
to organic-sulfur groups, corresponding to a paleo-
mangrove depositional environment. We propose that 
the carbon nanostructures and the associated As 
species are transported by the river from upstream 
coal deposit, delivered to the sediment as part of the 
alluvium, and buried. This novel As species likely act 
as a long-term As source, as it is presumed to be 
more soluble than crystalline arsenian pyrite. The 
discovery of this As species brings novel insights to 
bear on the conceptual model of As sources and sinks 
in deltaic systems in Southeast Asia. 
 
[1] Fendorf, et al. (2010). Science 328, 1123-1127 
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Penetrators made of depleted uranium (U) metal 

are used as anti-tank ammunition and are typically 
left behind in the soil in former war zones. Metallic U 
undergoes corrosion to tetravalent and then 
hexavalent U depending on the prevalent soil 
geochemical conditions [1] and may represent a 
potential source of U contamination. 

We recovered penetrators from two sites in 
Bosnia and Herzegovina seven years after they were 
fired. We characterized the mineralogy of the 
corrosion products using powder X-ray diffraction 
(XRD), X-ray absorption spectrosopy (XAS), and 
transmission electron microscopy coupled to selected 
area electron diffraction (TEM-SAED), as well as 
their elemental composition using acid digestion and 
inductively coupled plasma optical emission 
spectrometry (ICP-OES). 

In both cases, the dominant mineral observed in 
the corrosion product was metaschoepite, a 
hexavalent U oxyhydroxide. However, soil 
geochemistry of the two sites impacted the 
composition of minor U mineral phases. In one case, 
the corrosion product included studtite (a hexavalent 
U peroxide), while in the other, it included 
becquerelite (a hexavalent U oxyhydroxide that 
includes calcium). The latter corrosion product was 
also characterized as a function of distance away 
from the metallic core of the penetrator. Closest to 
metallic uranium, the corrosion product is mainly 
composed of U and oxygen, and based on XAS linear 
combination fitting, consists mainly of metascheopite 
(∼2/3) and becquerelite (∼1/3). As the corrosion 
product increasingly closer to the soil is considered, a 
greater proportion of becquerelite is observed (∼2/5, 
then ∼1/2), demonstrating the effect of the soil 
geochemical conditions on the mineralogy of the 
product.  

The study provides insight into the depleted 
uranium corrosion products that form under in situ 
conditions. This is significant because the specific 
mineral phase produced has implications for uranium 
mobility in the soil. 
1. Handley-Sidhu S. et al. (2010) Sci. Total Environ, 
408(23), 5690-700. 
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Origin of deep gases is complicated due to 

multiple sources and long forming process. Here, a 
marine shale rock sample from Zhangjiakou, northern 
China is selected for simulation, and the artificial 
bitumen is extracted as a representation of primary 
oil. Hydrocarbon (saturated and aromatic HC) and 
NSO fractions (resin and asphaltenes) are separated 
from the extracts and each fraction is pyrolysized 
using a closed, non-isothermal pyrolysis gold-tube 
system. The pyrolysis temperature ranges 300-600 oC 
at 2oC /h and 20oC /h heating rates. The gas 
carbon/hydrogen isotopes are analyzed using GC-
IRMS. The Rayleigh’s method proposed by Rooney 
(1995) was used to model isotopic variation and 
retrieve kinetic parameters of carbon isotopes of 
gases [1]. Here, the methane carbon isotopic kinetic 
parameters are calculated as α(C13/C12)=1.010 with 
δ13C0=-33.50‰, α(C13/C12)=1.0107 with δ13C0=-
31.26‰, α(C13/C12)=1.0102 with δ13C0=-30.49‰ and 
α(C13/C12)=1.0092 with δ13C0=-31.78‰ for saturated 
HC, aromatic HC, resin and asphaltenes, respectively. 
Fig. 1 shows show good agreement between the 
modeled methane carbon isotopes and the 
experimental ones from four fractions. These isotopic 
parameters were used to calculate the real gas 
isotopes of Gaoshiti gas field, one deep gas 
accumulation in Sichuan Basin, China by integrating 
with accurate thermal historical data and kinetics of 
gas generation. The δ13C1 from NSO fractions was 
calculated as -33.2‰ to -34.4‰ which show great 
agreement with real gases, implying the gases were 
originated from NSO fractions of retained oil. 
Acknowledging Strategic Program of CAS 
(XDB10010300) & NSFC (41372137) for grants. 

 
 
 
 
 
 
 
 
 
 

Fig. 1  The experimental and modeling δ13C1 of four 
fractions (α fractionation factor,  δ13C0 initial carbon 

isotope) 
[1] Rooney et al. (1995) Chem. Geology. 126, 219–
232. 
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Ratios of the highly incompatible elements Mo 

and Ce in basalts are relatively uniform and 
commonly assumed to be representative of their 
mantle sources. However, the lack of Mo 
concentration data in mantle rocks limits a full 
understanding of the magmatic behavior of Mo in 
comparison to other highly incompatible elements 
(such as Ce) in the mantle. Such data are critical for 
testing the validity of the assumption that uniform 
Mo/Ce in oceanic basalts indeed reflect the 
composition of the mantle sources.  

Here we present bulk rock Mo concentration data 
obtained by isotope dilution ICP-MS for well 
characterized fresh peridotites (n=29) and pyroxenites 
(n=17) from the Balmuccia and Baldissero peridotite 
massifs (Ivrea Zone, Italian Alps) to address these 
issues. The peridotites underwent variable extents of 
depletion and refertilization, however, their Mo 
contents are very low (4-16 ng/g). Cumulative 
websterites and clinopyroxenites display similar low 
Mo contents of 3-11 ng/g. Peridotites and pyroxenites 
contain different proportions of olivine, pyroxene and 
sulfide, but the Mo contents remain relatively 
constant with changing Al2O3 and S contents. This 
indicates limited incorporation of Mo into olivine and 
pyroxene and also suggests weakly chalcophile 
behavior of Mo at mantle conditions, consistent with 
experimentally determined partition coefficients and 
its presence mainly as Mo6+ in silicate melt at log fO2 
> QFM-2. The behavior of Mo contrasts with that of 
Ce and other REE, which are mainly controlled by 
pyroxenes in these mantle rocks.  

These results indicate a large variation of Mo/Ce 
in mantle rocks, which is mostly controlled by Ce 
abundances. The very different behavior compared to 
basalts implies a very different behavior of Mo and 
Ce (and thus Mo/Ce) during magmatic processes in 
the mantle in comparison to later magmatic 
processing in the oceanic crust. The depletion of 
highly incompatible elements in fertile mantle rocks 
may be a consequence of melt infiltration processes 
in which infiltrating melts are already strongly 
depleted in highly incompatible elements. Relatively 
uniform Mo/Ce in basalts suggest that basalts are 
hybrid melts that reflect efficient mixing at the top of 
the melting column. Thus, basalts likely do not retain 
the Mo/Ce of local mantle sources of primitive 
precursor magmas of basalts. 
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Our understanding of the Zn isotopic variation in 

terrestial igneous rocks and the fractionation 
mechanisms remains limited [1]. The terrestrial 
mantle, and by inference, the bulk silicate Earth 
(BSE), are previously suggested to have an average 
δ66Zn value of +0.28 ± 0.05‰ (relative to JMC 3-
0749L) primarily based on oceanic basalts [1]. Zn 
isotope data for mantle peridotites are scarcely 
reported and whether Zn isotopes are fractionated 
during parting melting of mantle is still unclear. To 
address this issue, we make high-presicion Zn isotope 
analyses on suites of well-characterized peridotites 
and basalts. The primitive basalts (MgO > 8 wt.%) 
have homogenous Zn isotopic compostions with an 
average δ66Zn value of +0.28 ± 0.05‰. By contrast, 
the peridotites exhibit an overall ~0.9‰ variation (-
0.44‰ to +0.44‰), which probably reflects the 
influence of mantle metasomatism. Eliminating the 
metasomatised peridotites, the non-metasomatized 
peridotites have relatively uniform δ66Zn values with 
an average of +0.17 ± 0.06‰, which is systematically 
lighter than basalts. This difference indicates Zn 
isotope fractionation during peridotites melting. Zn 
isotope analyses on minerals seperated from 
periotites suggest equilibrium fractionation between 
olivines and pyroxenes is close to zero, whehres 
spinels are  significantly isotopically heavier than 
olivines by ~0.1‰. Considering that spinels contain 
much higher Zn than coexing slicate minerals in 
peridotites, we propose that prerential consumption of 
spinel during upper mantle melting accounts for the 
Zn isotope fractionation between basaslt and 
peridotite.     

 
[1] Chen, et al. (2013)  Earth. Planet. Sci. Lett. 369, 
34-42. 
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Molybdenum isotope system has become one of 

the most important tracers for redox state in the 
ancient oceans. The application of this system is 
adopted a critical assumption that the composition of 
continental input is similar to the mean value for 
average basalts and granites. Recent work has shown 
that the δ98/95Mo composition of global rivers is 
heavier than that of the average for continental rocks, 
and display a range of from 0.2‰ to 2.4‰, indicating 
that δ98/95Mo potentially fractionate during the soil-
forming (pedogenic) or chemical weathering 
processes. However, at present, the δ98/95Mo 
fractionation mechanism during the soil-forming 
(pedogenic) or chemical weathering processes is in 
debate [1, 2].  

Here, we present both Molybdenum abundances 
and δ98/95Mo compositions in granite weathered 
profile from Guangdong province, south China, with 
the aim of evaluating the mechanism of δ98/95Mo and 
Mo abundance variations during chemical 
weathering. The investigated data show that the 
δ98/95Mo value of granite weathered profile display a 
general increasing trend upward from -1.04‰ to 
0.08‰ (relative to the JMC standard), and the Mo 
abundances opposite trend. We assessed Mo 
abundances and δ98/95Mo as a functions of organic 
matter content, Fe-Mn oxide abundance, mineral 
composition abundance, atmospheric input, and Mo 
gain/loss. We find that the kaolinite abundance 
display a good negative correlation with δ98/95Mo and 
positive correlation with Mo abundance. Meanwhile, 
the Fe-oxide abundance display a weakly positive 
correlation with δ98/95Mo and negative correlation 
with Mo abundance. These suggest that the kaolinite 
adsorption is a major mechanism for δ98/95Mo and Mo 
abundances variations during chemical weathering 
and Fe-oxide absorption play a subordinate role. Our 
results can provides the reason for why the riverine 
δ98/95Mo is heavier than that of the average for 
continental rocks. 

[1] Siebert et al. (2015) GCA, 162, 1-24. [2] King 
et al. (2016) CG, 
doi:10.1016/j.chemgeo.2016.01.024. 
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Voluminous granite plutons were emplaced in the 

Late Mesozoic in the Nanling Range, South China, 
accompanied by large-scale W-Sn polymetallic 
mineralization. The Qitianling pluton is a unique 
composite pluton, which the tin deposit located in the 
south and the tungsten deposit in the north. The South 
Granites of the Qitianling emplaced at 155–156 Ma. 
The North Granites emplaced at 160 Ma. The South 
Granites show large variation in chemical 
compositions and in whole-rock Nd and in situ zircon 
Hf isotope, with εNd(t) = -7.2 to -4.5 and εHf(t) = -16.7 
to 1.8, respectively. We suggest that their origin is 
attributable to a magma mixing process between 
felsic magma derived from melting of Proterozoic 
basement rocks and mantle-derived mafic magma, 
which is supported by the widespread MMEs in the 
South Granites. Compared with the South Granite, 
the North Granites of the Qitianling show relative 
low K2O�Rb and Th contents and high Pb and Sc 
contents. In addition, the North Granites have 
apparent lower εNd(t) (-8.9 to -7.9) and εNd(t) values (-
10.8 to -3.9) than the South Granites, which suggest 
that they derived from the partial melting of the 
Proterozoic basement rocks with little mantle 
materials involved. The isotope compositions of the 
South and North Granties of the Qitianling declare 
that they originated from different sources, which is 
also supported by the distinct compositions of biotite, 
sphene and apatite from the South and North 
Granites. 

We argue that plutons associated with tin 
mineralization have high F content and A-type 
characteristics, with relative high Nd and Hf isotope 
compositions, indicating high portion mantle 
materials involved. On the contrary, plutons 
associated with tungsten mineralization have relative 
low F content with low Nd and Hf isotope 
compositions, indicating little mantle materials 
involved. The portion of the mantle materials 
contributing to the formation of the granites makes 
the different F content of the granites, which result in 
the mineralization type (tin or tungsten) associated 
with the granites. 
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The Dunhuang Block, as a Precambrian terrane, 
has aroused a hot controversy on its affinity and 
crustal evolution history recently. The extensive 
metavolcanic rocks and their associated granitic rocks 
in the Dunhuang Block preserve important imprints 
about the continental crust thus could be used to trace 
the evolution of the geological history. Here we 
present detailed whole-rock geochemistry of 
amphibolites and related orthogneisses from the 
northeast Altyn Tagh, Dunhuang Block, to constrain 
their petrogenesis and provide new insights into the 
Precambrian crustal growth and reworking history of 
the Dunhuang Block. The amphibolite bearing a 
remarkably close resemblance to the tendency of E-
MORB, but the conspicuous depletion in Nb, Ta, Zr, 
Hf and Th that are akin to the typical geochemical 
features possessed by arc-origin rocks. These features 
suggest that the amphibolites are subduction-related 
and formed in a back-arc basin setting. The 
orthogneisses share typical features with the high-Al 
TTG generated by slab melting except the extremely 
low Cr and Ni contents, and the slight discrepancy 
suggest that these orthogneisses are likely to be 
resulted from the partial melting of subducted slab 
without interaction with the peridotite in the mantle 
wedge. The steep negatively slope of the REE 
patterns indicate that high pressure garnet and/or 
hornblende extraction was involved in their forming 
process.  
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Plutonium is a radionuclide of high chemical 

toxicity, and it is important to study its soil to crop 
transfer for the purpose of radiological assessment. In 
2010, IAEA published the Technical Reports Series 
No. 472 (TRS 472), to provide transfer factors (TFs) 
for natural and artificial radionuclides. In TRS 472, 
however, the utilized TF data entries of Pu are very 
limited. Thus, more TF data of Pu are in urgent need 
in order to improve the reliability of TRS 472 
database.  

Since 2007, the latest reference year of TRS 472, 
several studies on soil to crop TF of Pu have been 
carried out. Here, in this study, recently derived soil 
to crop TF (2008-2016) were collected from literature 
and statistically analyzed to compare them with TRS 
472. The comparison showed that these newly 
obtained transfer factor data were able to enrich the 
TRS 472 database to some extent. However, several 
problems related to the database still remain 
unsolved. (1) Most of newly reported TF data of Pu 
are beyond the TRS 472 data coverage, pointing out 
to the limited representativeness of TRS 472 because 
of the inadequate data entries. (2) Rice is an essential 
food in Asian food structure, and is of great 
importance to study the soil to rice transfer factors for 
different radionuclides. However, no TF for Pu was 
reported. 

To supplement the soil to crop TF data of Pu, we 
carried out field investigations at 6 prefectures in 
Japan. In the experiment, Pu was separated from the 
sample matrix by a two-stage anion-exchange 
chromatographic method and followed by Pu 
determination using SF-ICP-MS. The determined soil 
to rice TFs (in a dry weight basis) of Pu, in a range of 
2.0 × 10-5 to 8.2 × 10-5, were the first data-set on soil 
to rice TF of Pu ever reported for Japanese soil. For 
vegetable and fruit, the TFs ranged from 1.1 × 10-4 to 
7.5 × 10-4. The soil to crop TF data of Pu obtained in 
this study improved the present Pu TF database, but 
more data should be obtained in further studies to 
extend the current Pu TF database and improve the 
representativeness of the existed data. 
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Hydrous pyrolysis simulation experiments were 

carried out, the samples included a marine shale of 
Xiamaling Formation from Zhangjiakou 
region(Mesoproterozoic) and Paleogene lacustrine 
mudstones (Es3) from Liaohe western depression, 
respectively. The research indicated that there are no 
steranes in Xiamaling Formation shale original 
samples, but there are regular steranes and rearranged 
steranes in the simulation experiment productions. 
Which shows steranes can be formed or be released 
from the kerogen on the temperature effect. For the 
lacustrine mudstone, the formation and distribution of 
steranes showed dramatically differences under 
different temperature conditions1. Many petroleum 
geology researches demonstrate that the formation, 
releasing, composition and distribution of steranes, 
influenced by the temperature, are the problem which 
existed a long time., Because there are obvious 
differences between the practical and the experiential 
sterane parameters, which influences the evaluation 
of source, type, maturity of organic matter. Therefore, 
in the biomarker research, the above problems are 
classified as “Problem area and further work”. The 
finding of steranes in Archean rocks have been 
presented as key evidence of the early rise of oxgenic 
photosynthesis and eukaryotes2, the researches on 
steranes are very important to petroleum, it is 
significant to discuss the influence of temperature on 
formation and distribution of steranes. 

This work was performed with the approval of 
the National Natural Science Foundation of China 
(No. 41072106). 
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Science and Engineering, 125: 209–217 
2.Katherine L. French, , Christian Hallmann, 
Janet M. Hope, et al.,2015. Reappraisal of 
hydrocarbon biomarkers in Archean rocks. 
PNAS, 112(19): 5915-5920 
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Nitrogen and oxygen isotopes of NO3
- (δ15NNO3 

and δ18ONO3) have provided an invaluable tool for 
evaluating its sources and transformations in the 
environment for over three decades. Nevertheless, 
conventional interpretations of NO3

- isotope 
distributions appear at odds with patterns emerging 
from studies of nitrifying and denitrifying cultures. 
We present a numerical model of NO3

- isotope 
dynamics, demonstrating that deviations in δ18ONO3 
vs. δ15NNO3 from a ‘trajectory’ of 1 expected for 
denitrification must stem from isotopic over-printing 
by coincident NO3

- production by nitrification and/or 
anammox. Our analysis highlights two central 
parameters: 1) the δ18O of ambient water and its 
degree of incorporation during NO2

- oxidation and 2) 
the relative flux of NO3

- production under net 
denitrifying conditions. Dual isotopic trajectories >1, 
characteristic of marine denitrifying systems, arise 
mainly under elevated NO2

- re-oxidation relative to 
NO3

- reduction (>50%) and in association with the 
high δ18O of seawater. This implicates nitrification as 
the major NO3

- producing term in marine denitrifying 
systems. In contrast, trajectories <1 comprise the 
greater majority of model solutions, with 
representative aquifer conditions requiring lower 
NO2

- re-oxidation fluxes (<15%) and the influence of 
the lower δ18O of freshwater. We suggest that widely 
observed δ18ONO3 vs. δ15NNO3 trends in freshwater 
systems (always <1) must result from concurrent 
NO3

- production by anammox in anoxic aquifers, a 
process that has been largely overlooked. 
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Pyrometallurgical slags environmental impact is 

currently an object of investigations, although there is 
a lack of complex studies describing the migration of 
Potentially Toxic Elements (PTE) from the slags 
through water and soil to organic matter. Such studies 
were performed on slags from Ruda Śląska, Poland 
and included chemical composition of slags, soils, 
water, organic matter and leaching tests from slags as 
well. Slags from Ruda Śląska are characterized by 
various amount of PTEs: Pb from 30 to 24298 mg/kg; 
As from 0 to 6134 mg/kg; Zn from 30 to 53576 
mg/kg; Mn from 879 to 36289 mg/kg. All 
components of the slags: spinel, olivine, melilite, 
pyroxene, sulphides and glass are carriers of these 
elements. Sequential leaching tests with 
demineralized H2O, 1 M ammonium acetate and 0.25 
M hydroxylamine proved the high mobility of PTE 
from analyzed slags. Summarized sequential leach 
reached up to 3112 mg/kg As, 26 mg/kg Cd, 26434 
mg/kg Mn, 18426 mg/kg Pb, 7528 mg/kg Zn. Water 
sample collected 300 meter from the slag bed shown 
increased amounts of As (20 ppb), Mn (2711 ppb), Pb 
(53 ppb) and Zn (163 ppb). Soils show pollution with 
PTEs: Zn in the range of 507-10000 mg/kg; Pb of 
234-9226 mg/kg; Mn from 147 to 3563 mg/kg; As 
from 20 to 972 mg/kg; Cd from 2 to 175 mg/kg. 
Leaves of birch-tree (Betula L.) show heavy 
contamination with PTEs. It is especially evident in 
case of Zn, reaching up to 1157 mg/kg in dry organic 
matter. 
All these facts support the thesis of mobility of PTE 
during slag weathering and the high environmental 
pollution caused by both the slags accumulation and 
their potential use in commercial purposes. 



Goldschmidt Conference Abstracts 3369 

Trace element and sulfur 
isotopic evidence for redox 

changes during formation of the 
Wallaby gold deposit, Western 

Australia 
JOSEPHINE WARD1*, JOHN MAVROGENES2, 
AMBERLEY MURRAY AND PETER HOLDEN 

1Research School of Earth Sciences, The Australian 
National University, Canberra, 0200 ACT, 
Australia (*Correspondence: 
jo.ward@anu.edu.au) 

2Research School of Earth Sciences, The Australian 
National University, Canberra, 0200 ACT, 
Australia   

 
Wallaby, WA, is a gold deposit with an estimated 

resource of 7 million ounces of gold. It has a well-
established paragenesis displaying mineral evidence 
of a redox change across five vein sets, each of which 
contains pyrite. Pyrite from each vein generation has 
undergone micro- analysis techniques to show a 
progressive and gradual change in redox conditions. 
The sulfur isotope composition has a δ34S range of -
7.7 to +9.8 ‰ using 3 micron spots on the SHRIMP-
SI. Negative values indicative of an-oxidized sulfur 
signature are found in the earliest generation of pyrite 
which contains high concentrations of As, Ni, Zn, 
Ag, Sb, Cu and Pb. Conversely, positive values 
representative of reduced sulfur signatures are found 
in later generations of pyrite which has lower 
concentrations of As, Ni, Sb, Cu, Zn and Pb. These 
later pyrite crystals display higher ratios of As to Ni, 
As to Sb, and As to Bi, and conversely a lower Cu to 
Te ratio. The geochemical trends are clearly related to 
minor and trace elements held within the pyrite that 
are believed to be redox controlled. Previous 
suggestions of a single orogenic event, under 
oxidizing conditions formed the Wallaby gold deposit 
are supported by the present study. We have 
demonstrated that pyrite from the Wallaby gold 
deposit formed via sulfidation and a gradual change 
in redox conditions within an evolving fluid and did 
not result by the mixing of two separate fluids as 
previously advocated. This study also demonstrates 
the use of pyrite as a valuable mineral tracer in gold-
bearing fluid systems. 
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Modern microbial mats provide useful process 
analogs for understanding the mechanics behind the 
production of ancient stromatolites. However, studies 
to date have focused on mats composed 
predominantly of Cyanobacteria and algae, which 
makes it difficult to assess a unique role of oxygenic 
photosynthesis in stromatolite morphogenesis, versus 
different mechanics such as phototaxis and 
filamentous growth.  

The hot springs of Nakabusa Onsen, Nagano 
Prefecture, Japan support abundant microbial mats 
that select against Cyanobacteria as a result of high 
water temperature and high sulfide concentrations. As 
a result, mats near the source of this hot spring are 
dominated by filamentous anoxygenic phototrophs, 
primarily Chloroflexi, while those downstream are 
dominated by filamentous Cyanobacteria. 

We studied the microbial diversity and formation 
of cone structures in both Chloroflexi- and 
Cyanobacteria-dominated microbial mats at 
Nakabusa Onsen using a combination of iTAG and 
metagenomic sequencing, autofluorescence and 
Fluorescent In Situ Hybridization microscopy, and 
experimental evaluation of trapping and binding of 
sediment. Furthermore, we have observed the 
experimental growth of new cone-forming microbial 
mats in situ by designing and digging new channels 
and pools with controlled temperature and flow 
conditions. Together these data illustrate that 
anoxygenic filamentous microorganisms appear to be 
capable of producing similar mat morphologies as 
those seen in Cyanobacteria-dominated systems and 
commonly associated with conical Precambrian 
stromatolites.  
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The Karoo continental flood basalt (CFB) 

province is primarily located in South Africa but also 
contains minor exposures in Antarctica. This ~ 180 
Ma province is composed of tholeiitic lava flows and 
sills as well as a large radiating dyke swarms. The 
origin of the Karoo CFB is still a highly debated topic 
with many different and often times conflicting 
models proposed. The polarity in these models often 
can be traced down to the degree of influence a 
plume and/or the sub-continental lithospheric mantle 
(SCLM) had during the genesis of this magmatic 
province [e.g., 1]. 

Five low-Ti sills intruded into the Western Cape 
Province of the Karoo basin were investigated using 
40Ar/39Ar geochronology. This portion of the Karoo 
CFB province is geochronologically 
underrepresented. These selected sills will not only 
continue to test the synchroneity of emplacement but 
are peculiar as they contain hydrated minerals (biotite 
and hornblende), an unusual feature for Karoo low-Ti 
basalts. For each sample, biotite and/or hornblende 
separates yielded statistically indistinguishable 
40Ar/39Ar (plateau) ages as plagioclase separates. 
These data indicate that the biotite and hornblende 
found within these samples are primary features and 
imply that water must have been present in the 
magma during the crystallization of those sills.  

Where does this water come from? Major and 
trace elements and Sr, Nd, Pb, and O isotopic data 
will also be presented on these rocks in order to test if 
the water present in the system at the time of 
formation came from assimilation of sediments from 
the surrounding basin, the upper crust, or directly 
from one of the mantle sources (eg, 
lithospheric/asthenospheric mantle metasomatized by 
paleo-subduction fluids) inferred in the genesis of the 
Karoo CFB province. 

  
[1] Jourdan, Bertrand, Schärer, Blichert-Toft, Féraud, 
and Kampunzu (2007), Journal of Petrology 48, 
1043-1077.  
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Inadequate treatment and discharge of high-
salinity wastewater to fresh water streams can result 
in surface water contamination with radionuclides, 
metals, and organic constituents that could pose risks 
to aquatic and human health[1-4]. However, little is 
known about the potential accumulation of these 
contaminants in river and lake sediments or the risk 
they could possibly pose to ecosystem services. We 
hypothesize sediment cores can be used as forensic 
tools that record discharges of oil & gas (O&G) 
treated effluent over time, which will help quantify 
risks and guide future O&G wastewater management 
strategies. The sediments may preserve unique 
chemical signatures of O&G wastewater as well as 
changes in watershed energy development. We 
analyzed 2-3m sediment cores in a river-lake 10 km 
downstream of one wastewater facility that 
historically and currently discharges treated O&G 
wastewater brines with TDS> 150,000 mg/L. Major 
element chemistry (e.g., Cl, Br, Na, Sr, Ba) and 
isotope ratios (e.g., 87Sr/86Sr and 228Ra/226Ra) from 
both sediments and porewater identify the relative 
impact of unconventional wastewater versus 
conventional O&G wastewater. Using 7Be, 210Pb, and 
228Ra activities, the sediment intervals were age-
dated. An interval with higher TDS, Cl, Sr, Ba, and 
Ra corresponds to a period of time of maximum 
volume of unconventional wastewater disposal 
(2009-2011).  Radium is present in this interval at 
activities 3-4 times background with high 226Ra/228Ra 
ratios that likely reflect disposal of Marcellus Shale 
flowback and produced waters [5]. Other changes in 
sediment and water quality were also observed 
including, elevated 137Cs, Hg, Mn, and Pb.  

 
[1] Warner, et al., ES&T (2013) 47, 11849–11857. [2] 
Ferrar,  et al., (2013) ES&T  47, 3472–3481. [3] 
Getzinger, et al., (2015) ES&T 49, 8347-8355. [4] 
Skalak, et al., In. J. Coal Geo. (2014) 126, 162-170. 
[5] Rowan, et al., (2011) U.S. Geological Survey 
Report–5135. 
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More than 70% of the continental crust consists 

of Precambrian crystalline basement and in total, H2 
production from water-rock reaction rivals that of the  
marine lithosphere [1]. Fluids from these systems 
indicate their potential isolation over geological 
timescales [2]. In the South African craton, microbial 
life has remained isolated within these H2, He and 
hydrocarbon-rich fluids over tens of millions of years 
[3]. These fluids therefore provide a unique window 
into the Earth’s past and enhance our understanding 
of global H2 and C cycles. Discovery of microbial 
biomes allows insight into their survival in the 
subsurface on geologic timescales and the prevalence 
and evolution of subsurface life. Furthermore these 
systems can potentially inform us about the 
habitability of planets such as Mars. Key questions 
remain regarding the global distribution of fracture 
systems, the timescales they operate over, and their 
degree of isolation. Noble gases are ideal 
geochemical tracers for constraining these variables. 

We present noble gas data from crystalline 
basement fluids from two parts of the Canadian 
Shield. Kidd Creek (KC), the site  for an earlier study 
[2], was resampled after 80 months at 2.4 km depth, 
and new samples were taken from a depth of 2.9 km. 
Samples were also taken from two mines from the 
Sudbury basin. In the deeper levels at KC, the 
greatest radiogenic signals ever measured are 
observed with 40Ar/36Ar ratios reaching 125,000 and 
an 136Xe excess of 90%. This corresponds to an 
average radiogenic in situ residence time of 2.3 Ga. 
The resampled upper level meanwhile shows, as 
hypothesized, a reduction over time in all radiogenic 
excesses and a younger mean residence time of the 
fluids (0.4 Ga). Sudbury mines 1 & 2 have a smaller 
radiogenic excess relative to initial KC, with 
residence times of 0.3 and 0.5 Ga respectively.  

 
 [1] Sherwood Lollar et al. (2014) Nature 516, 379-
382. [2] Holland et al. (2013) Nature 497, 357-360. 
[3] Lin et al. (2006) Science 314, 479-482. 
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The TEX86 paleotemperature proxy [1] has 
experienced a precipitous rise in recognition and 
application, due in part to its capacity to estimate 
temperatures above 30°C, and to the ubiquity of the 
archaeal membrane lipids that comprise it. With 
archaeal taxonomy actively evolving, full constraint 
of the habitats and metabolisms of the organisms that 
contribute to the distribution of TEX86 lipids is not 
yet possible, but studies comparing archaeal lipids 
and community structure offer insights into non-
temperature influences on TEX86. Here we present 
populations and lipid distributions from >300 long-
running aquarium systems using source water from 
North American coasts, the Gulf of Mexico and Lake 
Michigan. To evaluate the effect of microbial 
diversity on lipid distributions we used Illumina 
MiSeq 16S rDNA sequencing to assess whether 
archaeal communities differed along a spectrum of 
TEX86 values and environmental conditions. High 
abundance taxa are identified and compared with 
environmental influences based on measured tank 
parameters, and the diversity of key ecosystems is 
described. Based on UniFrac distance [2] and 
presence/absence data, we demonstrate that salinity is 
a central factor affecting the ecology of tank 
microbial communities. When salinity is omitted, the 
second strongest control on diversity is offset from 
the TEX86 calibration regression, as markedly 
different communities are associated with positive 
and negative residuals. TEX86 estimates that 
substantially overestimate tank temperature were 
associated with fresh water influence, high faunal 
diversity, and microbial communities that are 
significantly different from samples associated with 
proxy temperature underestimations. TEX86 estimates 
below measured temperatures were strongly 
associated with high maximum nitrite concentrations. 
Temperature is also significantly correlated with tank 
archaeal community structure when salinity is 
omitted, albeit less so than offset, with UniFrac-based 
analyses identifying significant differences, 
particularly between communities sampled in tanks 
maintained above and below 18°C. 
[1] Schouten et al. (2002) EPSL 204:265-274. 
[2] Lozupone C., and Knight R. (2005) Applied and 
environmental microbiology, 71(12), 8228-8235. 
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Mid-ocean ridge basalts and peridotites constrain 

the composition of the oceanic mantle and the 
processes it undergoes. Despite decades of work on 
basalts and peridotites recovered from ridges, the 
degree to which these two rock types are co-genetic 
remains the subject of debate. Using a global 
compilation of abyssal peridotite bulk rock and 
mineral compositions (major elements, trace 
elements, and isotopes), I show that the mantle source 
is best represented by a heterogeneous mantle 
consisting of lherzolite, harzburgite, and pyroxenite, 
which combined represent the counterpart to basalts. 

Evidence for the harzburgitic component in the 
source mantle comes from the long-lived radiogenic 
isotopes (Nd, Sr, Hf, Os, Pb). Basalts and peridotites 
have overlapping compositions, with similar 
averages, but peridotites extend to more depleted 
isotopic compositions than basalts. For example, 
some peridotites have Os model ages up to 2 Ga and 
unradiogenic Pb. The different shape of the isotope 
distributions suggests that peridotites preserve a 
record of prior depletion events, which are under-
sampled in basalts. Isotopic depletion requires 
accompanying infertile major and trace element 
compositions, indicating the presence of harzburgitic 
domains in the source mantle. Globally, ultra-
refractory harzburgites, defined as containing <1 wt% 
Al2O3, correspond to ~10% of residual peridotites 
recovered at ridges. These harzburgites may have 
been too refractory to contribute to melt generation, 
particularly when they occur in regions – such as the 
Fifteen Twenty Fracture Zone – that lack a significant 
crustal layer. 

At the other end of the spectrum, pyroxenites 
represent 5% of recovered ultramafic samples. These 
pyroxenites, which cover a large compositional range 
from silica-enriched to silica-poor, have been 
interpreted as the products of recent melt 
crystallization and not as direct pieces of recycled 
oceanic crust. Experimental data predict a much 
higher degree of melting for primary pyroxenites at 
ridges compared to peridotites. Thus, a subset of 
abyssal pyroxenites may represent recycled crust that 
has undergone recent melting and possible reaction 
with the host peridotite. Hence, consideration of the 
full spectrum of material recovered at ridges suggests 
that the source material for basalts is represented 
among abyssal ultramafic samples. 
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Mining environments are a significant and 
increasing component of the global sulfur 
biogeochemical cycle. It is estimated that 7125 
Mt/year of total tailings are produced worldwide [1]. 
Here, the objectives were to establish the sulfur 
geochemistry and microbial community and 
metabolic networks of a Ni/Cu mine wastewater 
system in northern Ontario, Canada. Far less studied 
than AMD, mining wastewater systems receive a 
greater diversity of waste-derived sulfur constituents 
than AMD and are commonly not acidic. Samples 
were collected from the oxidation reservoir and its 
diverse wastewater inputs at two seasonal timepoints 
(September and November 2014) for joint, genome-
resolved metagenomic analyses and geochemical 
characterization. 

  Results identified wide ranging geochemical 
conditions across waste rock, tailings deposit, and 
adjacent mine wastewater inputs and the oxidation 
reservoir itself (pH: <3 - >11; %O2: 13 - >100; °C: 4 - 
25).  In the oxidation reservoir, while total sulfur 
concentrations were very similar, (~10 mM), seasonal 
differences in the relative abundances of different 
sulfur intermediate species associated with lowered 
temperature, and increased %O2 and [NO3

-] occurred. 
Genome-resolved metagenomics analyses 

identified distinct communities with many novel 
organisms across the different sampling points. In all 
communities, extensive oxidative sulfur as well as 
nitrogen reduction (nitrate, nitrite) metabolism 
capabilities were present. These results implicate 
nitrogen, not typically considered in management 
strategies, as an important factor involved in sulfur 
cycling and associated water quality outcomes in 
these waters.  

 
[1] Mudd & Boger (2013), Journal of the Australian 
Institute of Mining & Metallurgy, 56-59. 
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 Volcanic arcs contribute significantly to the 

dissolved flux of elements delivered to the oceans 
and can influence the carbon cycle as well as isotopic 
records of weathering. In order to quantify the 
controls on dissolved lithium (Li) fluxes and Li 
isotope composition during high- and low-
temperature arc weathering, this work explores the Li 
systematics of an active volcanic caldera in Japan, at 
Mount Aso. Li and its isotopes are a promising proxy 
for the intensity of silicate weathering. Studies of 
rivers show a wide range of Li isotopic signatures and 
generally low [Li] [1]. Studies of geothermal systems 
reveal that high temperature rock-water interactions  
tend to yield a narrow range of δ7Li, close to bedrock 
composition, and are highly concentrated in Li [2]. 
However, general understanding of how high- and 
low-temperature reactions conspire to determine the 
signature of weathering from active volcanic fields 
remains lacking.  
 In this study, high spatial resolution 
samples were collected from Aso Caldera over 
multiple field seasons. Major anions and cations, 
trace elements, water isotopes, and δ7Li were 
analyzed. The water composition can be described by 
three endmembers: (i) hot springs, (ii) cold springs 
with relatively short residence times, and (iii) cold 
springs with longer residence times. We use a mixing 
model to quantify the contributions to the flux at the 
single river outlet from the caldera. The significant 
inferred high-temperature dissolved Li flux and the 
accompanying low δ7Li brings into question how 
geothermal fluids could impact other river systems 
and affect the global budget of dissolved Li delivered 
to the ocean over time.  
 
[1] Dellinger et al. 2015. Geoch. Cosmoch. Acta, 
v164, 71-93 
[2] Millot et al. 2007. Applied Geochemistry, v22, 
2307-2325    
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Konhauser et al. proposed that the Great 

Oxidation Event (~2.4 Ga) may have been triggered 
and/or sustained, at least in part, by a reduction in 
methanogen productivity in the Late Archean Eon. 
The methanogen decline would in turn have been 
caused by sharply reduced availability of dissolved 
Ni, which is an essential nutrient for methanogens, in 
Archean oceans [1,2]. This “Ni famine” hypothesis 
followed the observation of relatively high maximum 
Ni/Fe ratios in Archean banded iron formations 
(BIF), a sharp decline in Ni/Fe ratios between 2.7 and 
2.4 Ga, and lower Ni/Fe ratios ever since. Because 
methanogens are known to strongly fractionate the 
stable isotopes of Ni [3], we are working to test the 
“Ni famine” hypothesis by looking for a shift in Ni 
isotope compositions in BIF over time that might 
reflect a Late Archean Eon change in methanogen Ni 
status and might coincide with the observed decline 
in Ni concentrations.  

Our preliminary results indicate that the ocean’s 
Ni isotopic composition has varied considerably over 
geologic time and also point to a likely first-order 
disturbance to the biogeochemical cycle of Ni 
between 2.7 and 2.4 Ga. We have analyzed bulk 
samples from BIF for which Cr isotopes were 
previously published [4]. We find that nearly all the 
samples are significantly lighter in terms of 
δ60/58NiSRM986 than modern seawater, which has 
δ60/58NiSRM986 = 1.4 ‰ [5]. How Ni isotopes 
fractionated during incorporation into BIF from 
Precambrian seawater is unknown, as are effects of 
diagenesis, but, using experimental results from [6], 
average δ60/58NiSRM986 for Precambrian seawater can 
be roughly estimated from our results as ~0.9 - 1.0 ‰ 
Additionally, we observe the very heaviest and very 
lightest Ni isotope compositions in those BIF samples 
aged 2.7-2.4 Ga, indicating significant changes in the 
controls on δ60/58NiSRM986 in these samples relative to 
the rest of the Precambrian.  

 
 

[1] Konhauser et al. (2009) Nature 458,750; [2] 
Konhauser et al. (2015) Astrobiology 15,804; [3] 
Cameron et al. (2009) PNAS 106,10944; [4] Frei et 
al. (2009) Nature 461, 250; [5] Cameron and Vance 
(2014) GCA 128,195; [6] Wasylenki et al. (2015) 
ChemGeol 400,56. 
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Introduction 
There is a shortage of hydroperoxide data in the 

high-altitude atmosphere over East Asian countries 
including Japan. The aim of this study is to measure 
hydroperoxide in the high-altitude atmosphere by a 
HPLC system using a helicopter and the potential 
capacity for oxidation of SO2 over a rural site in 
Japan is discussed.  

Results and discussions 
Measurements of the concentrations of 

hydroperoxides, O3, SO2 and NOX* over Imizu City, 
Toyama, Japan were performed using a helicopter. 
The concentrations of hydroperoxides were analyzed 
by a HPLC system within 5-10 minutes after the 
sampling.  

The H2O2 concentration was lowest at the surface 
and highest concentration was detected in the upper 
boundary layer. The MHP was also higher in the 
high-altitude atmosphere. Significantly high 
concentrations of hydroperoxides were observed 
when air pollutants might have been transported from 
China in summer. In summer and early autumn, the 
concentration of H2O2 was higher than that of SO2 
above 4,000 ft (about 1,200 m) where potential 
capacity of SO2 oxidation in the aqueous phase is 
large. High concentrations of hydroperoxides (> 50-
100 μM) in cloud water have been observed 
frequently in summer or early autumn at Mt. 
Tateyama located about 50 km east from Imizu City. 

A helicopter is useful for measurements of 
hydroperoxides in the high-altitude atmosphere by a 
HPLC system equipped in a laboratory. 
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The Hayabusa2 mission journeys to a C-type 
near-earth asteroid (162173) Ryugu (1999 JU3) to 
conduct detailed remote-sensing observations and 
return samples from the surface. The Haybusa2 
spacecraft developed by Japan Aerospace Exploration 
Agency (JAXA) was successfully launched on 3 Dec. 
2014 by the H-IIA Launch Vehicle and performed an 
Earth swing-by on 3 Dec. 2015 to set it on a course 
toward its target. The spacecraft will reach Ryugu in 
the summer of 2018, observe the asteroid for 18 
months, and sample surface materials from up to 
three different locations. The samples will be 
delivered to the Earth in Dec. 2020. 

Ground-based observations of Ryugu have 
obtained a variety of optical spectra. Some reported 
absorption ~0.7 μm, and steep red slope in the short 
wavelength region, suggesting hydrated minerals. 
Some others, however, obtained flat spectra without 
such features. This variety may reflect surface 
chemical inhomogeneity. Through deciphering 
memories recorded on the asteroid, Hayabusa2 aims 
at increasing our knowledge of the material mixing 
and transfer processes in the early solar system, 
mineral-water-organic intereactions on planetesimals, 
and dynamical processes, such as impact [1]. 

Hayabusa2 carries a sampler and four onboard 
remote-sensing instruments: a multi-band optical 
imager (ONC-T), a laser altimeter (LIDAR), a near 
infrared spectrometer covering 3-μm absorption band 
(NIRS3), and a thermal infrared imager (TIR). It also 
has three small rovers of MINERVA-II and a small 
lander MASCOT (Mobile Asteroid Surface Scout) 
developed by German Aerospace Center (DLR) and 
French space agency CNES. Further, Hayabusa2 has 
impact experiment devices, which consist of a small 
carry-on impactor (SCI) excavating underground 
materials and a deployable camera (DCAM3) to 
observe the ejecta curtain. The interdisciplinary 
research using the data from these onboard and 
lander’s instruments and the analyses of returned 
samples is the key to the success of the mission.  
[1] Tachibana et al. (2014) Geochem. J. 48, 571-587. 
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Understanding of past environmental and 

geochemical changes is significant issues to estimate 
global climate variation. Therefore, these changes 
have been studied by continuous terrestrial sediments 
(lake and soil sediments, as well as loess deposits) 
[1,2]. The high-time resolution past environmental 
changes, especially monsoon fluctuations, have been 
reported in previous studies using geochemical 
signatures in stalagmites from Asian caves [3,4]. 
However, continuous climate records in Tibetan 
plateau have not yet been cleared, which a key area to 
understand mechanism of monsoon fluctuations [5]. 
In this study, mean grain size and geochemical 
proxies from lake sediment cores from south Tibetan 
plateau were used for estimation of past monsoon 
changes during Holocene.  Mean grain size of the 
sediment cores from Tibetan plateau varied widely, 
and the fluctuations were coincident with monsoon 
changes from the stalagmites in caves. Besides, 
spectral analysis of the mean grain size in the Tibetan 
lake also indicated 1000-1500 years climate cycles, 
which might be caused by the changes in solar 
activities. These monsoon fluctuations based on the 
mean grain size were also supported by geochemical 
proxies, such as relative abundance of sodium, 
potassium, titanium, rubidium and strontium in this 
study. This work was partly supported by a Grant-in-
Aid for Scientific Research (A) from JSPS (FY2013-
2016, No. 25247082). 
 
 [1] Watanabe et al. (2004) Earth Planet. Sci. Lett. 
222, 285-299. [2] Watanabe et al. (2009) Earth 
Planet. Sci. Lett. 286, 347–354. [3] Wang et al. 
(2001) Science 294, 2345–2348. [4] Fleitmann et al. 
(2003) Science 300, 1737–1739. [5] Watanabe et al. 
(2010) Chem. Geol. 277, 21-29. 
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Molybdenum (Mo) is known as a redox sensitive 
element that indicates global redox change in palaeo 
environment. Although tungsten (W) belongs to the 
same group with Mo in the periodic table and has 
similar chemical properties, their solid-water 
distribution behaviors are defferent in modern oxic 
sea water [1]. However, the factors controlling their 
behaviors in palaeocean are not well known, because 
few studies have been conducted about speciation of 
them in anoxic and euxinic sediments. In this study, 
we determined chemical species of Mo and W in 
black shale in early Cambrian black shale where 
oceanic anoxic event was occured. Early Cambrian 
black shale widely exposed on the Yangtze Platform 
of South China was studied here [2]. Mineralogical 
information was examined by observation with 
optical microscope. Chemical species of Mo and W 
were determined by X-ray absorption fine structure 
(XAFS). For high sensitive measurement of W, Bent 
Crystal Laue Analyzer (BCLA) were introduced in 
front of the detector. 

Concentration of Mo in the black shale was high 
(>5000 ppm), and its main chemical species was 
mainly Mo(IV)S2. Linear combination fitting of 
obtained spectra indicated the presence of Mo 
adsorbed on pyrite suggesting that Mo was adsorbed 
on sulfide minerals such as pyrite and subsequently 
transformed to molybdenite. On the other hand, 
concentration of W in the black shale was much 
lower (30 ppm). Here introduction of BCLA 
successfully reduced interference X-rays of abundant 
scattering X-rays, and Ni Kβ  and Zn Kα lines which 
allow us to measure W L3-edge XAFS spectra. The 
spectra showed that W formed both sulfur-coodinated 
and oxigen-coordinated species in euxinic sediment. 
These species were derived from different 
distribution mechanisms such as (i) adsorption to 
sulfide minerals as sulfur-coordinated, and (ii) 
coprecipitation with carbonates as oxygen-
coordinated species.  

 
[1] Kashiwabara et al. (2013) Geochim. Cosmochim. 
Acta 75, 5762–5784. [2] Xu et al. (2013) Ore Geol. 
Rev. 52, 66-84. 
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Systematic temporal variations in the PGE 

contents of komatiites have previously been 
interpreted to represent a slow mixing of late veneer 
components into the mantle, with mantle PGE 
concentrations reaching present day levels at ~3.2 – 
2.9 Ga [1]. Subsequent studies have challenged this 
view, and argue for little change in the PGE contents 
of komatiite sources between ~3.5 – 2.7 Ga [2]. 
However, both datasets suffer from significant 
temporal gaps, particularly in the Mesoarchaean and 
Proterozoic, which hamper the observation and 
interpretation of temporal trends in komatiite PGEs. 

We present new PGE data from the 1.9 Ga 
Winnipegosis komatiites (Manitoba, Canada), and 
preliminary PGE data from the 3.0 Ga Prince Albert 
komatiites (Nunavut, Canada), with a view to filling 
crucial gaps in the temporal record of komatiite PGE 
[1]. Winnipegosis komatiites show Pt concentrations 
of 6.3 ± 0.5 ppb, corrected to 25 wt% MgO, identical, 
within uncertainty, to the 3.5 Ga Komati formation 
komatiites [2]. When the new data is compiled with 
previous komatiite studies, we find considerable 
scatter in the corrected Pt contents of komatiites of a 
given age, and no statistically robust evidence of a 
temporal trend in komatiite PGEs. However, 
concentrations of Ir and Os are considerably lower in 
the Winnipegosis samples than those from Barberton, 
leading to distinct, more fractionated chondrite-
normalised PGE patterns. 

In light of recent partitioning studies [3], we 
discuss controls on the PGE concentrations of 
komatiitic melts, and demonstrate that differences in 
the conditions and extent of melting can lead to 
varying PGE concentrations and relative abundances. 
This work suggests that komatiite PGE 
concentrations alone may not provide robust 
estimates of the PGE abundances of the mantle 
through time. 

 
[1] Maier et al. (2009) Nature 460, 620 – 623. 
[2] Puchtel et al. (2014) GCA 125, 394 – 413. 
[3] Mungall and Brenan (2014) GCA 125, 265 – 

289. 
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The concentrations of CO2 and H2O in obsidian 

pyroclasts are used in reconstructions of volcanic 
degassing processes [1-3]. The degassing models that 
can reproduce the elevated CO2/H2O ratios in 
volcanic glass from Mono Craters, California, include 
degassing of a CO2-rich parent melt [1],  fluxing of a 
CO2-rich vapor through shallow, previously degassed 
magma [2], and slow diffusion of CO2 [3]. This study 
is motivated, in part, by the desire to find a 
geochemical measurement that can distinguish 
between these models. 

We present area maps of CO2 and H2O profiles 
from eight pyroclastic obsidian clasts from Mono 
Craters using Fourier Transform Infrared 
Spectroscopy (FTIR). We document relatively large 
intraclast heterogeneities in dissolved H2O and CO2 at 
the sub-millimeter scale. The lifetime of these 
heterogeneities inferred from diffusion modeling is 
approximately tens of minutes to hours, and hence 
their preservation requires a mechanism for frequent 
re-introduction of dissolved volatiles into the melt at 
the sub-millimeter scale. We conclude that obsidian 
fragments are assembled from non-equilibrated melt 
parcels, rewelded ash and vapor pockets during 
shearing accompanied by repeated fracturing and 
healing. This process can self-consistently explain the 
observed heterogeneities, the existence of flow bands, 
the presence of both cuspate and sheared vesicles, 
hydrogen isotopic characteristics, and previously 
inferred cycles of bubble growth and resorption 
during magma ascent. Some of the clasts have bands 
or patches of elevated CO2 associated with clusters of 
cuspate vesicles, which are interpreted to represent 
healed fractures or collapsed foams that were filled 
with a CO2-rich vapor. 
 
[1] Newman et al. (1988) Journal of Volcanology and 
Geothermal Research, 35, 75-96. [2] Rust et al. 
(2004) Geology 32, 349-352. [3] Gonnermann and 
Manga (2005) Earth and Planetary Science Letters, 
238, 1-16. 
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Many coastal floodplains have been artificially 
drained for agriculture, altering hydrological 
connectivity and the delivery of groundwater-derived 
solutes including CO2 and CH4 to surface waters. 
Here, we investigated the drivers of CO2 and CH4 
within the artificial drains of a coastal floodplain 
under sugarcane plantation, and quantify the relative 
contribution of groundwater to CO2 and CH4 fluxes 
over a flood. High temporal resolution, in situ 
observations of dissolved CO2 and CH4, stable 
isotope (δ13C-CH4), and a natural groundwater tracer 
radon allowed us to quantify CO2, CH4 and 
groundwater dynamics during the rapid recession of a 
flood over five days. Extreme super-saturation of CO2 
(25,480%) was driven largely by mass groundwater 
input into the drains, facilitated by the creation of a 
large hydraulic head between the surface water and 
groundwater. Groundwater input sustained the CO2 
flux by delivering high carbonate alkalinity 
groundwater to acidic surface water, consequently 
transforming all groundwater-derived DIC to CO2. In 
contrast to CO2, groundwater was not a major driver 
of CH4 fluxes. Instead, the flood appeared to 
indirectly enhance CH4 fluxes through the delivery of 
organic matter substrates to the drain sediments. This 
resulted in large diurnal oscillations in CH4 
concentrations (101,690%) driven by production and 
oxidation at the sediment-water interface. Our 
findings demonstrate how separate processes can 
drive the CO2 and CH4 response to a flood event in a 
drained coastal floodplain, and the key role 
groundwater has in post flood CO2 fluxes. 

 
Figure 1: Summary of the major drivers of peak CO2 
and CH4 fluxes in artificial drains post-flood event. 
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Gold is heterogeneously distributed across the 
Beebe hydrothermal vent field, an active vent system 
developed on basaltic crust at 4960m below sea level 
in the Cayman Trough. Analysis of a range of 
chimney types and hydrothermal precipitates from 
the vent field shows that the highest gold contents (up 
to 93 ppm) are found within beehive ‘diffuser’ 
chimneys, which develop a highly porous pyrrhotite 
framework. This structure allows vent fluids to effuse 
slowly while allowing ingress of seawater to cool the 
fluid. The prevalence of pyrrhotite in the samples, 
lack of sulfates, association between pyrrhotite and 
gold grains, and results of thermodynamic modelling, 
suggests gold precipitates under highly reduced 
conditions within beehive chimneys even during 
mixing with seawater. In contrast, focussed high 
temperature chimneys, with a single orifice, maintain 
high temperatures to the primary vent orifice and 
much of the gold is lost to seawater. Despite this, the 
high temperature chimneys are relatively gold 
enriched, which hints at a further underlying cause 
for high gold at the BVF such as interaction with 
mantle-derived peridotite. Estimates of the depth of 
hydrothermal circulation from SiO2 
geothermobarometry, coupled with observations of 
the extreme thinness of crust at the Cayman Trough, 
indicate that the hydrothermal cell may extend below 
the basaltic crust and interact with peridotite. Since 
peridotite has been shown to be gold-rich compared 
to the basaltic product of partial melting, it may 
represent a source for anomalously high gold at the 
BVF. 

The BVF adds to growing evidence that slow- 
and ultraslow- spreading mid-ocean ridges are 
particularly conducive to producing gold-rich 
hydrothermal deposits.  
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The Marine Isotope Stage (MIS) 3 stands out due 
to frequent and abrupt changes from cold stadials to 
warm interstadials, the Dansgaard-Oeschger (DO) 
cycles [1]. Our knowledge about the Eurasian 
temperature anomalies during DO cycles is poor, 
although crucial for our understanding of glacial 
atmospheric teleconnection patterns. Here, we present 
the first continental temperature record from the 
formerly isolated Black Sea “Lake” for the period 
between 64 and 20 ka BP. Based on the TEX86-
paleothermometer, temperature amplitudes of up to 
4° clearly coincide with DO cycles suggesting a deep 
inland propagation of northern hemisphere climate 
variability [2]. By using e.g. major and trace 
elements, n-alkane fluxes, and Sr/Caostracods, we also 
reconstruct the environmental response to these 
climate changes in the formerly lacustrine Black Sea 
[3]. During the warm and more humid interstadials, 
the Black Sea “Lake” became fresher and more 
productive and the water level probably increased. 
During the colder and more arid stadials the 
freshwater supply was reduced and productivity was 
low. Aridity and stronger westerly winds favoured 
the input of aeolian transported detritus. As reflected 
e.g. by the amount of coastal ice-rafted detritus, the 
long-term pattern suggest a strong influence of the 
orbital-driven changes in the Eurasian ice volume and 
associated atmospheric circulation patterns over the 
Black Sea region. 

 
[1] Dansgaard et al. (1993) Nature 364, 218-220. [2] 
Wegwerth et al. (2015) Geophys Res Lett 42, 8147-
8154. [3] Wegwerth et al. (2016) Quat Sci Rev 135, 
41-53. 
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Dams and wetlands acta as large scale 

biogeochemical reactors which transform carbon and 
nutrient species, reduce their fluxes via sedimentation 
and accumulation of biomass, and emit greenhouse 
gases to the atmosphere. We specifically addressed 
the question how large hydropower reservoirs 
changed the seasonality and overall availability of 
nutrients to the downstream ecosystems and how the 
biogeochemistry of large wetlands was affected by 
upstream reservoirs.  

Detailed sedimenta analysis in the Kariba 
reservoir revealed that 70 and 90% of the total N and 
P inputs, respectively, were eliminated by 
sedimentation and denitrification [1,2] with 
significant effects on the downstream ecosystems, 
such as the protected wetlands of the Kafue Flats [3]. 
In order to optimize nitrogen delivery to the 
downstream ecosystems, a biogeochemical modeling 
study recommended improved turbine intakes at the 
Itezhi-Tezhi dam [4]. The carbon footprint of tropical 
hydropower reservoirs has been a matter of intense 
debate. Using sonar techiques to track bubble 
emissions, a study on Lake Kariba confirmed that 
also old hydropower reservoirs produce significant 
methane emissions [5]. 

Large tropical wetlands can act as important 
organic matter sources to their river system [3] and 
their functionality changes when flood intensities are 
reduced by upstream reservoirs [6,7]. Continuously 
recording sensors revealed distinct hysteresis patterns 
in the river water which provide integral information 
of primary production, respiration and nutrient 
cycling in the floodplain. Detailed analysis of the 
main biogeochemical reactors in large river systems 
allows constructing future scenarios of the effects of 
new hydropower schemes and the transformation of 
riparian wetlands into disconnected cropland. 

 
[1] Kunz et al. (2011) JGR, 116, G03003. [2] 

Kunz et al. (2011) WRR, 47, W12531. [3] Zurbrügg 
et al. (2013), Biogeosci. 10 23-28. [4] Kunz et al. 
(2013) WRR, 49, 5570-5584. [5] DelSontro et al. 
(2011) ES&T, 45, 9866-9873. [6] Zurbrügg et al. 
(2012) JGR, 117, G03008. [7] Zuijdgeest et al. 
(2015) Biogeosci. 12, 7535-7547. 
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Marine biological carbonate has the potential to 

record seawater Mo isotopic composition of 
geological periods. However, the Mo isotope 
fractionation between biological carbonate and 
seawater has not been well known. Given that Mo is 
actively involved in many biological processes, 
fractionation of Mo isotopes during biological 
calcification. We here report a 32-years Mo isotope 
time series of a Porites coral from the Great Barrier 
Reefs of Australia in annual resolution. The results 
indicate that the coral δ98/95Mo (relative to NIST 
3134a) vary from 0.46‰ to 1.83‰. These values are 
all smaller than that of the seawater, represented by 
the IAPSO seawater standard, which was measured 
along with the coral samples, yielding δ98/95Mo of 
2.08±0.18 (2SD, n=5). This suggests that significant 
and non-constant fractionation of Mo isotope occurs 
between coral and seawater, and coral is likely not 
adequate to reconstruct seawater Mo isotopic 
compositions in geological history. 

The variations of the coral δ98/95Mo show robust 
negative correlation with the Mo concentrations (r=-
0.82, p<0.0000001), and moderate positive 
correlation with sea surface temperature (r=0.50, 
p<0.002). Preferantial uptake of Mo from seawater by 
coral polyps and selective consuming Mo by 
zoozanthellae during photosynthesis with smaller 
δ98/95Mo are likely the key for such variations. In 
details, high temperature enahnces photosynthesis, 
and more Mo that have been taken up into the polyps 
is consumed, resulting in less Mo but with higher 
δ98/95Mo to be incorporated into aragonite skeleton. 
Such biological-controlled fractionation will enable 
Mo isotope to potentially be used as proxy for 
biological processes in corals. 
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Nitrogen is an essential element for biological 
activity and nitrogen isotopes in black shale record 
significant information of both biological process and 
environmental evolution[1]. However, researches of 
N isotope in the early Cambrian are still sparse[3]. In 
this study, we use trace elements, sulphur isotopes 
and nitrogen isotopes of cherts, black shales and 
carbonaceous shales of a drill core at Daotuo, 
Songtao County in northeastern Guizhou Province, 
China, to reconstruct the redox structure of the early 
Cambrian seawater. 

The Mo-U covariation of the black shales in the 
Daotuo drill core indicates that the Yangtze basin was 
weakly restricted and connected to the open ocean 
through shallow water parts. At the upper Liuchapo 
Fm (early Cambrian Fortunian), low Mo and U 
concentrations (<10ppm) and relatively high δ34Spy 
(15.91‰) in the cherts and black cherts suggest an 
anoxic, but not euxinic condition and low sulphate 
concentration of the seawater. High δ15Nbulk (>3‰) 
represents a relatively deep chemocline and mildly 
oxygenated surface seawater. The lower 
Jiumenchong Fm. (upper Cambrian Stage 2 and 
lower Stage 3) containing a polymetallic sulfide-rich 
layer, has the highest molybdenum concentration 
(>100ppm), the lowest δ34Spy (-16.80‰) and lowest 
δ15Nbulk values (<-3‰), suggesting the euxinic 
seawater caused by bacterial sulphur reduction (BSR) 
in the shelf margin area with increase of seawater 
sulphate concentration and a shallow chemocline 
with anoxic even euxinic photic zone after the 
widespread transgression event[2]. In the middle 
Jiumenchong Fm. δ34Spy values return to the 
relatively high level (average 8‰) and δ15Nbulk values 
are between -2‰ and 2‰, indicating anoxic seawater 
with the decline of BSR, which probably represents a 
biological negative feedback on environment as 
deposition of molybdenum and nutrient elements 
would reduce the primary production for sulphate 
reducedbacterias, leading to the depression of 
sulphidic seawater.  

 
[1]Ader et al. (2014) Earth Planet. Sci. Lett. 396, 1-
13. 
[2]Lenton et al. (2014) Nat. Geosci. 7(4), 257-265. 
[3]Wang et al. (2015) Precambrian Res. 267, 209-
226. 
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Pseudomonas species, which include plant 

growth-promoting bacteria, can thrive in diverse 
nutritional environments due to their extensive 
metabolic capabilities. Of special interest is how 
beneficial soil Pseudomonas tune their intracellular 
carbon metabolism in response both to crop-specific 
root exudates and soil nutritional content. A 
fundamental understanding of the underlying 
metabolic response mechanisms will advance our 
knowledge of belowground carbon dynamics 
mediated by these bacteria. 

Here we investigated the order of preferential 
metabolism (i.e. metabolic hierarchy) of common 
root exudates (glucose, succinate, citrate) in 
Pseudomonas putida KT2440 in response to iron (Fe) 
limitation.  As expected, in contrast to Fe-replete P. 
putida, Fe-limited P. putida produces secretions that 
can mobilize µmolar Fe from Fe-bearing minerals 
common in soils. The extent of this promoted 
dissolution, however, was dependent on the growth 
substrate. Intracellular metabolite labeling following 
13C tracer experiments with the mixed substrates 
revealed that, in response to Fe limitation, P. putida 
reprograms metabolic pathways to ahieve specific 
substrate hierarchies: glucose over succinate and 
citrate over glucose (Figure 1). We elucidated two 
potential consequences of these metabolic switches: 
(1) enhanced carbon fluxes towards metabolite 
precursors for siderophore biosynthesis and (2) a 
coupling between substrate-dependent Fe scavening 
and preferential substrate uptake.   

Figure 1. Schematic illustration of the Fe-dependent 
metabolic routing of mixed-substrate utilization in P. 
putida KT2440. 
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Cadmium (Cd) isotopes in plants provide new 

insights into biological processes, such as Cd uptake, 
transport and storage mechanisms. In the present 
study the Cd-tolerant Ricinus communis and Cd-
hyperaccumulator Solanum nigrum were cultivated 
under controlled conditions in a nutrient solution with 
variable Cd supply, in order to test the isotopic 
fractionation of Cd during plant uptake. The Cd 
isotopic compositions of nutrient solutions and 
organs of the plants were measured by multiple 
collector inductively coupled plasma mass 
spectrometry (MC-ICPMS). The Cd isotope mass 
balance yields isotope fractionations between plant 
and Cd source (δ114/110Cdorgans-solution) from -0.70‰ to -
0.22‰ in Ricinus communis and from -0.51‰ to -
0.33‰ in Solanum nigrum. Moreover, Cd isotope 
fractionation during Cd transport from stem to leaf 
differs between the Cd-tolerant and -
hyperaccumulator species. Based on these results, the 
processes (diffusion, adsorption, uptake or 
complexation), which may induce Cd isotope 
fractionation in plants, have been discussed. Overall, 
the present study indicates potential applications of 
Cd isotopes for investigating plant physiology. 
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financially supported by the National Basic Research 
Program of China (973 Program) 
(No.2014CB238906), Project of Chinese Academy of 
Sciences (No. XDB15020401) and the Feature 
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Sciences (Comprehensive Technical Scheme 
and Integrated Demonstration for Remediation of 
Soil and Groundwater in Typical Area). 
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Fluorine, one of the most common mineralizing 

elements, is important for understanding the 
magmatic-hydrothermal mineralization process [1-2]. 
Experimental data show that, in intermediate-acidic 
magmatic systems (SiO2 between 45 wt. % and 65 
wt. %), fluorine is preferentially incorporated into 
fluid phase (DF

fluid/melt＞1) [3-5]. The intermediate - 
acidic intrusive bodies in Baogutu area (West 
Jungger, Xinjiang) show large differences of 
mineralization features [6-7]. The fluorine content of 
weakly, moderately and strongly mineralized 
intrusions are 204ppm ~ 512ppm (average value of 
369ppm), 287ppm ~ 573ppm (average value of 
427ppm) and 466ppm ~ 811ppm(average value of 
639ppm) respectively. Obviously higher values in 
strongly mineralized intrusions signify the 
importance of fluorine during magmatic-
hydrothermal mineralization process. In addition, 
higher fluorine content is well coincided with copper 
mineralization, suggesting that fluorine is helpful on 
copper migration. 

 
 [1] Webster JD (1990) Contrib. Mineral. Petrol. 104, 
424-438. [2] Keppler H (1993) Contrib. Mineral. 
Petrol. 114, 479-488. [3] Xiong et al. (1998) 
Geochimica 27, 66-73. [4] Chevychelvo et al. (2008) 
Chemical Geology 256, 172-184. [5] Borodulin et al. 
(2009) Doklady Earth Science 427, 233-238. [6] Shen 
et al. (2009) Acta Petrologica Sinica 25, 777-792. [7] 
Cao et al. (2013) Ore Geology Reviews 56, 159-180. 
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Chromium isotope is an emerging and excellent 
proxy to trace atmospheric oxygenation evolution. In 
this study, we analyzed coherent chromium isotopic 
compositions from the Doushantuo and Dengying 
formations in the Yangtze Gorges area and the 
Dengying and Zhujiaqing formations in the Xiaotan 
section for the first time. After excluding the detrital 
effects on Cr isotope, we obtained authigenic Cr 
concentrations and Cr isotopic compositions. 
Additionally, in DST-III, Daibu and Zhongyicun 
members, samples with relatively high authigenic Cr 
concentrations always have low δ53Cr values within 
or approaching the δ53Cr values of BSE [1]. 

Results indicate that from Ediacaran to early 
Cambrian, there are three primary atmospheric 
oxygenation in Earth surface: first occurred in middle 
Ediacaran (δ53Cr up to 0.97‰), resulting in the 
Shuram/Wonoka event together with an anoxia event 
in surface seawater; Second occurred in late 
Ediacaran as well as oxidation in shallow seawater 
(δ53Cr ranging from 0.81‰ to 0.96‰), related to the 
appearance of Ediacaran biota; Third occurred in Ed-
C transition (δ53Cr up to 1.15‰), related to first 
appearance of Cambrian animals (SSFs). The 
fluctuation of δ53Cr values in DST-III, Daibu and 
Zhongyicun members is derived from the dilution of 
unfractionated Cr (III) which accumulated in water 
column by complexation with dissolved organic 
matter under high chemical weathering rate (high 
87Sr/86Sr values) and subsequently was released from 
the the dissolved organic matter which is oxidized by 
enhanced oxidative weathering input of sulfate [2]. 
 

[1] Schoenberg et al. (2008) Chem. Geol. 249, 
294–306.  [2] McFadden et al. (2008) Proc. Natl. 
Acad. Sci. USA 105, 3197–3202 
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Al-substituted iron oxides structurally is a general 

mineralogical phenomena in soils, and they play 
important roles in biogeochemical process of soil 
elements. The present study focused on the 
structurally stabilization of two metal cations with 
different valence, i.e. Cd(II) and Cr(III), during the 
Fe(II)-induced phase transformation of Al-substited 
ferrihydrite. The binding stabilities of these two 
cations affected the transformation pathways of Al-
ferrihydrite through affecting the intensity of bound-
Fe(II) on the surface Al-ferrihydrite. During the 
Fe(II)-induced Al-ferrihydrite transformation, less 
divalent cation of Cd(II) were stabilized in Al-
ferrihydrite compared with the thivalent cation of 
Cr(III), much of which were adsorbed on and 
structurally stabilized in the transformed iron oxides. 
Al-ferrihydrite with higher ratio of substitued Al 
stabilized more cations. The same trivalence and the 
more similar ionic radii of Cr(III) with that of Al and 
Fe in the Al-ferrihydrite lead to higher incorporation 
of Cr(III) in formed secondary iron mienrals from the 
Fe(II)-induced transformation of Al-ferrihydrite, 
compared with that of Cd(II). Accopanying with the 
structrually incorporation of the metals, Al and Fe 
were released during Fe(II)-induced reactions, and 
the concentrations increased quickly firstly and then 
kept constant over the reaction time. The Cr and Cd 
K-edge EXAFS characterization of the formed 
secondary minerals further confirmed the structurally 
incorporation of these two metals during Fe(II)-
induced phase transformation of Al-ferrihydrite , in 
which the concentration of incorporated Cr was much 
higher than Cd. However, the substituted sites (Al- or 
Fe- ?) of the cations in transformed Al-ferrihydrite  
are still needed to be further explored.  
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 Hawaiian volcanoes form two chains, the 

Loa and Kea trends, which are geographically and 
geochemically distinct [1,2]. We explore the isotopic 
characteristics (high-precision Pb-Nd-Sr-Hf) of two 
“Kea”-trend volcanoes (Kohala and Haleakala) with 
transitional isotopic signatures at their shield-building 
stage to assess the degree of independence between 
the two trends of the Hawaiian mantle plume (HMP). 
In all isotopic systems, these samples are 
intermediate between Loa and Kea compositions and 
cross-over the Pb-Pb boundary [3]. They extend the 
Pb-Pb trend of W. Maui and E. Molokai, with 
distinctly lower 208Pb/204Pb for a given 206Pb/204Pb. 
Statistical analysis of the MC-ICP-MS or triple-spike 
shield tholeiite data (n>600) and the existence of 
three Pb-Pb trends originating from average Loa 
composition indicate that Loa is the dominant mantle 
source composition on the archipelago. Isotopically, 
four geochemical groups are identified, in order of 
increasing 208Pb*/206Pb*, 87Sr/86Sr and decreasing εHf, 
εNd: transitional Kea (E. Molokai, W. Maui, 
Haleakala, Kohala), Kea (Mauna Kea, Kilauea), 
average Loa (Mauna Loa, Hualalai, Kauai, Waianae, 
W. Molokai, Loihi), and enriched Loa (Koolau 
Makapuu, Lanai, Kahoolawe). 
 
 The implications are: 1) the HMP is 
bilaterally zoned, perpendicular to the edge of Pacific 
LLSVP, with an overal gradation in 208Pb*/206Pb* [4], 
εHf, εNd; 2) HMP source components refresh and 
grade into and out of existence on a smaller timescale 
than previously thought; 3) the Loa component 
dominates volumetrically the islands and could 
account for the large increase in volume flux over the 
last 5 Myr [5]; 4) the Kea trend source is 
heterogeneous but to a smaller extent than the Loa 
trend source; and 5) vertical heterogeneity of the 
plume is important on a regional scale and at the 
scale of individual volcanoes.  
 
[1] Jackson et al. (1972) GSA Bull. 83, 1-17. [2] Weis 
et al. (2011) Nat. Geosci. 4, 831-8. [3] Abouchami et 
al. (2005) Nature 434, 851-6. [4] Farnetani et al. 
(2012) EPSL 359-60, 240-7. [5] Wessel (2016) 
Geoph. J. Int. 204, 932-47.  
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Warmer temperatures and elevated atmospheric 
CO2 concentrations over the last several decades have 
been credited with increasing vegetation activity and 
photosynthetic uptake of CO2 from the atmosphere in 
the high northern latitude ecosystems: the boreal 
forest and Arctic tundra. At the same time, fire 
frequency and severity are increased, and some 
regions of the boreal forest show signs of stress due 
to drought or insect disturbance. Here we examine 
CO2 fluxes from northern boreal and tundra from 
1986 to 2012 estimated from two inverse models (1. 
using the NIES/FRCGC transport model at 
JAMSTEC and 2. using the TM3 model at the MPI-
BGC). We have also used the normalized difference 
vegetation index (NDVI), as a proxy for 
photosynthetically active aboveground biomass, 
produced by NASA-GIMMS from measurements of 
the Advanced Very High Resolution Radiometer 
(AHVRR) satellite . Both inverse models used 
atmospheric CO2 concentrations and wind-fields from 
interannually variable reanalysis. In the arctic zone, 
the latitude region above 60°N excluding Europe 
(10°W – 63°E), neither model finds a significant 
long-term trend in annual CO2 balance. The boreal 
zone, the latitude region from 50°N to 60°N, again 
excluding Europe, absorbed an extra 8–11 TgC yr-1 
over the period from 1986 to 2006, resulting in an 
annual CO2 sink in 2006 that was 170–230 TgC 
larger than in 1986. In both latitudinal zones, the 
seasonal amplitude of monthly CO2 fluxes increased 
due to increased uptake in summer. The uptake 
increase in summer in the arctic zone is nullified by 
increased fall CO2 release for maintaining the 
constant annual uptake. Both models showed a 
seasonal flux amplitude increase of nearly 1% yr-1 in 
the arctic zone, over twice the trend in the boreal 
zone fluxes. These findings suggest that the boreal 
zone has been maintaining and likely increasing CO2 
sink strength over this period, despite browning 
trends (decreased NDVI) in some regions, changes in 
fire frequency and land use. Our results showed no 
indication of a large-scale positive climate-carbon 
feedback caused by warming temperature on high 
northern latitude terrestrial CO2 fluxes as of 2012. 
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Abstract:Electro-geochemistry surveys were 

undertaken over known volcanic-type uranium 
deposits at Xiangshan basin and Shengyuan basin to 
assess the utility of the technique for identifying such 
deposits in the Huxi area, Jiangxi province, China. 
The method used in the research was the electro-
geochemical technique which is capable of collecting 
larger volumes of mobilized metal ions on coated 
positive and negative electrodes placed in the two 
holes between 100cm at about 20-40cm depth in the 
soil , connected with 9V DC battery, poured the 15% 
concentrated nitric acid ,backfilled the soil and left 
for about 48h. The electrode units are unearthed; the 
absorbent coatings scaled out and digested for U, Th 
and Mo analysis by ICP-MS for comparison. The 
results show the clear electro-geochemical anomalies 
of U, Th and Mo were detected over the containing 
uranium veins at the two sites. The anomalous 
elements responsive to mineralization at the both 
known ore sections were found to be probably 
reflecting the concealed ore bodies. The formation 
mechanism of the recorded U, Th and Mo anomalies 
are uncertain, but the studies we carried out 
demonstrated that the electro-geochemical technique 
can be applied in search for concealed uranium 
deposits. 

Key words: electro-geochemical 
technique,volcanic-type uranium deposit 
exploration,Xiangshan area  
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The high-latitude position, landlocked character, 
special hydrology and bathymetry make the Arctic 
Ocean unique in comparison to the other oceans. Due 
to its characteristics, the sediment record from the 
deep sea basin becomes an important archive for 
reconstructing paleoclimate and paleo-environmental 
conditions. The sediment deposited in the Arctic 
Ocean is transported by sea ice and icebergs, which 
are controlled by the Arctic surface circulations. 
Several cores from the central Arctic, the Lomonosov 
Ridge north of Greenland and the Morris Jesup Rise 
contain a distinct grayish, ice rafted debris (IRD)-
rich, layer with some specific features: a sharp lower 
boundary, relatively low content of manganese, and a 
lack of bioturbation. Heavy minerals from these 
layers were analyzed primarily by Electron Probe X-
Ray Microanalyzer (EPMA) and Scanning Electron 
Microscope-Energy Dispersive Spectrometer (SEM-
EDS) to establish the prominent provenance areas. 
The provenance variations can show the paleo-
distribution and transport pathways of sea ice and 
icebergs and even indicate the origin of some abrupt 
glacial events. Initial results suggest that the majority 
of the grains in the gray layer originates from a 
limited area near the Putorana Basalt Plateau. We 
therefore hypothesize that this gray layer is related to 
an abrupt ice dammed lake drainage from northern 
Siberia, tentatively dated to around the boundary 
between MIS 4 and 3. 



Goldschmidt Conference Abstracts 3400 

Sequencing Lunar Basins   
S. C. WERNER1, M.-H. ZHU2, T. ROLF1, K. 

WÜNNEMANN3 
1Centre for Earth Evolution and Dynamics, 

University of Oslo, Norway 
(stephanie.werner@geo.uio.no) 

2Space Science Institute, Macau University of 
Science and Technology, Taipa, Macau  

3Museum für Naturkunde, Leibniz Institute for 
Evolu-tion and Biodiversity Science, Berlin, 
Germany 

 
All cratering chronology and Solar System 

evolution models rely on the lunar surface record to 
be calibrated in rates and time. For decades this 
calibration has been debated. The formation sequence 
and cratering chronology of lunar basins is also 
essential for understanding the age of the lunar 
surface and the Moon’s early interior and surface 
evolution.  

We introduce new basin - projectile size scaling 
relationships derived from numerical modelling. 
Thus, we have a reliable tool set 1) to evaluate the 
sequence of basin forming events in time, 2) to 
determine the thermal anomaly introduced, 3) to 
assess possible ejecta deposition sequences across the 
Moon, and 4) to estimate the mass delivered to the 
Moon.  

We explore how large basin-forming impacts 
affected the internal evolution of the Moon, which is 
inevitably linked to the surface, e.g. via volcanism 
and heat loss. Recently proposed global lunar 
evolution models can explain various observations on 
the present-day Moon, but they do not, or only partly, 
consider the thermal input of large basin-forming 
impacts. Therefore, in this study we couple the 
thermochemical evolution of the Moon with its early 
bombardment. 

The new scaling relations also permit for 
comparison of the crater record with candidate 
projectile populations, such as the main belt asteroids. 
We observe a disparity using these size distributions 
and scaling relationships, both can be described by 
smooth functions, while the observed basin and crater 
record appears to show an discontinuity at about 200 
km crater diameter in the size-frequency 
distributions. Hence, for reliable mass estimates, we 
will elaborate on and refine the determination of the 
final impact structure diameter at the transition 
between basin-scale and complex craters. 

We will describe the sequence of basins and their 
formation age in the light sample and meteorite ages, 
crater size-frequency measurements, and give an 
estimate on the material delivered to the Moon after 
surface solidification. We will discuss whether it is in 
agreement with currently favored Solar System 
evolution models. 
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In this this study we use numerical modelling to 

investigate plume-lithosphere interaction through 
time (decreasing mantle temperatures) for a variety of 
lithospheric architectures. The objective was to 
identify parameters controling melt development 
(mantle/crust) and mechanical errosion of the 
lithosphere.  

Figure 1.  Cross-section through lithosphere/mantle 
showing interaction between plume head and 
‘stepped’ lithospheric architecture at a potential 
mantle temperature of 1450°C. 

 We tested plume-lithosphere interactions 
under variable mantle potential temperatures (Tp) and 
observed that: 
1. Maximum melt production occurs beneath the 

craton margin, controlled by the flow of plume 
material into shallower mantle;. 
For higher Tp (~1600°C) the depth of 

decompression melting is greater, suggesting melt 
development beneath deep cratons >250km, e.g. 
Barberton-type komatiites, is plausible; 
2. For Tp (>1550°C) the  amount, as well as the 

duration, of plume-triggered crustal melting is 
greater than for lower temperatures;. 
For higher Tp (>1550°C), the base of the 

lithosphere is more prone to mechancal erosion; and 
At high Tp (>1500°C), non-plume related mantle 

decompression melting occurs when the lithospheric 
is <150 km, suggesting ambient mantle melting was 
possible under continental crust in the early Earth. 
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Links between glaciation, chemical weathering, 

and the carbon cycle have the potential to influence 
global climate over timescales from Quaternary 
cycles to Snowball Earth events. In this work, we 
present a new compilation of hydrochemical data 
from glacierized catchments, aiming to synthesize 
recent decades of research and gain a synoptic 
understanding of the first-order influence of 
glaciation on weathering and climate-carbon cycle 
feedbacks.  

By comparing data from our new compilation to 
weathering signatures from non-glacierized rivers, we 
gain insight into the dominant chemical reactions 
associated with glacial weathering globally. Total 
weathering yields from catchments in our 
compilation are ~2x higher than the global average 
weathering yields. Our analysis confirms previous 
suggestions that glacierized weathering is, on 
average, characterized by a greater predominance of 
weathering of trace sulfide and carbonate minerals 
when compared to non-glacierized weathering. We 
attribute these high fluxes to increases in physical 
erosion rates associated with glaciation, exposing 
highly reactive pyrite to oxidation.  

To assess the carbon cycle implications, we use 
an inversion of solute sources to predict the ratio of 
alkalinity to dissolved inorganic carbon (DIC) 
generated by weathering reactions in glacierized river 
catchments. For the majority of model solutions, this 
ratio is between one and two, meaning that pyrite 
weathering is largely buffered by production of rock-
derived alkalinity. Thus weathering is unlikely to act 
as a major CO2 source over Quaternary glacial-
interglacial cycles. However, inferred alkalinity:DIC 
ratio < 2 suggests that glacially-driven pyrite 
weathering may act as a net source of CO2 to the 
atmosphere-ocean system over longer timescales. 
This source could act as a negative feedback 
preventing runaway glaciation over million-year 
timescales, a conclusion that contrasts with the more 
widely discussed notion of glacially-driven silicate 
weathering acting to remove atmospheric CO2.  
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The release and retention of radionuclides are 
depending on hydro- and geochemical processes in a 
repository for radioactive waste. These are simplified 
in long-term analyses for safety cases [1]. 

The source term for the release behaviour of 
radionuclides is based on the solubility limits of the 
chemical elements and does not consider always the 
specific oxidation state of the ion. A release rate 
depending on the radionuclide speciation of the 
source is considered rarely either. 

Our aim is to improve the source term applied in 
long-term safety analysis. Therefore the speciation of 
radionuclides (actinides and fission products) from 
high-level radioactive waste in solution are calculated 
with the geochemical codes ChemApp and 
PHREEQC. 

The geochemical simulations with ChemApp and 
PHREEQC will include the radionuclide speciation 
according to specific waste packages to improve the 
source term. Updated data for the waste packages will 
be used from german power companies. The 
geochemical simulations use the thermodynamic 
reference database THEREDA [2], which contains 
consistent thermodynamic data for radionuclides and 
is developed particularly to address geochemical 
problems in the field of the disposal of radioactive 
waste. 

 
[1] Bracke & Fischer-Appelt (2015): Methodological 
approach to a safety analysis of radioactive waste 
disposal in rock salt: An example. Prog. Nucl. 
Energy, 84, 79-88. [2] Moog et al. (2015): Disposal 
of nuclear waste in host rock formations featuring 
high-saline solutions – Implementation of a 
thermodynamic reference database (THEREDA). 
Applied Geochemistry, 55, 72-84. 
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Due to their redox-sensitive behavior, Mo and U 
isotopes are frequently used as proxies to reconstruct 
the paleo-redox evolution of past oceans. However, 
both Mo and U isotopes in sediment archives are 
sensitive to the local conditions during sediment 
deposition, and their isotopic signal may be further 
modified during diagenetic overprint. Here, we show 
that Mo and U isotopes in organic-rich sediments 
frequently show a negative correlation and that the 
combined use of both isotope systems may help to 
improve the reliability of paleo-redox constructions. 
As Mo reduction occurs in the water column and U 
reduction is thought to take place mainly in the 
sediment pore water, a direct coupling of authigenic 
Mo and U isotope signatures may not necessarily be 
expected, and only weak correlations are observed in 
modern organic-rich sediments (e.g. from the Black 
Sea). However, our data for Phanerozoic black shales 
deposited during the Cretaceous (OAE2)1, early 
Jurassic (T-OAE) and early Cambrian2 show 
remarkable correlations between Mo and U isotopes. 
The strongest correlation is observed for early 
Cambrian rocks that experienced strong enrichment 
of several redox-sensitive metals, resulting in the 
formation of V ores with low δ98Mo and high δ238U. 
We infer from these observations that Mo and U 
isotopes have been fractionated during both primary 
deposition and post-depositional metal mobilization. 
According to the largely  unidirectional charcter of 
Mo-U isotope fractionation, the combined use of both 
proxies still allows to use them for paleo-redox 
reconstructions and potentially even to distinguish 
between predominantly anoxic or euxinic conditions. 
Application to the investigated sediments indicates 
that the expansion of seafloor anoxia (likely euxinia) 
were significantly enhanced during the OAE2 and T-
OAE, while in the early Cambrian, deep oceans were 
likely only slightly less oxic than today3.  
References 
1 Montoya Pino et al. (2010) Geology, 38, 315-318.  
2 Xu et al. (2012) Ore Geology Reviews 52, 66-84. 
3 Chen et al. (2015) Nature Communications 6, 7142. 
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Novel approaches are necessary to address the 

debate concerning the nature of carbon sources 
indigenous bacteria use to mediate As groundwater 
contamination across Bangladesh. Aquifer depth 
profiles of two As contaminated sites of the 
Araihazar Upazila, Bangladesh, (sediment and 
groundwater collected from 2013-2015) were 
constructed using Δ14C analysis of the in situ 
sedimentary microbial communites (PLFA) and 
carbon pools (DIC, DOC and SOC) with 
complimentary measures of sewage contamination 
(sterol fecal biomarkers and Cl/Br(aq) ratios) and 
[As(aq)]. 

At both sites (<30m), Δ14CPLFA (-60 ± 20‰) 
indicated utilization of a dissolved carbon pool of 
comparable age to DIC rather than sedimentary 
carbon sources (Δ14CDIC = +24 ± 30‰; Δ14CDOC = -
230 ± 100‰; Δ14CSOC = -630 ± 50‰). Concentrations 
of the fecal biomarker (coprostanol) (<LOD to 
1.33ng/g) increased with depth. In high arsenic zones 
(<30m), sewage contamination indexes found were 
>0.7 and highly correlated with As concentrations at 
both sites (R=0.718; 0.938).  Cl/Br ratios at shallow 
depths ranging from 990-1870 (indicative of sewage 
wastewater) correlated with As (R=0.88; 0.55). At 
greater depths (>50m) groundwater was low in As 
and Cl/Br ratios had background values for recharge 
water (240 to 337). These results suggest As release 
is occurring in aquifers contaminated with sewage-
derived waste water which when present is a 
plausible predominant dissolved microbial carbon 
source. 
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Possible chondrule precursors include recycled 

chondrule debris, dust of CI composition and high 
temperature condensates. Here we experimentally 
investigate the third possibility. Calcium-aluminum 
rich inclusions (CAIs) and amoeboid olivine 
aggregates (AOAs) occur as refractory inclusions in 
some chondrules and AOAs containing discrete fine-
grained CAIs overlap the bulk composition of 
chondrules. Moreover, the synchronicity of ages 
between chondrules and refractory inclusions and the 
similarities in bulk composition between AOAs and 
Type I chondrules intimate that some magnesian 
chondrules could have formed via melting of 
precursor refractory assemblages. For these reasons, 
we have conducted isothermal and dynamic 
crystallization runs to test the viability of refractory 
inclusions as chondrule precursors. Preliminary 1 hr, 
1250-1600°C isothermal heating runs of mixtures of 
olivine and synthetic CAIs (comprised of equal 
amounts of An, Di and Sp) demonstrate that spinel 
and glassy, Al-rich domains persist in decreasing 
percentages with increasing temperature; by 1600°C, 
there is no evidence of a refractory inclusion protolith 
(i.e., no spinel, no Al-rich domains) and textures are 
porphyritic and defined by euhedral olivine as in 
‘classical’ Type I PO chondrules. Thus, on a textural 
basis, our experimental data suggest that CAIs could 
represent viable protoliths for Type I chondrules and 
that spinel and Al-rich glass in chondrules could be 
relict. Surviving concentrations of spinel and/or 
heterogeneities in glass composition could represent 
direct evidence of such precursors. 
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Baddeleyite (monoclinic-ZrO2) commonly 

crystallizes in mafic rock types where zircon (ZrSiO4) 
does not, rendering it a key chronometer in silica 
under-saturated lithologies more prevalent on the 
Moon and Mars than on Earth.  During shock-
metamorphism, a series of high pressure (displasive) 
and temperature (martensitic) phase shifts alter the 
atomic configuration of the mineral, creating a series 
of microstructures that may be roughly correlated 
with severity of radiogenic Pb loss. Furthermore, m-
ZrO2 microstructure could be applied as a ‘shock 
indicator’, given the material’s near-ubiquitous 
presence in achondrites as well as within a wide array 
of terrestrial magamatic settings. However, a fuller 
understanding of the effects of microstructure 
formation and Pb-loss is required to better faciliate 
such applications.  
 Here we present the first ground-truthing 
analyses from m-ZrO2 bearing rocks in a terrestrial 
impact structure, using samples of Matachewan 
diabase dykes sampled at varying distances (and 
hence shock-conditions) from the Sudbury impact 
melt sheet. Electron Backscatter Diffraction (EBSD) 
mapping reveals a wide variation in microstructures. 
These range from simple twinning in unshocked 
grains ~100km from the impact, diagnostic of 
magmatic grains, to complete recrystallisation / 
reversion twinning and amorphisation in highly 
shocked grains adjacent (3km - 550m) to the impact 
melt sheet. We report micro- to atomic-scale 
geochemical and U-Pb isotopic analyses on highly 
shocked grains using single-shot laser ablation (SS-
LA-MC-ICP-MS) and atom-probe tomography 
(APT), revealing atomic-scale heterogenities in 
elemental distribution, including clustering of Si, Ca, 
Fe and Al. These datasets provide new insights into 
the correlation between shock-induced phase changes 
and microstructural formation with implications on 
observed U-Pb age, greatly enhancing the potential 
application of baddeleyite as a planetary 
chronometer.  
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Arctic reservoirs of methane – a greenhouse gas –
, including permafrost and methane hydrates, are 
climate sensitive. As atmospheric and seawater 
temperatures rise, these reservoirs may release 
methane into the water column and atmosphere 
thereby exacerbating warming. Our study determined 
profiles and continuous underway surface water 
dissolved methane concentrations in the Bering Sea 
and Arctic Ocean basin, from southern Alaska to the 
North Pole. Our primary goal with this data was to 
assess Arctic Ocean methane in our tranect with 
respect to global oceanic methane observations and 
previously determined regional fluxes.  

In the Amerasian Basin of the Arctic Ocean, a 
methane maximum (typically ~9 nM) was associated 
with the chlorophyll maximum, comparable to 
previous observations in other ocean basins. 
Likewise, dissolved methane in deep waters of the 
Arctic Ocean was ~1 nM, similar to reports for other 
deep ocean waters. Notably, ice covered basin 
profiles had a maximum at the surface (>5 m) that 
ranged in concentrations between ~3 nM and ~9 nM. 
The highest dissolved methane concentrations (>50 
nM) were observed in a plume extending seaward 
from the Beaufort/Chukchi Shelf at ~75 m depth.    

Continuous underway surface measurments were 
used to calculate the air-sea flux of methane for the 
duration of the expedition. Preliminary calculations 
indicate flux to the atmosphere under ice-free 
conditions was highest (approximately 4.4 x 10-10 g 
CH4 cm-2 h-1) near the Bering Strait and lowest on the 
Beaufort Slope (approximately -9.6 x 10-11 g CH4 cm-2 
h-1). Previous reports for the East Siberian Arctic 
Shelf (ESAS) a decade ago revealed regional 
methane fluxes on the order of 3-5 x 10-10 g CH4 cm-2 
h-1, similar to our observations.  

The Arctic Ocean is thought to be a significant 
source of methane that is susceptible to future 
warming because of the temperature-sensitive nature 
of vast arctic methane reservoirs. Polar seawater 
warming presents a threat of releasing a large amount 
of stored methane to the atmosphere, thus 
exacerbating warming. Additionally, simply making 
more of the Arctic Ocean ice-free, at least part of the 
year, will in itself increase the methane flux to the 
atmosphere.  
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The transition from subduction to collision 
creates complex and evolving regions of heat and 
mass transfer in continental lithosphere. In the case of 
Anatolia in the Cenozoic, collision with Arabia 
resulted in a transition from distributed to highly 
localized deformation in the ~20 million yrs 
following collision. This transition was accompanied 
by magmatism that tapped different mantle sources 
regions, and localized exhumation of mid- to deep 
crustal rocks, particularly in zones of 
extension/transtension. Plate boundary processes and 
subducted-slab dynamics drove uplift and associated 
landscape reorganization, driving feedbacks between 
tectonics, climate, and surface processes owing to 
uplift of an orogenic plateau and growth of mountain 
ranges (orographic barriers) at plateau margins. The 
magnitude and pattern of vertical and lateral 
displacement of orogenic crust, sedimentary basins, 
and surficial deposits through time has been 
investigated with a regional campaign of 
thermochronology: 40Ar/39Ar (hbl, bt, ms, fsp in 
metamorphic, plutonic, and volcanic rocks), fission 
track and U-Th/He (apatite, zircon in 
metamorphic/plutonic rocks and detrital material), 
and cosmogenic dating. Ages for sedimentary 
deposits have also been determined using 
magnetostratigraphy, coupled with stable isotope (O, 
C) analyses to track changes in paleoenvironment 
related to growth of the orographic barrier interpreted 
to have formed as a result of slab-breakoff below 
Anatolia. The integration of results from 
geochemical/geochronological techniques from 
metamorphic, magmatic, and sedimentary 
rocks/deposits across a wide swath of central 
Anatolia – as well as data from seismology and MT – 
allows reconstruction of the evolution of the 
lithosphere from mantle to surface from ~30 Ma to 
the present. 
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Chronic kidney disease with unknown etiology 

(CKDu) is being conservational health problem that 
is widespread in the tropical dry regions of Sri Lanka. 
Early studies on the problem indicated that the 
occurrence of CKDu could be induced by geo-
environmental factors. From which 
hydrogeochemistry of groundwater of effected areas 
received much attention. Since the drinking water 
requirement of CKDu regions are primarily fulfilled 
by groundwater, it is very important to investigate the 
geochemical properties of groundwater in such 
regions. Therefore a detailed hydrogeochemical 
surveys was carried out in three different CKDu 
effected regions, namely Giradurukotte, Wilgamuwa 
and Nikawewa. Eighty (80) groundwater samples 
were collected from these regions and major and 
trace element contents were investigated.  

Results of this study showed that alkalinity, 
hardness, Ca, and Mg relatively higher in Nikawewa 
with the mean values of 375, 397, 71, 35.1 mg/L 
respectively. The order of the major cations were 
ranged as Ca>Na>Mg>K>Fe while anions were vary 
in the order of Cl->SO4

2->F->NO3
->PO4

3-. The highest 
fluoride concentration was observed in Wilgamuva 
area (5.47 mg/L) compared to other studied regions.  

Statistical data interpretations showed that rock 
weathering is the dominant geochemical process that 
controls the quality of the groundwater while the 
majority of samples were belong to the Ca-Mg-HCO3 
chemical facies in all three regions. Hardness is one 
of the important parameter, which varied from 
moderately to very hard in affected areas. Weathering 
of silicates are very important factor in these areas 
where most of groundwater samples were showed 
Na/Cl>1. Among trace elements, Mg, Fe, Zn, Sr and 
Ba are relatively high in groundwater while Cd, Cu, 
Pb and Al are mostly below 0.01 μg/L. The study 
reveals that the measured geochemical parameters 
were comparatively high in   the Nikaweawa with 
respect to Wilgamuwa and Giradurkotte regions.  

 
(Financial support from National Research Council of 
Sri Lanka, Grant TO 14-05 is acknowledged). 
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The disposal of radioactive waste in clay rocks is 

considered in various countries. This is based on the 
advantageous properties of these rocks, such as the 
strong sorption of radionuclides, the low water flow, 
and the slow radionuclide transport. Due to the low 
hydraulic conductivity of clay, molecular diffusion is 
the major migration process for radionuclides 
released from the waste matrix into the host rock 
(Altmann et al., 2012).  

For neutral and positively charged chemical 
species, the whole pore space of a clay rock is 
available for transport. However, anions are repulsed 
by the negatively charged clay mineral surface (Bolt 
and de Haan, 1979). Hence, only a part of the pore 
space is available for anion transport, i.e. the anion 
porosity is less than the total porosity (Muurinen, 
1994).  

This presented study shows a systematic 
investigation of the anion accessible porosity in 
natural clay rocks. The aim of the research was: 

-‐ to study the anion diffusion behaviour in 
clay rocks with a different mineral 
composition. 

-‐ to compare the diffusion behaviour of 36Cl 
with different cations Na, Ca and Cs. 

-‐ to better understand  the relation between 
the ionic strength of the pore water and the 
anion diffusion in these clay rocks. 

-‐ to better constrain the anion accessible 
porosity.  

 
The results contribute to a better understanding of 

the migration of anionic radionuclides in clay rocks 
and provide also better constraints of the pore water 
porosity which is important to further assure 
characterisation of the in situ pore water composition 
in clay formations. 
 
[1] Altmann et al. (2012). Appl. Geochem. 27, 463-
478. 
[2] Bolt and de Haan (1976). Soil Chemistry: A. 
Basic Elements. Elsevier Scientific Publishers, 
Amsterdam – Oxford – New York, 91-95. 
[3] Muurinen, A. (1994). VTT Publications 168, 
Technical Research Centre of Finland, Espoo, 
Finland. 
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Biomass combustion is often considered to be an 

easy way to produce renewable energy. Its 
advantages are also recognized (e.g., sustainable land 
use, security of supplies, conservation of fossil fuel 
resources, reducing of external energy dependence).  
On the other hand, biomass combustion causes 
technical, environmental, and social problems, 
together with adverse health effects.  

In our study we compare the content of trace and 
potentially hazardous elements in wood biomass and 
its ash with coal and coal ash, discuss the emission of 
potentially hazardous elements during combustion 
and leachability of elements from ash. We studied six 
samples of biomass used in the medium size district 
heating boiler devoid of air pollution control system.  
We also studied the ash from this boiler and 
experimentally obtained low temperature (475oC) 
biomass ash. Each sample of fuel was a blend of 
chips of different wood and their composition varied 
depending on supplier and the origin of biomass. The 
content of Cd, Mn, Zn, Sb, Tl in analyzed wood chips 
blends is comparable to or higher than the Clarke 
value for hard coal. Content of B, Cd, Cu, Pb, Sn, Zn, 
Sr, Rb in low temperature biomass ash is higher or 
similar to coal ash. Differences in chemical and 
mineral composition of ash obtained during 
combustion of each blend sample in the boiler at 
temperature above 800oC are significant (e.g. SiO2 
varies from 21 to 76 wt%; CaO from 8 to 30 wt%; 
beside quartz samples contain calcite, wollastonite or 
portlandite as main mineral components) what 
indicates differences in fuels characteristics. 
Significant degree of volatilization during 
combustion at temperature >800oC is suggested for 
Zn, Cd, Pb, As, Sb, Cu, Mo, Sr, Rb. Content of 
hazardous elements in solutions obtained during 
water leaching of ash is relatively low what could be 
related to generally low content of these elements in 
ash after burning cycle. 
This study was supported by NCN grant No. 
0579/B/P01/2011/40. 
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The accumulation and preservation of lipid 

biomarkers was investigated in hyperarid soils in the 
Yungay region of the Atacama Desert.  Lipids from 
seven soil horizons in a 2.5 m vertical soil profile 
were extracted and analyzed using GC-MS and LC-
MS.  Diagnostic modern, functionalized lipids and 
geolipids were detected, and increased in abundance 
and diversity with depth. The highest concentrations 
were found in a layered clay unit at the bottom of the 
profile. The remarkable degree of structural and 
chemical preservation of functional groups and 
unsaturated bonds indicate that minimal degradation 
has occurred since the time of deposition. Given that 
the clay horizon had been sealed off from exposure to 
rainwater and modern surficial processes for the last 
2 My by an upper well-cemented halite unit, the 
dominant preservation process in this hyperarid 
setting is xeropreservation (preservation by drying). 
Characterization of such a process is key for 
understanding the potential preservation of organics 
and putative biomarkers in ancient, extremely 
hyperarid Martian sediments. In addition, the vertical 
succession of lipids reflects major changes in 
microbial and eukaryotic groups possibly linked to 
changes in the hydrological regime, and can be used 
to reconstruct the process of environmental change in 
the region since the Neogene. 
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Motivation 
Lanthanides (Ln) and actinides (An) could 

potentially be chemo- and radiotoxic when they are 
incorporated into the food chain after accidental 
releases to the environment. This spectroscopic study 
focuses on the interaction of Ln(III) and An(III) with 
mucin, one of the essential components of human 
mucosa, for better understanding of their behaviour in 
human gastrointestinal tract in case of oral ingestion. 

Discussion of Results 
The first spectroscopic screening with TRLFS 

(Time-Resolved Laser-Induced Fluorescence 
Spectroscopy) revealed mucin as a fundamental 
binding partner of Eu(III) as well as of Cm(III) in the 
human gastrointestinal tract (Fig. 1). Mucin is an 
important glycoprotein of the mucosa, working as an 

important protective barrier on the digestive system 
and functions [1]. Mucin can interact with metal ions 
via a variety of their saccharides. This contribution is 
dedicated to the identification of dominant binding 
groups of Mucin with Eu(III) and Cm(III) by 
spectroscopy (TRLFS, IR, NMR) and thermodynamic 
calculations. 

 
[1] Oomen et al. (2002) Environ. Sci. Technol. 36, 
3326–3334. 

Figure 1: Luminescence spectra of 1 × 10-5 M Eu(III) in 
different synthetic body fluids and mucin. 
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Mass-independent isotope variations in bulk 

meteorites provide vital information regarding 
petrogenetic links among planetary materials. It has 
been proposed that the Cr isotopic composition of 
bulk meteorites, along with Δ17O values, may denote 
an important dichotomy among planetary materials 
[1,2]. This bimodality (principally between 
carbonaceous and non-carbonaceous materials) may 
also reveal processes associated with mixing, 
unmixing, and the accretion of solids over a wide 
spatial region in the early Solar System [1,2,3]. Here, 
we continue our investigations using mass-
independent variations in bulk meteorites to further 
illuminate potential petrogenetic links among 
planetary materials. In particular, this study extends 
previous investigations into the Ti-Cr-O isotope 
systematics of achondritic meteorites (ung. 
achondrites, howardites, and a lunar meteorite) and 
chondritic meteorites (R-, ordinary, and ungr. 
chondrites). 

The separation of Cr was completed following 
the procedures described in [4,5] and its isotope ratios 
were made using a Thermo Triton Plus thermal 
ionization mass spectrometer at the University of 
California at Davis (UC Davis). Titanium was 
separated from the matrix using a combination of 
cation and anion exchange chromatography following 
the methods of [6] and measured with a Thermo 
Neptune Plus MC-ICPMS at UC Davis. New and 
previously described meteorite data cluster into two 
distinct groups: All carboanceous chondrites cluster 
into a single group based on their Ti-Cr-O isotopic 
compositions. These carbonaceous chondrites display 
anti-correlated trends in ε50Ti- Δ17O and ε54Cr- Δ17O 
isotope space producing a negative correlation in 
ε50Ti- ε54Cr space with slope of circa two. A select 
few “carbonaceous chondrite-like” achondrites likely 
originated from carbonaceous chondrite parent bodies 
and  also lie within this field. Conversely, all non-
carbonaceous materials form a second distinct group 
with positive correlations in ε50Ti-Δ17O, ε54Cr-Δ17O, 
and ε50Ti-ε54Cr isotope space. These data provide 
critical information regarding the provenance for 
planetary accretion in the early Solar System.  

 
[1] Yin, Q.-Z. et al. (2009) LPSC, A2006. [2] Warren 
P. H. (2011) EPSL, 311, 93. [3] Trinquier A. et al. 
(2009) Science, 324, 374. [4] Sanborn et al. (2014) 
LPS XXXXV, A2018. [5] Yamakawa A. et al. (2009) 
Anal. Chem., 81, 9787. [6] Zhang J. et al. (2011) J. 
Anal. At. Spectrom., 26, 2197. 
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Lithological variations in the Earth’s mantle have 
important implications for mantle dynamics and 
melting [1-2] but linking geochemical and 
mineralogical variation is difficult [3]. However the 
Fe isotope compositions (δ57Fe) of mafic rocks reflect 
mineral-specific partitioning [4-6]. A rececent study 
of Salt Lake Crater (Hawaii) peridotite and 
pyroxenite xenoliths [9] revealed that pyroxenites are 
enriched in isotopically heavy Fe whereas peridotites 
display light δ57Fe values that correlate with 
indicators of melt extraction. Melts derived from 
pyroxene-dominated sources should thus display 
heavy δ57Fe relative to melts derived from depleted 
peridotitic lithologies. The Azores are a suitable area 
to test this hypothesis because of the short-
wavelength variation in source geochemistry 
documented in radiogenic isotopes and trace elements 
[7-11]. We have analysed samples from São Jorge, 
São Miguel, Pico, Faial and Terceira and can 
demonstrate island-specific Fe isotope systematics. In 
São Miguel correlations between δ57Fe and Sr and Nd 
isotopes can be interpreted in terms of mixing 
between a a radiogenic Sr/unradiogenic Nd 
component with a light, “peridotitic” δ57Fe value and 
a component with heavier δ57Fe and yet less enriched 
radiogenic isotope signatures. This indicates 
decoupling between δ57Fe and radiogenic isotopes, as 
components with “enriched” radiogenic isotopes 
signatures are usually considered to reflect pyroxenite 
lithologies. São Jorge samples display extremely 
heavy δ57Fe values that correlate with Pb isotopes as 
well as fractionation-corrected major element ratios 
indicative of pyroxenite lithologies.  

[1] Hirschmann et al., CMP 1996; [2] Dasgupta et al., 
EPSL 2010; [3] Workmann et al., G3 2004; [4] Weyer 
and Ionov, EPSL 2007; [5] Williams et al., ESPL 
2005; [6] Williams and Bizimis, EPSL 2015; [7] 
Turner et al., Chem Geol. 1997; [8] Widom et al., 
Chem Geol. 1997; [9] Elliott et al., GCA 2007; [10] 
Beier et al., EPSL 2007; [11] Millet et al., Chem 
Geol.  2009.  
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The geochemical character of arc magmatic rocks 

requires the integration of geochemical signatures 
across multiple reservoirs (i.e. altered oceanic crust, 
serpentinites, oceanic metasediments and subarc 
mantle). Here we investigate the extent of chemical 
interaction between oceanic crustal lithologies to sub-
arc depths. A transect of metasedimentary and 
metabasaltic samples were collected from the  well-
preserved oceanic sequence of the ultra-high pressure  
locality of Lago di Cignana (NW Italian Alps); in-situ 
oxygen and boron isotope data from zoned garnets 
and tourmalines, respectively were obtained with the 
SHRIMP ion microprobe. Both minerals are part of 
the subduction assemblage and preserve geochemical 
information regarding episodes of prograde fluid 
percolation, with variation from core to rim and 
between samples. Petrological and geochemical 
information is used to relate the growth sequence of 
the two minerals along the prograde path. Tourmaline 
boron isotope compositions extend from -13 to 5‰ 
(± 0.4-0.8‰), with up to 10‰ systematic intra-grain 
variation without significant correlation to major 
element composition. Garnet also exhibits significant 
and systematic intra-grain oxygen isotopic variation 
correlating with major element composition 
(particularly Mg/Fe), consistently towards lighter 
values (δ18O from 17 down to 3‰). Light oxygen 
isotope compositions of garnet rims are likely caused 
by infiltration of ultramafic-derived fluids, while light 
δ11B of tourmaline rims were likely generated by a 
different  process. Significant isotopic heterogeneity 
is preserved throughout the Lago di Cignana transect, 
particularly for boron (up to 10‰ over <1m). 
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Perchlorate is a naturally occurring oxyanion that 

has become a widespread environmental contaminant 
through anthropogenic activity. Stable isotope 
analysis can be used as a forensic tool to determine 
the origin of perchlorate or evaluate the success of a 
bioremediation strategy. Here we present a new 
method for the purification of perchlorate for stable 
isotope analysis to track a novel lab scale oil reservoir 
souring strategy and evaluate parameters that 
influence perchlorate biofractionation. To assess the 
efficacy of perchlorate as an inhibitor of microbial 
sulfate reduction, we injected seawater amended with 
3 mM perchlorate into sulfate reducing oil sand 
columns. Perchlorate successfully inhibited sulfate 
reduction and perchlorate was partially consumed 
within the column. Stable isotope analysis revealed 
that microbial perchlorate reduction was occurring in 
this system and inhibition of sulfidogenesis was 
through biocompetetive exclusion. To gain further 
insight into perchlorate biofractionation we assessed 
the impact of electron donor type, salinity, 
temperature and strain on perchlorate fractionation. 
The fractionation of perchlorate was conserved 
within the Proteobacteria suggesting that it is 
governed by the first step of the perchlorate reduction 
pathway. Overall, this work demonstrates the 
robustness of our new method that is more efficient 
(~80 % recovery) than existing procedures and 
practical for small biological and environmental 
samples. 
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Seawater neodymium (Nd) and lead (Pb) isotope 
reconstructions provide unique evidence on both 
mixing between ocean currents and past changes in 
weathering inputs [1]. While existing records from 
the deep central Indian Ocean indicate differing 
sensitivities of Nd and Pb isotopes to those processes 
[2,3], the potential of combining these two tracers has 
so far been under-exploited in paleoceanography.  

Here we synthesise both new and existing Nd and 
Pb isotope data, from reductive sediment leachates in 
the deep western and central Indian Ocean, and from 
deep-sea coral skeletons in the mid-depth Southern 
Ocean. By comparing the two tracers across different 
sedimentary and oceanographic settings, we aim to (i) 
gain new insights into the oceanic cycling of these 
two elements, and (ii) provide better constraints on 
changes in ocean circulation and continental 
weathering through Quaternary glacial cycles. 

In the deep western Indian Ocean, authigenic Pb 
isotope data are spatially coupled to Nd isotopes in 
Holocene coretops, implicating a control by local 
Madagascan inputs, as previously shown for Nd in 
this region [4]. Using both isotope systems together 
allows us to better investigate the mechanisms 
responsible, including potential pore water and 
boundary exchange processes. We also evaluate the 
potential for Pb isotope fractionation during tropical 
weathering, and further explore why, despite the 
apparent spatial coupling, there was a temporal 
decoupling during the last deglaciation. 

In the mid-depth Southern Ocean near Tasmania, 
striking glacial-interglacial changes in Nd isotopes 
occurred independently of Pb isotope variability. That 
scenario supports a change in large-scale ocean 
circulation, rather than local controls, on that Nd 
isotope record, which provides new evidence for 
understanding the structure of the glacial ocean and 
the sequence of changes during the last deglaciation. 

 
[1] Frank, M. (2002) Rev. Geophys. 40; [2] Wilson, 
D.J. et al. (2015) Paleoceanography 30, 621-641; [3] 
Wilson, D.J. et al. (2015) EPSL 424, 256-268; [4] 
Wilson, D.J. et al. (2012) EPSL 341, 35-47 
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CO2 removal technologies, such as mineral 

carbonation, have potential to help mitigate the 
adverse effects of anthropogenic climate change. 
Mineral carbonation enhances the natural process of 
silicate weathering to produce silica and Mg-
carbonates, the latter acting as long-term stores for 
CO2. Here, we show that sequestered CO2 is released 
back into the atmosphere when Mg-carbonate 
minerals and silica are stored together. Mg-carbonate 
minerals are hygroscopic and naturally draw 
atmospheric water vapour to their surfaces, leading to 
partial dissolution and production of high pH brines. 
Because the solubility of silica increases at high pH, 
this induces the production of the smectite mineral, 
stevensite, and liberates CO2 as a gas (Eq. 1). 
 
3MgCO3�3H2O + 4SiO2 → 
 Mg3Si4O10(OH)2�nH2O + (8-n)H2O + 3CO2         
(Eq. 1) 

 
Significantly, we found this reaction goes to 

completion within 7–18 months of storage at high 
humidities and temperatures relevant to Earth’s 
surface (23–75ºC). It can occur in the absence of 
observable liquid water and proceeds via reaction of 
either hydrated or anhydrous Mg-carbonate minerals 
with amorphous silica, cristobalite or to a lesser 
extent quartz. The decarbonation reaction is much 
slower between magnesite (MgCO3) and quartz, 
consistent with the greater stability of CO2 trapping 
within the quartz-magnesite rock, listwanite [1, 2]. 

Our findings indicate that hydrated Mg-carbonate 
minerals should be separated from silica during 
industrial mineral carbonation. Our results also 
highlight the need to understand how coupling 
amongst the Mg, Si and C cycles influences the long-
term stability of mineral stores for CO2. 

 
[1] Hansen et al. (2005) Can Mineral 43, 225–239. 
[2] Kelemen and Matter (2008) PNAS 105, 17295–
17300. 
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The historiography of planetary oxygenation on 

Earth suggests that the geochemical community is 
taking a far more dynamic view of this biospheric 
process today than it has in the past. In particular, the 
“the possibility of a mid-Proterozoic world with 
surprisingly low oxygen contents in the atmosphere 
and the deep and shallow ocean”, bookended by early 
Paleoproterozoic and late Neoproterozoic redox 
extremes, is emerging as a new majority view. 

In this presentation, I will explore how certain 
isotopic minorities - 33S and 17O - can inform this 
majority view. Minor S isotopes in marine sediments, 
for example, continue to clarify the oxidative history 
of Earth’s middle ages, even after the demise of mass 
independent S isotope fractionation and the ‘Great 
Oxidation Event’, by tracking the global dynamics of 
electron acceptors like sulfate and highlighting the 
rise of metabolic innovations like S 
disproportionation. The minority O isotope, on the 
other hand, is a more direct monitor of atmospheric 
oxygen and the processes that sustained it, pointing 
toward an unproductive mid-Proterozoic biosphere as 
the primary cause of low mid-Proterozoic oxygen 
levels.  

The research synthesized in this presentation was 
preformed in collaboration with a host of friends and 
colleagues.  At the risk of offending the majority, I 
want to call out Peter Crockford, Marcus Kunzmann, 
Clint Scott, Thi Hao Bui, Andrey Bekker, Pippa 
Halverson and Huiming Bao for making it a blast to 
explore ‘Alternative Earths’ together. 
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Black carbon (BC) aerosols are co-emitted with 

organic carbon, in processes of incomplete 
combustion of fossil fuel and biomass. Transported 
into the Arctic, BC contributes to climate warming. 
However, there are still large uncertainties related to 
the climate effects of BC, including aspects of 
radiative properties, mixing state of the particles, 
transport, atmospheric lifetime and sources. Our work 
aims to reduce uncertainties by comparing a top-
down (observational) source-diagnostic isotope 
approach (at several Arctic sites) to bottom-up 
(modeling) emission inventories, to better constrain 
the source types and source regions. The use of 
natural abundance radiocarbon (∆14C) is a powerful 
geochemical tool to distinguish between fossil (void 
of 14C) and biomass (contemporary 14C) combustion 
sources. Due to the well-defined end-members, 14C-
measurements (alone) provide high precision source 
constraints. The 14C-based source characterization is 
performed directly on elemental carbon (EC), a 
methodically defined form of BC. Additionally, to the 
14C-characterization, source information can be 
obtained from analysis of the stable carbon (13C/12C) 
signature. 

The present study is focusing on year-round 
observation of BC in the European Arctic (Abisko, 
Sweden) compared with time-and-space matched 
predictions by the FLEXPART transport model, 
driven by monthly-resolved anthropogenic BC 
emissions from the ECLIPSE inventory, and daily 
satellite-derived estimates of BC emissions from 
vegetation fires. The predictions were in close 
agreement with observations. Seasonalities in both 
BC concentrations and sources were well captured. 
The near-closure for this gateway site of the 
European Arctic suggests that parameterization of 
emissions is a key ingredient, together with emulating 
the proper physical processes, in matching model 
predictions with actual observations. Preliminary 
results will be given for Tiksi (Russia) and Ny-
Ålesund (Norway). 
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236-Uranium from global stratospheric fallout of 
nuclear weapon-testing and other sources is an 
emerging anthropogenic ocean tracer with an 
increasing number of individual studies. The recent 
boom in studies is owed to the advancements in 
Accelerator Mass Spectrometry, the mostreliable 
method to detect 236-Uranium at environmental 
levels. Previous and ongoing studies emcompass both 
seawater and coral samples.[1-3] 

Using yearly or better resolved coral cores we can 
study the time evolution of 236-Uranium over time 
for a certain location. This is an important 
complement to contemporary seawater studies for 
two reasons, firstly no comprehensive study could be 
done until the recent advances in analytical 
technology for this isotope in seawater samples; 
secondly, that the locality and total amount of input is 
still fraught with uncertainties that require resolution. 

In this paper we will present results from Pacific 
sediment cores and will discuss the improvement of 
the knowledge about overall 236-Uranium input into 
the world’s oceans.  

We are currently aiming at expanding our studies 
to the Indian Ocean to look at additional signatures 
from local fall-out in the Pacific arriving at the 
African continetal margin.    

We will discuss our past, present and future work 
–  including the expansion and inclusion of multi-
isotope studies – and its impacts on environmental 
studies.  
[1] A. Sakaguchi, A. Kadokura, P. Steier, Y. 
Takahashi, K. Shizuma, M. Hoshi, T. Nakakuki, M. 
Yamamoto. Earth and Planetary Science Letters, 333-
334 (2012) 165-170. 
[2] S.R. Winkler, P. Steier, J. Carilli. Earth and 
Planetary Science Letters, 359–360 (2012) 124-130. 
[3] M. Christl, J. Lachner, C. Vockenhuber, O. 
Lechtenfeld, I. Stimac, M.R. van der Loeff, H.-A. 
Synal. Geochimica Et Cosmochimica Acta, 77 (2012) 
98-107. 
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The earth’s crust comprises an elemental makeup 

that spans many orders of magnitude from percent to 
less than ppt.  This reality poses a problem for the 
analytical lab that requires analyis of elements at each 
of these levels.  Historically, several instruments must 
be involved to determine each concentration or 
several manual dilutions must be performed.   

Often times an element concentration may be 
much higher than anticipated and necessitates 
additional dilution steps and re-runs, and is only 
realized at the end of the analytical run.  This 
increases the risk of erroneous manual dilutions by 
increasing the number required.     

In this work we present a vortex mixing dilution 
system that helps automate the many dilution levels 
required for geological analysis.  The SDXHPLD 
dilution system performs both prescriptive and 
intelligent dilution, allowing the analyst two potential 
ways to bring an element into the calibration range 
both when an element concentration is expected to be 
out of calibration range as well as when the 
concentration is unknown.   

An integrated on-board vortex mixing station 
ensures that the dilution is fully mixed and 
homogenous prior to introduction to the instrument; 
therefore, the SDXHPLD maintains data quality.   

In this contribution, figures of merit such as 
precision, accuracy, and carryover are discussed, as 
well as recovery results for several elements post 
dilution.    
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Traditional dissolution and purification 

techniques for isotopic analysis of geological samples  
often require the use of large volumes of reagents 
which may introduce high blanks, thereby 
compromising the quality of data. A new method of 
sample introduction was developed in order to allow 
small volume sample dissolutions to be analysed 
without compromising on measurement time or 
quality.  

 Teledyne CETAC’s Micro Volume Autosampler 
(MVX) 7100 series sample introduction system was 
utilised in order to investigate the potential for 
isotope ratio analysis. Two different methods were 
developed, one for samples with extremely low 
volumes of between 5-20µl and another for samples 
with volumes around 100µl.  The method for extreme 
low volume samples utilises a Teledyne CETAC DS-
5 nebuliser to deliver the sample to the MC-ICPMS at 
a rate of 7µl/min. By using the MVX-7100 and DS-5 
in combination it is possible to generate minutes 
worth of measurement time from liquid samples with 
extremely low volumes. The liquid flows within the 
MVX-7100 are controlled via driving syringes 
enabling the flow rates and volumes to be precisely 
programmed and controlled. The second low volume 
method, utilising samples with volumes around 
100µl, combines the MVX-7100 and Aridus II 
desolvating nebuliser. Utilising the MVX for low 
volume analysis means that less reagents are used in 
their preparation and a lower total blank is achieved. 

  We present data highlighting a new approach to 
automated liquid sample introduction, in the low 
microlitre range, and therefore a new tool available 
for high precision isotopic measurements of 
scientifically important components within 
geochemical samples. 
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Geoneutrino measurements constrain 
compositional models of the bulk silicate Earth as 
they specifically establish the amount and distribution 
of heat-producing elements (HPE) U, Th, and K in 
the crust and mantle.  To validate or reject BSE 
models it is necessary to quantify the mantle 
contribution to the geoneutrino signal, which requires 
estimation of the HPE abundance and distribution, 
and therefore geoneutrino signal, in the readily 
accessible crust. Huang et al. [1] created an 8-layer, 
global reference earth model for the lithosphere that 
compares Vp from Crust 2.0 to endmember Vp and 
HPE abundances for mafic and felsic amphibolite 
(assumed MCC) and granulite (assumed LCC).  For 
the UCC they adopted a uniform HPE abundance.  In 
this way the Huang et al. [1] model has lateral 
variations in HPE abundance in the LCC and MCC, 
but constant HPE abundances within the UCC. 

We adopt Huang et al. [1] HPE abundances for 
the LCC and MCC. For the UCC, we use surface heat 
flow values from Davies [2](Q0) in conjunction with 
calculated heat flux from the MCC + LCC (Q2) and a 
Moho heat flux of 15 mW/m2 (Q3) to form a simple 
relationship for the UCC heat flux (Q1): Q1 = Q0 – 
Q2 – Q3.  Using these calculated values of Q1, with 
assumed Th/U and K/U ratios, we calculate the HPE 
abundance of Earth’s UCC in 1x1 degree voxels.  
 Our results for the upper crust show a 
factor of 1.5 to 3 enrichment in HPE relative to 
similar models of the UCC for a significant 
percentage of the UCC voxels.  This enrichment 
suggests that our assumed uniform Moho heat flux of 
15 ± 3 mW/m2 is not realistic and/or that our method 
of estimating HPE abundance in the deep crust is not 
accurate.  We tested small variations in LCC + MCC 
HPE abundance and found no drastic change in 
calculated UCC HPE abundances.  Moreover, 
geotherms calculated from mantle xenoliths predict 
Moho heat flux between 15-25 mW/m2.  We 
conclude that a constant Moho heat flux for shields 
and cratons is most likely underestimated by heat 
flow studies.  
 
[1] Huang et al. (2013) Geochem. Geophys. Geosyst. 
14(6), 2003-2029. [2] Davies (2013) Geochem. 
Geophys. Geosyst. 14(10), 4608-4622. 
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Acid sulfate soils in Thailand have been recently 

shifted from paddy rice cultivation to oil palm 
production. However, there is limited understanding 
pertaining to the solubility and speciation of 
phosphorus (P) in these acid sulfate soils, a critical 
prerequisite for sustainabe and effective P 
management. Herein, we investigated P fractions and 
speciation of an acid sulfate paddy soil treated with 
oil palm ash (OPA) and oil palm biochar (OPB) 
during soil reduction (40 days) and a subsequent soil 
reoxidation (28 days) using a sequential extraction 
technique (SEP) and P K-edge X-ray absorption near-
edge structure (XANES). The results of the SEP 
demonstated that iron and aluminum (hydr)oxide-
associated inorganic P (69-75% of the total P) 
constituted the largest fraction of the soil, followed 
by residual P (19-26% of the total P), and 
exchangeable P (4.1-7.2% of the total P). The soil 
solution P and detrital P constituted insignificant 
fractions, corresponding only to 0.33-0.75% and 
0.49-1.41% of the total soil P, respectively. The 
OPA-amended soil clearly increased exchangeable P 
fraction relative to that of the control. The 
incorporation of OPB to the soil did not affect P 
fractions, which is due largely to the nature of the 
OPB (oil palm shell) possessing less chemically 
reactive surfaces. Results from P XANES showed 
that the soil was composed primarily of P sorbed to 
ferrihydrite, followed by P sorbed to gibbsite and 
variscite (AlPO4·2H2O), respectively. A minor 
fraction of organic P in the form of lecithin was 
present. During the first day of soil reduction, 
gibbsite-bound P was transformed into variscite. 
Subsequently, the freshly authigenic variscite was 
inversely transformed as gibbsite-bound P during 28 
days of soil reoxidiation. The OPA incorporation was 
likely to impede the formation of gibbsite-bound P. 
Our results shed light on P dynamics in acid sulfate 
paddy soils under flooded and aerated conditions, 
which will be of great importance in P fertilizer 
management for intermittently-flooded rice 
cultivation. 
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12C is preferentially discriminated over 13C during 

the incorporation of external environmental inorganic 
carbon into the internal structures and through the 
synthesis of carbon into metabolic pathways in 
primary producers. To better understand the 
enviromental factors influencing this discrimination, 
the stable carbon isotopic fractionation associated 
with autotrophic inorganic carbon fixation (Ɛp) was 
calculated from the stable carbon isotopic 
composition (δ13C) of the general phytoplanktonic 
biomarker phytane, a diagenetic product from 
chlorophyll-a. The compilation (data from the 
literature with complementary laboratory work) 
comprises of approximately 400 sediment and oil 
samples from open marine environments, and 
considers both free and sulfur-bound phytane. The 
resulting Ɛp ranges from 12–24‰, agreeing the 
literature’s postulated maximum Rubisco 
fractionation of 25‰. The trend in Ɛp mirrors the 
compiled pCO2 record from ~125 Ma to modern day, 
though Ɛp has a negative offset from the pCO2 record 
prior to 125 Ma and a larger offset prior to 350 Ma. 
The timing of these offsets coincide with the 
emergence of diatoms (radial centric at 142-97 Ma) 
and haptophytes (375-285 Ma), both of which have 
higher maximum fractionation than other 
phytoplankton due to their carbon fixing enzyme 
Rubisco, which has evolved in response to decreasing 
pCO2. This factor should be considered when 
applying the δ13C of phytane as a quantitative pCO2 
proxy in the Phanerozoic.  
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We have performed experiments at 1.5GPa over 

the temperature range 1400-2100oC to determine the 
partitioning of lithophile elements (U, Th, Eu, Sm, 
Nd, Zr, La, Ce, Yb) between sulfide liquid and 
silicate melt. The initial objective was to investigate 
the properties of sulfide melts in highly-reduced 
(low-FeO) Mercury-like bodies. The data 
demonstrate pronounced increases in partitioning of 
all the lithophile elements into sulfide at very low 
FeO contents (<1wt%) of the silicate melt such that 
DU (sulfide/silicate) exceeds 1 and may be >10 in 
some cases. Similarly, DSm is > 2 under the same 
conditions of low silicate FeO. The results may be 
understood in terms of exchange reactions such as: 

 
UO2 + 2FeS = 2FeO + US2          

 silicate  sulfide    silicate     sulfide 
 

A recent study showed that, for sulfide-silicate 
partitioning of element i, logDi should generally be 
proportional to -log[FeO]sil [1]. For lithophile 
elements, however, the slopes of the observed 
dependences of LogDi on -log[FeO]sil are much 
greater than anticipated. Since the low FeO contents 
of our experimental silicate melts are accompanied by 
high S contents (up to 11wt%) we infer the dramatic 
increase in Di to be due to the well-known mutual 
compatibility of FeO and S in silicate melts. Thus, 
increasing S content stabilizes FeO and lowers its 
activity in the silicate melt, driving the exchange 
reaction above to the right and increasing DU. When 
applied to a putative Mercury-like component of 
early Earth we find that addition of a planetesimal 
with a sulfide core could add up to 10 ppb of U to the 
core, generating, when the accompanying 21 ppb Th 
is also considered, ~3TW of the energy required for 
the geodynamo. In this case, the Th/U ratio of silicate 
Earth would approximate 4.3, within the range of 
some estimates. Entry of U and Th into the core 
would be accompanied by a superchondritic Sm/Nd 
of silicate Earth, with corresponding small (<14ppm) 
excesses of 142Nd.  

We performed additional experiments to 
determine if the pronounced partitioning of lithophile 
elements into sulfide also applies to metals poorer in 
S and hence likely to be more typical of planetary 
cores. We find, however, that the effect of low FeO 
on partitioning is uniquely confined to metallic melts 
close to stoichiometric FeS in composition. 

 
References: [1] Kiseeva & Wood (2013). EPSL 

383, 68-81;  
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Economic rare earth element (REE) deposits are 

invariably light REE-enriched, and those hosted by or 
spatially associated with carbonatites have 
particularly low contents of heavy REE. It is 
therefore higly anomalous that the Lofdal deposit, 
which is the most enriched in heavy REE among the 
58 REE deposits at an advanced exploration stage, is 
carbonatite-associated [1]. The deposit has a reserve 
of 1.7 million tons grading 0.59 wt.% REE, of which 
the HREE proportion is 85% [1]. It was initially 
desribed as being carbonatite-hosted, with the 
principal REE mineral, xenotime-(Y), occurring as an 
accessory mineral in calcite and ankerite-rich 
carbonatite dykes [2]. However, textural relationships 
observed in outcrop, drill core, and microscopically 
indicate that the xenotime-(Y) is hosted by biotite-
carbonate veinlets within brecciated albitite, and that 
the latter subsequently underwent hydrothermal 
carbonate alteration. This interpretation is supported 
by δ18O and δ13C values that are consistent with a 
hydrothermal rather than magmatic origin for the 
carbonate minerals. 

Both the host rocks and the REE mineralization 
are intrepreted to be hydrothermal in origin. 
However, it is likely that the source of the fluids was 
a carbonatite magma, albeit one unusually enriched in 
HREE. A model is presented, in which LREE-
dominated hydrothermal fluids rose through 
basement faults, initially albitising the host gneisses 
and later brecciating the albitites, and precipitated 
biotite and calcite in veins. Owing to the high 
stability of the aqueous LREE species relative to the 
HREE species [3], the LREE were mobilised above 
the present erosional level leaving the HREE to 
precipitate as xenotime-(Y) in veins with the biotite 
and calcite. Hydrothermal activity terminated with 
the saturation of calcite that flooded the brecciated 
rocks and largely replaced the albitite, leaving behind 
a rock that could easily be mistaken for carbonatite, 
particularly in narrow ridge-like outcrops reminiscent 
of dykes.  
 [1] http://www.techmetalsresearch.com. [2] 
Wall et al. (2008) CanMin 46, 861-877. [3] Migdisov 
et al. (2009) GCA 73, 7087-7109. 
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Reconstructions of vegetation dynamics from soil 
δ13C profiles and pollen records suggest the 
expansion of tropical and subtropical forests in South 
America in the late Holocene, which has been 
generally attributed to an intensification of the South 
American Summer Monsoon. It is still debated, 
however, whether and how extensive biome shifts 
were driven by changes in precipitation. There are 
several existing reconstructions of Late Holocene 
monsoon variability based on δ18O records from 
speleothems, lake carbonates and ice cores, but many 
of these records are from sites outside the monsoon 
core (e.g., Andean Mountain range and east and 
southeast Brazil). To address this, we present late 
Holocene reconstructions of monsoon variability 
from speleothems (cave mineral deposits) collected 
from the Brazilian Amazon and Cerrado (Savanna) 
along a transect from the core to periphery of the 
monsoon region. Further, we use a multi-proxy 
approach - using speleothem δ18O values to 
reconstruct regional monsoon intensity and 
speleothem 87Sr/86Sr to provide insight into local 
moisture conditions – to assess temporal variability in 
coupling between monsoon intensity and local 
moisture conditions at each site. Our records will 
provide unique constraints on the role of climate in 
Late Holocene vegetation dynamics.  
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Introduction 
Copper is an essential micronutrient for all 

marine living organisms [1], but Cu2+ can be toxic at 
high concentrations in seawater [2]. Therefore, it is 
reported that many phytoplankton and bacterial 
species have the ability to release Cu-complexing 
ligands to decrease the concentration of free Cu2+ and 
reduce its toxicity. In eutrophic surface waters, more 
than 99.9% of Cu is complexed with organic ligands 
[3]. However, the sources of these ligands have not 
been fully identified. In this study, we determined the 
total dissolved Cu concentrations, Cu speciation 
parameters and free Cu concentrations at 12 stations 
in the East China Sea and its surrounding areas using 
cathodic stripping voltammetry (CSV) [4][5]. 

Results and Discussion 
The highest concentration of total dissolved Cu 

found at the study area was 4.7 nM and the lowest 
concentration was 0.47 nM. Surface waters at three 
stations were found to have relatively high Cu 
concentrations and low salinities, which can be 
attributed to the Yangtze River discharge. The 
Yangtze River is thought to be a major source of Cu 
into the East China Sea [6][7]. Two classes of ligands 
were found in the surface waters in this study. The 
concentration of the stronger ligand, L1, ranged from 
1.1 nM to 7.5 nM, with an average conditional 
stability constant (log K) of around 14, whereas for 
the weaker ligand, L2, the concentrations were in the 
range of 11 nM to 27 nM, with an average log K 
value of around 12.3. Free Cu (Cu2+) concentrations 
remain constant at all stations (~10-14 M). The large 
ligand pool had probably helped buffer against 
changes in Cu concentration in seawater of the East 
China Sea. 
 

[1] Bruland & Lohan (2003) Treatise on 
Geochemistry 6, 23-47. [2] Sunda & Huntsmann 
(1998) Limnol. Oceanogr. 43(7), 1467-1475. [3] 
Moffett & Dupont (2007) Deep-Sea Res. I 54, 586-
595. [4] Campos & van den Berg (1994) Anal. Chim. 
Acta. 284, 481-496. [5] Sander et al. (2007) Environ. 
Chem. 4, 81-89. [6] Koshikawa et al. (2007) Estuar. 
Coast. Shelf Sci. 71, 26-36. [7] Abe et al. (2003) 
Deep-Sea Res.II 50, 327-337. 
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The microbial transformation of terrestrial 
organic matter, particularly recalcitrant lignin and 
hemicellulose, is a significant but poorly understood 
phenomenon within the deep ocean.  16S rRNA gene 
amplicon sequencing and metagenomic sequencing 
are relatively inexpensive molecular tools to quickly 
assess microbial diversity and functional genes in 
response to different carbon sources.  Using 
sequencing, we aim to elucidate the diversity and 
metabolic potential of bacterial communities 
subsisting on lignin and hemicellulose in laboratory 
cultures. Seawater and sediments from the Eastern 
Mediterranean were incubated with an added 
concentration of purified lignin or xylan.  CO2 
respirometry and enzyme assays showed high 
microbial activity on both substrates compared to 
unamended controls.  Dissolved organic matter 
characterization using FTIR spectroscopy and UV-
Vis fluorescence showed changes during incubation.  
Samples were sequenced for 16S rRNA gene 
amplicons and metagenomics using the Illumina 
MiSeq.  Qiime and MG-Rast annotated data was 
compared in detail using phyloseq, vegan, and 
DESeq2 in R.  Several species belonging to phylum 
of Proteobacteria, Flavobacteria, and Firmicutes 
significantly increased in abundance when lignin or 
hemicellulose was added.  Groups of functional genes 
related to carbohydrates and aromatic catabolism 
significantly increased in abundance.  Our methods 
may uncover important species that have been 
previously overlooked for terrestrial organics 
degradation. 
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The recent discovery of Fe4O5 and Fe5O6 [1, 2, 3, 
4] as stable phases at high pressures and temperatures 
indicates that the Fe-O phase diagram is more 
complicated than previously thought. These are in 
addition to the h-Fe3O4 phase(s) that appear to be 
stable at pressures above > 25 GPa.  

New multi-anvil experiments using magnetite and 
metallic Fe as starting materials indicate that the 
stability field of Fe5O6 is significant, spanning the 
pressure range from at least 10 to 20 GPa at 1200-
1300°C. Under these conditions, the assemblages 
Fe4O5 + Fe5O6 and Fe5O6 + wüstite are stable 
depending on bulk oxidation state. Under even more 
oxidizing compositions hematite + Fe4O5 is the stable 
paragenesis. However, considering the rather reduced 
redox conditions expected in the mantle, assemblages 
involving Fe5O6 should have the most relevance for 
the Earth. Under the conditions so far explored, Fe6O7 
was not found to be stable. 

Single-crystal X-ray diffraction confirms that 
Fe5O6 belongs to the Cmcm space group, making it a 
member of the CaFe2+nO4+n series, like Fe4O5. At 
ambient conditions, the cell paramters are a = 2.88 Å, 
b = 9.94 Å, c = 15.37 Å, with small variations 
depending on the synthesis pressure. This causes the 
molar volume of Fe5O6 to decrease with increasing 
synthesis pressure, suggesting variable cation 
distributions may play a role in stabilizing this phase, 
like that observed for spinel. Unpolarized Raman 
spectra of Fe5O6 and Fe4O5 are very similar, with one 
major broad peak at ~665 cm-1. This peak is only 
slightly shifted relative to that of magnetite (671 cm-

1). However, the additional peaks in the magnetite 
spectrum should allow it to be distinguished from the 
other two Fe-oxides. 
 

 
[1] Lavina et al. (2011) PNAS, 108, 17281-17285. [2] 
Woodland et al. (2012) Amer Mineral, 97,1808-1811. 
[3] Woodland et al. (2015) Goldschmidt Abstracts, 
2015 3446. [4] Lavina & Meng (2015) Sci Adv, 
2015;1:e1400260. 
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Cobalt is a potentially toxic trace metal and 

radionuclide that is present in many contaminated 
soils. Its environmental mobility is primarily 
controlled by sorption to charged mineral surfaces 
and organic substrates. An understanding of Co 
sorption behaviour to these phases, and mineral-
organic composite phases is therefore required to 
predict Co environmental behaviour. Here, Co 
sorption to pure ferrihydrite, humic acid (HA), and 
ferrihydrite coated with HA is investigated as a 
function of pH, ionic strength and Co concentration 
using batch sorption experiments, synchrotron X-ray 
absorption spectroscopy (EXAFS) and 
thermodynamic surface complexation modelling 
(SCM). For all sorbent phases Co sorption increases 
with increasing pH. However, for three ferrihydrite-
HA composites (containing 5, 10, and 17 wt% C) Co 
sorption is intermediate to end-member ferrihydrite 
and HA phases, displaying enhanced sorption at pH 
values where sorption to the pure ferrihydrite end-
member is negligible (pH <6.5). This is in good 
agreement with the sorption behaviour of other heavy 
metals with ferrihydrite-organic composites [1, 2]. 
For the first time, EXAFS analysis indicates that Co 
is sorbed to ferrihydrite via inner-sphere surface 
complexes (or Co(OH)2 surface precipitates), and to 
HA via loosely bound complexes, and to ferrihydrite-
HA composites via complexation to both ferriydrite  
and HA functional groups. This molecular-level 
sorption information is implemented in a new SCM 
for Co sorption to ferrihydrite, HA, and ferrihydrite-
HA composites, in which Co sorption to the 
composites cannot be modelled assuming linear 
additivity of Co sorption to the end-member 
ferrihydrite and HA phases. As such Co sorption to 
ferrihydrite-organic composites is non-additive, and 
deviation from additivity increases with increasing 
organic mass fraction.  

[1] Moon & Peacock (2012), Geochimica et 
Cosmochimica Acta. 92, 203-219. [2] Moon & 
Peacock (2013), Geochimica et Cosmochimica Acta. 
104, 148-164.  
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Scientific drilling has evidenced the abundance of 

Earth's deep microbial biosphere. However, a major 
question remains how these communities deal with 
progressive burial and the associated gradual energy 
starvation, i.e. how they achieve long-term survival 
on geological time scale.  

Bacterial endospores are metabolically inactive, 
dormant cells that are structurally different from 
vegetative cells and have the ability to monitor the 
habitat to resume active growth when the conditions 
become favorable. Sporulation can be triggered by a 
variety of stimuli, the main one being prolonged 
starvation. Endospore formation is exclusive to the 
phylum Firmicutes and widespread among its 
different physiological groups. Firmicutes are 
considered as one of the major contributors to the 
subseafloor microbial community. Consequently, in 
the deep biosphere exposed to progressive burial and 
energy starvation, endospores may constitute a 
critical long-term survival strategy. 

While endospores have been poorly accounted for 
in previous subseafloor microbiological surverys, we 
have now implemented accurate, biomarker-based 
methods to unravel their abundance and ecological 
relevance. Our study is two-pronged: (i) a selection of 
48 samples (maximum depth of 6.3 m below 
seafloor) from eight sites in the Mediterranean, Black 
and Marmara Seas have been extensively studied by 
molecular, geochemical, and sedimentological 
methods. This serves as a test case to investigate 
mechanistic factors controlling endospore abundance;  
(ii) a global view of endospore distribution and 
abundance in deep drilling sites is currently being 
established on the basis of several locations 
worldwide in order to further define whether 
endospore abundance gradually increases with depth 
compared to vegetative cells. Thereby we assess the 
potential of endospores to persist on geological time 
scales and to act as an inoculum in deep, hardly 
accessible layers of transient cell stimulation, where 
they would contribute to extend the limits of life in 
the marine subsurface.  
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Molecular biomarkers are organic compounds 
diagnostic for a specific organism, community or 
biological process that can be employed to trace them 
in present or past ecosystems. Some compounds, or 
compound ratios, are further found to correlate with a 
certain physical property, and can therefore serve as a 
proxy for reconstruction of temporal changes of this 
variable. When being produced in the water column, 
after sedimentation – and due to geochemical 
persistence in the sedimentary record – the 
information archived in molecular biomarkers is 
preserved over geological time-scales and serves as 
an important informant of past environments. 
Conventional biomarker analysis is labor-intensive 
and requires large samples that limit temporal 
resolution. We present a Mass Spectrometry Imaging 
(MSI) approach, based on laser desorption ionization 
coupled to ultra high resolution mass spectrometry, 
that avoids wet-chemical sample preparation and 
enables spatially resolved analysis directly on 
sediment sections at sub-mm spatial resolution.  

Our initial study targeted archaeal glycerol 
dialkyl glycerol tetraethers (GDGTs) that are 
ubiquitous in marine sediments and serve as valuable 
paleoenvironmental proxies. GDGT-profiles yielded 
paleoecologic and paleoenvironmental information at 
unprecedented temporal resolution and revealed a 
first glimpse of what appears to be fine-scale 
patchiness of biomarker distribution. To further 
strengthen these two aspects, additional 
developments are underway and a dedicated facility 
has been set up at MARUM/University of Bremen. 
Sample preparation for MSI has been optimized. 
Methods targeting other lipid biomarkers (e.g., 
alkenones or sterols) are being implemented and 
applied to recent laminated sediments (Santa Barbara 
Basin, Gotland Basin), yielding informative profiles 
with subannual resolution. And the combination of 
biomarker MSI with other spatially resolved 
techniques (e.g. elemental mapping by microXRF) is 
being employed to explain small scale variability and 
to provide a better understanding of biomarker 
distribution and signal formation. 
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To implement monitored source zone natural 
attenuation (SZNA) at hydrocarbon contaminated 
sites, contaminant biodegradation rates must be 
quantified in order to estimate source zone longevity. 
Surficial CO2 efflux surveys have recently been used 
to delineate hydrocarbon source zones  and to provide 
estimates of hydrocarbon degradation rates. 1 This 
approach requires accurately distinguishing between 
petroleum-derived CO2 respiration and background 
natural soil respiration.  Radiocarbon can be used to 
quantify petroleum derived 14C-depleted CO2 efflux 
from background 14C-enriched natural soil 
respiration1. However, a standard field method for 
radiocarbon sample collection has not been 
developed for CO2 efflux surveys. 

Detailed CO2 efflux surveys were conducted 
using an LI-8100 dynamic flux chamber overlying 
LNAPL source zones at a historical pipeline rupture 
site. Survey flux and compositional gas results 
confirmed elevated CO2 efflux at locations previously 
identified as contaminated. Four different field 
methods were used to obtain gas samples for 14C 
isotopic analysis; including direct sampling from 
short-term dynamic flux chambers, long term static 
chambers, soil vapour probes and vadose zone 
monitoring wells. A 14C correction for each method 
was applied to determine a petroleum-derived CO2 
efflux rate, and a method comparison was conducted. 
Results indicated that 14C corrected fluxes from long 
term chambers closely correlate  with 14C corrected 
fluxes derived from subsurface measurements, while 
short term chambers had low sample yields and 
derived fluxes deviated greatly from other methods.  
Analysis showed that 14C isotopes can be used 
effectively to determine the contribution of petroleum 
biodegradation to measured CO2 efflux, therefore 
allowing the quantification of hydrocarbon 
degradation rates. 
 

References 

 [1] Sihota and Mayer (2012) Vadose Zone J 11, 
doi:10.2136/vzj2011.0204. 
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The increasing global demand for clean energy 

has made it imperative to search for and exploit 
unconventional oil and gas resources. Organic-rich 
shales have received renewed attention because of 
their emergence as unconventional hydrocarbon 
reservoirs. Southeastern Chongqing is an important 
part of upper Yangtze plate, also a key area of shale 
gas exploration and development of China in the 
future. Hydrocarbon generation potential of 
Cambrian Niutitang shale are discussed according to 
analysis on organic matter abundance, type and 
source material. Niutitang shale features high organic 
content, with an average of 7%.The type of organic 
matter is of type I, excellent for oil-generating. 
Bitumen A, hydrocarbon generation potential (S1+S2) 
and hydrogen index (IH) are very low, indicating 
liquid hydrocarbon which was generated during oil-
generation peak period may be used up in high-over 
mature stage. Residual gas was extracted by vacuum 
crushing analytical method, mainly containing 
methane. One of the more significant observations in 
this work involves the carbon isotope compositions of 
the residual gas (C1, C2, and C3) released by rock 
crushing. The carbon isotope analysis suggests that 
the shale gas stored in the organic-rich Niutitang 
shale was mostly generated from the cracking of 
residual bitumen and wet gas during a stage of 
significantly high maturity. A conventional δ13C1-
δ13C2 trend was observed, and most δ13C2 values of 
the residual gases are heavier than those of the 
organic matter (OM) in the corresponding samples, 
indicating the splitting of ethane bonds and the 
release of smaller molecules, leading to 13C 
enrichment in the residual ethane. 
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A mysterious coral mortality occurred in low-

latitude of western Pacific and eastern Indian Ocean 
during late summer and fall of 1991. Previous studies 
suggested this event was caused by anomalously high 
sea surface temperature (SST) associated with an El 
Niño state. However, the SST values were not 
significantly different from those of adjacent years. 
Here we present multiproxy records of two modern 
Porites corals, collected from Son Tra Island (16° 13’ 
N, 108° 12’ E) and Meiji Reef (9° 55’ N, 115° 32’ E) 
in the western and southern South China Sea (SCS) 
respectively, to probe the forcings for this coral 
mortality episode. The evidences of tephra deposited 
on coral skeleton and coral skeletal Rare Earth 
Elements (REEs) pattern indicate that this mortality 
could be caused by ash fallout from Mt. Pinatubo 
volcano (15° 14’ N, 120° 35’ E), which was erupted 
on June 15. Our findings highlight a sensitive impact 
of volcano eruption on fragile coral reef ecosystem 
under the current global warming crisis 
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A 1375-cm-long gravity core (Site 973-4) was 
retrieved in Dongsha area, a typical cold-seep area in 
northern South China Sea. This core has a very 
shallow sulfur-methane interface that about 9 m 
below sea floor. 14C dating of planktonic foraminifera 
established the chronology of this core, and oxygen 
and carbon isotopic analysis and benthic 
foraminiferal assemblages also implied some cold-
seep activities with time scales. The negative 
deviation (δ13C=−1.34‰) of planktonic foraminifera 
has been recorded at Site 973-4, which might be 
caused by surges of cold seep fluid in millennium 
scale. The isotopic analysis of planktonic were used 
to evaluate the effect of diagensis on carbon 
composition. Cold-seep activitise may make 
considerable contribution to δ13C negative deviations, 
but diagensis was not the possible cause of negative 
carbon isotopic compositions in Site 973-4. 
Furthermore, the more negative δ13C of cold-seep 
benthic foraminifera (compared to a non-seep site) in 
LGM (or early Holocene) being followed by a 
convergence of δ13C in all documented sites can be 
explained by the attenuation of cold-seep activities. 
Foraminiferal assemblages of Site 973-4 also support 
to the attenuation of cold-seep activities. In the 
Holocene sediments, non-cold-seep foraminiferal 
assemblages, with similar characteristics as adjacent 
seep sites, had a higher value of abundances, 
diversity and Shannon-Wiener Index as well as a 
lower value of infauna percentage compared to those 
before Holocene.  
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Trace element and Sr isotopic compositions of 

major minerals in peridotite xenoliths carried by the 
Siziwangqi Cenozoic basalt in the northern margin of 
North China Craton (NCC) were examined in situ to 
evaluate the influences of the southward subduction 
of the Paleo-Asian oceanic plate (PAOP) on the 
lithospheric mantle transformation under the NCC.  

 
Fig.1 Plots of  87Sr/86Sr versus Ti/Eu for 
clinopyroxenes. 
 

Based on the rare earth element (REE) 
distribution patterns of clinopyroxenes (Cpx), 
peridotite xenoliths were classified into three groups. 
Cpx in Group 1 have LREE-depleted patterns; Cpx in 
Group 2 exhibit LREE-depleted patterns in the cores 
to LREE-enriched patterns in the spongy rims; Cpx in 
Group 3 display convex-upward REE patterns.  

As a whole, Cpx in Group 3 have zoned and the 
highest 87Sr/86Sr ratios, decreasing from 0.70648-
0.70823 in the cores to 0.70456-0.70594 in the 
spongy rims (Fig. 1). Although Cpx in Group 1 and 
Group 2 have different REE patterns, both of them 
are featured by zoned Sr isotopic compositions 
contrasting to those of Group 3. Cpx in Group 1 and 
Group 2 are featured by increasing 87Sr/86Sr ratios 
from the cores (0.70202-0.70307) to the rims 
(0.70351-0.70393). However, both core-rim 
variations of 87Sr/86Sr ratios demonstrated by Group 
1&2 and Group 3 peridotites are accompanied by 
decreasing Ti/Eu ratios, an index indicating 
carbonatitic metasomatism. 

These observations collectively indicate that the 
lithospheric mantle beneath the northern margin of 
NCC sufferred at least twice mantle metasomatism 
events caused by aqueous fluid/melt at the early stage 
and CO2-rich fluid/melt at the late stage. Considering 
the geological setting, these mantle metasomatism 
events were thought to be caused by the subduction 
of PAOP.  
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Stable isotope ratios of redox-sensitive metals are 
of interest to paleo-redox studies because redox 
reactions are often associated with isotope 
fractionation. Recent theoretical calculations and 
laboratory measurements [1, 2] have shown the 
promise of the vanadium (V) isotope system as 
geochemical paleo-redox proxy. In order to 
understand the mechanisms for V isotope 
fractionation in Earth-surface environments, we 
investigated V isotope effects during oxidative 
surface weathering of basalt, and authigenic V uptake 
by oxic and anoxic marine deposits.  

We have measured vanadium isotopic 
compositions of a laterite profile developed on basalt 
bedrock in South China, with long-term precision 
better than 0.1‰ (2SD). The laterite samples 
displayed a narrow range of δ51V values (-0.95 to -
0.75‰), indistinguishable from the parent basalt, 
despite of the mobility of V in laterites. Our study 
suggested negligible V isotope fractionation during 
tropical oxidative weathering. The δ51V of marine 
ferromanganese crusts varies from -1.64 to -0.91‰. 
Such light isotopic compositions are likely related to 
preferential incorporation of 50V from oxic seawater 
through surface adsorption of V. Ongoing studies are 
exploring the V isotope for samples from anoxic 
facies of the Peru Margin to constrain V isotope 
fractionation under oxygen-deficient settings. 

We also determined the δ51V of Ediacaran 
Doushantuo member II organic-rich black shales 
from deep basin in South China. Our data yielded 
systematic V isotope variation in the stratigraphic 
dimension with δ51V values ranging from -0.93 to -
0.51‰. The top of the profile shows homogeneous V 
isotope compositions with an average of -
0.60±0.10‰ (n = 17). A negative shift of δ51V (to -
0.93‰) occurs at the bottom of the profile 
accompanied by authigenic enrichment of V, which 
may be attributed to changes of redox conditions. 
This study highlight the potential application of the V 
isotope system to track paleo-redox conditions. 

[1] Wu et al., (2015) EPSL, 426, 216-224. 
[2] Ventura et al., (2015) Appl. Geochem., 59, 

104-117. 
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Mantle-derived carbonatites are commonly 

associated with Si-unsaturated alkaline igneous 
suites, and typically found within stable continental 
terrains formed by rift-related magmatism. South 
China has long been thought to have been unified by 
an amalgamation between the Cathaysian and 
Yangtze blocks during the mid-late Neoproterozoic. 
However, there is increasing evidence infering that 
the unification of South China comprises multiple 
marginal collisions among subcontinental terrains, 
typical of accretionary orogen. Here we report a 
newly dated alkaline igneous complex associated 
with carbonatite intrusions occurring along the NW 
margin of the Yangtze block, expecting to enhance 
our understanding of the amalgamation history of 
South China and its relationship with Rodinia 
assembly and break-up.  

The alkaline complex, located at the Pinghe area, 
NE Sichuan province, lithologically comprises urtite, 
ijolite and jacupirangite. Zircons from two urtite 
samples give U-Pb ages of 873±3 Ma and 874±10 
Ma, respectively, which are explained as the timing 
of alkaline magmatism and evidently older than the 
previously documented ages ranging from the end 
Neoproterozoic to early Paleozoic by Rb-Sr and Sm-
Nd methods. The alkaline rocks are geochemically 
featured by LREE-enriched pattern with weak 
negative Eu anomalies, and variable extents of 
depletion in Nb, Ta, Ti and P. They display εNd 
values varying mostly from -1.54 to +1.50 with one 
urtite sample of -5.58. These characteristics suggest a 
previously metasomatised mantle source, which agree 
with their oxygen and carbon isotopic composition of 
calcite minerals inferring continent-derived 
carbonatic component. 

Some ~950-900 Ma arc-volcanic and ~865-860 
Ma back-arc related magmatism have been reported 
along the NW margin of the Yangtze block. The 
switches in tectonic setting from compression to 
extension and returning to compression, along with 
lateral migrating of regional arc-related magmatism, 
suggest that the unification of South China comprised 
a set of marginal accretions, typical of an 
accretionary orogen, rather than a traditional view of 
the Yangtze and Cathaysian collision. 
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Fluorine is one of volatile elements (such as H, C, 

S, and Cl) during subduction zone magmatism. It is a 
useful geochemical tracer for volatile element 
transport. Here, we report partition coefficients of F 
between hornblende (Hbl) and aqueous fluids (Flu) 
from F-bearing experiments at 1 GPa. The solid 
starting materials contain 0.5% or 0.09% F. The 
initial water quantity is higher than solid material. 
After quench, fluorine concentration in aqueous 
fluids were determined by high pressure liquid 
chromatography (HPLC).  

Together with previous F-rich system 
experiments, we find that F concentration in starting 
materials determine the absence or the presence of 
humite minerals and their species (clinohumite,Chu; 
chondrodite, Chd; norbergite, Nbg), whereas Hbl and 
fluids are always present (Summary table showing 
partition coefficients). As bulk F abandunce 
increases, F increases in all phases: Hlb (0.124 – 2.18 
wt%), humite minerals (2.33 – 15.3 wt%), and fluids 
(32.5 ppm – 0.17 wt%). 

 
[F]Bulk Phase assemblage DF

Hbl/Flu 
5.0 Hbl-Nbg-fluid 10.5(8) 
1.9 Hbl-Chd-fluid 19.7(1.3) 
0.5 Hbl-Chu-fluid 98(25) 

0.09 Hbl-fluid 38.1(1.5) 

 
The values of DF

Hbl/Flu demonstrate that F prefers 
hydrous minerals to aqueous fluids under 
equilibrium. While F abundance in fluids increases 
with the higher F content in the system, F would be 
brought to deeper subduction zone with Hbl and 
humite minerals. DF

Hbl/Flu in a humite-absent assembly 
likely reveals specific F partitioning behavior, since F 
content in fluid is not buffered with humites. 
Alternatively, humites are potential reservoirs for 
excess F and indicators as F abundances in 
subduction zone slab flux. 
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Alternating depositions of organic-lean marls and 
organic-rich sapropel sediments in the eastern 
Mediterranean Sea (EMS) are clearly related to 
precessional hydroclimate variability. The exact 
origin for freshwater sources and related changes 
therein during sapropel formation are still debated. 
Here, Sr and Nd isotopes and high-resolution 
elemental ratios from core CP10BC are used to 
unravel and constrain different riverine and eolian 
supplies to the central Mediterranean over the past 
9.8 ka.  

Based on Sr and Nd isotopic and elemental 
compositions, the detrital sediments in core CP10BC 
can be explained by a three-endmember mixing 
system. The three endmember include Saharan Dust, 
Aegean/Nile, and Libyan Soil, which  respectively 
represents the eolian supply from North Africa, the 
riverine inputs from the Aegean/Nile areas, as well as 
the riverine and shelf-derived fluxes from the Libyan-
Tunisian margin.  

In particular for sapropel S1 time, we find 
important detrital supplies from paleo river/wadi 
systems along the Libyan-Tunisian margin, activated 
by intensified African monsoon precipitation. A 
west–east comparison of Sr-Nd isotope data between 
core CP10BC and 4 other cores throughout the EMS 
shows that, such detrital supplies originated mainly 
from western Libya and Tunisia, and were 
transported as far eastward as ~25°E while being 
diluted by an increasing Nile contribution. 

Moreover, elemental proxies (Ti/Al, K/Al, 
Mg/Al, Y/Sc, Ce/Ni, and Zr/Cr) reflect concordant 
changes in the three endmembers at high resolution. 
These indicate that enhanced precipitation and 
associated detrital fluxes must have occurred not only 
from North Africa but also from the northern EMS 
borderlands. 
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The Zijinshan high-sulfidation epithermal Cu-Au 

deposit is situated in the middle of the Zijinshan 
orefield (South China), which is a porphyry - 
epithermal Cu-Au-Mo-Ag ore system and located in 
the interior Cathaysia Block, at the intersection of the 
Xuanhe Anticlinorium and Shanghang-Yunxiao Fault 
zone, and at the northeastern margin of the 
Cretaceous Shanghang Volcanic Basin. The 
mineralization and zonation of the Cu-Au deposit are 
related to the emplacement of Early Cretaceous 
volcanic rocks. The copper and gold orebodies are 
separate, with gold in the upper zone and copper in 
the lower zone. The gold-bearing minerals are 
oxidized ores, mainly containing limonite, hematite, 
goethite and covellite, with little pyrite, native gold, 
galena, bornite and digenite. Gangue minerals are 
mainly quartz. Gold orebodies tend to pinch out 
above the modern water table near the 650-m level, 
and are thought to be formed by secondary 
enrichment as the result of later circulation of modern 
surface waters through permeable breccia ores. 
Copper orebodies occur in the alunite alteration zone, 
below the 650-m level and occur as veins and 
stockworks, filling in or replace the hydrothermal 
breccias, altered granite and dacite porphyry. 

The early stage pyrites have δ34S near 0‰, 
indicating  sulphur derived from deep source- mantle. 
While the late stage pyrites have large range of 
variation, from -20.35‰ to 3.96‰, due to the 
influence of tempreture, oxygen fugacity, and acidity, 
sulfur isotopes experienced large fractionation. 
207Pb/204Pb, 208Pb/204Pb and 206Pb/204Pb compositions 
of sulfides are consistent with contemporaneous 
granites and have a linear relationship, indicating that  
the lead are mainly from granite. Sulfur and lead 
isotopes show that ore-forming fluids are exsolved 
from the granitic magma which are mainly derived 
from the mantle. 
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The Yichun granite-hosted Ta-Li-Cs deposit, 

located in western Jiangxi Province, SE China, is the 
largest Ta deposit and producer in China, hosting 
approximately 77 Mt. of Ta ore at an average grade 
of 0.015 wt % Ta2O5. The mineralization comprises 
columbite-group minerals (CGM) and microlite 
disseminated in the apical portions of the Yashan 
granite complex (YGC). Lithium is extracted from 
lepidolite; lesser Cs is extracted from pollucite and 
Cs-rich lepidolite from the same ores. Previous work 
has focused on the YGC, whereas the marginal 
pegmatite (MP), at the roof of YGC, has received 
little attention. 

Textural and chemical analyses of CGM, 
lepidolite, molybdenite, and triplite from the MP and 
YGC demonstrate that CGM hosted by the MP have 
different textural and chemical characteristics than 
those hosted by the YGC. The latter occur as 
prismatic grains with a columbite-(Mn) core and a 
tantalite-(Mn) rim; whereas the former form acicular 
aggregates of columbite-(Mn) and have a higher Fe 
content. The MP-hosted CGM are commonly 
associated with aggregates of fibrous molybdenite, 
most of which have grown on Fe-rich lepidolite. 
Lepidolite in the MP also exhibits higher Fe contents 
than its granite-hosted counterpart; a late, Cs-rich 
variety, common in the granite, is not present in the 
MP. Round blebs of native bismuth occur in the 
interstices between, and on surfaces of, molybdenite 
and triplite crystals. Triplite in the MP hosts abundant 
primary fluid inclusions, and is rimmed by 
fluorapatite. 

As closed-system fractional crystallization will 
have caused CGM to evolve from columbite-(Fe) to 
tantalite-(Mn), CGM in the MP can not have resulted 
from fractional crystallization of the YGC magma. 
The presence of Fe-rich columbite-(Mn), Fe-rich 
lepidolite, bismuth blebs associated with 
molybdenite, apatite rims on triplite, and primary 
fluid inclusions in triplite, is most consistent with a 
model that involves an Fe-bearing hydrothermal fluid 
in the formation of this assemblage. 
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Results 
Reduction of 10 mg/L of Cr(VI) to Cr(III) by 

resting cells of P. aeruginosa, without clay minerals, 
follows a pseudo first-order kinetic with a 4.4 h of 
half-life of Cr(VI). Addition of clay minerals results 
in decreases in Cr(VI) reduction rates. Our results are 
shown in the figure. 
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Figure 1. Effect of clay minerals on Cr(VI) reduction 
by resting cells of P. aeruginosa 
 

Discussion of Results 
The decrease in Cr(VI) reduciton efficiency in the 

presence of clay minerals is attributed to the 
adsorption of Cr(VI) on clay minerals [1, 2], as well 
as the interplay occurred between cells and clay 
minerals [3, 4].  And analogously, Huang et al. [5] 
have pointed out that addition of mineral sorbents 
resulted in pronounced decrease in reduction rates 
(32-1540 h As(V) half-life), due to the adsorption of 
As(V) onto clay minerals.  
 
[1] Goswamee et al. (1998) Appl Clay Sci 13, 21-34. 
[2] Sari & Tuzen (2008) Sep Sci Technol 43, 3563-
3581. [3] Liu et al. (2013) Appl Clay Sci 75-76, 39-
45. [4] Müller & Défago (2006) J Geophys Res 111, 
G02017. [5]  Huang et al. (2011) Environ Sci Technol 
45, 7701-7709. 
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The remove of Tc(VII) by synthetic pure pyrite is 

independed on the pH, however, it is depended on the 
pH for natural pyrite and synthetic pyrite 
incorporated with Co, Ni, Cu and Zn. The kinetical 
study shown that the removal of Tc(VII) by synthetic 
pure pyrite can be best fitted with the first-order 
kinetics. However, the removal kinetics for natural 
pyrite and pyrite adopted with impurities could not be 
described by a single exponential function, 
suggesting a multi-stage reaction which is similar to 
the removal of Tc(VII) by Ti-containing 
magenetite[1]. Aqueous chemical analysis shown that 
after 54 days reaction, up to 74% Tc(VII) has been 
immobilized by synthetic pure pyrite, comparing with 
more than 85% uptake by impurity-containing pyrite. 
Moreover, nearly 100% removal of Tc(VII) was 
observed in Ni, Cu and Zn-containing systems 
(Figure 1).  

 
Figure 1: Comparing the Remove of Tc(VII) by pure 
pyrite and Ni-containing pyrite. 
 

According to the XANES data, all the 
immobilized Tc has been reduced to Tc(IV). 
Therefore, it is proposed that Tc(VII) was reduced 
directly at the pyrite-water interface following the 
deposition of Tc(IV). EXAFS fitting indicated that 
most of the Tc(IV) phases are similar to 
TcO2·(H2O)x, with Tc-O distance at ~2.0 Å. 
Unexpectedly, TcS2 was suggested to be the 
dominated reduction product in the Ni-pyrite system.  

 
[1] Liu et al (2012) Geochim Cosmochim Acta 92,67-
81. 
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Rare metal minerals, grain size, sediment types 

and rare metal elements were analyzed for 273 
surface sediment samples collected from the 
continental shelf of the northwestern South China 
Sea. The distribution characteristics and the main 
influencing factors of rare metal minerals are 
discussed in this study. The results reveal that the 
distribution of heavy minerals is mainly affected by 
provenance, sediment types and hydrodynamic 
conditions. The distribution of rare metal minerals 
cannot only be determined solely from that of the rare 
metal elements in sediments because there are big 
differences in their concentration distributions. Five 
regions rich in rare mineral (Shuidong Bay, the 
southern Pearl River estuary, between 
Shang/Xiachuang island and Hailing island, 
Zhangjiang bay and coastal southeastern of Hainan 
island) are distinguished on the basis of the 
distribution of rare metal minerals analysis of the 
sedimentary environment. These five regions are 
expected to become favorable areas for different rare 
metal placers because the major species of rare metal 
mineral are different in every region. The most 
abundant rare metal minerals in the study area are 
ilmenite, leucoxene and zircon. 
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Nowadays, hydro-fracturing is critical for the 
effective development of unconventional tight oil and 
gas. Previous studies show that subsurface stress & 
pressure, rock mechanics and fracturing fluid 
controlled the fracture generation. However, there are 
still some uncertainties about the distribution of 
newly-generated subsurface fractures. Thus, it is 
urgently needed to carry out precise fracture growth 
characterization to provide reference for on-site 
hydraulic fracturing. 

The sample is the tight fine-grained arkose from 
the Upper Triassic Yanchang Formation in the Ordos 
Basin, which is the most successful tight oil play in 
China. Micro-CT is used to scan the tight sand 
samples at different pressures to simulate the whole 
process of hydraulic fracturing. The pixel resolution 
is 2.75μm and the sample is a pillar with diameter & 
length of 3mm. The porosity and permeability is 
7.8% and 0.09mD, respectively. The pressure 
increases along the axial direction from 0.6MPa to 
4.0MPa, 8.0MPa, 12MPa and 14MPa finally.  

The new observations and results are as follows,  
(1) The growth of new fractures is positively 

related to pressures. The initial fracture is observed at 
the pressure around 8MPa, then it extends to form 
abundant secondary fractures, and finally forms 
complex and connected fracture network. The new 
fractures ranges from 3μm to 250μm. 

(2) New fractures are developed along the 
pressuring direction, occurring along the boundary 
between silica minerals and cements (i.e., calcite, 
dolomite). Few fractures could cut through the silica 
minerals, such as quartzs and feldspars. No obvious 
connection between pre-existing pores and new 
fractures is observed.  

(3) From 4.0MPa to 14MPa, the sample extends 
0.05mm, 0.12mm, 0.18mm and 0.27mm, and the 
corresponding volume expansion is 3%, 8%, 12%, 
and 19%, respectively.  

In this study, 3D models of fractures at different 
pressures are reconstructed by using CT in-situ 
segmentation, which can show the dynamic 
development of fractures directly. The results are 
helpful to understand the origin and controlling 
factors of new fractures, and can provide reference 
for on-site hydraulic fracturing. 
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Glycerol dialkyl glycerol tetraethers (GDGTs) are 

lipid biomarkers for Archaea, which have been 
utilized widely in paleoenvironment and deep 
biosphere investigations. Here we report both core 
and polar GDGT distributions in the deep marine 
sediments (ca. 350 to 700 meters below seafloor) of 
the South China Sea. The sediments exhibited two 
different kinds of lithology (dark clay versus 
carbonate rich clay). The absolute abundances of total 
core lipids ranged from about 60 to 2,830 ng/g, 
whereas those of polar lipids ranged from 1 to 187 
ng/g. The absolute abundances of both core and polar 
lipids showed no variation with lithology. The 
abundances of polar- and core lipids were positively 
correlated (R2 = 0.47), which was much stronger (R2 
= 0.88) when the samples characterized by 
bioturbation were removed. We hypothesize that core 
lipids were reutilized into polar lipids by archaea or 
that fractions of both core- and polar lipids are from 
archaeal remains buried in the sediments. However, 
the profiles of core lipids were significantly different 
from those of polar lipids; the former were mainly 
contributed by crenarchaeol (~60%) whereas the 
latter mainly consisting of GDGT-0 (~60%). This 
suggests that the sources of core lipids and polar 
lipids are dramatically different with polar lipids 
likely being originated from archaeal cells residing in 
the sediments. 
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   Our study aimed to understand the soil 
geochemical characteristics of subalpine and alpine 
ecosystems in this region through measuring the soil 
carbon isotope composition and lipid biomarkers in 
Gongga Mountain. In this study, abundant n-alkanes, 
n-alkan-2-ones and fatty acids were identified in 22 
surface soils collected across different altitude zones 
from 4600 m to 6700 m along the eastern slope of 
Mount Gongga, China. These extracts contain C11-C33 
n-alkanes and C9-C33 n-alkan-2-ones with a 
predominance of odd carbon numbers in long-chain 
n-alkanes and long-chain n-alkan-2-ones, both with a 
maximum at n-C27 or n-C29, suggesting they were 
derived mainly from higher plants, however the 
short-chain n-alkan-2-ones with a maximum at n-C17 
or i-C18 (phytone, 6,10,14-trimethylpentadecan-2-one) 
showed no odd-even predominance, suggesting they 
were derived mainly from bacteria. In addition, there 
was a strong even-carbon-number predominance of 
fatty acids (n-C6- n-C18), with a maximum at n-C16. 
These results suggest that organic matter in sediments 
was derived from mixed sources, including bacteria, 
algae and terrestrial plants. The source rock potential 
and paleoenvironment of the soil sediments in 
Gongga Mountain, were determined by Rock-Eval 
and stable carbon (δ13C) analyses. TOC, S2, and 
hydrogen index (HI) values suggest a good organic 
richness in soil samples. Moreover, an immature state 
for all the samples is inferred based on the Rock-Eval 
and biomarker parameters. The lower δ13C org values 
indicated that C3 plants were the dominant input from 
4600m to 6700m.  

Supported by grants Key Project of CAS No. 
XDB03020405, Major State Basic Research 
Development Program of China No.  2012CB214701 
and NSFC No. 41272147, 41172169. 
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The process of microbial extracellular electron 

transfer (EET) is an important driving force of 
element cycling and energy exchange in 
epigeosphere. Although the outer-membrane c-type 
cytochromes (c-Cyts) of metal reducing bacteria have 
been well-recognized as the key enzymes in EET 
processes, little was known about the quantitative 
information of the redox status of c-Cyts under the 
non-invasive physiological conditions. The reduced 
and oxidized forms of c-Cyts in a cell suspension of a 
dissimilatory metal reduction bacteria Shewanella 
oneidensis MR-1 were able to be directly recorded on 
a UV-Vis diffuse-transmittance spectrometer, and 
simultaneously, the bulk redox potentials of the cell 
suspension were measured under the open circuit 
conditions. In this study, the combination of UV-Vis 
diffuse-transmittance spectroscopy and the 
electrochemistry was conducted to in situ investigate 
the redox status of c-Cyts and the redox potentials of 
the living cell suspension system. A strong 
correlation between c-Cytred concentration and open 
circuit voltage (OCV) was observed, implying the 
dominant role of c-Cyts redox states in controlling 
the extracellular electron transport capacity. The 
theoretical equation of the redox potentials of c-Cyts 
in the intact cells was derived based on the Nernst 
Equation. The fraction of c-Cytred and c-Cytox not 
only reflected the electron transfer rates but also 
determined the formal redox potential. Effects of 
electron donors and electron acceptors on the fraction 
of c-Cyts was examined with results that, while the 
intracellular electron transfer rate was determined by 
electron donors, the redox potential of electron 
acceptors influenced the c-Cyts redox state and the 
OCV simultaneously. This study provides a new 
approach to investigate the redox status of outer-
membrane proteins under the non-invasive 
physiological conditions, by which the extracellular 
electron transfer mechanism of dissimilatory metal 
reduction process can be revealed from a molecular-
level view. 

 
This work was funded by the National Natural 
Science Foundations of China (41522105 and 
41571130052). 
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The compositional effect on the equilibrium 

isotope fractionation has been found in previous work 
[1]. Ca concentration of orthopyroxene significantly 
influences fractionation between orthopyroxene and 
clinopyroxene especially when Ca/Mg ratio in 
orthopyroxene is below 1:15. The isotope 
fractionation is sensitive to the local chemical 
environment of the element such as the bond lengths, 
which depend on the element’s concentration. The 
variation of the element’s concentration of the 
minerals in natural samples is ubiquitous. These 
works suggest that the concentation effect on isotrope 
fractionation is a phenomenon worthy of specail 
study.   

Natural carbonates (MgxCa(1-x)CO3) have wide 
variations in Mg/Ca ratio, which can modify local 
chemical environment of these minerals. Equilibrium 
Ca and Mg isotope fractionations among carbonates 
with various Mg/Ca ratio were calculated using 
density functional perturbation theory. The results 
indicate that dolomite (x=0.5) is enriched in 26Mg but 
depleted in 44Ca relative to the other carbonates. Mg 
concentration significantly affects Mg and Ca isotope 
fractionations  among the carbonates. At 300 K, Mg 
isotope fractionation is ~ -4.5‰ betweeen 
Mg1/24Ca23/24CO3 calcite and dolomite, and Ca 
isotope fractionation is ~ 6‰betweeen 
Mg23/24Ca1/24CO3 and dolomite. Therefore, Mg/Ca 
ratio in carbonate should be taken into account when 
appling the isotope fractionation coefficients to 
understand Earth processes such as deep carbon 
cycle.  
 
[1] Feng, C., Qin, T., Huang, S., Wu, Z., Huang, F., 
2014. Geochim. Cosmochim. Acta143, 132–142. 
 
 



Goldschmidt Conference Abstracts 

 

3457 

An experimental study on 
dehydration melting of UHP 
metagranite at high pressure 

QIONG-XIA XIA*1 JAMES A VAN ORMAN2 JIAN 
HAN2 YONG-FEI ZHENG 1WAN-CAI LI1 MENG 

YU1 XU LUO1 
1 School of Earth and Space Sciences, University of 

Science and Technology of China, Hefei 230026, 
China 

2 Department of Earth, Environmental and Planetary 
Sciences, Case Western Reserve University, 
10900 Euclid Avenue, Cleveland	  OH 44106, 
USA 

 
Partial melting experiments of UHP metagranite 

were carried out at 1.0-2.0 GPa and 750 to 900oC. 
The results show significant variations in melting 
degrees and melt compositions, providing insights 
into the behaviour of dehydration melting during the 
exhumation of deeply subducted continental crust. At 
2.0 GPa and 750oC, the metagranite starts to melt. 
However, the melting degree is as low as 1%, and the 
melt scatters sporadically intergranular or 
intragranular. With rising temperature, the melting 
degree increases to 5% at 900oC, and the melt 
develops as large pocket. At 1.5 GPa, the melting 
degree rises to 3-10% at 750-850oC and ~25% at 
900oC. At 1.0 GPa, the melting degree is higher than 
25% at all temperatures. Melts occur pervasively, and 
idiomorphic quartz, feldspar and biotite start to 
crystalize from the melts.  

The melts produced by the dehydration melting 
are granitic, and rich in silica and total alkali but poor 
in calcic and mafic compositions. The higher the 
temperature and the lower the pressure, the more 
silica, the higher the K2O/Na2O ratios and the less 
Na2O are the melts. This indicates the incongruent 
breakdown of plagioclase and micas during the 
partial melting. With rising pressure, the anorthite 
component of plagioclase breaks down to grossular 
for crystallization of garnet, and the albite component 
of plagioclase partitions into the melt. Nevertheless, 
at 1.0 GPa, the melt compositions are almost 
homogenous at all temperatures at the high degrees of 
partial melting.  
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CFB is in principle caused by an abnormally high 

temperature, extended decompression, a certain 
amount of mafic source rocks (e.g., pyroxenite), or an 
elevated H2O content in the mantle source. However, 
there is currently no convincing evidence of high 
water content in the source of CFB. We retrieved the 
initial H2O content of the primitive CFB in the early 
Permian Tarim large igneous province (NW China), 
using the H2O content of the early-formed 
clinopyroxene (cpx) crysts and the partition 
coefficient of H2O between cpx and basaltic melt. 
The arc-like H2O content (4.82±1.00 wt.%) provides 
the first clear evidence that H2O plays an important 
role in the generation of CFB.  
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According to recent studies on the temporal-

spatial distribution of Neoproterozoic igneous rocks 
and related rocks in South China, we recognize the 
presence of a Neoproterozoic intra-oceanic arc, 
continent-arc-continent collision and three tectono-
magmatic belts between the Yangtze Block and 
Cathaysia Block. At present, the intra-oceanic arc 
assembly is located between the active continental 
margin of both Yangtze and Cathaysia Block along 
the Jiangshan-Shaoxing-Pingxiang-Shuangpai-Xinyi 
deep faults on the southeast, and along the 
Jingdezhen-Yifeng-Wanzai deep faults on the 
northwest. At ca. 1000~860 Ma, northwestward 
ocean-ocean subduction and southeastward ocean-
continent subduction with slab dehydration melting 
resulted in the intra-oceanic arc magmatism and 
active continental margin magmatism in the 
Cathaysia Block respectively. At ca. 860~825 Ma, 
the steepening subdution caused back-arc basin 
developing in the intra-oceanic arc zone and the slab 
rollback induced the arc and back-arc magmitism in 
the Cathaysia Block. Meanwhile, a shallow dip 
northwestward ocean-continent subduction formed 
active continental margin magmatism in the Yangtze 
Block. At ca. 825~805 Ma, the continent-arc-
continent collision and final amalgamation between 
the Yangtze and Cathaysia Blocks yielded the 
Jiangnan Orogen. At ca. 805~750 Ma, the Jiangnan 
Orogen collapsed, and the Nanhua rift basin formed 
between the proto-active continental margin of the 
Yangtze Block and the intra-oceanic arc zone in the 
west.  

This work was supported by National Basic 
Research Program of China (2012CB416701) and 
National Natural Science Foundation of China (Grant 
41430208). 
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Rocky desertification has become an imminently 

issue as the intensity of human activity is growing 
inevitably in the Karst area of southwest China. It has 
been found that the development of rocky 
desertification varied in adjacent zones according to 
their dominated soil type. This study examined soil 
organic matter (SOM), especially the humic acid 
(HA) component, of a limestone soil and two other 
soils (the yellow soil and the yellow-brown soil) from 
this Karst area to investigate interactions of SOM and 
rocky desertification happening. To this end, three 
HA fractions, namely free HA (HAf), encapsulated 
HA (HAe) and interacted HA (HAi), were extracted 
according to their occurrences in the selected soils, 
and their compositions and chemical characteristics 
were comparatively studied. The results showed that 
although the total organic carbon (TOC) and total HA 
contents of the limestone soil are higher, the ratios of 
carbon content of total HA to TOC (HAC/TOC) and 
the HAf fraction to the total HA (HAf/THA) of the 
limestone soil are notably lower than those of the 
yellow soil and the yellow-brown soil. The elemental 
compositions and chemical function groups analysis 
indicated that HAe and HAi fractions maybe much 
more vulnerable than HAf fraction when subject to 
microorganisms. Therefore, we concluded that 
constituents and characteristics of HA in the 
limestone soil may be an underlying reason for easier 
happening of rocky desertification in limestone soil 
areas than other areas in the southwest China Karst 
area. 

 

Soil TOC 
[wt%] 

Yield [g/kg] HAC/TOC 
HAf HAe HAi THA HAf HAe HAi THA 

LS 3.12 6.06 5.97 2.52 14.55 9.29 9.70 4.40 23.39 

YS 2.01 7.20 3.55 1.08 11.83 18.70 9.66 3.08 31.44 

YBS 2.31 9.53 3.04 0.81 13.38 21.30 7.56 1.88 30.74 

Table 1: Yields of HA fractions and ratios of organic 
carbon contents in HA fractions to TOCs of soils. 
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We report a benchmark study of liquid-vapor 

transition in a prototype silicate MgSiO3 using the 
state of art first principles molecular dynamic 
simulations (FPMD) in terms of two-phase coexisting 
method (Heterogeneous). The liquid-vapor phase 
diagram of a silicate is established from 
heterogeneous FPMD methodology. The supercritical 
temperature of MgSiO3 is found to be 6600 K with a 
critical density of 0.40 g/cm3. Chemistry of vapor is 
characterized by studying the composition and 
speciation between 4000 K and 7000 K. We find O2, 
SiO and SiO2 are the most stable and abundant 
molecules in MgSiO3 vapor. Our results clearly 
demonstrate the validity of methodology developed 
in current work and also provide the new opportunity 
to investigate the vaporization of other hot silicates 
(SiO2 and hydrated MgSiO3 liquids) in large impact 
events. 
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   Despite the biomass, diversity and metabolic 

activity for prokaryotic communities in marine 
subsurface have been intensively studied so far by 
molecular ecological approaches, subseafloor 
eukaryotic communities still remain poorly 
constrained. Here we report fungal communities in 
deep subseafloor sediments analysed by both 
cultivation and cultivation-independent molecular 
ecological approaches. Cultivation of fungi was 
performed using sediment core samples at the 
Landsort-Deep site in the Baltic Sea during the 
International Ocean Discovery Program (IODP) 
Expedition 347. A total of 6 media with different 
nutrients and salt concentrations were tested for the 
cultivation, resulting in 50 fungal colony isolates. The 
shallower sediment samples showed higher richness 
of cultivable fungal strains, which trend generally 
decreased with increasing the depth and burial time. 
Internal transcribed spacer (ITS)-regions of RNA 
genes were sequenced, revealing the occurrence of 11 
different genera, including Pseudeurotium bakeri as 
the most predominant strain throughout the glacial 
and interglacial sedimentary sequences. Interestingly, 
some of the fungal strains were uniquely appeared 
only in either glacial or interglacial sediments, 
suggesting that those cultivated strains were 
originated from different burial sources. Moreover, 
cultivation-independent analysis of 18S rRNA gene 
sequencing from the total DNA in the sediments also 
showed the occurrence of diagnostic eukaryotes that 
might adjust to high salinity marine environments 
during  the interglacial period, and vice versa, 
suggesting that those diagnostic eukaryotes 
sensitively responded to the past depositional and 
climate changes.  
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The interaction between ferrous ions and 
amorphous iron oxides leads to a striking phase 
transformation of the host iron mineral. While this 
process is clearly critical to the fate of other species, 
reports on the fundamental drive of this redox 
crystallisation are still unclear. In particular, whether 
this process is driven by adsorbed Fe(II) only, or if 
aqueous Fe(II) species can also transfer electrons, is 
still unclear from various studies conducted in the 
past.  

To further understand the mechanisms of the 
pathway in which the mineralization process occurs, 
anaerobic experiments were conducted in an oxygen-
free environment under circumneutral pH at room 
temperature. In this work, we investigate the abiotic 
Fe(II)-mediated conversion of errihydrite to goethite 
over a 24 hour period, and analyse the associated 
transforamtion kinetics inducted by different Fe(II) 
concentrations using FTIR. Simultaneously the 
dissolved and adsorbed (i.e. HCl extractable) Fe(II) 
fractions are quantified.  By modeling the 
transformation kinetics in relation to the amounts of 
adsorbed and dissolved Fe(II) present, the dominant 
driving process is revealed. 
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Burial of organic carbon (OC) in marine 

sediments sequestrates carbon from more rapidly 
cycling carbon pools for geologic time scale, which 
acts as a temporal and spatial integrator of numerous 
biogeochemical processes. However, the provenance 
and transformation of organic matter (OM), and the 
mechanisms controlling the degradation and 
preservation of sedimentary carbon remain elusive. 
Such is particularly true for large river dominated 
margins because of significant mixing of organic 
carbon with different sources (terrestrial vs. marine) 
and biogeochemical behaviors. In this study, seven 
cores were collected from northern China marginal 
seas (six from the Bohai Sea and one from the 
Yellow Sea), which are subject to the strong 
influence of the Yellow River and/or Yangtze River. 
We analyzed/will analyze elemental compositions 
(OC, N, OC/N), stable carbon isotope (δ13C), 
biomarkers, 13C solid NMR and radiocarbon to 
discuss the origin, form, accumulating rate and 
preservation of OM. Solid-state 13C NMR 
spectroscopy is an excellent tool for determining the 
mechanisms by which OC is preserved in the ocean, 
and thereby can provide quantitative molecular 
compositions. Radiocarbon data reveal the age of the 
OM itself and therefore shed light into the source and 
delivery mechanism of sedimentary OM. 
Furthermore, we will discuss the composition and 
distribution of organic carbon among different size 
fractions: fine (<50um) and coarse (>50um) material 
in order to determine how important mineral 
protection of OM preservation. One of the highlights 
of our work is simultaneously investigation for seven 
cores which provides an opportunity to evaluate the 
relative importance of a variety of factors such as 
organic matter source, mineral composition, sea 
current and even human disturbance on organic 
carbon burial in coastal seas, although further studies 
are definitively needed to fully understand the 
mechanism of organic carbon sequestration in seas.    
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Marine gas reservoirs in Northeast Sichuan Basin 
are characterized by a variable H2S content (0-17%), 
and a heavier 13δC1 and a variable 13δC2, resulting in 
their difference has a great change from positive to 
negative sequences[1]. The origin of the natural gas is 
generally believed to be mainly oil-cracked gas, and 
the H2S to be associated with TSR. However, a 
reasonable interpretation still lacks for the carbon 
isotope value of the natural gas and its change. In the 
present study, a kind of high density methane 
inclusion containing H2S and no solid bitumen was 
identified from the gas reservoir rock, and its 
formation temperature and pressure is 230-240℃ and 
150-170MPa respectively, indicating a very high 
maturity of the natural gas (3.5% of Ro) and a strong 
TSR occurring in the late stage of the reservoired oil-
cracked into gas with a high temperature and pressure 
environment. The gas data indicate that the (13δC1 -
13δC2) value has a very good negative correlation 
with 13δC2, but has no correlation with13δC1, and the 
13δC2 and (13δC2 -13δC1) value has a positive 
correlation with the TSR altered degree (e.g. H2S 
content), which implicates that maturity is not a main 
factor to control the carbon isotopes, but TSR has an 
important influence on the carbon isotopes, especially 
13δC2. The continuous pyrolysis and step pyrolysis 
data of a marine oil sample show that oil-cracked 
residual (solid bitumen) (2.0 % of BRo) has a low gas 
yield (about 40 mL/g) with a 13δC1 of  

-27.5‰, much heavier than that of the 
continuously-pyrolyzed gas in a completely closed 
system (-35‰ of 13δC1), indicating the reservoir 
closure condition is another important factor to 
control gas carbon isotopes. In Northeast Sichuan 
Basin, the reservoir trap was broke during the 
primary cracking of the reservoired oil, with the most 
generated gas being escaped. Therefore, the gas in the 
reservoir is a mixture of the secondary cracking gas 
of the residual oil-cracking gas with the residual solid 
bitumen pyrolyzed-gas, which became the reason for 
the negative sequence of the gas carbon isotopes. The 
superposition of TRS further promoted the cracking 
of C2

+ components in some reservoirs, with an 
increase of 13δC2, resulting in a transformation of the 
negative sequence into the positive sequence. 

Supported by CAS(XDB10040300) and 
NSFC（41321002） 
 
[1] Hao et al.(2008) AAPG 92, 611-637. 
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To understand geochemical processes of 
subduction-zone metamorphism, especially at the 
slab-mantle interface in the subduction channel, is 
crucial for understanding arc magmatism with 
characteristic geochemical signatures (e.g., high 
LILEs and low HFSEs). We studied a ~ 1.5 m meta-
basaltic boulder with well-preserved pillow-lava 
structure from the Chinese Western Tianshan UHPM 
belt. The boulder has dm-sized eclogitic interiors and 
cm-sized blueschist rims. Both eclogitic interiors and 
blueschist rims are dominated by omphacite, 
glaucophane, clinozoisite, garnet plus minor 
phengite, quartz, titanite, apatite, and carbonates, but 
glaucophane and clinozoisite modal abundances 
increase with decreasing omphacite abundance 
towards blueschist rims. Given the presence of the 
same or similar mineral inclusions in glaucophane 
and clinozoisite porphyroblasts from both eclogitic 
interiors and blueschist rims, we conclude that the 
blueschist rims share a similar peak metamorphic 
condition with the eclogitic interiors, but have 
experienced stronger rehydration. The protolith of 
both blueschist rims and eclogitic interiors is 
geochemically E-MORB-like. Blueschist rims and 
eclogitic interiors yield a well-defined Rb-Sr isochron 
with an age of 309 ± 12 Ma (MSWD = 1.7), possibly 
representing the timing of rehydration.  

Mass balance calculations show that, compared 
with the eclogitic interiors, the blueschist rims have 
gained REEs (more than 25%), U and Th (more than 
50%), as well as Pb and Sr (more than 100%), but 
lost P (~ 75%), Li and Be (~ 50%). The gain of 
REEs-U-Th, especially Pb and Sr, reflects the 
addition of these elements by external fluids, while 
the breakdown of apatite and omphacite during 
rehydration may be responsible for the loss of the 
latter. However, the rather insignificant loss of LILEs 
(~ 5%) indicates the conservation of these elements 
by the formation and stability of phengite during 
these processes and thus the LILEs cannot contribute 
to the arc geochemical signature. 
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The archaeal phylum Bathyarchaeota is 
cosmopolitan and abundant in the energy-deficient 
marine sub-surface sediments. There are at least 19 
subgroups in the Bathyarchaeota phylum with high 
inter-group diversities, most likely also 
corresponding to a high metabolic diversity. Recent 
genomic and enzymatic evidences indicate that 
members of Bathyarchaeaota have variable 
metabolisms such as methane metabolism and 
acetogenesis[1,2,3].We conducted metagenome analysis 
of deep-sea subsurface sediments, recovered 27 
bathyarchaeotal genomic bins. These bathyarchaeotal 
genomes could be assigned to at least seven lineages 
which provided us a chance to reveal and compare 
the metabolic potentials of different lineages of the 
phylum. 

Majority of the recovered bathyarchaeotal 
genomic bins contain most of genes for inorganic 
carbon fixation via the reductive acetyl-CoA (Wood-
Ljungdahl) pathway. All the seven Bathy-groups 
investigated here contain the acetyl-CoA synthetase 
(ADP-forming, Acd) commonly used in Archaea for 
acetate metabolism, while only two groups have the 
Phosphate acetyltransferase(Pta) and acetate 
kinase(Ack) which are mostly used for acetate 
production/assimilation in bacteria. Besides, different 
lineages of Bathyarchaeota were shown to contain 
specific set of genes targeting a variety of organic 
substrates. Our analysis further demonstrated that this 
ubiquitous and abundant subsurface archaeal group 
has adopted a versatile life strategy to make a living 
under energy-limiting conditions, and different 
lineages of Bathyarchaeota have evolved specific 
physiological properties and adapted to distinct 
ecological niches.  

 
Ref: 
1, Evans, P.N. et al.Science 350, 434-438 (2015). 
2, Lazar, C.B. et al. Environ. Microbiol. 

(accepted) (2015). 
3, He, Y. et al. Nat. Microbiol. (accepted) (2016) 
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Laser ablation inductively coupled plasma mass 
spectrometry (LA-ICP-MS) is a powerfully micro-
analytical tool and wildly used because it can do fast 
and precisely in-situ isotopic analysis at 30 ~ 80 
micron scales. Here we report a new method for U–
Pb dating of zircon with a high resolution at a 
horizontal scale of 5 μm using 193 nm ArF excimer 
laser ablation multiple ion counter inductively 
coupled plasma mass spectrometry (LA-MIC-
ICPMS). The new technique allows routine analysis 
with a ablating spot diameter of 5 μm and ablation 
time of ~17 s. The dating results for Phalaborwa, GJ-
1, Temora, Plesovice, Qinghu and SK-10 zircons are 
identical to the recommended ages within analytical 
uncertainties with precision better than 1%.  

This technique has comparable high horizontal 
resolution with the SIMS U-Pb dating technique, but 
is much more cheap, rapid and simple. Therefore, it 
should have widely applications to high-resolution U-
Pb dating of the tiny or complex zircon grains with 
small cores or narrow zones. 
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Marine Group II archaea widely occur in the 

ocean and reside mostly in the photic zone, living 
heterotrophically. In this study, we quantified the 
abundance of the 16S rRNA gene of MG II from the 
water column of different salinities in the Pearl River 
Estuary (site A: 0.8‰; site B: 18.1‰; site C: 23.9‰: 
site D: 31‰) over a 12-month period. The results 
showed that the abundance of MG II at site C 
(8.5±10.1×107 copies/L) was significantly higher than 
at the other three sites (A: 3.5±8.8×105 copies/L; B: 
2.7±4.5×107 copies/L; D: 2.2±4.4×107 copies/L) in all 
seasons, indicating the perennial blooming of MG II 
that might be due to the optimal combination of 
available organic carbon and salinity at site C. We 
also observed that the abundances of MG II and the 
autotrophic MG I archaea became better correlated 
toward the marine water (R2: A, 0.06; B, 0.1; C, 0.24; 
D, 0.64), indicating the potential functional 
relationship between these two physiologically 
different groups of archaea with increasing salinity. 
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Black shales deposited during the Cryogenian 

interglacial period in the Nanhua Basin, South China 
contain economically important manganese carbonate 
resources. However, the processes that led to their 
metallogenesis are poorly understood. Studies have 
suggested that Mn2+ enrichments were generally 
attained in an O2-stratified basin [1]. In this scenario, 
Mn oxyhydroxide precipitated above the redox-cline 
and sank into deeper water, after which reductive 
dissolution occurred, releasing Mn2+ to the water 
column. Mn carbonates (rhodochrosite)—hosted in 
black shales and organic-rich carbonates—are 
thought to form by diagenetic reaction of this 
dissolved Mn2+ with organically derived bicarbonate 
in the anoxic zone [2]. Mn carbonates formed by this 
processes are expected to have significant differences 
in geochemical characteristics compared to Mn 
carbonates that derived from Mn2+ and CO3

2- directly. 
In order to study the precipitation mode of Mn in 
Cryogenian interglacial strata of South China, we 
measured trace elements and rare earth elements in 
Mn carbonates. Our results not only provide 
information on the processes that lead to Cryogenian 
Mn metallogenesis in South China, but also provide a 
window into marine redox conditions during the 
Cryogenian interglacial period. Metazoans are likely 
to have their roots in the Cryogenian period [3,4], and 
thus the marine O2 level during the Cryogenian 
period is important for understanding the relationship 
between environmental conditions and the subsequent 
emergence and expansion of early animals. 

 
Reference: [1]  Calvert and Pedersen (1996), Economic 
Geology 91 : 36–47. [2] Roy (2006), Earth-Science Reviews 
77 (4): 273–305. [3] Erwin, et al. (2011), Science 334:1091–
1097. [4] Love, et al. (2009), Nature 457, 718–721.  
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This paper analyzes 27 source rocks and 18 oil 
samples using chemical method, and determines the 
relationship between crude oil and source rock using 
correlation method. And also, this paper analyzes the 
differences of crude oil property in space and 
determines the cause of the differences. The results 
show:(1)The source rocks in study area are mainly 
mudstone and containing lime mudstone, with a 
certain amount of quartz, calcite and other brittle 
minerals, clay minerals is mainly illite and smectite 
mixed-layer minerals. The oil generation indicators 
and organic abundance of source rocks are mainly 
good-excellent source rocks. The organic matter type 
of source rocks is mainly Ⅱ1 type, with a small 
amount of type I, Ⅱ2 and III.(2)The maturity of 
source rocks is mainly low mature-mature, which has 
good hydrocarbon generation potential. Source rocks 
can be divided into two types depositional 
environment, as the samples of B_ls and LU and UT 
layer are basically reducing environment, the 
biogenic is lower aquatic organisms; the samples of 
the others layers are basically oxidizing environment, 
the biogenic is higher aquatic organisms.(3)18 crude 
oil samples are homologous,which are inferred from 
the Cretaceous marine source rocks basing on 
biomarker characteristics, are basically reducing 
environment, water bodies are permanent stratified. 
The reservoir has experienced two stages filling, the 
early stage accumulation of crude oil has been 
biological degraded seriously, the late hydrocarbon 
contribution can have a major influence on the 
composition and properties of crude oil. The late 
stage filling ratio is the major factor in controlling 
crude oil density.(4)Samples of crude oil are very 
close to source rocks samples in reducing 
environment.The source rocks in the study area is not 
a major contributor to the crude oil of this area, the 
crude oil is migrated from the west kitchen inside the 
basin with stronger reducibility and higher 
maturity.(5)There are two advantage migration 
pathways of crude oil. The crude oil migrates from 
the center of the basin to the northeast and divides 
into two migration pathways in this process. One part 
crude oil continue to migrate to the northeast region, 
the other part crude oil migrate toward the southeast 
region. Relative parameters show that there are two 
hydrocarbon accumulation period. 
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Schwertnannite is most often to precipitate in the 
acid mime drainage (AMD) sysytem with high sulfate 
and iron concentration, while it is thermodynamically 
unstable with respect to more crystalline minerals 
such as goethite. Some contaminants like heavy 
metals will adsorb and coprecipitate during the 
formation, but they will release and re-coprecipitate 
when minerals are trasformed [1]. And the 
transformation may be influenced by the dissolved 
organnic matter (DOM) or Fe(II) [2,3].   

Batch experiments were conducted to study the 
behavior of chromate effected by the transformation 
of schwertmannite in the presence of DOM. Minerals 
and the products were analyzed by means of Fourier 
transform infrared spectroscopy, transmission 
electron microscopy, scanning electron microscope, 
X-ray diffraction and Mössbauer spectra. Results 
showed that adsorbed CrO4

2- (0.3 wt% at pH 3.40 ± 
0.20) released during the initial phase of the 
transformation of CrO4

2--containing schwertmannite 
which was rapidly readsorbed  (0.1 wt%) to the new 
phase. And the soild mainly consist of 
schwertmannite and goethite, with minor amount of 
ferrihydrite and jarosite. Results obtained in the 
present study provide a framework for interpreting 
the transformation of schwertmannite  and influence 
on behavior of chromate in geologic systems. 

This study was supported by the National Natural 
Science Foundation of China (No.41330639). 
[1] Regenspurg et al. (2004) Geochim. Cosmochim. 
Acta 68, 1185-1197. 
[2] Burton et al. (2008) Geochim. Cosmochim. Acta 
72, 4551-4564. 
[3] Silva et al. (2013) Sci Total Environ. 447, 169-
178. 
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Shock-induced melt vein in meteorite is a natural 

gift to understand phase transformation under extreme 
pressure and temperature, and provide valuable insight 
to the natural impact events in solar system and useful 
information about deep mantle mineralogy of the 
Earth [1-7]. High-pressure phases can be either 
crystallized from melt or solid-state transformed under 
shock, which can be used to constrain the shock 
pressure and duration [1-4]. This study will focus on 
nano-iron particles and the partial solid-state 
transformation of major minerals in shocked veins of 
GRV chondrite, and to better elucidate transformation 
mechanisms of nano-Fe particles, host silicate 
fragments, and Fe-Mg diffusion. 

Various microanalysis methods, include Raman 
spectro-scopy and electron microscopes (SEM, 
EMPA, and FIB-TEM), were used to investigate the 
microstructure and mineralogy of shock-induced melt 
veins in one Antarctic GRV 022115 chondrite. The 
network of shock-induced melt veins encloses 
abundant host-rock fragments of olivine, pyroxene and 
plagioclase. Preliminary results show abundant partial 
solid-state transformation of host fragments and nano-
iron particles. Several FIB-TEM samples were made.  

Nano-iron particles were reported in lunar soil and 
breccias [8, 9]. They were not reported in shock-
induced melt veins of chondrites as my knowledge. 
The rounded shape grains with smooth edges 
embedded in fine matrix in melt veins and mixture of 
high-pressure phases and low pressure phases in one 
single grain suggests partial solid-state transformation 
of host fragments. Based on mineralogy of melt veins 
and related mineral kinetics, crystallization model, and 
thermal conduction modelling, we can calculate the 
duration of element diffusion, crystal growth, and 
crystalli-zation of melt veins, then estimate the shock 
duration [2, 4], and discuss the shock condition of 
parent body of planet embryo in early solar system. 
 
 [1] Xie, et al. (2006) GCA 70, 504-515. [2] Xie and 
Sharp (2007), EPSL 254, 433-445. [3] Langenhorst 
and Poirier (2000) EPSL 184, 37-55. [4] Ohtani et al. 
(2004) EPSL 227(3-4), 505-515. [5] Beck, et al. 
(2005) Nature 435, 1071-1074. [6] Ohtani et al. 
(2006) Shock Waves 16:45-52. [7] Miyahara et al. 
(2008) Proceedings. NAS 105, 8542-8547. [8] Keller 
et al. (1997) GCA 61, 2331-2341. [9] Noble et al. 
(2005) MAPS 40, 397-408. 
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To obtain information on variation of pristine to 

phytane ratio under caly catalyzing, we carried out 
thermal evolution experiment of pure phytol under 
three reaction environments which were reduction, 
montmorillonite catalysis and illite catalysis. 

Experimental result show that the pristine to 
phytane ratio is higher than 1 when the experimental 
conditions are reduction and montmorillonite 
catalysis. But the ratio is lower than 1 under 
condition of illite catalysis, which had not been 
shown before. GC-MS analysis for thermal 
simulation products also explains the special catalyst 
of clay mineral which including activation energy 
decreasing and further fracturing of long chain 
compound. 

This characterization demonstrate a particularly 
close connection  between the type of clay minerals 
and variation of pristane to phytane ratio during 
phytol evolution. 
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The Yarlung Zangbo (YZ) ophiolites in south 

Tibet (China) have shown great potential to 
investigate the upper mantle down to ~410-660 km[1]. 
However, uncertainties on the evolution of the 
ophiolites have obstructed the understanding of deep-
mantle information hidden in them. Here, we describe 
two types of chromitites from the Zedang ophiolite in 
the YZ suture, to reveal a two-stage accretion history 
of the Tethyan arc lithosphere. 

Type I (massive and nodular chromitites) has 
high Cr# (0.66-0.80) in chromite; Type II contains 
low-Cr# (<0.66) chromite disseminated with silicates. 
The high-Cr# type is closely similar to the podiform 
chromitites in forearc-type ophiolites, formed by 
reaction between boninitic melts and harzburgites in a 
mature forearc region. The ultrahigh-pressure 
textures in the chromitites suggest they were later 
subducted to the Mantle Transition Zone, and then 
exhumed with the Jurassic accretion of the Tethyan 
arc lithosphere[1,2]. 

The chromites in the low-Cr# chromitites have 
contents of Al2O3, TiO2 and Ga between spinels 
crystallized in forearc tholetiitic magmas and those in 
the Zedang harzburgites. Compositions of pyroxene, 
amphibole and phlogopite inclusions in chromite 
show signatures of crystallization from hydrous 
forearc basalts. Clinopyroxene relics in the related 
dunites have metasomatic trace-element patterns 
similar to those in the Zedang harzburgites. The 
migration of basaltic magmas through the Jurassic 
harzburgite lithosphere during subduction initiation 
of the Neo-Tethyan slab in a new cycle at ~130-120 
Ma[2] can cause the interaction between forearc 
tholetiitic magmas and the harzburgites, producing 
the low-Cr# chromitites and dunites. 

Therefore, the two types of Zedang chromitites 
have revealed both Jurassic and early Cretaceous 
episodes of accretion of the Tethyan arc lithosphere. 
 
[1]Griffin et al. (2016) J. Petrol., in press. [2]Xiong et 
al. (2016) EPSL 438, 57-65. 
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 From ~2.7 billion years onwards, as oceanic 

sulfate concentrations progressively increased, 
euxinic (anoxic and sulfidic) conditions became a 
more significant feature of anoxic oceans. Despite 
overall rising sulfate through Earth history, lower 
sulfate than at present is envisaged for much of the 
Precambrian, while Phanerozoic episodes of ocean 
euxinia are also increasingly considered to have been 
characterised by low sulfate. However, mineralogical 
controls on P cycling under low sulfate, euxinic 
conditions remain poorly constrained, despite the fact 
that P is commonly considered to be the ultimate 
limiting nutrient on geologic timescales, with major 
implications for primary productivity, organic carbon 
burial, and hence Earth’s oxygenation history. Sulfate 
availability ultimately exerts a major control on the 
generation of sulfide, and hence limits the extent to 
which sulfide affects the cycling of P during 
diagenesis. This, in turn, controls whether P is either 
retained in the sediment as an authigenic phase, or 
whether P is recycled to the overlying water column, 
thus fueling further primary production. 

Here, we present new data from the water column 
and sediments of  Lake Cadagno, Swizerland, which 
is considered a low-sulfate, sulfidic ocean analogue. 
We focus on P cycling in different parts of the basin, 
including the deeper euxinic waters, shallower oxic 
waters, and a site where the chemocline intersects the 
deposited sediments. We combine Fe and P 
speciation data with bulk geochemical and 
mineralogical analyses, to provide evidence that in 
the water column, Fe(II) phosphate forms transiently 
at the  chemocline, while in sediments deposited 
under euxinic conditions, phosphate is removed 
permantly as Fe(II) phosphate. This ultimately 
provides a negative feedback on P recycling, which 
was likely prevalent during low sulfate euxinic 
episodes throughout Earth history. 
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Nd(III) is a good analog for actinides in the +III 

oxidation state.  Sulfate is a major species in natural 
brines.  However, solubilities of actinides in sulfate 
solutions are not well known.  In this work, we 
investigate solubilities of Nd(OH)3(s) in Na2SO4 
solutions over a wide range of ionic strengths up to 
5.4 mol•kg–1 at 298.15 K.  The synthesis method 
assures the complete conversion of Nd2O3 to 
Nd(OH)3(s), as demonstrated by XRD and SEM-EDS 
characterizations.  The measured solubilities of 
Nd(OH)3(s) in Na2SO4 solutions are combined with 
the literature solubility data on Nd2(SO4)•8H2O in 
H2SO4 solutions to develop a Pitzer model to describe 
the Na-Nd-SO4-H-OH system to high ionic strengths.  
This model is important for accurate predictions of 
actinde solubilities in solutions with high sulfate 
concentrations in nuclear waste isolation.   

In addition, rare earth elements (REE) are used in 
numerous industries.  Therefore, this model will also 
find applications in the sulfuric acid processing of 
REE concentrates and recycling process of REE. 

This research is funded by WIPP programs 
administered by the Office of Environmental 
Management (EM) of the U.S Department of Energy.  
Sandia National Laboratories is a multi-program 
laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed 
Martin Corporation, for the U.S. Department of 
Energy’s National Nuclear Security Administration 
under contract DE-AC04-94AL85000. SAND2016-
1367A 
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Silicate earth is in strong depletion of K 

compared with chondrites [Wasserburg, 1964, 
Science]. The ratios of K isotope barely vary 
suggesting evaporation cannot be responsible for the 
missing of K [Humayun and Clayton, 1995, GCA]. 
The finding that the change in electronic structure of 
K from alkaline- to transition metal-like at high 
pressure highlighted the possibility of its 
incorporation into the core [Parker, 1996, Science]. If 
K is present, even in ~ppm, the radiogenic heat 
produced by 40K could be an important energy source 
for mantle dynamics [Labrosse, 2001, EPSL]. 
However, previous researches didn’t enclose the 
controversy over the K partitioning behavior between 
silicate and metallic system, with its partitioning 
coefficient range from 10-6 to 2.5 [Bouhifd etal., 
2007, PEPI; Watanabe, 2014, PEPI], leaving the K 
content in the core uncertain. 

In this study, ab-initio molecular dynamics 
simulations are performed to investigate whether and 
how much K can enter the metallic system. K 
partition coefficients are determined by Gibbs free 
energy changes of its exchange reactions between 
silicate and metallic systems. Helmholtz free energy 
is obtained based on “thermodynamic integration” by 
computing the difference between two systems with 
different potential energy functions 
( ). 

Our preliminary results show that the K content 
entered into the core is limited, though it would be 
affected by the temperature, pressure, composition of 
the metallic (the type and content of light elements) 
and silicate system (NBO/T). 
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To assess how environmental factors affect the 
distribution and transportation of radioiodine and 
plutonium that were emitted from the Fukushima 
Dai-ichi Nuclear Power Plant (FDNPP) accident, we 
quantified iodine and 239,240Pu concentration changes 
in soil samples with different land use types (paddy, 
urban, deciduous forest and coniferous forest), as 
well as iodine speciation in river water and rainwater, 
at locations 53 to 63 km northwest of the FDNPP. A 
ranking of the land uses by their surface soil stable 
127I concentrations was coniferous forest> deciduous 
forest> urban > paddy, and 239,240Pu concentrations 
ranked as deciduous forest> coniferous forest> paddy 
≥ urban. Both were quite distinct from that of 
134,137Cs: urban > coniferous forest > deciduous 
forest> paddy, indicating differences in the sources, 
deposition phases, and biogeochemical behaviour in 
these soil systems. Surficial soil 127I content was well 
correlated to soil organic matter (SOM) content, 
regardless of land use type, suggesting that SOM 
might be an important factor affecting iodine 
biogeochemistry. Organic carbon (OC) 
concentrations and Eh were positively, and pH was 
negatively correlated to 127I concentrations in surface 
water and rain samples. It is also noticeable that both 
forest throughfall and stemflow water consisted 
exclusively of organo-iodine, suggesting all inorganic 
iodine in the original bulk deposition (~28.6 % of 
total iodine) have been completely converted to 
organo-iodine.  

Fukushima-derived Pu is detectable at a distance 
~61 km northwest of FDNPP, yet still confined to the 
litter layer in the forest soil. Pu concentrations were 
significantly correlated with soil OC and nitrogen 
contents, indicating Pu may be associated with 
nitrogen-containing SOM. Together, these finding 
suggest that natural organic matter (NOM) plays a 
key role in affecting the fate and transport of I and Pu 
and may warrant greater consideration for predicting 
long-term stewardship of contaminated areas and 
evaluating various remediation options in Japan. 
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Viscosity jump in the mid-mantle depth was 

reported by geophysical observation (Rudolph et al., 
2015). Chemical stratification is one of the candidate 
to cause the viscosity variation in the lower mantle. 
Pyrolitic lower mantle is mainly composed of 
perovskite (Pv, ~70 vol%) and ferro-periclase (Fp, 
~20 vol.%, Ringwood, 1991), whereas perovskitic 
lower mantle is proposed by Murakami et al. (2012). 
Viscosity of Fp was considered to be two orders of 
magnitude lower than Pv (Yamazaki and Karato, 
2001, 2002). Fp may significantly decrease the bulk 
rock viscosity once interconnected Fp structure was 
formed (Handy, 1994). To understand the effect of Fp 
on viscosity is the key to estimate the Pv/Fp ratio in 
the lower mantle.  

Simple shear deformation experiments of two-
layered sample composed of perovskite plus periclase 
aggregate (Pv+Pc) and single phase perovskite (Pv) 
were conducted to study the effect of Pc on the 
viscosity. In the experiments, two-layered samples 
were sandwiched together by alumina pistons and 
deformed simultaneously. Strain of each layer was 
indicated by the rotation of strain markers inserted in 
Pv+Pc and Pv, respectively. As the same stress and 
chemical condition of deformation (eg. oxygen 
fugacity, water fugacity), the strain contrast between 
Pv+Pc and Pv can quantify the viscosity contrast. 
This method provides direct comparison of viscosity 
between Pv+Pc aggregate and Pv, which can infer to 
the viscosity contrast in the lower mantle. 

Pv+Pc and Pv aggregates were pre-synthesized 
from fine-grained forsterite + 5 vol.% enstatite 
aggregate (Koizumi et al., 2010) and MgSiO3 glass at 
1800 °C for 10 hours and 1600 °C for 30 minutes, 
respectively, at 25 GPa in a Kawai-type multianvil 
apparatus. For deformation, Kawai-type 6-8 cell 
assembly was utilized to conduct experiment in 
KATD apparatus. At first, two-layered sample was 
compressed to ~25 GPa and annealed at 1600 °C for 
half hour without deformation. The recovered sample 
showed no deformation occurred during compression 
and annealing. We conclude this cell assembly is 
applicable for studying in simple shear deformation. 
In the next step, we conduct deformation experiments 
with large strain based on current work. 
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Continental subduction and its interaction with 
overlying mantle wedge are recognized as 
fundamental solid earth processes, yet the dynamics 
of this system remains ambiguous. In order to get an 
insight into crust-mantle interaction triggered by 
partial melting of subudcted continental crust during 
its exhumation, we carried out a combined study of 
the Shidao alkaline complex from the Sulu ultrahigh 
pressure (UHP) terrane. The alkaline complex (SiO2:	  
49.7–	   6.7	   wt.%) is composed of shoshonitic to 
ultrapotassic (K2O: 3.4 – 9.3 wt.%) gabbro, pyroxene 
syenite, amphibole syenite, quartz syenite, and 
granite. Field studies suggest that the mafic rocks are 
earlier than the felsic ones in sequence. LA-ICPMS 
zircon U-Pb dating on them gives Late Triassic ages 
of 214 ± 2 to 200 ± 3 Ma from mafic to felsic rocks. 
These ages are slightly younger than the Late Triassic 
ages (225 – 210 Ma) of the felsic melts from partial 
melting of the Sulu UHP terrane during exhumation. 
The alkaline rocks have characteristics of an arc-like 
pattern in trace element distribution, e.g., enrichment 
of LREE, LILE (Rb and Ba), Th and U, depletion of 
HFSE (Nb, Ta, P and Ti), and positive Pb anomalies. 
The alkaline rocks with high SiO2 contents also 
display features of an A2-type granitoids, suggesting 
a post-collisional magmatism during exhumation of 
the Sulu UHP terrane. The alkaline rocks have 
homogeneous initial 87Sr/86Sr ratios (0.7058 –	  0.7093) 
and negative εNd(t) values (-18.6 to -15.0) for whole-
rock. The Sr-Nd isotopic data remain almost 
unchanged with varying SiO2 and MgO contents, 
suggesting a fractional crystallization (FC) process 
from the same parental magma. Our studies suggest a 
crust-mantle interaction in continental subduction 
interface as follows: (1) hydrous felsic melts from 
partial melting of subducted continental crust during 
its exhumation metasomatized the overlying mantle 
wedge to form a K-rich and amphibole-bearing 
mantle; (2) partial melting of the enriched 
lithospheric mantle generated the Late Triassic 
alkaline complex under a post-collisional setting; and 
(3) the alkaline magma experienced subsequent 
fractionational crystallization mainly dominated by 
olivine, clinopyroxene, plagioclase and alkali 
feldspar.  
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Salt repository is an attractive option for 

permanent disposal of used nuclear fuel (UNF) and 
high-level waste (HLW), as salt has several 
advantageous attributes, including impermeability, 
self-sealing (plasticity) and good thermal 
conductivity, at repository conditions. However, 
small amounts of water occur in salt formations in the 
form of fluid inclusions contained in salt grains or as 
water molecules and/or hydroxyl units in hydrous 
minerals coexisting with salt. Since radionuclides in 
UNF/HLW undergo decays to daughter elements 
with various half-lives and many of the decays 
generate high heat outputs, the surrounding salt and 
its associated water will be heated, causing water 
liberation and migration. These processes will have 
marked effects on salt behavior and thus on the 
overall performance of salt repository. 

An important hydrous mineral coexisting with 
salt is polyhalite, K2MgCa2(SO4)4·2H2O. Like other 
hydrous phases, polyhalite dehydrates on heating, 
where the released water will interact with its 
neighboring salt. In this work, a polyhalite sample 
containing a small amount of halite was collected 
from the Salado formation at the WIPP site in 
Carlsbad, New Mexico. To characterize its thermal 
behavior, in-situ high-temperature synchrotron X-ray 
diffraction was conducted from room temperature to 
1066 K with the sample powders sealed in a silica-
glass capillary. At about 506 K, polyhalite started to 
decompose into anhydrite (CaSO4), triple salt 
(K2SO4·MgSO4·CaSO4) and water vapor. XRD peaks 
of the minor halite disappeared, presumably due to its 
dissolution by water vapor. With further increasing 
temperature, the triple salt decomposed into two 
langbeinite-type phases along the 
K2SO4·2MgSO4⎯K2SO4·2CaSO4 join. Rietveld 
analyses of the synchrotron data allow determination 
of structural parameters of polyhalite and its 
decomposed phases as a function of temperature. 
From these results, the thermal expansion coefficients 
have been derived, and the mechanisms of polyhalite 
decomposition been discussed. In addition, to 
determine stability relations, standard enthalpies of 
formation of polyhalite from constituent oxides and 
elements were measured using high-temperature 
oxide-melt drop-solution calorimetry.  
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Catalysis may play pivotal role in many low-

temperature geochemical processes. An enigma of 
sedimentary dolomite problem is a good case for 
demonstarting calalysis at the dolomite-water 
interafce. Major role of a catalyst is to lower 
activation energy and promote chemical reaction, 
such as, dolomite growth. The dolomite Sedimentary 
dolomite can be potential hydrocarbon reservoirs. 
Sedimentary dolomites or dolostones are generally 
abundant in the geological record, yet scarce or less 
common in certain geological time periods and 
Holocene sediments. The main factor inhibiting the 
nucleation and growth of dolomite is the strong 
hydration of the aqueous Mg2+ ion. The dehydration 
of surface Mg2+–water complexes is the key to 
dolomite crystallization. Recent results from our 
research group indicate that disordered dolomite can 
precipitate and growth in normal seawater in presence 
of dissolved polysaccharides and microbial 
extracellular polymeric substances or exopolymeric 
substances (EPS). A positive relationship between 
concentrations of dissolved polysaccharides and 
microbial EPS in a solution with fixed Mg/Ca ratio 
and amount of Mg in the precipitated Ca-Mg-
carbonates has been established. Polysaccharides are 
the main components in the EPS. Molecular 
dynamics modeling results indicate that the adsorbed 
polysaccharides will weaken the bonding between 
water molecule and surface Mg, therefore promote 
carbonate anion binding and dolomite crystallization. 
Our results from sedimentary carbonate rocks with 
oscillatory dolomite and limestone layers (ribbon 
rocks) and micro-laminations clearly demonstrate 
preferential dolomitization of the organic-rich (i.e., 
biomat-rich) carbonate layers. Molecular dynamics 
modeling results indicate that adsorbed 
polysaccharide can lower activation energy of surface 
water removal / dehydration. Polysaccharides 
associated with the carbonates sediments (calcite, 
high magnesian calcite, and aragonite) take very 
important catalytic roles in the dolomitization. The 
dolomitization could be penecontemporaneous 
process through interaction with ambient sea water in 
presence of the catalysts (1). No special 
“dolomitizing fluids” are required.  

 
(1) Shen, Z., Brown, P. E., Szlufarska, I., and H. Xu, 
H. (2015) Langmuir, 31, 10435-10442.   
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The 497 zircons from 17 granite samples were 
analyzed by using LA-ICP-MS. The measured data 
suggested the trace element composition of zircons in 
samples is highly variable, even within the same 
sample. The trace element concentrations in zircons 
vary in an order of magnitude. The ratios of mean 
trace element concentrations in zircons versus the 
content in the host rocks (D) were show in Fig.1. The 
average of D values for 17 samples are P 1.21, Ti 
0.008, La 0.012, Ce 0.482, Pr 0.043, Nd 0.126, Sm 
1.15, Eu 1.77, Gd 7.01, Tb 17.27, Dy 37.7, Ho 75.49, 
Er 126, Tm 178, Yb 254, Lu 348, Y 78, Nb 0.403, Ta 
1.48, Hf 2136, Th 14.8 and U 145.  
   The D values in this study are lower than the 
obtained by L.V.S. Nardi[1], especially for LREE. The 
higher D values obtained by L.V.S. Nardi may be 
caused by apatite inclusion in zircon suggested by 
higher LREE with nearly no Ce positive anomaly and 
Eu negative anomaly in chondrite normalized REE 
patterns. 

The DNb values of 0.12~0.87 and DTa values of 
0.37~4.65 in this study are comparable with our 
experimental	   partition	   coeffcients	   of 0.07~0.32 and 
0.25~0.64(unpublished). 
	  

	  
	  

Fig.1. The red line illustrates the mean 
zircon/rock partition coefficients (D) obtained in this 
study. Comparative values are represented by blue 
dashed line (Nardi et al. 2013). The grey area show 
the distribution of D values of 17 samples.   

[1]	  L.V.S. Nardi, M.L.L. Formoso, I.F. Müller et al. 
(2013) Chemical Geology 335, 1–7 
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The oxygen isotopic composition, U–Pb ages and 

trace element compositions of zircons from the 
mineralized Pulang porphyries and the coeval Disuga 
and Lannitang andesites of the Yidun Terrane, 
eastern Tibet, have been determined by SIMS and 
LA–ICP–MS, respectively. The new SIMS U–Pb 
zircon ages indicate that these rocks formed between 
217 and 213 Ma. The majority of these zircons have 
relatively high but invariant δ18O values (5.83‰–
6.89‰) that are indicative of derivation from 
magmas that did not assimilate crustal material and 
were generated from homogeneous mantle or a 
similarly homogenous mantle-derived reservoir. The 
relationship between whole-rock SiO2 and δ18Owhole-

rock compositions suggests that the elevated δ18O 
values of these zircons were generated by the open-
system fractional crystallization of mafic and/or 
accessory minerals. The zircons have trace element 
(e.g., U, Yb, Y, Hf, and U/Yb) characteristics that 
indicate formation in a continental magmatic arc 
setting. We propose a model for the Late Triassic 
magmatism in the Yidun Terrane involving either 
subducted slab melts and/or underplated juvenile 
mafic magmas that underwent fractional 
crystallization of mafic and/or accessory minerals, or 
alternatively magmas derived from partial melting of 
subduction-metasomatized mantle peridotitic material 
that subsequently experienced melting–assimilation–
storage–homogenization (MASH) processes. The low 
calculated Ti-in-zircon temperatures (644°C–863°C, 
although generally between 640°C and 690°C) for 
these zircons may be caused by the lower solidus 
temperature for zircon in these hydrous magmas, a 
factor that might have promoted the crystallization of 
amphibole and suppressed the crystallization of 
plagioclase. The high oxidation state (high zircon 
Ce4+/Ce3+ ratios) of the parental magmas that formed 
these zircons was probably controlled by magmatic 
processes occurring at deeper levels rather than any 
upper crustal processes. All of these data suggest that 
the Pulang porphyries that host the zircons formed 
from highly oxidized and hydrous magmas. The 
contemporaneous and barren andesites have similar 
zircon Ce4+/Ce3+ ratios and water contents to the 
porphyries, suggesting that the mineralization in this 
area was controlled by a combination of magmatic 
and hydrothermal processes, and the absence of such 
processes generated barren rather than mineralized 
intrusions and the associated loss of prospectivity.  
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The Zhibula Cu skarn deposit comprises both 

exoskarn and endoskarn which occur as massive but 
narrow intervals within a Lower Jurassic volcano-
sedimentary sequence containing limestone and at the 
contact with granodiorite dikes (17 Ma), respectively. 
Garnet compositions in exoskarn change from 
andradite (And)- to grossular (Gr)-dominant from the 
massive intervals to bands/lenses within marble/tuff, 
but not in endoskarn. In both cases however, 
associations at the protolith contact include anorthite 
and wollastonite, both indicative of skarnoid or distal 
skarn formation. Chondrite-normalised REY trends 
for garnet depict endo- to exoskarn diversity, And- 
vs. Gr-dominance and prograde-to-retrograde 
evolution in the same sample. The strong variation in 
Eu-anomaly, from positive to negative in And-
dominant garnet can be correlated with the evolving 
salinity of ore-forming fluids. Trends depicted by 
And- and Gr-dominant garnets are consistent with 
published data from most skarns elsewhere, in which 
the dominant substitution mechanism for REY is 
YAG-type. 

Zhibula garnets are enriched in a range of trace 
elements less commonly reported, including W, Sn, 
and As, but also Mo (as high as 730 ppm), a valuable 
finding that deserves evaluation in other skarns. 
Molybdenum, W, and Sn display excellent co-
correlation and common zonation on trace element 
maps, indicating crystal substitution in garnet. 
Together with trace ore minerals, including coherent 
scheelite-molybdenite intergrowths, Au-Ag- and Bi-
tellurides and Co-minerals, garnet compositions 
support a genetic connection between the skarn and 
the Qulong porphyry deposit located 2 km to the 
north. Trace element signatures in Zhibula garnets 
demonstrate the usefulness of this type of approach to 
establish genetic links between skarn and porphyry 
systems and to constrain skarn zonation and evolution 
in space and time. 
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Here we investigate further in situ Fe isotope 

measurement using Cr isotopes to correct iron isotope 
determinations for mass bias, instead of Ni and Cu 
isotopes as previously done. A Cr standard was 
synthesized in our laboratory. Five major oxides 
except  FeO were added in proportion of basalts to 
keep matrix-match and 20000ppm Cr from NIST 
SRM 979 was added for mass bias and interference 
correction. Our results show that samples with low Cr 
concentration, i.e. BCR-2G and T1-G, δ56Fe values 
agree with those from solution MC-ICP-MS data 
within the measured precision without Cr isotope 
corrections. For high Cr concentration 
(54Cr/54Fe>0.0001), i.e. BIR-1G, BHVO-2G, KL2-G, 
ML3B-G, GOR128-G and GOR132-G, δ56Fe values 
deviate from reference values only by sample–
standard bracketing method. A set of eight reference 
glass samples which included reference materials 
with varying Cr concentrations, were used to test the 
our method using the combined standard-sample 
bracketing with the external standard of Cr using 
femtosecond-MC-ICP-MS. Results are in excellent 
agreement with published values and δ56Fe 
reproducibility is below 0.13‰ (2σ), demonstrating 
that our interference correction method is an 
important tool for providing high-quality in situ Fe 
isotope data in high Cr concentration geological 
samples. 
 
[1] Horn et al., Geochim. Cosmochim. Acta., 2006, 
70, 3677–3688. [2]Weyer and Schwieters, Int. J. 
Mass Spectrom.,2003, 226, 355–368. 
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Zinc (Zn) isotope fractionation during continental 

crustal partial melting are investigated by measuring 
leucosome and melanosome of the migmatite from 
the Dabie orogen, Central China. The leucosome 
have been previously classified into three groups: 
silicic granitic melt (Group I), melt+plagioclase 
accumulations (Group II) and melt+ peritectic 
amphiboles (Group III). The δ66Zn values (2se, 95% 
ci.) range from 0.42±0.07 to 0.81±0.05‰, from 
0.40±0.05 to 0.42±0.06‰ and from 0.28±0.05 to 
0.56±0.05‰ for Group I, II, and III, respectively. The 
melanosomes yield δ66Zn values from -0.03±0.05‰ 
to 0.31±0.08‰. All of the leucosomes have heavier 
δ66Zn values than the melanosomes. 

The Y/Ho and Zr/Hf ratios for most of the 
leucosome and melanosome are in the chondritic ratio 
range except two samples from Group III, which 
suggest that the fluid exsolution may not be the 
control reason for the Zn fractionation of the 
leucosome and melanosome. Without obvious 
relationship for the Ba/Nb-δ66Zn (‰) suggest that the 
external fluid could not the main reason for the Zn 
isotope fractionation. However, the δ66Zn (‰) values 
of the leucosome show positive relationship with Ba 
concentration. In addition, the δ66Zn (‰) values of 
the leucosome and melanosome show positive 
relationship with the (K+Na)/Al and δ56Fe (‰) 
suggest that partial melting process may be one 
reason for the large Zn isotope fractionation.  
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Nitrification is a key process transforming 
regenerated ammonia into nitrite, then further to 
nitrate. Nitrification process might generate N2O, 
which feedbacks to climate. In spite of it importance, 
nitrification has long been considered insignificant in 
the surface water due to low ammonium affinity of 
ammonia-oxidizing bacteria (AOB) comparable to 
phytoplankton, as well as light inhibition. Until 
recently, researchers realized the wide distribution of 
ammonia-oxidizing archaea (AOA) in upper ocean 
and their remarkably high specific affinity. 
Furthermore, study indicated nitrification-induced 
nitrate may lead to 12%-32% overestimate of new 
production. In spite of the importance of nitrification 
available data is limited in upper ocean�in March 
2014, we conducted survey for nitrification rate 
(labelled 15NH4

+ addition) and ammonia-oxidizer 
abundance (AOA and AOB) in the upper ocean of 
northwestern Pacific. Nitrification rate ranged from 
0.03 - 4.2nmolL-1d-1 throughout the upper water 
column (500m) and AOA was predominant nitrifier. 
In general, nitrification rate and AOA abundance 
peaked at around the bottom of euphotic layer. In 
upper layer, we observed a downward increasing 
tendency in nitrification rate that was attributable to 
light inhibition since ammonium concentration was 
not limiting. The correlation of nitrification rate 
against AOA abundance was better than nitrification 
rate against NH4

+ concentration. At some depths, high 
nitrification rates accompanied well with AOA 
abundance but not with NH4

+ concentration, strongly 
indicating that stationary phase was reached and high 
ammonium supply was required to sustain high 
nitrification at these specific layers. On the other 
hand, nitrite concentrations were higher in upper 
100m revealing an opposite pattern to downward 
increasing nitrification. In conclusion, our results 
suggested that overestimation by nitrification should 
be considered while operationally-defined new 
production measurement is conducted and the upper 
ocean in situ N2O production might exist as indicated 
by model projections. 
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Cenozoic basalts from the Trans-North China 

Orogen (TNCO) are predominantly alkali basalts 
with small amounts of tholeiites. Compared to partial 
melts of mantle peridotite, the TNCO basalts have 
higher TiO2, total Fe2O3, FC3MS (FeO/CaO-
3*MgO/SiO2), Fe/Mn and Zn/Fe ratios and lower 
CaO contents. The olivine phenocrysts from the 
TNCO basalts have lower Ca and Mn and higher Ni 
and Fe/Mn than olivines crystallized from peridotite 
partial melts. These features indicate that the TNCO 
basalts may predominantly be derived from a mantle 
source of pyroxenite lithology. Combining Nb/Ta 
ratios with the CS-MS-A pseudo-ternary projections 
suggests that the residue mineralogy in the mantle 
source of alkali basalts with MgO > 7.5 wt% are 
mainly composed of clinopyroxene + garnet ± rutile, 
whereas those of the tholeiites with MgO > 6 wt% are 
composed of clinopyroxene + garnet ± 
orthopyroxene. The ocean island basalt (OIB)-like 
trace element distribution patterns and enriched Sr-
Nd isotopic compositions of the TNCO basalts 
suggest that subducted oceanic crust was involved in 
the depleted mantle source.  

The Cenozoic basalts in the TNCO evolved from 
alkali basalts of Late Eocene–Oligocene age to 
coexisting alkali and tholeiitic basalts of Late 
Miocene–Quaternary age. This temporal variation in 
basalt geochemistry was previously interpreted as 
reflecting progressive lithospheric thinning in the 
TNCO during the Cenozoic. However, this model of 
lithospheric thinning was based on the conventional 
assumption of peridotite melts. The estimated average 
melting depth of TNCO tholeiitic basalts was ~ 100 
km, significantly deeper than those (< 60 km) based 
on a convectional assumption of a peridotite mantle 
source but in agreement with the present lithosphere 
thickness beneath the north region of the TNCO (~ 
90-120 km). The geochemistry of these basalts varies 
symmetrically from the center to both the north and 
the south sides, suggesting that the recycled oceanic 
crust in the mantle of the TNCO is likely related to 
the southward subduction of the Paleo-Asian oceanic 
plate and/or the northward subduction of the Tethyan 
ocean plate. 
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C-14 is one of the most important radionuclides 
for regional radiological assessment because it gives 
a significant fraction of the effective dose to the 
general public through the atmosphere-food-ingestion 
pathway. After Fukushima Dai-ichi Nuclear Power 
Plant (FDNPP) accident on 11th March 2011, 
significant quantities of radioactive substances were 
released into the atmosphere, causing serious 
radioactive contamination in eastern Japan. 
Numerous measurements of Fukushima-derived 
radionuclides, mainly short-lived nuclides such as 
134,137Cs and 131I, in the local and worldwide 
environment have been reported. However, long-
lived nuclides, in particular 14C (half-life 5730 y), are 
less paid attention. 

In this study, the 14C activities were measured in 
annual tree rings for the years 1971 to 2015 from 
Japanese cedar trees (Cryptomeria japonica) 
collected at seven sites ranging from 1–38 km of the 
FDNPP. In comparison with the background level, 
the elevated 14C activities observed in the 1976 and 
2010 rings indicate the occurrence of 14C discharges 
during routine reactor operations, whereas those 
activities that were indistinguishable from 
background in 2012–2015 coincided with the 
permanent shutdown of the reactors after the 
accident. High-resolution 14C analysis of the 2011 
ring indicated that the excess 14C was released from 
the damaged reactors units 1-4 during the accident 
and that the 14C specific activity decreased with 
increasing distance from the FDNPP, along the main 
northwest wind direction. Our findings indicate that 
the 14C released during the accident and normal 
operations is indistinguishable from background 
beyond the local environment (probably ~20 km from 
the FDNPP). Furthermore, the estimated additional 
dose to the local population from the excess 14C 
activities due to releases during the routine operations 
and the accident is negligible compared to the dose 
from natural/nuclear weapons sources. 
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There are limited active modern volcanic areas 

but numerous large active fault zones occurred in 
Chinese continent. These include active volcanic 
activity from Tengchong in southwestern, and 
Changbaishan and Wudalianchi in northestern China. 
The active tectonic areas are mainly presented by the 
Tancheng-Lujiang faults (TCLJF) in eastern, and 
Jinshajiang-Honghe faults (JSJHHF), Xianshuihe 
fault (XSHF), Longmenshan (LMSF), Anninghe fault 
(ANHF), and Zemuhe fault (ZMHF) in southwestern 
China. One of the common features in these fault 
systems is of strike-slip and mainly compressional 
tectonic condidtions. Massive earthquakes occurred 
along the faults zones, including the Wenchuan 
Ms8.0 earthquake occurred along the LMSF on 12th 
May 2008 and the Tancheng Ms8.5 earthquake along 
the TCLJF on 25th July 1668. It has been observed 
that massive volatiles are emiting from these active 
volcanic and fault zones, forming local abnormal 
hydrothermal systems. Gas chemical and isotopic 
compositions (in particular He- C system) of the 
hydrothermal fluids carry important and unique 
information about the fluid origins and migration 
processes. Hence, the combination of 3He/4He, 
δ13CCO2 and CO2/3He has been widely and effectively 
utilized in identifying the sources of the hydrothermal 
fluids in the areas of earthquakes and volcanoes.  

In this study, chemical and isotope compositions 
of hydrothermal gases from above active volcanic 
and tectonic areas have been investigated. The 
observed 3He/4He ratios, ranging from 0.01 to 5.5 Ra 
(where Ra is atmospheric 3He/4He 1.4×10–6), indicate 
0–70 % He derived from mantle and 30–100 % from 
crust. The mantle-derived He is distributed in all 
studied areas although it’s signature is significantly 
localised. The local highest 3He/4He ratios might 
reflect chemical feature of the lithospheric mantle 
beneath the Chinese continent. The mantle-derived 
CO2 is observed in all active volcanic areas whereas 
the crustal CO2 is maily characterised along the fault 
zones. Such differences in gas geochemical 
characteristics suggest closed relationship with the 
regional tectonics, volcanism and recent seismic 
activities. 
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Montmorillonite (Mt) has been found as suitable 

catalyst support because of its low cost and unique 
structural characteristics such as nano-sized layered 
structure and possession of exchangeable inorganic 
cations. Intercalating Mt with various functional 
intercalants can always increase the basal spacing and 
specific surface area of Mt, and the reactive sites on 
Mt as well.  

Hydroxy-iron intercalated Mt (FeOOH/Mt) can 
be used as heterogeneous photo-Fenton catalyst for 
the degradation of organic contaminants under UV 
light irradiation. However, the catalytic efficiency of 
FeOOH/Mt is far lower than that under UV light 
irradiation. As such, developing new approaches to 
enhance the catalytic degradation efficiency of 
FeOOH/Mt under visible light irradiation is of high 
importance for its pollution control applications. On 
the other hand, several studies showed that iron oxide 
can act as an electron-transfer channel and acceptor 
in iron oxide/semiconductor composites, which then 
can suppress the recombination of photogenerated 
electron-hole.  

In the present work, we described a strategy for 
loading BiVO4 on FeOOH/Mt, in which vanadate and 
bismuth were successively loaded on FeOOH/Mt to 
synthesize BiVO4/FeOOH/Mt composite with high 
photo-Fenton catalytic activity. The results indicated 
that BiVO4 loaded not only on the outer surface but 
also into the interlayers of FeOOH/Mt. The 
BiVO4/FeOOH/Mt composite exhibited high 
photocatalytic activity, and the decolorization 
efficiency, TOC removal efficiency of AR18, and the 
production of •OH by BiVO4/FeOOH/Mt were higher 
than those by FeOOH/Mt. The high removal 
efficiency of AR18 and remarkable •OH generation 
performance by BiVO4/FeOOH/Mt should be 
attributed to the presence of BiVO4, which can 
accelerate the reduction of Fe3+ to Fe2+ by providing 
photo-induced electrons from BiVO4. In addition, the 
leached amount of Fe from BiVO4/FeOOH/Mt was 
0.32 mg/L after 180 min reaction, much smaller than 
that from FeOOH/Mt (0.66 mg/L). The results of this 
work suggest that the introduction of semiconductor 
materials may be a feasible way for enhancing the 
photo-Fenton catalytic activity of heterogeneous 
photo-Fenton catalysts. 
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Aluminum hydroxides are highly reactive 

minerals of widespread abundance in nature. They 
play important roles in regulating the environmental 
fate and transport of contaminants and nutrients. As a 
global water contaminant, arsenate fate in aquatic 
systems is strongly governed by adsorption to mineral 
surfaces. Such surfaces display multiple hydroxyl 
surface functional groups. On aluminum hydroxides, 
for example, groups occur that are coordinated to one 
(>AlOH) or two (>Al2OH) underlying aluminum 
atoms, each of which may differ in their adsorption 
affinities for arsenate. The distribution of functional 
groups varies among distinct crystallographic faces of 
minerals and we thus hypothesize that arsenate 
adsorption behavior will show a dependence on 
particle morphology. To test this hypothesis, we 
investigated individual and competitive adsorption of 
arsenate and phosphate at pH 4 and 7 on two 
aluminum hydroxide polymorphs, gibbsite and 
bayerite, with distinct particle morphologies. Arsenic 
K-edge EXAFS measurements of select samples 
explored the changes in arsenate complexation 
mechanisms on these hydroxide minerals in the 
presence and absence of phosphate. 

Synthetic gibbsite platelets exhibit large (001) 
basal surfaces bound predominantly by >Al2OH 
groups. In contrast, synthetic bayerite rods expose 
mainly edge surfaces dominated by >AlOH groups. 
Macroscopic studies show both oxoanions behave 
similarly in individual adsorption experiments, with 
bayerite adsorbing more arsenate or phosphate per 
unit surface area than gibbsite. The addition of 
phosphate reduces arsenate adsorption on both 
minerals via competitive adsorption. Phosphate has a 
greater effect on arsenate adsorption to gibbsite than 
that to bayerite. These observations indicate that the 
affinities >Al2OH groups for both oxoanions differ 
from that of >AlOH groups. EXAFS spectroscopy 
reveals that arsenate adsorbed to gibbsite has a lower 
coordination number of Al neighbors on average than 
bayerite, suggesting either a greater proportion of 
outer-sphere arsenate or a distinct coordination 
environment. These differences are largely preserved 
during competitive adsorption with phosphate. These 
results demonstrate that macroscopic and molecular-
scale arsenate adsorption behavior is affected by 
surface functional group coordination states. 



Goldschmidt Conference Abstracts 

 

3495 

Iron speciation of mud breccia 
from Dushanzi mud volcano in 
Xinjiang Province, NW China 
WANG XU1,2, GUODONG ZHENG1*, XIANGXIAN 

MA1, YANG LI1,2, QIAOHUI FAN1, SHOUYUN 
LIANG1,3 

1Key Lab Petrol Resou, Gansu/Key Lab Petrol Resou 
Res, IGG, CAS, Lanzhou 730000, 
(*gdzhbj@mail.iggcas.ac.cn) 

2University CAS, Beijing 100029, China 
(1571637453@qq.com) 

3Key Lab Mech Disast & Environ W China, MEC, 
Lanzhou 730000, China 

 
As a specific type of hydrocarbon leaching 

system, mud volcanoes have various important 
implications in petroleum exploration, seismic 
monitoring, and research on environmental issues and 
atmospheric emission of greenhouse gases etc. In 
order to obtain a better understanding of the 
complicated organic-inorganic interactions in the 
continental mud volcano system, especially from the 
view point of chemical speciation of redox sensitive 
elements, seven mud breccia samples were collected 
from one crater and outflow of the Dushanzi mud 
volcano, and one original reddish country rock 
sample far from the crater for comparison. All the 
samples were analysed for their mineral and chemical 
compositions, and iron species by means of X-ray 
diffraction, X-ray fluorescence spectrometer, and 
Mössbauer spectroscopy, respectively.  

The analytical results showed systematically 
variations in their mineral compositions and major 
elements and loss on ignition as well as iron species 
along with petroleum bleaching effect on the original 
rocks, through which the oil, gas, water, and probably 
also mud were migrated, mainly including: (1) some 
specific transformation of clay minerals such as 
smectite into illite, chlorite and/or muscovite along 
with the precipitation of secondary carbonate 
minerals like calcite, dolomite, and siderite; (2) 
associated silicon depletion and significantly 
enrichment of iron, manganese, magnesium, calcium 
and phosphorus; (3) conversion of iron species from 
ferric into ferrous along with colour changes of the 
host rocks from original reddish into grey and even 
black as the rocks altered.  

In summary, along with hydrocarbons bleaching, 
the oxidation of methane and other hydrocarbons into 
carbon dioxide and even the precipitation of 
secondary carbonate would be favourable to reduce 
greenhouse emission and effect on the atmosphere 
from mud volcano systems in comparison to the 
whole or original methane and other greenhouse 
gases directly emitted to the atmosphere. Such special 
geological or geochemical processes would be 
considered as a new conception as carbon fixation in 
the mud volcano system. 
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The Lhasa terrane, the southern margin of the 

Eurasian continent, has received much attention as it 
records the history of both the India-Eurasian pre-
collision and the collision-related tectonism, 
magmatism and metamorphism. Numerous studies of 
the Lhasa terrane that have been carried out over 
recent decades have focused largely on the Meso-
Cenozoic igneous rocks, which have helped to 
develop and understanding of the Andean-type arc, 
India-Eurasian collision and related Cenozoic 
tectonic processes. However, the early history of the 
Lhasa terrane remains poorly constrained due to the 
poor exposure of the Proterozoic rocks. 
Understanding the origin of the Lhasa terrane is 
crucial for unraveling the deformation history 
attending collision of Eurasia with India, and hence 
for reconstructing the position of the Lhasa terrane in 
the supercontinental assembly. We report here U-Pb 
zircon ages, geochemical and Hf isotopic data for 
granitoid gneisses from the Bomi Complex in the 
eastern part of the Lhasa terrane, south Tibet. LA-
ICPMS zircon U-Pb ages establish at least four 
Proterozoic magmatic episodes: ~1870 Ma, ~1343 to 
~1276 Ma, ~1250 Ma, and ~824 Ma. Thus the Bomi 
Complex represents the oldest rocks found in the 
Lhasa terrane. The studied gneisses underwent the 
amphibole-facies metamorphism in the Late 
Neoproterozoic (~610 to ~590 Ma) and Cenozoic 
(~80 Ma). This results show that the Lhasa terrane 
and the Indian continent have similar Precambrian 
tectonic evolution, which was related to the 
amalgamation and breakup of supercontinents 
Columbia, Rodinia and Gondwana. 
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The early Toarcian Oceanic Anoxic Event (T-

OAE; ~183 Ma) was marked by marine anoxia–
euxinia and globally significant organic-matter burial, 
accompanied by a major global carbon cycle 
perturbation likely linked to Karoo-Ferrar volcanism. 
Although the T-OAE is well studied in the marine 
realm, accompanying climatic and environmental 
change on the continents is poorly understood. Here, 
Re-Os radiometric dating is applied to an Early 
Jurassic lacustrine system in China with a well-
constrained isochron, suggesting the lacustrine 
Da’anzhai Member black shales to be Toarcian in 
age. Together with bio- and chemo-stratigraphy, we 
demonstrate that a major lake system developed on 
land coeval with the T-OAE, likely due to enhanced 
hydrological cycling under elevated atmospheric 
pCO2. The more radiogenic initial 187Os/188Os value 
of ~1.29, significantly higher than Early Jurassic 
Toarcian marine Osinitial values of 0.4−1.0 recorded 
from Europe, indicates high continental crustal input, 
which agrees with a lacustrine depositional 
environment. Increased lacustrine organic 
productivity from elevated riverine nutrients supply 
eventually led to the massive carbon burial in the 
Sichuan Basin at that time. 
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The Central Asian Orogenic Belt (CAOB) is the 
largest Phanerozoic crustal accretionary orogenic belt 
in the world. The Neoproterozoic, Paleozoic, and 
Mesozoic granitoids widely occur within the eastern 
segment of the CAOB. The Hf isotopic compositional 
variations of zircons from these granitoids and their 
geochemical data provide direct evidence for 
accretionary and reworking processes of the lower 
crust. The zircons from Neoproterozoic granitoids 
within the Erguna and Songnen-Zhangguangcailing 
massifs have TDM2 values ranging from 1400 to 2100 
Ma, revealing Meso- and Paleo-proterozoic crustal 
accretionary events. The zircons from Early 
Paleozoic granitoids have TDM2 values ranging from 
1000 to 1300 Ma in the Erguna Massif and from 1400 
to 1800 Ma within the Songnen-Zhangguangcailing 
Massif, revealing Meso- and Paleo-proterozoic 
crustal accretionary events. Meanwhile, with the 
decreasing of formation ages of Early Paleozoic 
granitoids, TDM2 values of the zircons gradually 
become younger. In Mesozoic, granitic magmatic 
events within the Erguna Massif can be subdivided 
into Early Mesozoic (180-245 Ma), Late Jurassic, and 
Early Cretaceous. The εHf (t) values of zircons from 
these granitoids gradually increase whereas their TDM2 
values gradually decrease with the decreasing of 
formation ages of these granitoids, revealing the 
existence of the Meso- and Neo-proterozoic crustal 
accretionary events. Additionally, their Sr/Y ratios 
and δEu values gradually decrease with the 
decreasing of formation ages of these Mesozoic 
granitoids, implying that these early Mesozoic 
granitoids could be derived from partial melting of a 
thickened crust with the ages of Meso-proterozoic, 
whereas the late Mesozoic granitoids mainly formed 
by partial melting of lower continental crust with the 
ages of Neoproterozoic. The results above mentioned 
indicate that the coexistence of granitoids with 
diverse ages within the same region reveals the 
reworking processes of the lower continental crustal 
material with different accreationary ages. 
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 Geochronological and geophysical studies 
have been carried out on the Emeishan LIP, providing 
further constraints on its plume origin. The age of the 
Emeishan lavas in SW China remains poorly 
constrained because the extrusive rocks are (1) 
thermally overprinted and so represent an open 
systemunsuitable for 40Ar/39Ar geochronology and (2) 
in most cases devoid of zircon so that it is impossible 
for the application of U–Pb geochronology. CA-
TIMS zircon U–Pb technique yielded a weighted 
mean 206Pb/238U age of 259.1 ± 0.5 Ma for the felsic 
ignimbrite at the uppermost part of the Emeishan lava 
succession, interpreted as the termination age of the 
Emeishan flood basalts. This, together with the fact 
that Emeishan lavas situate at the Guadalupian–
Lopingian boundary (259.8 ±0.4Ma), indicates a very 
brief (<1 Ma) emplacement [1]. The comprehensive 
geophysical investigations revealed distinct features 
of the crustal nature and geometry in the inner zone 
of the Emeishan LIP. Several distinct crustal 
properties, including high density, high P-wave 
velocity, high Vp/Vs ratio, low heat flow, a thick 
crust and the geometry of intra-crustal features, 
strongly support a mafic layer of 15–20km thick and 
150–180km in lateral extent at the base of the crust in 
the inner zone. The continuous seismic signature CD, 
which is interpreted as the Conrad discontinuity, is 
present in the whole IMZ and in the eastern part of 
INZ, but is absent in the central and western parts of 
INZ. Such a spatial configuration of the signatures UI 
and CD is attributable to the addition of plume-
derived melts into the pre-existing crust and intensive 
interaction between them. The salient spatial 
correlation between the deep crustal structure and the 
dome strongly supports a genetic link between crustal 
thickening and plume activity, if the pre-volcanic 
domal uplift is generated by the Permian Emeishan 
mantle plume.  

 
 [1] Zhong Y.T. et al. (2014) Lithos 204: 14–19. [2] 
Chen Y. et al. (2015) Earth Planet. Sci. Lett. 432: 
103–114. 
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Vanadium (V) is a valuable strategic metal and 

widely used in steel, rechargeable hydride batteries, 
vanadium redox battery and pigment, et al. Many 
basidiomycetes have been found the biosorption 
ability of heavy metals, but there are few researches 
concerning the interaction between fungi and V. To 
better understand the potential for recovery and 
remediation of V by fungi, we investigated the 
tolerance and accumulation efficiency of four 
basidiomycota fungi (Amanita muscaria, Armillaria 
cepistipes, Xerocomus badius and  Bjerkandera 
adusta) to a series of V compounds and vanadiferous 
titanomagnetite slag.  

The diametric growths of A. muscaria, A. 
cepistipes and X. badius on the petri dish were 
significantly limited when the V concentration 
increased. Compared to other three species, A. 
muscaria was very sensitive to the V molecular 
structure as soluble V(4+) and V(5+) were more strict 
to its diametric growth than V oxides and slag. Only 
A. muscaria and X. badius showed significant 
relationship between fungal diameters and biomass at 
0.01 level. It suggested that the fungal tolerance is not 
always coincident with biosorption ability of V. All 
the speicies accumulated V at every concentration 
and compounds, and the fungal V concentration 
increased with the increasing V content in media. All 
species performed higher accumulation efficiency of 
soluble V(4+) than soluble V(5+). Furthermore, X. 
badius showed the stronger biosorption ability (~6 
ppm) than other three species. The results also 
showed that X. badius was able to recover V from 
vanadiferous titanomagnetite slag, while the V 
accumulation ability of A. muscaria was impeded by 
the slag. Overall, both fungal tolerance and 
accumulation abiltiy should be considered for the V 
recovery and remediation. The multiple compounds 
in the mining wastes could also affect the fungal 
sorption effeciency.    
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Cenozoic continental basalts in eastern China are 
characterized by OIB-like trace element patterns and 
significantly depleted to moderately enriched Sr-Nd 
isotope compositions. While these enriched 
geochemical signatures are attributable to 
contributions from subducted oceanic crust to the 
mantle sources, basalt Pb isotope variations 
themselves have remained enigmatic with respect to 
their origin. This study attempts to link the Pb isotope 
compositions to the other geochemical variables. The 
results provide insights into the nature of crustal 
components in the mantle sources of these basalts. 
We distinguish three crustal components in addition 
to the depleted MORB mantle. The three crustal 
components were derived from partial melting of 
igneous oceanic crust (IOC), lower continental crust 
(LCC) and seafloor sediment (SS), respectively. The 
relatively high 206Pb/204Pb and low Δ8/4 ratios are 
ascribed to the IOC component that was originated 
from the altered oceanic basalt with high U/Pb and 
low Th/U ratios. The low 206Pb/204Pb and high Δ8/4 
ratios are ascribed to the LCC component that was 
originated from offscrapped continental margin due 
to subduction of the oceanic slab. The SS component 
is originated from seafloor sediment but in different 
proportions between terrigenous sediment, pelagic 
sediments and marine carbonate. Based on the 
enrichment of LILE and LREE in the basalts, it is 
inferred that their mantle sources were generated by 
reaction of the depleted MORB mantle with the three 
crustal components, respectively, at the slab-mantle 
interface in oceanic subduction channel. Thus, the 
depleted MORB mantle would have served as the 
mantle wedge overlying the subducting oceanic slab 
for the crust-mantle interaction. This would be 
realized by westward subduction of Pacific slab 
beneath eastern China continent, which would not 
only lead to replacement of the cratonic mantle by the 
juvenile lithospheric mantle but also incorporation of 
the crustal components into the mantle sources of 
continental basalts. 
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Carbonaceous siliceous pelitic rock type uranium 

deposit(CSPRTUD), one of the most important 
uranium deposit type in China, occurs in carbonate, 
silica, clay, fine clastic rocks and their transitional 
rock. It is also called black rock series uranium 
deposit. In the world, CSPRTUD is known as black 
shale uranium deposit. Black rock series contains a 
large amount of organic matter and metal elements. 
The relations of organic matter and uranium 
mineralization in CSPRTUD is studied in this paper. 

The type and maturity of organic matter are 
studied in black rock series(taking 373 uranium 
deposit in Guangxi, China as an example). 
Meanwhile, U geochemical characteristic are 
revealed. The chloroform bitumen "A" components 
fall inⅡB area ,so the type of organic matter is mixed 
type bias to the humic type. The maturity of organic 
matter is relatively low on the basis of Tmax,at the 
immature-low mature stage. The type and the 
maturity of organic matter result in the generation of 
large amount of humic acid during thermal evolution 
that could be preserved in strata. 

The role of organic matter in uranium 
mineralization process is studied. The parameter 
S0,S1,S2 are getted by pyrolysis analysis. These 
samples from different place have a similar growth 
on basis of the line chart of S0,S1,S2. In normal 
conditions the samples from different stratas have 
different properties. This is the reason that the 
different stratas have been eroded by a large-scale 
hydrothermal. The active thermal fluid between 
different stratas is resulted in the similar properties of 
the samples. It has a very positive meaning for the 
uranium mineralization. The contents of chloroform 
bitumen “A” of organic matter in the mineralized 
layer are 0.47~10.42μg/g, and asphaltene is the main 
component of chloroform bitumen “A”. It is high 
correlation between chloroform bitumen “A” and  
uranium content，as well as the high correlation 
between the content of asphaltene and uranium 
content. Comprehensive study shows that the 
functions of organic matter in CSPRTUD are mainly 
adsorption, complexation and reduction. 

Acknowledgements: This work was supported 
financially by the National Natural Scientific  
Foundation of China (Grants No.41173059) and 
China Geological Survey(CGS) project. 
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Olivine is known to accommodate significant 

amount of OH defects under high pressure and 
temperature. Most of the studies of hydrogen (H) 
incorporation mechanisms in olivine relied on 
infrared spectra, which have been interpreted in terms 
of substitution of H for either Mg or Si or both.  

Here, we present 1H static and MAS NMR data 
(obatained using a 400-MHz spectrometer) on a 
Mg2SiO4 forsterite sample containing ~0.5 wt% H2O 
(synthesized at 12 GPa and 1200˚C), as well as first-
principles GIPAW calculation results, which shed 
new light on this issue.  

The 1H static and MAS NMR spectra (10-30 kHz 
spinning rates) both revealed two main components, 
one experiencing strong 1H-1H homonuclear dipolar 
couplings and contributing to a broad peak centered 
near 2.4 ppm, and another with weaker dipolar 
couplings and contributing to a narrower peak near 
1.2 ppm in the MAS spectra. 2D 1H NOESY 
experiment confirmed that the two components 
belong to the same phase (forsterite). In addition, 
there is a very weak, narrow MAS NMR peak near 
7.2 ppm (contributing to < 0.1% of the total 
intensity).  

First-principles GIPAW calculations (geometry 
optimzation and NMR parameters) were performed 
on several model forsterite structures (2x1x2 
supercell) with 1Si replaced by 4H or 1Mg replaced 
by 2H using the Quantum-ESPRESSO package. The 
lowest-energy models for the 4H = 1Si substitution 
have one H pointing away from the center of the 
tetrahedron, and can well reproduce the observed 
features (chemical shift & dipolar couplings) for the 
two main components in the 1H NMR spectra. The 
lowest-energy model for the 2H=1Mg (in M1 site) 
substitution can account for the observed very weak 
and narrow 1H NMR peak near 7.2 ppm.  

Thus, this study has unambiguously confirmed 
that the dominant H substitution mechanism in 
forsterite synthesized at 12 GPa is 4H=1Si 
(hydrogarnet-like, but with different H4O4 
configurations), with only very minor H substituting 
for Mg (in M1 site). 
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One-year studies were conducted in 2015 using 
radiocarbon as a tool to investigate the sources and 
fluxes of dissolved (DOC) and particulate organic 
carbon (POC) transported in the Huanghe (Yellow 
River), the second largest river in China. The riverine 
DOC and POC showed very different Δ14C signatures 
along the river drainage basin from the headwater to 
the estuary. The values of δ13C and Δ14C ranged from 
-24.7‰ to -28.8‰, and -57.9‰ to -221‰ for DOC; -
23.0‰ to -24.1‰ and -249‰ to -613‰ for POC, 
respectively. The calculated radiocarbon ages 
indicate that POC was much older (2,240 to 7,550 yr. 
before present) than DOC (415 to 1,950 yr.) along the 
river. Using a dual isotopic model, we estimated that 
pre-aged soil and fossil organic matter were the major 
sources contributing 52-69% and 16-45% OC to the 
Huanghe POC. And pre-aged soil and plant biomass 
were the dominant sources, contributing 28-77% and 
14-55% OC to the riverine DOC, respectively. 
Monthly measurements of both DOC and POC 
concentrations and flux calculation indicate that in 
2015, the Huanghe River delivered 3.1 x 1010 g DOC 
and 4.8 x 1010 g POC into the Bohai Sea.  This large 
amount of aged terrestrial OC represents a significant 
fraction of organic matter being buried in the 
marginal sea sediment and cycled in the coastal 
waters. 
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Study of organics in Space will greet nearly 50 
years of history since the Murchison meteorite fall in 
1969. During the first 30 years, searching for 
biomolecules in carbonaceous chondrites was focused 
on, especially amino acids, to seek a clue to life’s 
origin in the Universe. Around 2000, this trend was 
gradually shifted to an extensive view that meteoritic 
organics record the chemical history of the early 
Solar System through the integration of astronomy 
and cosmochemistry. Relationships between the 
conditions of parent body processes and the 
molecular and isotopic variations of amino acids and 
insoluble organic matter (IOM) in different meteorite 
groups and petrologic types have been frequently 
studied. In 2006 when comet 81P/Wild 2 dust 
particles were collected and returned by Stardust, 
analytical techniques were remarkably improved and 
the application of the in-situ imaging has enabled 
acquisition of nano-level isotopic, molecular, and 
textual information. We are currently aiming to 
unveil more primitive records of the early Solar 
System by investigating less altered astromaterials 
than meteorites, e.g., IDPs, Antarctic micrometeorites 
(AMMs), and CR3 chondrites. Recently, Rosetta 
revealed organic-rich surface of comet 
67P/Churyumov-Gerasimenko, which may have a 
close link with IDPs and ultracarbonaceous AMMs. 

   Thus, the enormous achievements have 
improved our understanding of the organic 
cosmochemical evolution, and nowadays our field 
has had a strong impact to more numbers of planetary 
scientists. However, the origin and formation 
pathways of organics in the Solar System have been 
still unresolved (and become more complicated). In 
order to constrain the issues, it will be important to 
address the following key questions; 1) Interaction of 
organics, minerals, and water, 2) Comprehensive 
organic chemical evolution without drawing a line 
between soluble and insoluble fractions, 3) Effects of 
surface processes of small bodies (e.g., space 
weathering and shock) on organics, 4) Non-
destructive measurements of bulk compositions of 
organics (e.g., 3D tomography), 5) Physical 
properties of organic nanoglobules (e.g., deformation 
mechanism), 6) Drawing a true picture of IOM, 7) 
Chilarity of IOM, and 8) Chronology of organics.  
Continuous explorations of small bodies of different 
evolution stages such as C-, B-, and D-types, will 
help elcidatingthe universality and diversity of 
organics in Space. 
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Researches on Geochemistry and 
Cosmochemistry are currently conducted by 5 
research groups at Department of Earth and Space 
Science, Osaka University, Japan, which are 
composed of 8 research groups in total. They are 
Physical Geochemistry Group, Infrared Astronomy 
Group, Earth and Planetary Material Science Group, 
High Pressure Material Physics Group, and Planetary 
Science Group. The groups also have a collaborative 
relationship with Mass Spectrometry Group from 
Department of Physics.  

Our undergraduate syllabus covers the 
introductory courses on the individual groups’ 
expertise, and our original laboratory and field 
courses. The field works in Earth and Space Science 
aims to enhance students’ understanding about the 
dynamics and physicochemical processes of the Earth 
by utilizing the unique geology of Western Japan, 
such as Genbudo (colummer joints in volcanic rocks), 
Ikuno Silver Mine (deposit formation), paleo-Lake 
Biwa sediments (lignite coal), Mt. Daimonji, Mt. 
Minoh (accretionary prism), Uemachi fault (seismic 
event). 

The first year students take a small group physics 
seminar. They are assigned to the individual research 
groups, and the group staffs give basic lessons at their 
discretion about the principles, methods, and 
applications in Earth and Space Science. The students 
have opportunities to observe meteorites, to practice 
analytical techniques (e.g., SEM-EDS, XRD, UV-
Vis, FTIR, ESR, GCMS, MALDI/ToF-MS), to visit a 
high power laser facility at Institute of Laser 
Engineering, and to go to a planetarium at Osaka city 
science museum, etc. Aside from the course, an 
official spring study tour for the first year students to 
Japan Synchrotron Radiation Research Institute 
(SPring-8) and Nishi-Harima Astronomical 
Observatory, is also effective for Geo- and 
Cosmochemistry education. Many staff members are 
involved in a number of space exploration missions 
(e.g., Kaguya, Hayabusa, Hayabusa-2, JUICE, 
SPICA, ISS experiment), and place emphasis on 
raising the next generation scientists who lead the 
future missions and Astrobiology. 
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 Acid mine drainage (AMD) from 

abondoned/closed mines has been still one of the 
environmental problem in Japan, because it contains 
many harmful elements. Manganese (Mn) is 
generally contamintated to AMD. The most popular 
method to treat Mn is the coagulation-sedimentation 
method using calcium hydroxide as a neutralizer, but 
the removal mechanism has been not yet obvious.  

 The objective of this study is to clarify the 
removal mechanism of Mn(II) in neutralization 
process using calcium hydroxide. From the result of 
XRD, it was confirmed that β-MnOOH[1] was 
mainly precipitated after 10-minutes  experiments. 
Thus, removal mechanism of Mn using calcium 
hydroxide was oxidation of Mn(II) to Mn(III) and 
precipitation as β-MnOOH. To investigate oxidation 
rate of Mn, XAFS analysis was done for precipitates 
after experiments. From results of XANES analysis, 
precipitate was combination of 75 % of Mn3O4 and 
25 % of β-MnOOH after 5 minutes, whereas it was 
mostly β-MnOOH after 10 minutes. These results 
indicated that the oxidation of Mn(II) to Mn(III) was 
dependent on the reaction time.  
 A quantitative model was constructed by 
combination of first order oxidtaion rate of of Mn(II) 
and chemical equilibrium calculation. Oxidtation rate 
constant was obtained from experimental results and 
the constructed model  could successfully represent 
all experimental results with different itinial 
concentration of Mn. 
 Not only oxidation/neutralization but also 
coagluation were important role of calcium hydoxide 
as neutralizer. Small granular size of calcium 
hydroxide with small amout of calcium carbonate 
was most efficient in Mn removal because of high 
reactivity and high aglomerating property. 
 
[1] Peng & Ichinose(2011), Advanced Functional 
Materials 21,2080-2087. 
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Volcanic ash erupted from crater bring us 
information about the types and mechanisms of 
eruptions from underground. In 2015, at the vicinity 
of the Owakudani fumarolic area of Hakone volcano, 
shallow volcanic earthquake increased significantly 
on April 26, and volcanic ash fall was recognized on 
June 29 and 30. We collected the volcanic ash on 
June 30 and analyzed its constituent minerals, 
chemical compositions, and water soluble 
components. Based on the analytical result, the origin 
of the volcanic ash was estimated. 

Smectite, pyrite, tridymite, cristobalite, gypsum, 
anhydrite, plagioclase and quartz were detected in the 
volcanic ash. This mineral assemblage appears to be 
due to relatively low-temperature hydrothermal 
alteration and is similar to that of hydrothermally 
altered rocks collected from shallow depth of steam 
well in the Owakudani fumarolic area [1]. The 
volcanic ash contains relatively lower concentrations 
of some elements such as Na, K, Ca and Mg than 
andesitic lava in the Owakudani area [2], supporting 
that the volcanic ash was influenced by hydrothermal 
alteration. Water soluble components seemed to be 
derived from thermal water because the high amount 
of Cl- and SO4

2- (12.2 and 6.6g/kg, respectively) and 
Cl/S ratio of 5 were detected. The Cl/S ratio of 
thermal waters at the surface of Owakudani fumarolic 
area is very small, on the other hand, there are 
thermal waters which have Cl/S ratio of about 2 at 
depth around 29-36m [3] and that of 7-18 at depths 
around 500m [4]. Considering all these facts, the 
volcanic ash erupted from Owakudani fumarolic area 
on June 30 was estimated to be derived from depths 
of around 500m below the surface, or more shallow 
depth. 
 
[1] Matsumura and Fujimoto (2008) Bull. Tokyo 
Gakugei Univ. Natur. Sci., 60, 111-119.  [2] 
Takahashi et al. (2006) Proc. Inst. Nat. Sci., Nihon 
Univ., 41, 151-186.  [3] Watanuki (1966) J. Hot 
Spring Sci., 17, 22-27.  [4] Oki and Hirano (1974) 
The Utilization of volcano energy, 13-40. 
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Since the discovery that acute and chronic 

livestock poisoning was caused by selenium 
assimilated by forage crops from soil, there has been 
continual study of the geologic occurrence and 
geochemistry of this element oxygenated aqueous 
environments. 

The most selenites were formed at chemical 
weathering of ores by oxygenated waters establishes 
conditions of increased Eh and low pH. The most 
recent thermodynamic data available [1,2] were used 
for the construction of Eh-pH diagrams from 
reactions which are balanced equations of Eh-pH 
relationships among species which are 
thermodynamically stable within the ranges of 
oxidation potential and pH considered for each 
reaction. 

The estimation of activity of the components in 
natural waters which are formed out of zones natural 
and anthropogenous pollution by selenium and waters 
which are formed in an oxidation zone was done. 
Calculation and construction of diagrams Eh–pH was 
spent by means of software package Geochemist’s 
Workbench (GMB 9.0). Eh–pH diagrams of systems 
Me–Se–H2O (Me=Co, Ni, Fe, Cu, Zn, Pb) have been 
constructed for the average content of these elements 
in underground waters and for their contents in acidic 
waters of the oxidation zones of sulfide deposits. Eh-
pH stability relationships have been determined for 
selenites (chalcomenite, cobaltomenite, alpheldite, 
mandarinoite, molibdomenite) and in order to 
interpret conditions of formation of these minerals 
and to compare their geologic stabilities in ore 
deposits.  

These parameters define migration of selenium 
and its precipitation in the form of various solid 
phases. The understanding of mechanisms of their 
behavior in the near-surface conditions is one of 
actual problems of modern mineralogy and 
geochemistry and it is very important for the solving 
of some environmental problems. 
 
This study was supported by St.-Petersburg State 
University (project 3.38.286.2015). 
 
[1] Charykova M.V., Krivovichev V.G., Depmeier 
W.  Geology of Ore Deposits. 2010. Vol. 52. P. 759–
770 
[2] Charykova M.V., Krivovichev V.G., Lelet M.I., 
Yakovenko O.S., Suleimanov E.V., Depmeier W., 
Semenova V.V., Zorina M.L. American Mineralogist. 
2014. Vol.99.     P. 742–748 
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Recent advances in the understanding of the 

behavior of radiogenic helium (4He) in metals mean 
that isotopic systems involving α-decay can be 
applied to radiometric dating of native metal 
mineralization [1-2]. The observed strong retention of 
helium in native metals formed the basis of a new 
190Pt-4He dating method [3]. Successful application of 
the 190Pt-4He method for dating platinum 
mineralization has been demonstrated on 
isoferroplatinum (Pt3Fe) and sperrylite (PtAs2) [4]. 

The 190Pt-4He method has significant potential for 
applications in mineral exploration, however, further 
development using bulk helium extraction techniques 
is complicated by the fact that large (often >500 μm), 
inclusions-free nuggets of native minerals of 
platinum are rare. 

In situ 190Pt-4He dating approaches, utilizing 'cold 
ablation' excimer laser helium extraction, may 
provide a potential solution to this problem. The in 
situ approach, in addition to allowing the targeting of 
specific sub-grain areas, avoids the need for an α-
ejection correction that may potentially introduce an 
important source of error affecting the accuracy of 
the results. 

We report on in situ 190Pt-4He dating of well-
characterised Pt minerals from mineralized localities 
in Russia. Analysis was carried out on a RESOchron 
[5,6]. which utilizes a 193nm eximer laser, ultra-high 
vacuum cell and gas handling line, in addition to a 
quadrupole ICP-MS.  

The study was supported by the RFBR (13-05-
00717, 14-05-00896) and SPSU  (3.42.1256.2014). 

 
[1] Shukolyukov et al. (2012) Petrology 20.1, 1-20. 
[2] Cabral et al. (2013) Geology 41. 2, 163-166. [3] 
Shukolyukov et al. (2012) Petrology 20.6, 491-505. 
[4] Yakubovich (2013) PhD thesis SPSU, 125. [5] 
Evans et al. (2015) J. Anal. At. Spectrom. 30, 1636-
45. [6] Danišík et al., (2015) Goldschmidt Abstract 
2015 65B. 
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The Arctic Ocean is predicted to be the most 
vulnerable to the effect of increased CO2 levels, 
resulting in the Arctic Ocean Acidification (OAO) 
(AMAP, 2013). In addition to direct effects of 
changes in pH and carbonate saturation on marine 
organisms, there can also be indirect links, through 
changes in biogeochemical cycling of substances, 
especially nutrients cycling and their bioavailability 
for primary production. Benthic-pelagic interactions 
is an important component of the Arctic Ocean 
functioning and a question about effects of AOA in 
processes occurring in the benthic layer remains 
open. 

The goal of this work is to contribute to 
understanding of processes controlling benthic 
biogeochemical cycling by studying of how pelagic 
carbonate system seasonal changes affect the benthic 
ones.  

We used a 1-dimensional C-N-P-Si-O-S-Mn-Fe 
benthic-pelagic coupled model BROM (Yakushev et 
al., 2016). This model is modularized within the 
Framework for Aquatic Biogeochemical Models 
(FABM, Bruggeman, Bolding, 2014). The BROM 
domain includes the water column, the Bottom 
Boundary Layer (BBL) and the upper layer of the 
sediments. The 1D BROM-transport model allows 
offline coupling with the outputs of hydrodynamical 
models. The hydrophysical scenario for the water 
column was taken from the results of ROMS-20 km 
runs. We applied a model for a region in the Kara Sea 
where there were provided observations during the 
September 2015 cruise of RV “Akademik Mstislav 
Keldysh”. We used data collected for 
parameterization of the lower boundary conditions 
and for validating the runs.  

The model can numerically demonstrate that the 
seasonal changes of the carbonate system parameters 
in the surface layer (pH, aragonite and calcite 
saturation states) are accompanied by corresponding 
delayed changes at the sediment-water interface, that 
is connected with the seasonality in supply of organic 
matter. 
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Recently we developed a measurement method 

for the natural carbon isotopic composition of acetone 
in human urine using gas chromatography-
combustion-isotope ratio mass spectrometry 
combined with headspace solid-phase 
microextraction (HSSPME-GC-C-IRMS) [1]. The 
method enabled us to determine the carbon isotopic 
compositions within ±0.2‰ of precision and ±0.3‰ 
of error using 0.05 or 0.2 mL of urine with acetone 
concentrations of 0.3-121 mg/L. Results for the 
monitoring of carbon isotopic compositions of 
urinary acetone from healthy subjects for several days 
suggested that changes in the availability of glucose 
in the liver are reflected in changes in the carbon 
isotopic compositions of acetone. In this study, we 
extended the method to exhaled breath acetone to 
investigate isotopic data at a high time resolution, 
which can not be obtained by urine measurement. 
Using 100 mL of exhaled breath with acetone 
concentrations of 200-5000 ppb, the carbon isotopic 
compositions of exhaled breath acetone could be 
determined within ±0.2‰ of precision and ±0.3‰ of 
error. Parallel observation of acetone in exhaled 
breath and urine showed good agreement, which 
indicates that the variations in carbon isotopic 
compositions of human biological acetone can be 
observed at a high time resolution using exhaled 
breath. Results for the monitoring of healthy subjects 
demonstrate that carbon isotopic measurement of 
acetone in human biological samples at natural 
abundance levels has great potential as a tool for 
detecting metabolic changes. 

  
[1] Yamada et al. (2016) Anal. Bioanal. Chem. 408, 
1597-1607. 
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Zwingmann et al. [1] reported timing of 
authigenic illite formation within outcrop and drill 
core samples of the Nojima Fault zone on Awaji 
Island, Japan, within the Median Tectonic Line and 
investigated in a scientific drilling program (Ando 
[2]) after the 1995 Kobe earthquake. Several 
additional samples from remaining drill core were 
investigated to further constrain the timing of illite 
authigenic within the fault zone. The age data were 
obtained using a simplified and standarized method 
described by Zwingmann et al. [3]. New illite K-Ar 
ages of 2 µm fractions range from the Palaeogene-
Late Paleocene (59.0 ± 1.3 Ma) to the Palaeogene-
Late Eocene (35.0 ± 0.8 Ma) and are in agreement 
with data reported by Zwingmann et al. [1], using the 
1838 m borehole core drilled by the National 
Research Institute for Earth Science and Disaster 
Prevention (NIED) at the Hirabayashi site. Yamada et 
al. [4] found heterogeneous distribution of discordant 
FT ages between apatite and zircon for fracture zone 
samples in the NIED core caused by secondary 
heating and heat transfer or dispersion via geothermal 
fluids.  

The K–Ar illite ages from gouge in the NIED 
core are consistent with published zircon fission track 
ages of about 56 Ma from the vicinity of the outcrop 
samples, and are consistent with illite stability in fault 
gouges requiring temperatures lower than those of the 
partial annealing zone for zircon FT.  

 
[1] Zwingmann et al. (2010a) Chemical Geology, 
275, 176‒185. [2] Ando (2001) Island Arc 10, 206–
214. [3]  Zwingmann et al. (2010b) Geology, 38, 487- 
490. [4] Yamada et al. (2007) Tectonophysics, 443, 
153‒160. 
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During the initial stage of the site selection 

process, NUMO will accumulate a database of all 
existing literatures on sites resulting from either 
volunteering or acceptance of Government proposal 
and will then need to interpret these in terms of the 
indicators of, in particular, site geological and 
hydrogeological stability. A critical issue is the 
amount of weighting that can be placed on indirect 
characteristics, which may present a contradictory 
picture in terms of simple interpretations. Note that 
this is very common in site databases; for example, 
some of the confusion caused by indications of rapid 
water flow (short-lived cosmogenic isotopes at 
depth), water table fluctuations (mineralogy of 
fracture filling minerals) etc at Yucca Mountain in 
the USA or the apparent evidence for oxidising 
groundwaters at depth (presence of Fe-
oxyhydroxides) at Sellafield in the UK. Such 
interpretation can be greatly eased if comprehensive 
sets of such potential indicators can be measured at a 
similar (or analogous) site where much stronger 
stability arguments can be built up (eg owing to the 
persistence of geochemical anomalies). 

The essence of this work is that the setting of the 
study should be as similar as possible to expected 
repository sites and best of all would be like the 
‘Regional (or Self) Analogue’ of Nagra’s former 
Wellenberg site in Switzerland. Here, the term has 
been coined to cover the use of data from similar 
geological settings to the repository site, which could 
be used to extend the information base on the site. 
The Self Analogue should tie evidence for stability 
(probably best focussed on hydrochemistry; for 
example, isotope hydrology in a form of 
palaeohydrogeological study) with other indicators 
that may exist in the potential site literature, such as 
data on groundwater chemistry as related to regional 
tectonic history. 

Here, the overall approach will be clarified and 
the potential use of self-analogue information during 
the site selection process in Japan will be explained 
by means of international examples. 
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Nitrogen Cycle and Microbial Activities 
 Nitrogen cycle is indispensable for all lives 

because proteins and nucleic acids are composed of 
nitrogen. Nitrogen has various oxidation state and the 
redox reactions were mediated by microorganism’s 
activities. Denitrification is the reaction to return 
fixed nitrogen to nitrogen gas, which is important to 
complete the nitrogen cycle [1]. It is reported that 
some denitrifiers can oxidize Fe2+ and reduce nitrate 
[2]. This report indicates that nitrogen cycle and iron 
cycle are coupled through microbial metabolism.  

In this study, we investigated extracellular 
electron transfer (EET) of Pseudomonas stutzeri, a 
model organism for denitrification, and monitored the 
metabolic switching from lithotroph to mixotroph by 
electrochemical technique. Electrochemical 
cultivation of P. stutzeri in a lithotrophic medium 
with Fe2+ generated a weak, but clear cathodic current 
associated with denitrification reaction (Fig.1). The 
lithotrophic medium was changed to mixotrophic one 
by adding acetate and the EET ability was enhanced. 
The present finding highlighted the effectiveness of 
EET monitoring as a new descriptor of microbial 

denitrification activity and metabolic change. 
 [1] Canfield et al. (2010), Science, 330, 192-196. [2] 
Straub et al. (1996), Appl. Environ. Microbiol., 62, 
1458-1460. 

Fig. 1: Monitoring of cathodic current generated by P. stutzeri 
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In Sabae City, Fukui Prefecture Japan, several 

spring waters such as Tougen Shouzu and Tona 
Shouzu has been used for bathing since ancient time. 
They are also used now for drinking of human health. 
In this area, groundwater is also used for industrial, 
fields of irrigation, snow melting on road and so on. 
In winter time, groundwater has been pumped out to 
surface and melt snow on road. This caused lowering 
of the groundwater level and land subsidence (Fukui 
Prefecture Report, 2014）As one of the solution to 
this problem, a geothermal heat pump (Geo-HP) can 
be applied to snow melting and also to house heating. 
The air temperature at Sabae exceeds 30℃ in 
summer and less than 0℃ in winter. 

The purpose of this study is geochemically to 
examine the water quality and mode of shallow 
groundwaters in the Sabae City to apply them to build 
up the Geo-HP system. Twenty five groundwaters 
and 5 river waters were collected and analyzed for 
their chemical and isotopic compositons. The results 
show that the δD and δ18O values of groundwaters 
are -51.8 to -31.2 ‰ and -9.6 to -7.4 ‰, respectively, 
and are plotted along meteoric precipitation lines 
(δD=8δ18O+ 20 in summer and δD=8δ18O+30 in 
winter. The chemical compositions of groundwaters 
in the eastern area are Ca2+-HCO3

- type and those in 
the western area are  Na+-HCO3

-  and Ca2+-HCO3
- 

types. In this study, a possibility of precipitation of 
chemicals (CaCO3 and Fe (OH)3) as scales in the heat 
exchanger in the Geo-HP system is discussed by 
using a phreeqC calculation code. Several 
groundwaters in the study area are oversaturated with 
respect to Fe (OH)3. This means that cleaning of the 
heat exchange should be considered when open-type 
Geo-HP is used for room air conditioning.  
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Iron is typical essential inorganic nutrients for all 

plants and animals.  Stable isotope studies using Fe 
has been widely adopted to understand both the 
mechanism of Fe metabolism in marine organisms 
and the bio-cycling of Fe in marine environment.  For 
the land animals or plants, the Fe isotope ratios 
(56Fe/54Fe and 57Fe/54Fe) can change significantly with 
the increase of the trophic level.  In strike contrast, 
for marine organisms, because of very limited 
availability of Fe in marine environments low 
concentration of Fe in seawater, the intake efficiency 
for Fe could be higher than those for the terrestrial 
animals. These studies revealed that magnitude of the 
isotope effects on Fe could provide key information 
concerning both the nutritional status of Fe in animals 
and the availability of Fe in marine environments.  To 
understand the bio-cycling of Fe at the hydrothermal 
vent field, we have measured the Fe isotope ratios for 
various organs from deep-sea organisms. 

In this study, Chrysomallon squamiferum called 
“Scaly-foot“ gastropod (n=5) and Gigantopelta aegis 
(n=5) from a deep-sea hydrothermal field at the 
Longqi vent field were subsidized to the Fe isotope 
ratio analysis.  The Fe isotope ratios of sclerite 
samples and soft body samples of muscle, ctnidium 
(gill), blood, heart, were analyzed by a multiple 
collector-ICP-mass spectrometer (MC-ICP-MS) 
technique (Nu Plasma II).  The resulting δ56Fe values 
obtained here demonstrate the clear difference 
between Chrysomallon squamiferum and sulphur-
oxidizing bacteria.  The Fe isotope signatures 
obtained here revealed the clear difference in the 
intake efficiency of the dietary Fe for these organs.  
The details of the mechanism why separate the δ56Fe 
values of these two samples will be discussed in this 
presentation. 
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HED meteorites are a group of differentiated 

achondrites likely originated from an asteroid, 4 
Vesta. Eucrites are basalts or gabbros whereas 
diogenites are orthopyroxenites or harzburgites. The 
petrogenesis of eucrites and diogenites has been 
controversial. It has been suggested that diogenites 
and eucrites formed during solidification of a global 
magma ocean. Alternatively, diogenites were 
crystallized from magmas formed by secondary 
igneous processing. Ferroan diogenites have 
pryoxene with Mg' values (= molar Mg/(Mg+Fe) 
x100) slightly higher than cumulate eucrites. The 
study of these diogenites provides clues to understand 
the petrogenesis of eucrites and diogenites. 

We examined ferroan diogenites, Y-75032 type 
(Y-75032, -791199, -791202, -791422, -791200, -
791201, and -791439) (Mg' = 53-69), NWA 5613 
(Mg' = 70-71), NWA 6928 (Mg' = 66-67), Dho 700 
(Mg' = 69-70), and A-881839 (Mg' = 70-71). Y-
75032 type diogenites are breccias which contain 
clasts of cumulate eucrites. On the pyroxene 
quadrilateral, these ferroan diogenites are plotted on a 
continuous "trend" [1] from normal diogenites to 
cumulate to basaltic eucrites, and partially overlapped 
with the range of cumulate eucrites. On Al2O3-TiO2 
diagram, pyroxenes in the ferroan diogenites except 
Dho 700 are plotted in the range of cumulate eucrites. 
Bulk compositions of A-881839 and NWA 5613 
display REE patterns with large depletions of Eu with 
less pronounced light REE depletions ("NWA 5613 
group") [2]. NWA 6928 displays a pronounced light 
REE depletion. In contrast, Y-75032 and -791199 (Y-
75032 type) have higher REE abundances with slight 
Eu depletions. 

Our results support the earlier conclusions that Y-
75032 type diogenites could be related to cumulate 
eucrites (pigeonite cumulate eucrites). However, it 
seems likely that the other ferroan diogenites are 
petrologically more similar to normal diogenites. 
 
[1] Takeda H. and Mori H. (1985) PLPSC 15, JGR 
90, suppl. C636-C648. [2] Barrat J. A. et al. (2010) 
GCA 74, 6218-6231. 
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“How did first carbon fixation occur and was it 

maintained?” is one of the key issues to understand 
the origin of life, and our group has proposed the 
electrochemical synthesis of the organic compounds 
from CO2 in deep sea floors with the aid of the pH 
gradient (proton motive force: PMF) across the 
chimney wall [1-4]. At hydrothermal vents, the 
highly reductive (alkaline) hydrothermal fluid and 
acidic sea water are separated by the electron-
conductive chimney wall composed of iron sulfide 
minerals, resulting in the electrical current generation 
through the wall and the current flow promoted the 
electrochemical CO2 reduction on the surface of iron 
sulfide minerals.  

To obtain the kinetic information of the organic 
synthesis on the surface of metal sulfides, we 
examined the electrochemical CO2 reduction 
properties of iron sulfides [3,4]. Based on the 
obtained results, we proposed that 200 mV of PMF 
(pH difference of ~4) is necessary to promote the 
prebiotic organic synthesis. Furthermore, the pH-
homeostasis mechanism required for sustainable 
organic sysnthesis was also proposed based on the 
hydrogen storing property of iron sulfides.  

Figure 1: Proposed model for the deep sea electrical 
current generation system [1,2] and required pH 
difference [3,4]. 
 
[1]R. Nakamura et al. (2010) Angew. Chem. Int. Ed., 
49, 7692-7694. [2]M. Yamamoto et al. (2013) 
Angew. Chem. Int. Ed., 52, 10758-10761. [3]A. 
Yamaguchi et al. (2014) Electrochim. Acta 141, 311-
318. [4]A. Yamaguchi et al. (2016) “CO2 Reduction 
Using an Electrochemical Approach from Chemical, 
Biological, and Geological Aspects in the Ancient 
and Modern Earth”, Solar to energy conversion, 
Springer 32, 213-228 
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Coevolution of early life and surface environment 
has been one of the most important events on Earth. 
Rise of pO2 has been widely believed to have 
occurred at ~2.4 Ga. But geological and geochemical 
evidence suggest possibility of much earlier existence 
of oxic atmosphere and oceans. Records of 
geochemical cycling of bioessential, redox-sensitive 
elements have keys to decipher mysteries of the co-
evolution of Earth and life. Therefore we drilled 
through Mesoarchean strata in coastal Pilbara (Dixon 
Island-Cleaverville Drilling Project) in 2007 and 
2011, and obtained 3.2 Ga old weathering-free 
drillcores (CL1, CL2, CL3, DX) of sulfide-rich black 
shales in the Cleaverville.  

We conducted a systematic geochemical study 
involving sequential extractions of Fe, S, C, and N 
for phase-dependent contents and their stable isotope 
compositions by EA-irMS and MC-ICP-MS, in 
addition to major and trace element analysis by XRF, 
ICP-AES, and ICP-MS, for >100 samples. Here we 
integrate our recent investigations into the redox state 
and nature of microbial biosphere in the 3.2 Ga 
ocean.  

The obtained data are very difficult to explain 
only by geochemical processes in strictly anoxic 
environments, where both atmosphere and oceans 
were completely anoxic, like an environment before 
the inferred Great Oxidation Event at ~2.4 Ga. Our 
extensive data set consistently suggests that oxygenic 
photosynthesis, bacterial sulfate reduction, 
dissimilatory iron reduction, and microbially 
mediated redox-cycling of N, possibly involving 
denitrification and N2-fixation, (i.e., modern-style 
biogeochemical cycling), are very likely to have been 
already in full function. These may be used as a 
strong evidence for (at least) local and temporal 
existence of oxidized environment 3.2 Ga ago. The 
atmosphere-hydrosphere system 3.2 Ga ago would 
have been sufficiently oxidized to allow redox-
cycling of those elements. Our results have far-
reaching and astrobiological implications for earlier 
evolution of a planetary surface environment.  
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The accident at Fukushima Daiichi nuclear power 
plant caused contamination by radionuclides over 
northeast Japan. Radiocesium was deposited on the 
ground in both  soluble and insoluble forms. 
Radiocesium deposited in soluble form was mainly 
adsorbed on clay minerals such as weathered micas in 
soil. On the other hand, imaging plate (IP) 
autoradiography of the contaminated materials such 
as plant tissues showed scattered distribution of 
intense radioactive spots, suggesting the presence of 
microparticles accumulating radionuclides. In 
general, radioactive microparticles have stronger 
radioactivity than clay minerals contaminated by 
soluble radiocesium. In order to understand and 
predict the fate of radioactive materials 
contaminating the terrestrial environment, it is 
important to clarify the physicochemical properties of 
those materials. The purpose of this study is to 
evaluate the structures and properties of radioactive 
microparticles found in Fukushima. 

Radioactive microparticles deposited on plant 
leaves and air-dust filters were taken from Fukushima 
in 2011, 2013 and 2015. The shape, internal structure, 
composition and elemental distribution of the 
radioactive microparticles were analyzed by SR-
XRF, SEM and TEM/STEM. The microparticles 
were 0.5–2.5 µm in diameter and contained 0.5–5 Bq 
of 137Cs per particle. O, Si, K, Cl, Fe, Zn were 
detected in addition to fission products including Rb, 
Sn, Cs. Electron diffraction showed that the main 
body of the microparticles was amorphous, namely 
silicate glass. A few nanoparticles such as Cu, Zn, 
Mo-sulfide were occasionally occluded in the 
microparticles. Elemental distribution in the 
radioactive microparticles was different among the 
microparticles, possibly depending on the forming 
process and weathering in the field. Approximately 
10% of 137Cs was leached from the microparticles in 
water at 60°C for 2 weeks, suggesting that the 
microparticles are subjected to weathering and 
release radiocesim in soluble form. 
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Dissolved organic nitrogen (DON) plays the roles 
in N cycling and ecosystem in the upper ocean. This 
study explores the use of nitrogen isotopic analysis of 
individual amino acids (δ15NAA) of coupled DON and 
particulate organic nitrogen (PON) samples as a new 
approach to examine relative sources, transformation 
processes, and potential coupling of the main detrital 
organic nitrogen form in the ocean water column. We 
measured δ15NAA distributions in high-molecular-
weight DON (HMW DON) and suspended PON in 
the North Pacific Subtropical Gyre (NPSG) from 
surface to mesopelagic depths. A new analytical 
approach using HPLC purification of amino acids 
achieved far greater δ15NAA measurement precision 
for DON than earlier work, allowing us to resolve 
previously obscured differences in δ15NAA signatures, 
both with depth and between ON pools. The δ15NAA 
values of both surface and mesopelagic HMW DON 
suggest mainly heterotrophic sources, with the 
mesopelagic HMW DON bearing signatures of far 
more degraded material. These results contrast with a 
previous proposal that DON δ15NAA patterns are 
essentially “pre-formed” in the surface ocean, 
undergoing little further change with depth. Together 
with the results of amino acid enantiomers (D/L), 
these results suggest that heterotrophic bacteria are 
the main sources for DON at both surface and 
mesopelagic depths in the oligotrophic ocean. 
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Arc basalt magmas transport sulfur from the 
subducted slab in the mantle wedge to the crust, and 
some part of sulfur is transferred to felsic magmas in 
the crust. Here we demonstrate petrologic 
identification of sulfur in mantle-derived basaltic 
magma and crustal magma erupting from Asama-
Maekake volcano, a frontal volcano of the northeast 
Japan arc. 

In magma mixing system of calc-alkaline 
andesite suites of Asama-Maekake volcano [1], basalt 
magma has lost a significant part of dissolved sulfur 
by sulfide precipitation and volatile exsolution before 
magma mixing and subsequent eruption. Likewise, 
melt inclusions trapped in olivine, a rare phenocryst 
of the basalt magma origin, have lost their sulfur to 
various degrees (1108 eruption: <2, 100ppm S, 1783 
eruption: <2, 700ppm S, 2004 eruption: <2, 600ppm 
S). On the other hand, common phenocrysts 
(orthopyroxene, clinopyroxene, and plagioclase) have 
been crystallized from felsic magma and captured 
low-sulfur felsic melts as melt inclusions. 

Throughout these Asama-Maekake eruptions, 
phenocrysts captured three types of sulfide 
precipitates.  

Type-A) Heterogeneous globules of quenched 
immiscible sulfide droplet, composed of fine three 
phases (<1μm) such as mono-sulfide solid-solution 
(mss)-isocubanite-pentlandite, having bulk chemical 
compositions of their assemblages. 
Type-B) Homogeneous nickel-bearing pyrrhotite 
blebs, often contacting with the globules and 
surrounding it.  
Type-C) Homogeneous nickel-poor pyrrhotite. 

      In the case of the Asama-Maekake volcano, 
the Types-A and B sulfides are the basalt magma 
origin, and are captured in olivine phenocrysts 
together with basaltic melts as inclusions. However, 
the type-C sulfide derives from the felsic magma and 
is trapped by the common phenocrysts. All of these 
three types of sulfide are spread both in the 
groundmass and the reaction rim of phenocrysts. 

 
[1] Aramaki & Takahashi (1992) IAVCEI 
Commission on Explosive Volcanism, 1-60. 
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 Mercury (Hg) is a globally spread pollutant, 

which converses between chemical forms and 
participate in biogeochemical cycles. For 
understanding of the Hg cycling, it is important to 
characterize Hg emission sources, such as 
anthropogenic and natural, and link the sources to Hg 
exposure of the environmental system.  

 Previous studies demonstrate that Hg 
isotopes can be used as tracers of Hg pathways in the 
environment (e.g. [1, 2]). In this study, we present Hg 
isotopic compositions of volcanic gases from craters 
of Tarumae and Tokachi (62-2 and Taisho craters) 
volcanoes in Hokkaido, and Kujyu volcano in Oita, in 
order to understand behavior of mercury in the hydro-
geothermal environment. 

 Our result showed that variations in mass-
dependent fractionation (MDF) (δ202Hg: -1.72 to -
0.44, 2SD = ± 0.10‰), which negatively correlate 
with SO2 concentration of the volcanic gases. We 
also observed small mass-independent fractionation 
(MIF) in all samples (Δ199Hg: -0.03 to +0.20, 2SD = 
± 0.15). The Δ199Hg values of volcanic gases from 
Tokachi-Taisho and Tarumae volcanoes are slightly 
different from that of Vulcano, Italy (Δ199Hg: -0.12) 
[3], which may indicate that the physicochemical 
reaction(s) that causes MIF (i.e. HgCl2(aq)-Hg0

(g)) 
might occur during hydrothermal processes, and that 
Hg isotopes may be used to better understand these 
processes.  

 
References 
[1] Bergquist and Blum. (2009) Elements, 5: 353-
357. 
[2] Bergquist and Blum. (2007) Science, 318: 417-
420. 
[3] Zambardi et al. (2009) Earth and Planetary 
Science Letters, 277: 236-243. 
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Plants like mosses can live on rocks, where the 

stable supply of water seems difficult. Although 
extracellular polysaccharides in plant cell walls such 
as pectin are supposed to retain water, their water 
retension mechanims and abilities have not been 
clarified. In this study, adsorption/desorption of water 
on a pectin film has been studied by infrared 
spectroscopy and quartz crystal microbalance (QCM) 
under controled relative humidity (RH%). 

In difference IR spectra from that at low RH, OH 
bands around 3510, 3380 and 3260 cm-1 increased 
with RH. These bands are called here as free water 
for the 3500 cm-1 band, intermediate water for the 
3380 cm-1 band and bound water for the 3260 cm-1 
band. Together with the band around 3440 cm-1 due 
to OH species of pectin (carboxyl: COOH), the OH 
bands in the original spectra were fitted by 4 
Gaussian OH components (3510, 3440, 3380 and 
3260 cm-1)(Fig.1a).  

The results show that more bound water than free 
water is adsorbed on the pectin film (Fig.1b). Upon 
RH decrease from 60 to 20%, the pectin film loses 
continuously free water. However,  only 20% of 
bound water was lost until RH 40% and remained 
mostly constant at lower RHs. Water in pectin can be 
retained as bound water under low RH conditions, 
possibly by its C-O bonds. 

Fig.1. (a) Curve fitting of OH stretching band of 
pectin film by four Gaussian components.  
(b) Changes with relative humidity in band areas of 4 
OH components. 
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Global warming is expected to globally decrease 
ocean oxygen concentrations by sea surface warming 
and ocean circulation change. Oxygen reduction is 
expected to persist for a thousand years or more, even 
after atmospheric carbon dioxide stops rising. 
However, long-term changes in ocean oxygen and 
circulation are still unclear. In this study, we simulate 
multimillennium changes in ocean circulation and 
oxygen under doubling and quadrupling of 
atmospheric carbon dioxide, using GCM (MIROC) 
and an offline biogeochemical model. In the first 500 
years, global oxygen concentration decreases, 
consistent with previous studies. Thereafter, however, 
the oxygen concentration in the deep ocean globally 
recovers and overshoots at the end of the simulations, 
despite surface oxygen decrease and weaker AMOC. 
This is because, after the initial cessation, the 
recovery and overshooting of deep ocean convection 
in the Weddell Sea enhance ventilation and supply 
oxygen-rich surface waters to deep ocean. Another 
contributor to deep ocean oxygenation is seawater 
warming, which reduces the export production and 
shifts the organic matter remineralization to the upper 
water column. Our results indicate that the change in 
ocean circulation in the Southern Ocean potentially 
drives millennial-scale oxygenation in deep ocean, 
which is opposite to the centennial-scale global 
oxygen reduction and general expectation. In 
presentation, we will discuss the mechanism of 
response of deep ocean convection in the Weddell 
Sea and show the volume changes of hypoxic waters. 
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Hydrous silicates formed by a reaction between 

anhydrous silicate and water vapor could be stable 
inside the snow line, where H2O condenses as ice. 
They could thus be a possible carrier of water to the 
rocky planet forming region in the dry inner solar 
system [1]. A kinetic study based on Simple Collision 
Theory (SCT) suggests that hydrous mineral 
formation between crystalline Mg-silicate and water 
vapor would be kinetically inhibited in the solar 
nebula [1]. Amorphous silicates, which are also 
present in protoplanetary disks, are 
thermodynamically unstable and may thus react with 
water vapor more effectively than crystalline 
silicates.  

In this study, in order to explore the possibility of 
hydrous mineral formation from amorphous silicates, 
we performed reaction experiments between 
amorphous forsterite (synthesized by induced thermal 
plasma method) and water vapor at 323−373 K and 
water vapor pressure of ~0.1−1 bar.  

The XRD and TEM analyses showed that 
amorphous forsterite transformed into serpentine and 
brucite. The time evolution of the serpentinization 
degree estimated from the development of 2.7 µm 
infrared feature and the change of 10 µm infrared 
feature can be fitted with the Johnson-Mehl-Avrami 
equation with Avrami exponent n of ~1 and a 
geometrical contracting volume model, suggesting 
that the rate is controlled by the serpentinization 
reaction at the interface. Temperature dependences of 
the rate constants inferred from 2.7 and 10 µm 
features give the activation energies of ~16 kJ/mol 
and ~21 kJ/mol, respectively.  

We evaluated the timescale of hydrous mineral 
formation from amorphous forsterite in 
protoplanetary disks based on the SCT using the 
obtained activation energies for hydration, and the 
timescale is compared with the dehydration 
timescales of serpentine [2] and brucite [3], and the 
crystallization timescale of amorphous forsterite [4]. 
The camparison of timescales indicates that 
amorphous forsterite could hydrate within the disk 
lifetime.  
[1] Prinn, R. G. & Fegley, B. J. (1989) In Origin and 
Evolution of Planetary and Satellite Atmospheres, 
78−136. [2] Yamamoto, D. & Tachibana, S. (2015) 
47th LPSC, #1733. [3] Gordon, R. S. & Kingery, W. 
D. (1967) J. Am. Ceram. Soc., 50, 8−14. [4] 
Yamamoto, D. & Tachibana, S. (2015) 78th Annu. 
Meteorit. Soc. Meeting, #5247.  



Goldschmidt Conference Abstracts 

 

3528 

Inorganic and organic chemical 
characteristics of suspended 

particulate matter in Ulan Bator 
K. YAMAMOTO1, H. FUKUDA2, H. HASEGAWA3, 

K. MIMURA4 
1 Grad. School Environ. Studies, Nagoya Univ. 

Nagoya 464-8601, JAPAN 
(yamamoto@eps.nagoya-u.ac.jp) 

2 Grad. School Environ. Studies, Nagoya Univ. 
Nagoya 464-8601, JAPAN 
(fukuda.hiroyuki@g.mbox.nagoya-u.ac.jp) 

3Nagoya Univ. Museum, Nagoya464-8601, JAPAN 
(hase@num.nagoya-u.ac.jp) 

4 Grad. School Environ. Studies, Nagoya Univ. 
Nagoya 464-8601, JAPAN 
(mimura@eps.nagoya-u.ac.jp) 

 
 

Ulan Bator, capital of Mongolia, is one of the 
large cities subjected to the serious atmospheric 
pollution. In winter, density of suspended particulate 
matter (SPM) exceeds 250 µg/m3, and the air 
pollution in Ulan Bator is seven times higher than the 
WHO environmental criterion. 

We collected 53 SPM samples at a centeral part 
of Ulan Bator from Jan. 2014 to Apr. 2015 by a high 
volume air sampler. All samples were used for 
inorganic mateiral analysis by ICP-MS (Agilent 
7700x). Aliphatic and polycyclic aromatic 
hydrocarbons were also analyzed for selected 13 
samples by FID-GC (Shimazdu GC-2014). 

SPM density fluctuates seasonally from about 50 
µg/m3 in summer to about 250 µg/m3 in winter. 
Summer SPM samples show high concentrations of 
elements enriched in soils such as Al, Ti and Fe, 
whereas winter SPMs do those from coal combustion 
such as C and As. High carbon contents up to about 
40 wt.% suggest high concentration of organic 
materials in winter SPMs. By the statistical positive 
matrix factorization (PMF) method, contribution of 
coal combution, derived mainly from the ger area 
surrounding city area, is estimated to be 60 wt.% in 
winter, whereas contribution from soil amounts 
70~80 wt.% in other seasons. 

Winter SPMs show high aliphatic hydrocarbon 
concetrations up to 1,100 ppm (C24-38) with a peak 
abundance at C29 and a clear odd-number carbon 
preference index (CPI), suggesting higher plant 
origin. Various PAHs were also detected in the winter 
SPMs, such as pyrene, chrysene, 
benzo(b)fluoranthene benzo(a)pyrene, and ndeno(1, 
2, 3-cd)pyrene. The latter four compunds are referred 
to as carcinogens.  The high concentrations of As and 
carcinogenic PAHs must be harmful for human 
health. More detailed and continuous geochemical 
observations about  SPMs are needed. 
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We investigated biogeochemical characteristics 

of tidal flat sediments at urban estuarine by revealing 
vertical distribution of organic and inorganic 
elements. Five cores of 15 cm long were 
collected at the Fujimae tidal flat, the Port of 
Nagoya, Japan, in August 2012. For the 
subsamples of 1.5 cm interval (n = 50), major 
and trace elements, five types of phosphorus 
fraction, and carbon and nitrogen isotopic 
compositions were examined. 

The sediments have C/N mol ratio of 15.1 and 
δ13C value of -25.81 ‰ on average, which are almost 
the same as the riverine suspended particulate matter. 
This suggests that organic matter in the sediments is 
largely of terrestrial origin and thus is resistant to 
respiration, which implies eutrophication due to 
mineralization of organic matter could not be 
progressed. Fraction analyses of phosphorus 
compounds show that loosely adsorbed P and Fe-
bound P account for about 70 % of total P at 0-1.5 cm 
sediment, and decrease to depth, then constant below 
6 cm from the surface around 38 %. Heavy metal 
distribution indicates that the Fujimae tidal flat 
sediments are characterized by enrichment in Pb and 
Zn, with factors of 1.72 and 1.66 relative to the upper 
continental crustal values respectively.  
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Reconstruction of flooding events is a recent 
issue of paleoclimatology. We developed the use of 
GDGT compositions to identify flooding sediments 
in marine cores and generated a 2900-year long 
record of flooding in Beppu Bay area, northern 
Kyushu, Japan by analysing 457 sediments (2-cm 
interval) of core BP09-3 retrieved in Beppu Bay 
basin. We also analysed 74 soils in the watershed 
areas of Oita and Ohno Rivers and 35 estuary 
sediments for comparison.  

Branched GDGTs in soils have less methyl group 
(higher MBT) and less cyclic structures (higher CBT) 
than estuary and basin GDGTs. Soil and estuary 
sediments have more branched GDGTs (higher BIT) 
than basin sediments. GDGT compositions are, thus, 
useful to identify the provenance of sediments in 
Beppu Bay cores.  

In core BP09-3, 18 thick and 55 thin event layers 
were recognized by visual, soft X ray and CT-scan 
descriptions, and the sediment ages were determined 
by 42 radiocarbon dates of molluscan shells (Kuwae 
et al., 2011). Most of major event layers showed 
higher BIT than hemipelagites. Some of them have 
high MBT and CBT values which correspond to 
those of soils. We interpret that they originated 
directly from the surface soils via Oita and Ohno 
Rivers, most likely by typhoon-induced flooding. 
Historical records support this interpretation. 

UK
37’ in the study core showed decadal-scale 

variation in temperature (PDO). Two third of 
flooding events occurred when temperature was 
maximal (negative PDO). The flooding was also 
frequent in the periods showing century-long 
warming. These results provide proxy-based evidence 
of hypothesis mentioning that the regional warming 
of the northwestern Pacific enhances typhoon 
activity.  
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An intense flux of asteroid bodies into inner solar 
system during ca. 3.8-4.0 Ga, called as Late Heavy 
Bombardment (LHB), has been proposed from 
impact-resetting ages of the Moon samples. 
Terrestrial evidence of the impacts in the early Earth 
is, however, barely identified because of the scarcity 
of geological unit prior 3.8 Ga. Although previous 
studies have shown that the Jack Hills 
metasedimentary rocks contain detrital zircons that 
yield U-Pb SHRIMP ages ranging from ca. 3.0 up to 
4.4 Ga, shock-metamorphosed minerals, a diagnostic 
indicator for impacts, have not been identified. Here 
we report shock-metamorphosed detrital zircons from 
the Jack Hills metaconglomerates in the Narryer 
Gneiss complex, Western Australia. A total of 14000 
detrital zircons were investigated for their external 
and internal structures using a scanning electron 
microprobe and optical microscope. The following 
types of shock-metamorphosed zircons were 
identified using microstructural features; (1) zircons 
with curviplanar features, (2) zircons containing 
single or multiple sets of planar features, (3) zircons 
exhibiting partly granular microstructures, and (4) 
zircons with exhibiting fully granular 
microstructures. Of these microstructures, multiple 
set of planar feature provided the most diagnostic 
evidence for an impact origin [1]. They are preserved 
as annealed (or “decorated”) parallel fractures, 
probably due to post-impact thermal heating and/or 
regional metamorphic overprint. Shock-
metamorphosed zircons have previously been utilized 
for dating the impact event, which because of the 
high temperatures involved, results in partial or 
complete Pb-resetting of the U-Th-Pb 
geochronometer [2]. Therefore, the shock-
metamorphosed detrital zircons discovered from the 
Jack Hills metaconglomerate would provide 
significant clues not only for the deciphering the 
impact history on the early Earth but also for 
providing physical confirmation of the LHB 
hypothesis. 

 
[1] French and Koeberl (2010) Earth-Sci. Rev. 98, 
123-170. [2] Moser et al., (2011) Can. J. Earth Sci. 
48, 117-139. 
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Atmospheric deposition collected from a 
highland located at a remote area are useful for 
understanding long distance transport of atmospheric 
pollution because of less influence from neighboring 
urban areas. In this study, chemical compositions of 
wet depositions collected from Mt. Kajigamori 
(33°45'N 133°45'E), located at a remote area in 
Shikoku highland, Japan were determined to reveal 
the chemical properties of pollutants from eastern 
Asia. 

The sampling period was December, 2007 to 
March, 2013. Wet deposition was collected using 
customized samplers to avoid contamination during 
sample collection. Altitude of sampling point was 
1400 m. The distance from neighboring urban area 
was  35 km. Collected samples were filtered by 0.45 
µm membrane. Major ions were measured by ion 
chromatography. Trace metal elements including Cd 
and Pb were measured by GF-AAS and ICP-MS. 
Residue on filter was analyzed by XRF and SEM. 
Fundamental weather data were referred to WINDAS 
and AMeDAS. Back trajectory analysis was 
conducted using CGER-METEX. 

The average concentrations of Cd and Pb in snow 
were 0.18 and 3.28 µg/L, whereas the average 
concentrations in rain were 1.1 µg/L of Cd and 0.47 
µg/L of Pb. Both Cd and Pb showed higher 
concentrations in winter, but a clear correlation 
between Cd and Pb was not found except for samples 
in 2013. Comparison with snow collected from 
domestic and foreign highlands in remote areas, snow 
samples of Mt. Kajigamori showed relatively large 
abundance of Pb. Enrichment factors of Cd and Pb 
normalized by average continental crust were higher 
than 100, suggesting that Cd and Pb were mainly 
from anthropogenic source. The Pb/Cd ratio in our 
samples ranged  from 1.3 to 60, and was different 
from the Pb/Cd ratio of atmospheric depositions in 
Japanese urban area (28-35).  Migration paths of air 
parcels, which provided Pb-riched samples, were 
distributed the northeast of China, whereas those for 
Cd-riched samples passed through the southeast of 
China. 
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A confined aquifer system, isolated from modern 
seawater, is well developed in argillaceous marine 
and freshwater sediments of Pliocene–Holocene age 
in southwestern Nobi Plain, central Japan. A tongue 
of brackish confined groundwater (Cl− > 1000 mg/L), 
which extends from the shoreline of Ise Bay inland, 
has somewhat lower SO4/Cl ratios and higher δ34S 
values (~79‰) than those of the present seawater. 
The groundwater chemistry could be explained by 
sulfate reduction in combination with the mixing of 
two types of seawaters, modern seawater and no SO4 
seawater, with the fresh recharge water. No SO4 
seawater may consist mainly of paleo seawater that 
had been trapped in an aquiclude for thousands of 
years. Calculations based on a Rayleigh distilation 
model by using Cl– and SO4

2– concentrations and δ34S 
values showed that modern and paleo seawaters 
compose at most 10.7% and 9.4%, respectively, of 
the brackish groundwater volume in the confined 
aquifer. The model’s discrimination of the two 
seawaters is also in agreement with the spatial 
distribution patterns of groundwater composition. 
That is, from the west to the east in succession, the 
main influence on the groundwater chemistry is fresh 
recharge water, modern seawater and paleo seawater. 
δ37Cl values (from −0.90‰ to 0.21‰) of the 
groundwater were negatively correlated with paleo 
seawater Cl− concentraitons discriminated by the 
model, while they are not correlated with either total 
Cl− concentrations or δ34S values. Furthermore, Cl− 
concentrations from modern seawater are positively 
correlated with δ37Cl values. In addition to these 
facts, diffusion model calculations suggest that paleo 
seawater Cl− has diffused out from argillaceous 
marine sediments, whereas modern seawater Cl− has 
not been affected by preferential diffusion of Cl 
isotopes because it has migrated by advection via an 
unconfined aquifer and non-pumping wells. 
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It is difficult to construct chronologies of 
Antarctic margin sediments. Not only these sediments 
generally lack calcareous foraminifera, but also the 
sediments are subjected to contamination of relict 
organic matter eroded from the Antarctic continent 
[1], leading to older radiocarbon ages of bulk 
sedimentary organic matter. Compound-specific (CS) 
14C dating mainly targets short-chain (C14, C16 and 
C18) fatty acids isolated from the sediments. These 
compounds are ubiquitous in organisms, but little 
contained in relict organic matter due to the relatively 
fast decomposition rate [1]. Therefore, CS 14C dating 
is little affected by relict organic matter from 
Antarctic continent [2] and thus provides accurate 
age. We applied CS 14C dating to U1357A core taken 
from Adélie Basin located on the continental shelf off 
Wilkes Land, East Antarctica during IODP 
Expedition 318. We targeted C16 fatty acid as well as 
C16:1 fatty acid and cyclopheophorbide-a-enol, a 
derivative of chlorophyll a isolated from the 
sediment. Samples were processed chemically using 
the protocol of Ohkouchi et al. [1]. Purification of 
target compounds were conducted with HPLC-
CoronaCAD at JAMSTEC. Graphitization was 
undertaken by a dedicated high vacuum line of 
University of Tokyo [3], and the measurement of 14C 
was conducted by AMS at MALT, University of 
Tokyo [4]. We obtained 12 CS 14C ages that spans in 
Holocene age (9800 to 440 cal BP) and are consistent 
with their stratigraphic order [5]. These results 
suggest that significant sedimentation started ca. 
10,000 cal BP. Moreover, our data suggest that 
radiocarbon measurements of C16:1 fatty acid and 
cyclopheophorbide-a-enol are also useful for dating 
sediments from the Southern Ocean [5]. 

 
[1] Ohkouchi et al. (2003) Radiocarbon 45, 17–24. 
[2] Ohkouchi & Eglinton (2008) Quat. 
Geochronology 3, 235–243. [3] Yokoyama et al. 
(2010) Radiocarbon 52, 310–318. [4] Matsuzaki et 
al. (2007) NIM-B 259, 36–40. [5] Yamane et al. 
(2014) Radiocarbon 56, 1009–1017. 
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Iron isotopic compositions (δ56Fe relative to 

IRMM-14) of 10 ferromanganese deposits from the 
central and northwestern Pacific Ocean (1400–6000 
m water depth) were determined. The hydrogenetic 
nodules and crusts showed a consistent average iron 
isotopic composition (−0.32 ± 0.12‰, 2σ), which is 
slightly lower than the value of igneous rocks (+0.09 
± 0.1‰, [1]). Our study contrasts with the previous 
study that demonstrated large variations in the δ56Fe 
values of ferromanganese crusts in the Pacific (−0.59 
± 0.36‰) and the Atlantic (−0.27 ± 0.36‰) [2]. The 
consistent δ56Fe values imply homogenous iron 
isotopic composition of modern deep water in the 
central to northwestern Pacific. Despite differences in 
mineralogy and chemistry, the average δ56Fe value of 
diagenetic nodules (−0.28 ± 0.11‰) was 
indistinguishable from that of hydrogenetic 
ferromanganese deposits. These observations are 
consistent with that iron is not reduced during early 
diagenetic processes while manganese is reduced and 
dissolved. We also reconstructed the temporal 
variations for iron isotopic compositions in three 
hydrogenetic ferromanganese crusts from different 
water depths (1440, 2239, 2987 m) in the northwest 
Pacific. Regardless of water depth, the δ56Fe values 
of these crusts were essentially constant (−0.31 ± 
0.13‰) throughout the past ~20 Ma. Our results are 
remarkably consistent with previously reported iron 
isotopic compositions for ferromanganese crust 
(−0.31 ± 0.10‰) from ~3000 m water depth in the 
central Pacific over the last 10 Ma [3]. Thus, it is 
suggested that Pacific deep water has remained 
constant in iron isotopic composition for at least 20 
Ma. 
 
[1] Beard et al. (2003) Chem. Geol., [2] Levasseur et 
al. (2004) EPSL, [3] Chu et al. (2006) EPSL 
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Determining the timing of brittle fault 
deformation is important to assess active faults.  In 
general, cross-cutting relationships of age-known 
strata is used to constrain indirectly the faulting 
history, but suitable field relationships are not always 
evident in outcrops. Numerous studies have 
successfully constrained the timing of brittle 
deformation by direct dating of fault gouges in recent 
years. For this method, careful sample preparation as 
well as sample charactarization are required to 
unambiguously interpret measured ages [1]. 

We measured K-Ar ages for clay-rich fault 
gouges within the Arima-Takatsuki Tectonic Line 
(ATTL), which is a major active fault zone in 
southwest Japan. Samples were collected around a 
segment that juxtaposed Cretaceous granite against 
Cretaceous rhyolitic tuff; two samples from the main 
fault core, three samples from a vein in the tuff zone 
and two samples from a subsidiary fault in the 
granite. The seven  samples were separated into three 
grain-size fractions (<0.1, <0.4, <2 μm) and 
characterized by SEM, TEM and XRD. 

SEM investigation on the surface of whole-rock 
chips indicate authigenic fiberous illites in all 
samples. TEM investigation of separated fractions 
confirm fibers in all samples, especially in gouges 
within the tuff zone.  

K-Ar ages decrease with grain size suggesting 
enrichment of recently grown authigenic illite in 
these finer fractions. The age data can be devided into 
two main groups: (1) 23-39 Ma and (2) 48-70 Ma, 
suggesting that a hydrothermal event related to brittle 
deformation occurred in at least two stages. The 
younger group includes gouges from the main fault 
core and the subsidiary fault vein in granite, and the 
older group comprises gouges in the vein within the 
tuff. The younger age range is consistent with the 
stability field of illite and the temperature field of 
brittle deformation (<300°C) estimated from reported 
apatite/zircon FT ages of host Rokko Granite. 
However, K-Ar dating cannot be applied to measure 
authigenesis of K-free low-temperature clay 
(smectite), the reported youngest age is older than the 
historical last displacement within the ATTL fault 
zone. 
 
[1] Yamasaki et al. (2013) Chem. Geol., 351, 168-
174. 
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Reduction of soluble uranium (VI), to insoluble 
uranium (IV), is an important process for the 
immobilization of uranium in subsurface 
environment. Lojou et al. (1999) has showed that 
cytochrome c3, which is a membrane protein, has 
catalyzed the reduction from U(VI) to U(IV). On the 
other hand, Suzuki et al. (2010) has reported that 
flavin mononucleotide, which is a coenzyme, was 
capable to mediate the reduction of U(VI). This result 
has showed a potential of extracellular electron 
shuttle in the microbial U(VI) reduction. However, 
biogenic organic mediators to be able to reduce 
U(VI) have not been fully understood. This study 
aims to clarify the U(VI) reduction catalyzed by 
several organic mediators other than above two 
mediators by using electrochemical method. The 
biological study was also done to examine the U(VI) 
reduction by microorganisms under anaerobic 
condition.  

Three flavin analogues (flavin mononucleotide 
(FMN), riboflavin (RF) and flavin adenin 
dinucleotide(FAD)), quinone and methylviologen 
were used as a U(VI) mediator. Redox reaction 
between U(VI) and organic mediator was 
investigated by using cyclic voltammetry and bulk 
electrolysis with UV-vis spectroscopy. 

The cyclic voltammograms of the organic 
mediators in the presence of U(VI) showed that 
reduction current of the mediators increased with the 
U(VI) concentration, indicating the reoxidation of 
organic mediators by U(VI). The rate constant of 
catalysis reaction acceralated by the organic 
mediators were determined. The rate constants of 
catalysis reaction, kcat, were almost the same among 
the flavin analogues (RF:45.9, FMN: 35.9 and FAD 
35.9 M-1 s-1). The kcat values for the methylviologen 
and quinone derivative were also determined to be 
89.2 and 2.71 M-1 s-1. Althogh these values were 
smaller than the value of cytochrome c3, 9,000 M-1 s-1, 
our results clearly demonstrated that various kinds of 
biomoleculse can work as a mediator for the 
extraceller reduction of U(VI) under anaerobic 
condtion. 
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For almost a decade, the angrite D’Orbigny has 
been used as an important anchor for Mn-Cr 
chronometry. While the U-Pb age of D’Orbigny is 
now tightly constrained [1, 2], very few high-
precision data for (53Mn/55Mn)0 have been reported 
since the study of Glavin et al. [3]. A major concern 
about the (53Mn/55Mn)0 reported in Glavin et al. [3] is 
the use of second-order fractionation correction 
assuming terrestrial 54Cr/52Cr ratio. It has been shown 
by Trinquier [4] that the ε54Cr of angrite is anomalous 
(ε54Cr = -0.36 ± 0.07), so the use of such fractionation 
correction will result in a positive shift of the ε53Cr 
values. Furthermore, if the errors associated with the 
54Cr/52Cr ratios have not been propagated to the ε53Cr 
values, the stated uncertainty will be an 
underestimated value. Recently, McKibbin et al. [5] 
reported (53Mn/55Mn)0 of (3.54 ± 0.18) x 10-6 from the 
analysis of olivine using SIMS. However, the large 
uncertainty lowers the resolution of the Mn-Cr ages, 
making it less useful for cosmochemical studies.  

Here we report high-precision Cr isotope data of 
whole-rock and mineral separates physically and 
chemically separated from D’Orbigny. The Cr 
isotope ratios were measured using TRITON Plus 
following the method described in [6]. Our new data 
show that the ε54Cr values of the mineral separates 
are not uniform, possibly due to spallation effect. The 
ε53Cr values are correlated with the 55Mn/52Cr ratios, 
defining a preliminary isochron whose slope 
corresponds to a (53Mn/55Mn)0 of (3.35 ± 0.04) x 10-6. 
We have also determined the noble gas composition 
of the sample to calculate its exposure age, which 
was then used to investigate the contribution of 
spallation reaction on the ε53,54Cr signatures. Further 
chronological implications of these new results, 
together with additional data from the analysis 
currently in progress, will be presented.  

 
[References] [1] Amelin (2008) GCA 72, 221-232. 
[2] Brennecka et al. (2012) PNAS 109, 9299-9303. 
[3] Glavin et al. (2004) MAPS 39, 693-700. [4] 
Trinquier et al. (2007) ApJ 655, 1179-1185. [5] 
McKibbin et al. (2015) GCA 157, 13-27. [6] 
Yamakawa et al. (2009) Anal. Chem. 81, 9787-9794. 



Goldschmidt Conference Abstracts 

 

3539 

Possibility of existence of 
unrevealed (new) halophilic 
archaea in halite or ancient  

hypersaline environment  
N.YAMAUCHI1 

1Dept. of Earth and Planetary Sci., Fac. of Sci., 
Kyushu University, Fukuoka 819-0395 Japan 
(nyama@geo.kyushu-u.ac.jp) 

 
Archaea has a characteristic lipid-core, archaeol.  

The structure of archaeol is those in which two C20-
saturated isoprenoid are linked to glycerol by ether 
bond.  Further, a characteristic diether (C25-C20 
diether (1)) which is constructed from one C25 and 
one C20 isoprenoid is produced by halophilic archaea.  
The regiochemisty of the hydrocarbon bonded with 
glycerol had been determined[1],[2].  The C25 (long) 
hydrocarbon is linked with the C-2 of the glycerol.  
On the other hands, Teixidor et al. showed that 
archaeol and 1 were existed in the halite[3].  
However, the different regiochemical structure 2 (C25 
hydrocarbon was linked with the C-3 of the glycerol) 

for the structure of 1 were found in several literature 
(including lit. [3]). 

During my experiments for the deterimination of 
the regiochemistry and carbon number of the 
hydrocarbon of the diether[4], the possibility of 
misreading of  fragmentation analysis of 1 (2) in 
Teixidor’s report were suspected.  Therefore, the two 
regioisomers of 1 and 2 were chemically prepared 
and fragmentation analysis were carried out.   

Then, 1 and 2 were chemically synthesized 
according to the reported method of an intermadiate 
in the synthesis of archael tetraether[5].  The analysis 
of the mass fragmentation of the TMS derivative of 1 
and 2, the mass spectrum in Teixidor’s report was 
revealed to the mixture of 1 and 2.  It is suggested 
that the regiochemically different ether lipid were 
accumulated in the halite.  Further, it is suggested that 
the unrevealed archaea which can biosynthesize 
regioisomeric C25-C20 diether in halite and/or in 
ancient hypersaline environment were existed. 

 
[1]De Rosa et al. (1982) J. Gen. Microbiol., 128, 343. 
[2] Morita et al. (1998) Biosci. Biochem. Biotechnol., 
62, 596. [3] Texidor et al. (1993) Geochim. 
Cosmochim. Acta. 57, 4479. [4] Yamauchi (2013) 
Res. Org. Geochem., 29, 71. [5] Eguchi et al. (1997) 
Bull. Chem. Soc. Jpn., 70, 2545. 
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Seismology revealed the hemispherical 
asymmetry of the Earth’s inner core (e.g., [1]). Based 
on the multiple scattering method, the estimated grain 
size at eastern side is larger than that in western side 
[2]. It is proposed, therefore, that the inner core is 
translating from west to east to explain such 
heterogeneity, which is supported by the 
geodynamical consideration of the ellipsoidal 
convection model [3]. In this model, the grain size 
variation in the observation is derived from the grain 
growth during translation. If this is the case, grain 
growth rate provides the time scale for the translation 
and hence constraint of the inner core age. In the 
present study, we experimentally determined the 
grain growth rate of ε-iron, which is considered to be 
dominat phase in the inner core [4], at high pressure 
and temperature. 

We carried out in situ obervation experiments at 
~55 GPa and 1200-1500 K by using a Kawai-type 
multianvil apparatus equipped with sintered diamond 
anvil at the synchncroton facility. Polycrystalline iron 
was prepared for starting material. In the 
experiments, the monochromatic X-ray beam with 
wavelength of ~51 keV was used as incident beam 
and the diffracted beam is received by two 
dimensional detector, imaging plate or CCD. We 
estumated the grain size using the relationship that 
the number of diffraction spots on two dimensional 
detector that fulfill the Bragg’s condition is 
proportional to the number of grain in the radiated 
volume.  

By fitting the data to the grain growth law, the 
grain growth rate of ε-iron at 55 GPa was determined 
and it is ~6 orders of magnitude lower than that of α-
iron [5]. We extrapolate the grain growth rate at 55 
GPa to the inner core conditions and we calculated 
the grain size in the inner core for the given initial 
grain sizes and time span. Based on the seismological 
observation that the grain sizes in the east side and 
west side of the inner core are 5-10 km and 300-700 
m, respectively, the present result indicates that the 
time span for grain growth requires more than for 2.9 
Gy.  

 
[1] Tanaka et al. (1997) J. Geophys. Res. 102, 2925-
2938. [2] Monnereau et al.  (2010) Scicence, 328, 
1011-1017. [3] Alboussiere et al. (2010) Nature, 466, 
744-747 [4] Tateno et al. (2012) Geophy. Res. Lett., 
39, L12305. [5] Hu (1974) Can. Metall. Quart., 13, 
275-286. 
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The hydrocarbon gas in highly-matured gas 
reservoirs strongly altered by TSR is dominated by 
CH4. It lacks study whether CH4 can be further 
involved in TSR reactions, and the mechanism and 
process of carbon isotope fractionation associated 
with the consumption of heavy hydrocarbon gases 
(C2-C5) by TSR is still unclear. Pyrolysis experiments 
of a few high purity monomer alkanes (CH4, C2H6, 
C3H8, C4H10, and C5H12) sourced from natural gases 
were conducted. Two experiment conditions (with 
MgSO4 and without MgSO4) were designed, 
representing TSR and non-TSR reaction systems 
respectively. The result shows that CH4 can 
participate in TSR reactions, but TSR has no effect 
on its carbon isotope value. For the cracking of C2H6, 
C3H8, C4H10 and C5H12, their carbon isotope value 
from the TSR system is obviously heavier （1 ‰ -2 
‰）than that from the non-TRS system , but the 
carbon isotope values in both systems for a specific 
alkane (e.g. C2H6) are all controlled by their 
conversion rates (a linear correlation) and the tow 
suite data hold one line, which implicates that the 
carbon isotope fractionation trajectory in both 
systems is the same. Therefore, TSR reactions 
occurring in gas reservoirs do not change the carbon 
isotopic fractionation mechanism, and its influence 
on carbon isotope value of a heavy hydrocarbon gas 
is due to its promotion to cracking of the 
hydrocarbon. 
 
Supported by CAS(XDB10040300) and 
CSTD(2011ZX05008-002-40) 
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Green rust (GR) is a mixed FeII-FeIII mineral with 

high reactivity. It is ubiquitous in anoxic soils, 
sediments, and groundwater[1] and plays an 
important role in the fate and transformation of 
redox-active contaminants[2]. GR can be formed via 
various biotic and abiotic processes[3], which can 
lead to different morphological and/or surface 
properties that are likely to affect the relative 
reactivity of biotic vs. abiotic GRs with respect to 
redox transformations of contaminants[3]. Although 
biotic and abiotic GRs have been shown to reduce 
UVI, the speciation and the stability of the resulting 
UIV phases are poorly understood. This study 
investigated the products of UVI reduction by biotic 
and abiotic GRs in batch experiments, using 
carbonate extractions and synchrotron x-ray 
spectroscopy to characterize the solids. The results 
show that both biotic and abiotic GRs rapidly remove 
UVI from synthetic groundwater via reduction to UIV. 
The initial (1h) products in the abiotic GR system are 
individual UIV atoms associated with the solids. Over 
time (16-32d) the proportion of nano-particulate 
uraninite increases, leading to a dramatic decrease in 
the extractability of UIV by carbonate. In contrast, the 
solid-phase UIV atoms in the biogenic GR system 
remain as relatively extractable, non-uraninite UIV 
species over the entire reaction period of 32 days. 
The presence of carbonate and calcium during UVI 
reduction by GR affected the extractability of UIV in 
the system with biogenic GR. These data provide new 
insights into the fate and stability of UIV under anoxic 
conditions in the presence of carbonate and calcium, 
and have major implications for designing 
approaches for the remediation of uranium 
contaminated groundwater. 

 
Acknowledgement: Sen Yan was supported by 

the National Natural Science Foundation of China 
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[1] Christiansen et al. (2009) Environ. Sci. Technol. 
43, 3436-3441. [2] Latta et al. (2015) Curr. Inorg. 
Chem.  5, 156-168. [3]Zegeye et al. (2014) J Phys. 
Chem. C, 118, 5978-5987. 
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The stable isotopes of transition metals have 

drawn much attention as possible tools to monitor 
geochemical processes. Especially, the iron isotopes 
have been widely applied to studying different 
deposits and large iron isotope fractionation can 
occur during metallogenic processes. We investigated 
the iron isotope compositions of ferrobasalt and 
major iron-bearing mineral separates from the 
Chagangnuoer iron deposit, western Tianshan, China. 
The main purpose of this work is: (1) to investigate 
the extent of iron isotope fractionation in magmatic 
hydrothermal deposits; (2) to understand the redox 
control on iron isotopic fractionation during fluid 
exsolution and subsequent mineralization; (3) to 
examine the feasibility of using iron isotopes to trace 
the metal source. 

The iron isotope (δ56Fe) compositions of the 
ferrobasalt, magnetite, garnet, pyrite and chalcopyrite 
display a total range from −0.572‰ to +0.210‰. The 
iron isotope values of the magnetite (0.00‰ to 
+0.210‰) and garnet (-0.030‰ to +0.099‰) are 
higher than those of the ferrobasalt and sulfide. The 
iron isotope values of the ferrobasalt (-0.401‰ to -
0.165‰) are higher than those of chalcopyrite (-
0.527‰ to -0.464‰) but lower than those of pyrite (-
0.389‰ to -0.046‰). To better understand the redox 
state of different types of samples, the Fe3+/∑Fe ratios 
of them were obtained using titration methods. The 
ferrobasalt samples show low Fe3+/∑Fe ratios from 
0.157 to 0.284, implying the iron in the ferrobasalt 
are mosly ferrous. The garnet and magnetite samples 
have Fe3+/∑Fe ratios from 0.907 to 0.931 and from 
0.671 to 0.684, respectively. The pyrite and 
chalcopyrite samples exhibit extremely low Fe3+/∑Fe 
ratios.  

The result suggests that the iron for the 
Chagangnuoer deposit was predominantly from a 
single source and magma-derived. The iron isotopes 
fractionated during fluid exsolution from the 
ferrobasaltic magma since the iron contribution from 
the other sources is insignificant. Iron isotope 
composition of the fluid during subsequent 
precipitation matches well with the prediction of 
equilibrium mass fractionation. 
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Niujuan silver-gold deposit, located in the 
middle-eastern section of the northern margin of the 
North China Craton, is situated between the Pre-
Mesozoic Shanghuangqi orogenic-magmatic belt and 
Meso-Cenozoic Guyuan volcanic basin in the central 
part of the Inner Mongolian Axis. Diabase dikes are 
outcropped widely with similar occurrences in the 
orefield and surrounding area, and they are mainly 
intruded into the host rock-coarse-grained biotite 
monzogranite. Zircon LA-ICP-MS U-Pb dating 
shows that the Disbase dikes intruded at 
261.6±5.8Ma of Middle-late Permian which is 
consistent with the intrusion time of host 
rock(268.7±3.2Ma). Geochemically, the diabase 
contains SiO2 between 49.47% and 51.43%, and it is 
characterized by high alkaline 
(K2O+Na2O=5.22~5.72%, Na2O/K2O=1.05~1.48), 
high content of TiO2(2.11~2.23%), low content of 
MgO (3.14~3.68%) and Mg# degree. REE study 
indicates that diabase is enriched in light rare earth 
elements with abundant rare earth elements, and the 
fractionation between LREE and HREE is not 
pronounced. Chondrite-normalised REE distribution 
pattern for the diabase displays right flat skewed 
shapes without obvious depletion of Eu. The diabase 
is rich in Ba while depleted 
HFSE(Zr、Hf、Ta、Nb、Ti) and LILE(Rb、Sr). 
All these characteristics in combination with the Zr-
Y, Zr-Nb, Zr/Y-Zr, Ti/100- Zr-Y× 3, Ta/Hf- Th/Hf 
and Nb/Zr-Th/Zr diagrams indicate that the magma 
was derived from partial melting of the enriched 
mantle, and the diabase was formed in an intra-
continent extension setting of the northern margin of 
the North China Craton during the late Hercynian, 
that is in harmony with post-orogenic intracontinental 
extension process after the collision suture between 
North China Plate and hyperplasia of the Mongolian 
fold belt belonged to south margin of the Siberia 
plate. 
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Methanol is one of the most important carbon and 
energy sources in anoxic environments. However, the 
biological flux and lifetime of methanol in anoxic 
marine sediments are largely unknown. In this study, 
we report quantitative methanol removal rates in 
deep-sea sediments from the Umitaka Spur in the 
eastern Japan Sea for the first time.  

Methanol concentration in pore water was 
maintained at low concentrations ranging from 0.3 to 
3.2 µM in shallow sediments above the sulfate-
methane transition zone. However, it began to 
increase gradually from the depth below the SMTZ to 
approximately 20 µM near the bottom of the core at 
approximately 30 m below the seafloor.  

Based on anaerobic incubation experiments with 
14C-labeled methanol, high rates of microbial 
methanol consumption were detected in the 
sediments. Our experiments also showed that the 
methanol oxidation to CO2 surpassed methanol 
assimilation and methanogenesis from CO2/H2 and 
methanol. Nonetheless, a significant decrease in 
methanol was not observed after incubation, likely 
because of the microbial production of methanol in 
parallel with its consumption. The produced methanol 
is interpreted as metabolic intermediates during the 
microbial degradation of organic matter, such as 
lignin, pectin, and carbohydrates, under anoxic 
conditions. This study suggests that microbial 
reactions play an important role in the sources and 
sinks of methanol in subseafloor sediments. 
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Revolutionary New Method 
   In the ore-forming fluid caused by 

hydrotherm，the solubility of calcite will increase 
gradually with the temperature decrease gradually 
and the concentration of CO2 in gas increase.In a 
closed system，calcite will not deposit if it is the 
cooling action caused only by the falling of 
temperature.The ore-forming fluid with high 
temperature and the surrounding rock occur strong 
interaction，making the ore-forming fluid lose large 
number of hydrogen ion and take in plenty of calcium 
ion，magnesium ion，iron ion.In this process，the 
ore-forming fluid and surrounding rock will generate 
strong isotope exchange reaction.Under this 
reaction，the calcite will deposit with the gradual 
saturation of the ore-forming fluid.Therefore，the 
linear relation ofδ13C、δ18O in calcite may be the 
results of water-rock reaction[Figure 1].From this 
perspective，the characteristic of carbon-oxygen 
isotope composition may be the result of water-rock 
reaction，which explains that the water-rock reaction 
theoretical simulation can be used to study the source 
of the ore-forming fluid in DaShui gold ore[1,2]. 

Discussion of Results 
   The value of δ13C shows the carbon in early 

mineralization stage of DaShui Gold ore mainly 
comes from the deep，otherwise the calcite relates to 
the dissolution of carbonate obviously.Carbon isotope 
shows that the ore-forming fluid in DaShui Gold ore 
could relate to magmation. InAddition, marine face 
carbonate is also the indispensable composition. The 
value of δ18O shows the ore-forming fluid is 
magmation in early mineralization stage and 
atmospheric precipitation in later mineralization 
stage. It is out of question that atmospheric 
precipitation is the main role in the entire 
process,，which agrees with preamble. 
 

[1]Seward T M.1982. The transport and 
deposition of gold in hydrothermal systems. In: 
Foster R.P, ed. Proc. Gold 82: The geology, 
geochemistry and genesis of gold mineral deposits. 
Univ.Zimbabwe. 165～181. 

[2]Terrence P. Mernagh. 2008.Transport and 
Precipitation of Gold in Phanerozoic Metamorphic 
Terranes from Chemical Modeling of Fluid-Rock 
Interaction. Economic Geology, 103:1613-1640. 
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Chemical weathering plays a key role in the long-
term climate change and global biogeochemical 
cycles. The prerequisite of chemical weathering study 
is to establish suitable poxies for the intensity and 
rate of chemcial weathering over the geologic past. 
Over the last decade, the indications and their 
applicability of the widely-documented chemical 
weathering indices have been revisited by some 
studies. However, to our knowledge, the essential of 
chemical weathering is the interaction between water 
and rock and their weathering residues under the 
surface environment. Water as the most important 
agent for promoting chemical weathering was poorly 
considered in previous studies. 

In order to reveal the implications of mineral-
water hydrogen isopope for chemical weathering 
intensity, a 5.1 m-long basalt-developed weathering 
profile from Hunan Province, China was selected for 
the analyses of major elements, grain size, pH, total 
organic carbon, thermogravimetric (TG) and 
differential thermogravimetric properties (DTG), and 
stable isotopes (δD and δ18O) in mineral waters. 
Based on the TG and DTG results, different types of 
mineral water were extracted by a sequential heating 
extraction technique (0−120°C, 120−300°C, 
300−600°C and 600−900°C). The mineral water lost 
below 120°C is absorbed water, a mixture of 
interlayer and crystal waters occurs at 120−300°C, 
and >300°C is mostly constitution water. The 
absorbed water has been exchanged and reached 
isotopic equilibrium with soil water, while crystal 
water and interlayer water cannot be discriminated by 
heating method in this study. Hydrogen isotope of 
constitution water can indicate chemical weathering, 
which shows a positive relationship with chemical 
weathering intensity due to the isotopic fractionation 
during hydrolysis between secondary clays and 
surface water. Although we need more studies on the 
direct indication of hydrogen isotope of constitution 
water for paleo-atmospheric precipitation, this study 
sheds new light on the proxy of chemical weatrhering 
and water cycle in earth surface process. 
 
Acknowledgement: This work was supported by 
National Natural Science Foundation of China (Grant 
Nos. 41225020 and 41376049). 
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Changling Gasfield is discovered in tight 
sandstone reservoir of  lower Cretaceous Denglouku 
Formation in Changling fault depression, Southern 
Songliao Basin, which expands a novel exploration 
domain of this fault depression. Based on source-
reservoir-cap assemblage, fault activity and single 
well burial history of Denglouku Formation, we clear 
up the formation genesis of Changling Gasfield 
combined with reservoir fluid inclusions and laser 
Raman spectroscopy and find out that this fault 
depression has no hydrocarbon generation condition. 
Coal-derived methane generated from underlying 
hydrocarbon source rock accumulated in lower 
Cretaceous Yingcheng Formation. To the end of the 
Late Cretaceous Qingshankou, a submarine volcanic 
eruption occurred in the northern part of Changling 
Gas field near Qian'an,  which initiated an original 
deep resource fault reactivation. Mantle source 
inorganic CO2 migrated along the fault to 
hydrocarbon gas reservoirs of Yingcheng Formation 
volcanic rocks in upper crust, at the same time, the 
replaced methane hydrocarbon gas migrated upward 
to sand reservoir of Denglouku Formation, which 
accumulated and formed secondary gas reservoir, so 
fault activity is the main factor of Denglouku gas 
reservoir formation obviously. 
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CO2 sequestration in deep-subsurface formations 

including oil reservoirs is a potential measure to 
reduce the CO2 concentration in the atmosphere. 
However, the fate of the CO2 and the ecological 
influences in Carbon Dioxide Capture and Storage 
(CDCS) facilities is not understood clearly. In the 
current study, the fate of CO2 (in bicarbonate form) 
(0~90 mM) with 10 mM of formate as electron donor 
and carbon source was investigated with high-
temperature production water from oilfield in China. 
The isotope data showed that bicarbonate could be 
reduced to methane by methanogens and major 
pathway of methanogenesis could be syntrophic 
formate oxidation coupled with CO2 reduction and 
formate methanogenesis under the anaerobic 
conditions. The bicarbonate addition induced the shift 
of microbial community. Addition of bicarbonate and 
formate was associated with a decrease of 
Methanosarcinales, but promotion of 
Methanobacteriales in all treatments. 
Thermodesulfovibrio was the major group in all the 
samples and Thermacetogenium dominated in the 
high bicarbonate treatments. The results indicated 
that CO2 from CDCS could be transformed to 
methane and the possibility of microbial CO2 
conversion for enhanced microbial energy recovery 
in oil reservoirs. 
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 81Kr is the ideal tracer for old water and ice in the 

age range of 105 – 106 years, with stringent 
requirements presented by many emerging new 
applications. To meet the increasing demands from 
the earth science community, a new, improved ATTA 
apparatus (see Fig.1) is being developed at the 
University of Science and Technology of China 
(USTC). This instrument will be able to analyze more 
than 300 samples per year and also reduce the sample 
requirement to 1-2.5 uL STP of krypton gas, which 
can be extracted from 20-50 kg of water or 8-20 kg of 
ice. In parallel, the time needed to sample in the field 
and the size of the sampling machine could also be 
reduced. A new sampling machine under test at 
USTC weighs less than 20kg and can be carried by 
one person. With this new dating tool sharpened, we 
believe that many more interesting applications can 
be carried out in collaboration with the earth science 
communities. 

 
FIG. 1. Projected sample size vs. sample age and desired 
accuracy for 81Kr dating using the new ATTA instrument 
currently under development at USTC. The three curves are 
for a relative age error of ± 6%, ± 10% and ± 20%, 
respectively.  
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Method Development for 236U in Soil 

Based on use of the new generation of triple-
quadrupole ICP-MS (ICP-MS/MS), two procedures 
were proposed: a total dissolution with HF + HNO3 + 
HClO4 followed by single DGA chromatographic 
separation (Figure 1). The analytical accuracy and 
precision of 236U/238U ratios, measured as 
236U16O+/238U16O+, were validated by using the 
reference materials IAEA-135, IAEA-385, IAEA-
447, and JSAC 0471. 
U Isotope in the Soil Contaminated by the FDNPP 
Accident 

For 46 soil samples contaminated by the FDNPP 
accident, the 236U/238U isotopic ratio ((0.99−13.5)×10-

8) was comparable with those of global fallout values 
found in surface soil in Japan [1, 2], indicating the 
release of radioactive U from the FDNPP accident 
was a trace amount.  

Figure 1: Experimental procedure. 
 
[1]Sakaguchi et al. (2009) Sci. Total Environ. 407, 
4238–4242. [2] Sakaguchi et al. (2010) Sci. Total 
Environ. 408, 5392–5398. 
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The Jiamusi-Khanka Block, located in the 

easternmost segment of the Central Asian Orogenic 
Belt (CAOB), is one of the least understood blocks in 
northeastern China. The ages of its basement rocks, 
timing of high-grade metamorphism, and tectonic 
affinity of this block have been controversial. In this 
contribution, we report newly discovered 
Neoproterozoic orthogneisses from the Mishan region 
in the central Jiamusi-Khanka Block. The SIMS U-Pb 
dating reveals that magmatic zircon cores from one 
high-grade orthogneiss yield a weighted mean 
207Pb/206Pb age of 898 ± 4 Ma and an upper intercept 
age of 892 ± 12 Ma, indicating that early 
Neoproterozoic magmatism did occur in the Jiamusi-
Khanka Block. Metamorphic zircon rims or single 
grains from the same sample give two group ages 
with one around ca. 567 Ma, interpreted as the timing 
of the high-grade metamorphism, and the other 
around 518~496 Ma, interpreted as the timing of a 
subsequent retrograde metamorphism. The 
metamorphic syenogranites have SiO2 = 71.29–78.08 
wt. %, A/CNK = 1.06–1.99, and Na2O/K2O = 0.03–
1.49, chemically belonging to high-potassium calc-
alkaline series and are peraluminous syn-collisional 
granites in nature. They have low Sr (32–134 ppm) 
content and Sr/Y ratio (1.6–16.9), and display 
strongly fractionated to nearly flat REE patterns with 
negative Eu anomalies (δEu = 0.22–0.95) and Nb-Ta 
depletions. These geochemical characteristics suggest 
that the syenogranitic rocks were probably derived 
from a crustal source with high proportion of 
sedimentary rocks under low pressure, perhaps in a 
subduction-related transitional setting from extrusion 
to extension.  In the context of reconstruction of 
Gondwana, the first reported ca. 895 Ma magmatic 
rocks and ca. 567 Ma high-grade metamorphism in 
the Mishan region provide further constrains on the 
possible linkage between the Jiamusi-Khanka Block 
and East Gondwana during Neoproterozoic to early 
Paleozoic period. 
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Tiegelongnan copper (gold-silver) deposit in 

Duolong ore-concentrated area is the first discovered 
epithermal deposits in Tibet, China. Pyrites in this 
deposit develop extensively with obvious 
characteristics. For example, pyrites which are 
located in shallower parts of drillings develop band 
structure and they are relative rarity in other deposits.  

Field drilling geological record, microscopic 
identification and electron microprobe analysis have 
been done to study the mineralogical characteristics, 
trace elements and unique band structure of pyrites in 
the ore area. The experimental results show that 
banded pyrites in Tiegelongnan ore area are the result 
of discontinuous growth. The Co/Ni and element 
contents of Au, Cu and Se show rhythm changes 
from core to edge of banded pyrite. Temperature of 
fluid during formation of the external band is higher 
than that of the internal band. Contents of Au, Cu and 
Se in the liquid during formation of the external band 
are higher than those of the internal band. Au in the 
banded pyrite gets into pyrite crystal lattice via Au+ 
replacing Fe2+. While part of Cu get into pyrite 
crystal lattice via Cu2+ replacing Fe2+ to form CuS2 
and part of Cu get into pyrite via copper sulfide 
inclusions. The banded pyrites developed in the 
shallow of ore-body, which approach to the strong 
copper mineralization and Au, Ag and Cu grades in 
the position where banded pyrite developed are high. 
Therefore, the banded pyrite is the indication for 
concentrating Au, Ag and Cu elements in 
Tiegelongnan deposit. 
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Chromite is a mineral that has been thought to 

crystallize under magmatic conditions. However, 
recent studies [1, 2] suggest that chromite may have 
also been formed at lower temperatures (e.g., 
metamorphic or hydrothermal conditions). Chromium 
that are chemically enriched in ~3.2 Ga banded iron 
formations (BIFs) are hosted by chromite overgrown 
by magnetite [1], suggesting that both magnetite and 
chromite were transformed from primary precipitates: 

2(Cr, Fe)(OH)3 + Fe2+ →  Fe(Fe, Cr)2O4 + 2H+ 
+2H2O   (1), which is similar to a non-redox 
transformation between hematite and magnetite [3]. 
In this study, we experimentally investigated whether 
the above reaction proceeds at 150℃ and 5 MPa 
using a flow-through type experimental apparatus. 
The proper control of temperature in the reaction cell 
was confirmed by measuring the solubility of 
amorphous silica. 

 Iron and chromium hydroxides synthesized 
by mixing sodium chromate and ferrous chloride (1:4 
molar ratio) solutions at ambient temperature were 
reacted with dissolved Fe2+ produced by reacting 
magnetite with an acidic solution (pH=4) at ~150℃ 
in a pre-reaction cell. The pH and dissolved iron 
concentration in the outflow solution were 
periodically measured. The chemical analysis of the 
solutions indicates that the dissolved iron was 
consumed in the reaction cell with increasing pH, 
shifting to the experimental condition under which 
both chromite and magnetite are thermodynamically 
stable. After 112 hours, the solid samples were 
recovered from the cell. The XRD spectra and SEM-
EDS analyses of the solids indicate the presence of 
chromium spinel in the reaction products, providing 
experimental evidence that reaction (1) proceed under 
the hydrothermal conditions. This new formation 
model of chromite supports the observation that 
chromium was chemically enriched in BIFs and is 
therefore indicative of surface environments on early 
Earth. 
 
[1] Otake et al. (2013) Min. Mag. 77, 1901. [2] Arai 
& Akizawa (2014) Am. Min. 99, 28-34. [3] Otake et 
al. (2007) Earth Plant. Sci. Let. 257, 60-70. 
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Pedogenic carbonate paleobarometer data in 

combination with modelling demostrated a silicate 
weathing related  million year-scale reduction of 
atmospheric pCO2 after the eruption of Central 
Atlantic Magmatic Province (Schaller et al. 2012), 
consisitent with the modelling result for the Deccan 
Trap (Dessert et al., 2001), resulting in a net long-
term climate cooling effect. We here present high-
precision zircon U-Pb dating and climate proxy data 
to test this weahtering-induced climate cooling 
hypothesis for the Emeihan Large Igneous Province 
in South China. 

CA-TIMS analysis gave a zircon U-Pb age of 
259.51±0.21 Ma for one felsic tuff sample from the 
top Pu`an volcanic sequence. This age,  together with 
one CA-TIMS age for the rhyolites in the top 
Binchuan sequence (Zhong et al., 2014), constraints 
the timing of  Emeishan volcanism and overlaps with 
one zircon CA-TIMS age for the bottom of a Late 
Permian sedimentary sequence dominated by 
Emeishan volcanic-derived lutites. Based on high-
resolution mudstone sampling, we obtained a source 
chemical weathering (CIA, chemical weathering 
index of alteration) trend and an organic carbon 
isotopic (δ13Corg) curve. There shows an significant 
positive excursion (~2‰) in δ13Corg value along with 
a large decrease (~20)  in CIA value in the early 
Wuchiapingian. The δ13Corg value then gradually 
decreases upward with several samll-scale 
fluctuations and CIA value is generally low but with 
three high peaks, which generally correlates with 
δ13Corg negative excursions. These data are in 
greenment with the hypothesis and suggest an long-
term atmospheric pCO2 decrease and an associated 
climate cooling following the emplacement of the 
Emeishan volcanic province. 

 
References cited: 
Dessert, C. et al., 2001. Earth and Planetary Science 

Letters, 188: 459-474. 
Schaller, M.F. et al., 2012. Earth and Planetary 

Science Letters, 323-324: 27-39. 
Zhong, Y.-T. et al., 2014. Lithos, 204: 14-19. 
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The distribution of 44 trace elements in nine 

magnetospheres samples recovered from fly ashes 
were investigated. Most trace elements are depleted 
in magnetospheres, while several siderophile 
elements (V, Co, Ni), chalcophile elements (Cu) and 
lithophile elements (In, U) show significant 
enrichment in magnetospheres. Most trace elements 
are present as isomorphous substitutions in the crystal 
lattices of Fe, Mg, Mn, Cu and Cr minerals, while 
some trace elements perhaps occur as impurities in 
glass or silicate phases and the Fe, Mg, Mn, Cu and 
Cr minerals. Some trace elements enriched in 
magnetospheres, such as Ba, Cu, Mn, Cr, Zr, perhaps 
occur as proper discrete accessory minerals (celsian, 
barite, zircon, cupric oxide). Moreover, some volatile 
elements are first vaporized during combustion, and 
then adsorbed on the surface of magnetospheres 
during cooling. 
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It has been proposed, yet remains debated, that 
free oxygen might have been locally available to 
enable the establishment of aerobic biogeochemistry 
in the Neoarchaean eon prior to the GOE. Here we 
present bulk-rock multiproxy geochemical analyses 
of well-preserved ~2.7-billion-year-old sediments of 
the Manjeri Formation, from the Belingwe greenstone 
belt in southern Zimbabwe, to reconstruct the ocean 
redox chemistry during this time. Iron (Fe) speciation 
analyses (FeHR/FeT and FePy/FeHR), reflecting water-
column redox conditions at the time of deposition, 
show large variations throughout the studied sections, 
with the majority of samples exhibiting elevated 
FeHR/FeT (> 0.38) and low FePy/FeHR, indicating 
deposition from anoxic, ferruginous (Fe (II)-rich) 
water. However, a few samples show a hint of oxic 
conditions, with FeHR/FeT values below the 
oxic/anoxic threshold of 0.22. This is compatible with 
a wide range of carbon (C) and sulphur (S) isotope 
values that point to complex metabolic consortia in 
the deep waters, consistent with the involvement of 
both aerobic and anaerobic processes. Interestingly, 
some samples from shallow-water deposits display 
contrasting geochemical signals, with high FeHR/FeT 
values indicative of anoxic depositional conditions 
along with δ13C and δ34S values suggestive of aerobic 
metabolic activity. Collectively, our data suggest 
stratified paleo-redox conditions and complex 
microbial ecosystems in the Manjeri depositional 
environment and at least localized O2 production in 
the oceans dating back to 2.7 billion years ago. 
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Ancient continents are generally modified by 
structural, magmatic and metamorphic processes after 
their formation to form new structural fabrics and 
juvenile crust (i.e., reworking and rejuvenation). 
South China has experienced collision with Indochina 
and North China blocks and subduction of the Paleo-
Pacific Ocean plate since the Mesozoic, associated 
with multiple stages of magmatism and tectonic 
activities. The large scale of igneous rocks provide 
powerful evidence and important information 
regarding rejuvenation and reworking of continental 
crust. Here we present new zircon U-Pb-Hf-O data 
and whole rock geochemistry of Jurassic A-type 
granite, syenite and gabbro in the south Jiangxi 
Province to trace their ages, magmatic source and 
petrogenesis, and to further constrain the Early 
Mesozoic rejuvenation and reworking of continental 
crust of South China.  

Zircon U-Pb dating gives the emplace age of 198-
195 Ma for syenites, 190 Ma for Kf granites and 188 
Ma for gabbros, respectively. The Early Jurassic 
syenites have low (87Sr/86Sr)i ratios (0.7023-0.7056) 
and positive εNd(t) (0.3 to 5.3) and εHf(t) (3.3 to 12) 
value. Zircons have εHf(t) values of 8.8-15 and δ18O 
values of 4.5-5.3 ‰. They were possibly derived 
from an enriched mantle source with crystal 
fractionation. The Early Jurassic Kf granites have 
typical geochemical features of peraluminous A-type 
granites, with high Ga/Al ratios, and Zr, Hf, Nb and 
total alkali contents. They have εNd(t) (-0.5 to -4.2) 
and εHf(t) (0.9 to 4.9) values for whole rocks, and 
εHf(t) values of -3.0 to 8.7 and δ18O values of 4.0-7.3 
‰ for zircons, indicating a young crustal source. The 
Early Jurassic gabbros have  εNd(t) (-1.5 to 0.6) and  
εHf(t) (-1.6 to 5.7) values for whole rocks and εHf(t) 
values of 3.9-6.4 and δ18O values of 4.9-5.9 ‰ for 
zircons, suggesting that they resulted from crustal 
assimilation of enriched lithospheric mantle-derived 
melts. The distinct sources of the Early Mesozoic 
igneous rocks indicate that the continental crust of 
South China was reworked and rejuvenated by mafic 
magma underplating and intracrustal melting possibly 
related to tectonic transition from Tethys orogenic 
regime to Paleo-Pacific regime during Early 
Mesozoic.  
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To understand how plant Si links with soil Si 

during soil development, the biomass of distinct plant 
species and geochemical parameters were studied in 
three typical watersheds in subtropical China. Si 
contents of soil, plant and water, as well as Si cycling 
fluxes among them, were determined. The main soils 
derived from granite are Orthents, Udepts and 
Aquepts with ample easily-weatherable silacate 
minerals. The main plant species are coniferous trees 
(pine and fir), bamboo, rice, shrubs and grass. 

The Si contents are significantly different in the 
different plant species, ranging from 0.07 g kg-1 to 
42.62 g kg-1. The adsorption of Si in different plants 
was 27-11347 mol ha-1 yr-1 in which rice has the 
biggest rate, as 3.3 times as bamboo, and is 1-3 orders 
of other plants. The amount of returned Si from plant 
to soil was 21.8-9887 mol ha-1 yr-1. Therefore, plants 
play an important role in the Si cycle. 

Because of plant-mediated Si, the mineral 
weathering was accelerated. The weathering rate of 
silicate was 2750 -5227 mol ha-1 yr-1 of Si if plant 
uptake is considered. The contribution of plants for Si 
release from silicate was 34-67 % in this area. 

The net output Si by streams were 1654 - 1744 
mol ha-1 yr-1. There were no significant difference of 
Si contents in the stream water and hydrologic output 
among the three watersheds. Therefore, unlike strong 
weathering environment in tropical areas[1], Si 
cycling by plant in a context with abundant primary 
minerals does not dominate Si loss from soil system. 

Plants absorbed water-soluble Si from deep layers 
and returned phytolith-Si to surface, leading to Si 
redistribution in the soil profiles. Surface soils under 
the non-Si enriched plants showed desilification, 
while under Si enriched plants showed re-silification 
due to different returned amount of phytolith-Si. 

 
Acknowledgements: This study was financially 
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[1] Derry et al. (2005) Nature 433,728-731. 
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Soil carbon sequestration of saltmarshes plays 

one of the important roles of coastal wetland 
ecosystem in response to the global warming. 
However the contribution of this ecological service 
remained unclear for it could be impacted by a series 
of biotic and abiotic factors. Along the eroding to 
silting Yancheng coast, the organic carbon stocks in 
saltmarsh soil were found to be fluctuant 
dramatically. We hypothesis that the variability of 
those biotic and abiotic factors such as the 
establishment of different type vegetation, 
eroding/silting state of the coast, as well as 
physiochemical features of local sedimentary 
environment had potentially driven the accumulation 
or degradation processes and resulted in the dynamic 
pattern of organic carbon stocks in saltmarsh soil. 
Accordingly, porewater and sediment properties, as 
well as biotic factors, such as vegetation types, leaf 
area ratio and their standing crop features, were 
carefully investigated and compared among different 
locations along the Yancheng coast. Their 
relationships with the local soil organic carbon stock 
were explored by using the Principle Component 
Anaysis (PCA) method. Based on our results, 
vegetation properties, grain size composition and soil 
organic carbon content were identified to be mostly 
correlated with the local organic carbon stock. 
Further, the implication of these dominant factors on 
the large-scale pattern of soil carbon stocks along the 
Yancheng coast were discussed. 
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Small porphyry-type molybdenum (Mo) 

mineralization, the Geumeum deposit, South Korea is 
associated with the crystallization of a Cretaceous 
granodiorite, exsolution of magmatic hydrothermal 
fluids, and related hydrofracturing. Quartz and 
molybdenite occur with minor amounts of 
uneconomic chalcopyrite, pyrite, sphalerite, and 
galena that precipitated from exsolved magmatic 
fluids and formed hydrothermal fissure-filling vein 
ores. Three distinct fluid inclusion assemblages 
responsible for the precipitation of molybdenite are 
present in vein quartz. The earliest fluid is 
represented by low-salinity liquid-rich Type I fluid 
inclusions, which displayed homogenization 
temperatures ranging from 298 to 352oC, and 
salinities from ~ 0 to 9 wt% NaCl equiv. The 
intermediate fluid is represented by CO2-bearing 
vapor-rich Type IV inclusions, which totally 
homogenized by vapor disappearance at 327-340°C 
or vapor bubble expansion at 327-369°C, exhibiting 
near-critical behaviors. The latest fluid can be 
represented by vapor-rich Type II fluid inclusions. 
No microthermometric data were obtained for these 
latest assemblages as no visible amounts of liquid 
phases are evident in small inclusions. The oxygen 
and hydrogen isotopic fluid compositions of the vein 
quartz (δ18OSMOW = 4.3 to 6.9 ‰ and δDSMOW = -65 to 
-84 ‰ at 400°C) is consistent with a magmatic origin 
with a possible slight influence from meteoric water. 
Mo mineralization at Geumeum is a product of 
hypogene hydrothermal processes that was strongly 
fracture-controlled, highlighting the importance of 
low-salinity liquid-rich to vapor-like supercritical 
fluids for the mineralization. It seems likely that the 
magmas responsible for the formation of the deposit 
at Geumeum were emplaced at greater depths than 
those reported for economic porphyry copper 
deposits in the world. The deposit could thus have 
survived long periods of erosion, representing the 
weakly mineralized “base” of porphyry systems in 
the Gyeongsang Basin, South Korea. 
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Minerals can be used to reconstruct the 

compositions of the fluids or melts from which they 
grew, given that minerals record the compositions of 
these liquids through characteristic element 
partitioning. This is especially important for studies 
where fluid/melt chemistry is crucial but direct 
sampling of the fluid or melt is not possible, e.g. ore 
deposits. Fluorite (CaF2), in particular, is of interest 
because it readily incorporates trace element and 
occurs widely in magmatic and hydrothermal 
systems. When the partition coefficient of an element 
between fluorite and fluid/melt is known, the 
concentration of this element in the liquid can be 
calculated from the concentration of this element in 
the mineral.  

Partition coefficients can be predicted using the 
Lattice Strain Theory approach. Lattice Strain Theory 
indicates that elements including Na, Sr and rare 
earth elements (REE), which have similar ionic 
radius to Ca, would be preferentially incorporated 
into the fluorite structure, consistent with what we 
observe in natural fluorites. Constraining the 
sensitivity of the three Lattice Strain parameters -- 
ionic radius of an ideal-sized cation (ro), the partition 
coefficient of this ideal cation (Do) and the elastic 
constant of the lattice site (E) [1] – with respect to 
temperature, pressure and fluid/melt composition will 
allow for predicting the partition coefficient for any 
element at any set of physicochemical conditions.  

To build such a predictive model, we are 
performing fluorite-synthesis partitioning 
experiments in aqueous fluids and silicate melts, as 
starting points for interpolation and extrapolation. 
The experimental data from aqueous experiments at 
low (60 °C) and medium (up to 450 °C) temperature 
can be directly applied to hydrothermal ore deposits 
including MVT and epithermal deposits where 
fluorite is commonly present. The fluorite-melt 
experiments are performed on a natural fluorite-
bearing granite from the Strange Lake rare metal 
deposits, Canada, and will not only allow us to 
explore the impact of lattice relaxation at high 
temperature on partitioning, but also to better 
understand the ore-forming processes in this rare 
metal deposit. 
 
[1] Blundy & Wood (2003 )Earth Planet. Sci. Lett. 
210, 383–397.  
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Abstract: Samples of the late Palaeozoic coals 
(the No. 5 Coal) are collected systematically from the 
Chuancaogedan Mine, Junger Coalfield, Ordos Basin, 
China. High temperature heating-F Ion Selective 
Electrode, X-ray diffraction(XRD), Scanning 
Electron Microscopy(SEM) were used to study the 
occurrence and enrichment of fluorine in No. 5 coal. 
The results show that: (1) Fluorine is enriched in No. 
5 coal unusually. The content is 124.31~385.27μg/g, 
average content is 218.37μg/g, far higher than the 
content of No. 6 coal in the same area and coal in 
North China. (2) Fluorine in the coal has positive 
correlation with ash yield, which mainly indicates 
that fluorine exists in inorganic forms in No. 5 coal. 
(3) The enrichment of fluorine in coal is controlled by 
rock properties of provenance, sedimentary 
environment, organic matter, tectonic and magmatic 
hydrothermal and many other geological factors. 
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Selenium is one of trace elements that are 
essential for human and animal organisms. The 
results of the multi-target regional geochemical 
survey with the scale of 1:250 000 in Guangxi 
Zhuang Autonomous Region showed that the 
selenium-rich soil area is the largest contiguous area 
delineated currently in China, which is relatively rare. 
Among the surveyed selenium-rich area in Guangxi, 
the area in Nanning city accounts for 37.5%. The 
carbonate rocks are widely distributed and account 
for 40.72% of the total area of Guangxi. This study 
confirmed that the available selenium in soil, 
especially the water soluble selenium, is the key to 
determine the selenium level in food chain. The water 
soluble selenium also has a significant correlation 
with the amount of selenium intake of plants. 
However, water soluble selenium, under normal 
conditions, only accounts for 1%~5% of the total 
selenium in soil. 

The study of two typical soil profiles of carbonate 
rock in Wuming county of Guangxi, whose profile 
numbers were GXP01 and GXP05, suggested that the 
average arithmetic pH value in soil was 4.8 of 
GXP01 and 7.1 of GXP05. The content of soil 
selenium was be inversely proportional to the depth 
of soil profiles and it was increased respectively from 
0.20 mg/kg and 0.21mg/kg in the deep layer of 
850~1000 cm to about 0.84 mg/kg and 1.06 mg/kg of 
the surface (0~20 cm) soils. The total amount of 
water soluble selenium content in the topsoil of the 
GXP01 profile was 2.40 µg/kg accounting for 0.3% 
in soil selenium content, simultaneously, 1.12 µg/kg 
for 0.1% in GXP05 profile. They were both given 
priority to with selenate, followed by selenite and 
humic acid combined with selenium. The correlation 
analysis between soil selenium content and pH 
values, total organic carbon (TOC) contents showed 
that there was no significant correlation between 
selenium content and pH value. On the contrary, 
selenium content was significantly positively 
correlated with TOC, and its correlation coefficient r 
was 0.549 and 0.8003 (P< 0.01) respectively. This 
coefficient may indicate that soil selenium contents 
are mainly influenced by TOC contents in the soil 
formation process. 



Goldschmidt Conference Abstracts 

 

3565 

A review on the Holocene soure-
to-sink transport process of the 

Changjiang (Yangtze River) 
sediment in the East China Sea 
SHOUYE YANG*, LEI BI, CHAO LI, YUN ZHAO 

State Key Laboratory of Marine Geology, Tongji 
University, Shanghai 200092, China 

(*correspondence: syyang@tongji.edu.cn) 
 

The source to sink transprot process of 
terrigenous sediment from East Asia continent to the 
marginal seas is crucial for the understanding of land-
ocean interaction and marine sedimentary process in 
the West Pacific continental margin. East Asian 
rivers play a key role in earth surface process and 
land-sea interaction by linking continental/island 
weathering and chemical evolution of global ocean. 
The Changjiang (Yangtze River) is the largest river 
originating from the Tibetan Plateau and bridges the 
Eurasian continent and the west Pacific Ocean via the 
East China Sea. In this contribution, we review the 
state-of-art research progress on the possible sinks of 
the Changjiang-derived sediments in the East China 
Sea during the Holocene.  

Various lines of evidences from mineralogical, 
sedimentological and geochemical observations 
suggest that the major sinks of the Changjiang 
sediment in the East China Sea gradually shifted from 
the mid-outer shelf during the last glaciation to the 
inner shelf and present river mouth since the middle 
Holocene, with the rising sea level and formation of 
oceanic current system. Driven by asynchronous 
evolutions of the Indian and East Asian summer 
monsoon, the provenance of sediments accumulated 
in the Changjiang Estuary gradually changed from 
the upper catchment in the early Holocene to the mid-
lower drainage basins in the mid-Holocene. With the 
intensive agricultural cultivation and urbanization 
development in the Changjiang basin, the major 
source of Changjiang sediment into the sea shifted 
back to the upper catchment in the late Holocene. 
Therefore, the Holocene provenance evolution of 
Changjiang sediments in the East China Sea 
witnessed the changes of governing sediment erosion 
process within a large river system from monsoon 
climate−dominated to anthropogenic driving. Our 
study also suggests the strong effect of hydrodynamic 
differentiation in coastal and shelf environments on 
sedimentary geochemical compositions, which 
deserves more attention in sediment provenance 
study. 
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 We have determined dissolved Cd isotopic 

composition to investigate the biogeochemical and 
physical processes controlling Cd cycling in the two 
hydrographic related regions of the Northwestern 
Pacific Ocean (NWPO), including the Western 
Philippine Sea (WPS) and a meridional transect 
across the Kuroshio-Oyashio extension (160 degree E 
from 30 to 50 degree N). The hydrographic and 
biogeochemical parameters in the surface water and 
the thermocline vary drastically among the extension 
stations, with the parameters in the Kuroshio 
extension stations comparable to the WPS, providing 
an ideal platform to evaluate the relative importance 
of biogeochemical and physical processes on 
regulating Cd cycling in the water. We found that 
both Cd elemental and isotopic composition and 
hydrographic parameters in the water below 3000 m 
among all stations were constant. In the thermocline 
of the two most northern stations, where 
hydrographic parameters are vertically homogeneous, 
we found that Cd concentrations are extremely high, 
increasing from 1.0 to 1.1 nM in the zone from 1000 
and 200 m but the isotopic composition are relatively 
comparable, ranging from +1 to +2 ε. The high Cd 
concentrations may be attributed to the 
decomposition of sinking particles. Relatively, the 
hydrographic parameters in the thermocline of the 
Kuroshio extension stations exhibit that the 
thermocline are composed of different water masses, 
where the Cd concentrations increase from 0.04 to 
0.86 nM and the isotopic composition decrease from 
+8 to +3 ε with depths. The elemental and isotopic 
variations may be attributed the intrusion of the North 
Pacific Tropic Water and North Pacific Intermediate 
Water to the thermocline. The isotopic composition 
in the surface water elevates significantly for all of 
the stations, generally ranging from +3 to +10 ε. The 
variations may reflect the different effects of various 
processes among different stations, which can include 
biological uptake, sinking particle formation and/or 
aerosol inputs. Our results exhibit that physical 
mixing predominately control Cd cycling in the 
thermocline and deep water and biogeochemical 
processes may dominate the cycling in the surface 
water of the NWPO. 
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Germanium behaves like Si, so that the Ge/Si 

ratio is usually considered to be invariant. To better 
understand the behaviours of invariant element ratios, 
we performed precise LA-ICP-MS analysis of 
MORB glasses from the Mid-Atlantic Ridge (MAR). 
Repeated measurements of the VG 2 glass yielded a 
precision of ± 3% on the Ge/Si. The Ge/Si in MAR 
glasses does not vary as Mg# changes from 65-50, 
indicating that fractional crystallization has a 
negligible effect on the Ge/Si. All MAR basalts 
define a Ge/Si range of 6-7×10-6. Modelled partial 
melting of a spinel peridotite yields melts that have 
essentially the same Ge/Si independent of the degree 
of partial melting and the model melt compositions 
overlap the field defined by MORBs from MAR. 
When the samples are grouped into D-, N- and E-
MORB [1], E-MORBs have a lower Ge/Si ratio than 
D- or N-MORBs. There are two possible ways of 
getting a lower Ge/Si. (1) Subaerial lavas tend to 
have lower Ge/Si than submarine lavas from the same 
volcano due to the degassing of volatiles. This effect 
is small and is not expected to affect MORBs that 
erupted under several kilometres of seawater. (2) 
During partial melting, Ge is compatible in garnet, 
incompatible in olivine, and has D~1 in pyroxenes.  
Therefore, low degree partial melting of a garnet 
pyroxenite produces Si-rich melts (dacite) that were 
modelled to have low Ge/Si. Mixing of a small 
amount of this dacite melt into a melt derived from 
depleted spinel peridotite (e. g. D-MORB) will yield 
a melt with lower Ge/Si ratio like observed for E-
MORB. Several models have been proposed for the 
generation of E-MORBs, including (i) entrainment of 
plume mantle into adjacent ridges, (ii) re-fertilization 
of depleted mantle by partial melts of subducted 
slabs, or (iii) the presence of recycled pyroxenite in 
MORB sources. The first two scenarios are unlikely 
to impact the Ge/Si ratios of MORBs significantly. 
The presence of a higher proportion of recycled 
pyroxenite in MORB sources could explain the lower 
Ge/Si ratio and the more enriched chemistry of E-
MORBs. This enriched component will also effect 
melt production rates and crustal thickness.  Our new 
results show the importance of Ge/Si for constraining 
the lithologic heterogeneity beneath ridges. 

 
 [1] Gale et al. (2013) G3 14 (3): 489-518 
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In Canada, sedimentary rocks are being 

considered as potential formations to host a deep 
geologic repository for long-term management of 
radioactive waste.  Within deep-seated low 
permeability groundwater systems these sediments 
have been observed to contain Na-Ca-Cl brine 
solutions with total dissolved solids (TDS) ranging 
between 200 and 400 g/L.  A database of distribution 
coefficients (Kd) for 28 elements (C, Cl, Ca, Ni, Cu, 
As, Se, Zr, Nb, Mo, Tc, Pd, Ag, Cd, Sn, I, Cs, Eu, 
Hg, Pb, Bi, Ra, Th, Pa, U, Np, Pu and Am) has been 
developed for shale,  limestone and bentonite clay in 
such high ionic strength waters under neutral pH 
conditions. The database was compiled following 
extensive reviews of the open literature and 
international sorption databases, and has been 
augmented with measured values for elements of 
interest to a repository safety case.   

The Kd values for Ni, Cu, Pd, Zr, Sn, Cs, Eu, Pb 
and Th were measured in a range of high salinity 
solutions, which included a synthetic porewater brine 
with a TDS of 275 g/L (SPW), by both batch and 
long-term (1 year) through-diffusion experiments.  Kd 
values obtained by batch tests were found consistent 
with those derived from diffusion tests for most 
elements provided reduced access to sorption sites 
within the rock matrix was taken into account. 
Similarly, batch and diffusion derived Kd provided 
insight and confidence with respect to the 
applicability of the Kd approach to simulate sorption 
during diffusive mass transport in shale and 
limestone.  The Kd values for redox sensitive As, Se, 
Tc, U, Np and Pu were measured in the SPW under 
reducing conditions, as expected within a deep 
geological repository, within a glove box. U and Np 
sorption was also measured under oxidizing 
conditions in a range of high salinity solutions that 
include the SPW. The effects of ionic strength and 
pH of solutions on the sorption were also 
investigated. 
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Rare and consecutive high-nitrate haze pollution 

episodes were observed in Beijing in spring 2012. 
This study presents detailed characterization of the 
sources and evolutionary mechanisms of this haze 
pollution, and focuses on an episode that occurred 
between 15 and 26 April. Submicron aerosol species 
were found to be substantially elevated during haze 
episodes, and nitrates showed the largest increase and 
occupation (average: 32.2%) in non-refractory 
submicron particles (NR-PM1), which did not occur 
in other seasons as previously reported. The haze 
episode (HE) was divided into three sub-episodes, 
HEa, HEb, and HEc. During HEa and HEc, a shallow 
boundary layer, stagnant meteorological conditions, 
and high humidity favored the formation of high 
nitrate concentrations, which were mainly produced 
by three different processes—daytime photochemical 
production, gas-particle partitioning, and nighttime 
heterogeneous reactions—and the decline in visibility 
was mainly induced by NR-PM1. However, unlike 
HEa and HEc, during HEb, the main contribution of 
high nitrates was from the transport of haze from the 
southeast of Beijing—the transport pathway was 
observed at ~800–1000 m by aerosol Lidar—and the 
decline in visibility during HEb was primarily caused 
by PM2.5. Our results provide useful information for 
air quality improvement strategies in Beijing during 
spring.  
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The Upper Cretaceous shales are widely 
distributed in Oriente Basin of east Ecuador. The 
type, quality and quantity of source rock in the Lower 
Napo Formation (Upper Cretaceous) are strongly 
controlled by sequence stratigraphic framework. The 
highstand systems tract contains organic-rich shales 
with Type II kerogen, having medium TOC content 
(1.61–3.27 wt%) and hydrocarbon yield (7.04-21.75 
mg HC/g rock), high hydrogen index (427–693 mg 
HC/g TOC), and low δ13C (–27.5 – –27.2‰). 
Moreover, within the highstand systems tract, the 
quality and quantity of the lower are better than those 
of the upper. The transgressive systems tract also has 
organic-rich shales, mainly Type II-III with minor 
Type III kerogen, having high TOC content (4.20–
5.97 wt%) and hydrocarbon yield (16.04-26.76 mg 
HC/g rock), medium hydrogen index (376–448 mg 
HC/g TOC), and medium δ13C (–24.3 – –27.4‰). 
The shelf margin systems tract consists of  rich 
organic matter shales, mainly Type III with minor 
Type II-III kerogen, having variable TOC content 
(0.71–5.23 wt%) and hydrocarbon yield (0.68-12.64 
mg HC/g rock), low hydrogen index (68–352 mg 
HC/g TOC), and high δ13C. On contrast, the 
highstand systems tract has strong predominance of 
the amorphous organic matter and the shelf margin 
systems tract is slightest. Shales developed within the 
lower part of the highstand systems tract are an 
potential source rocks for significant oil generation. 
Therefore, variations in the amount and type of 
organic matter preserved in the Upper Cretaceous 
sediments are predictable within a third-order 
sequence stratigraphic framework.  
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The presence of hydrogen, or more commonly 

water, in the silicate mantle is a key parameter in 
influencing Earth’s climate, habitability, and 
geochemical evolution; without some hydrogen in the 
mantle, plate tectonics would likely not exist on 
Earth. The formation of OH defects in nominally 
anhydrous minerals requires a sufficiently high 
oxygen fugacity to oxidize hydrogen to molecular 
H2O or OH groups. However, highly reducing 
conditions may prevail deep in the modern Earth, as 
well as on the Moon and on Mars. The early Earth, 
especially during its early accretion, was likely 
extremely reduced, with an oxygen fugacity far 
below the Fe-FeO buffer. Under these conditions, 
hydrogen is not oxidized to H2O, but present as H2, 
and the retention of H in the early mantle would then 
only be possible if H2 could be directly dissolved in 
mantle minerals. This does not appear implausible 
from available data on He solubility in olivine. 

Using piston cylinder and multi anvil apparatus, 
we have investigated the solubility of H2 in olivine, 
orthopyroxene, clinopyroxene  and garnet at 2-7 GPa, 
1100-1300 °C and with oxygen fugacity buffered by 
Fe-FeO. Experiments were conducted on gem-quality 
single crystals, and recovered large crystals (up to 2-3 
mm in size) were studied by Fourier-transform 
infrared (FTIR) spectroscopy. We show for the first 
time that, under reducing conditions, molecular 
hydrogen has an appreciable solubility in these 
minerals. This observation suggests that during the 
accretion of the Earth, nebular H2 could have been 
delivered to the growing solid planet by direct 
dissolution in a magma ocean and subsequent 
incorporation in silicates. Moreover, the deep reduced 
mantle may contain a significant amout of H2, 
forming a huge water reservoir that has not been 
considered before. The results would have important 
implications for understanding water cycling on the 
Earth and on other terrestrial bodies. 
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In order to quantify the effects of hydration on 
anharmonicity of olivine thermodynamics, we have 
measured in situ Raman spectra of an extremely 
hydrous forsterite with 4500 ppm (wt) H2O at 
temperatures up to 1273K. All the Raman modes in 
hydrous forsterite shift linearly to lower 
wavenumbers with increasing temperature. The 
calculated isobaric mode Grünesien parameters 
related to SiO4 internal stretching and bending 
vibrations are much lower than lattice vibrations. 
Additionally, compared with anhydrous forsterite, 
except for the modes at 919, 858 and 227 cm-1, water 
greatly reduces the isobaric mode Grüneisen 
parameters of the Raman modes in forsterite. Water 
also has a large effect on the anharmonic parameters 
related to lattice vibrations whereas it has little effect 
on the anharmonic parameters related to SiO4 internal 
stretching and bending vibrations. Those results have 
the implications to the variations of local structure 
with temperature and estimation of water effects on 
the thermodynamics of forsterite. 
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The North Dabie Complex Zone (NDZ), central 

China is a high-T ultrahigh-pressure metamorphic 
terrane [1-4]. It underwent a complex process 
involved in multistage metamorphism [1,4,5] and 
partial melting in Mesozoic, including decompression 
melting in the early stage of exhumation and heating 
melting during post-collision delamination. The 
widely distributed migmatites in the NDZ is primarily 
a result of partial melting in the early Cretaceous. 

Metatexite, especially layered migmatites are 
widespread over the NDZ. Element geochemistry of 
the leucosomes here with the petrography of 
migmaties shows that leucosomes can at least be 
subdivided into three groups. These leucosomes have 
different (La/Yb)N ratios, Sr/Y ratios and Eu 
anomaly, indicating that they were ascribed to 
different protoliths, partial melting paths and 
crystallization stages. Nevertheless, All of the three 
groups have a similar Sr-Nd-Pb isotope character to 
middle-lower crust, consistent with the result of 
geothermobarometer calculations which shows the 
rocks formed at depths of more than 20 km. On the 
other hand, zircons from the Cretaceous leucosomes 
in the NDZ generally display two separate domains 
with sharp boundary in CL images. Zircon SHRIMP 
U-Pb dating also shows two peaks, including partial 
melting at 129 ± 1 Ma and thermal metamorphism at 
127 ± 2 Ma, respectively. 

Therefore, the migmatites in the NDZ is a result 
of partial melting of middle-lower crust rocks in early 
Cretaceous. The different leucosomes were resulted 
from various processes and/or protoliths. Zircons 
from the leucosomes in the NDZ record the 
complicated history of partial melting and subsequent 
thermal metamorphism during post-collision 
delamination. 
 This study was financially supported by the 
National Natural Science Foundation of China 
(41273036) and the National Basic Research Program 
of China (2015CB856104). 
 
[1] Liu et al. (2007) JMG 25, 975-989. [2] Liu et al. 
(2007) Lithos 96, 170-185. [3] Liu et al. (2011) 
Lithos 122, 107-121. [4] Liu et al. (2015) Gondwana 
Res 27, 410-423. [5] Groppo et al. (2015) Lithos 226, 
183-200. 
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Infiltration instability [1] drives the development 

of many arteficial and natural flow systems, such as 
are encountered in hydraulic fracturing, geologic 
carbon storage and watershed evolution. This 
instability amplifies regional heterogeneities in 
transport properties, making the microstructural 
evolution of a porous medium very sensitive to its 
initial geometry. We used high resolution (100 nm 
voxel) tomography  to char-acterise the chalk 
microstructure. Then, using a reactor network model, 
we used the grey scale tomogram as the initial 
geometry to predict the evolution of reactive and 
geometric surface area during dissolution by 
percolation at a range of normalised macroscopic 
flowrates (Q). 

Porosity(ϕϕ)

Figure 1: Comparison of geometric (geo), reactive (rxn) 
and apparent (app) specific surface area (SSA) and its 
dependence on the macroscopic flowrate (Q) and increased 
pore volume as reaction procedes. The subvolume was 
6×6×30 µm3 (1,080,000, voxels from a tomogram of a 
chalk. 

The real reactive surface area (rxn) is the 
geometric surface area (geo) weighted by the regional 
fluid reactivity. The apparent surface area (app), 
although often referred to as reactive surface area, is 
actually a scaled mass conversion, based on an 
overestimate of the chemical affinity. The 
discrepancy between rxn and geo is typically within 
an order of magnitude, whereas the difference 
between geo and app varies more and is much more 
sensitive to the macroscopic flowrate. This insight 
sheds light on scaling and reconciling inconsistencies 
between field and laboratory measurements. 
 
[1] Ortoleva et al. (1987) Am. J. Sci 287, 1008-1040. 
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There exits three types deposits at Weilasituo in 

the Middle-southern Part of Da Hinggan Mountains, 
China. They are W-Sn porphyry type at western mine 
area, W-Sn-Mo breccia type at the middle and Cu-Pb-
Zn vein type mineral systems at eastern. The 
sphalerite exites in three types ore, so we can 
analyses the Zn isotopic composition. The results 
reveal a trend of increasing δ66Zn values from west to 
east in the Weilasituo deposits and the highest δ66Zn 
values can be observed in the eastern old deposit, also 
the lower δ66Zn values can be observed at deeper 
levels and the higher δ66Zn values exists at upper 
levels from the same borehole.  

We conclude that the primary control on isotopic 
variation with the sphalerite δ66Zn values is 
temperature gradient, instead of the source rock 
variation. The δ66Zn values are inversely correlated 
with sphalerite Fe/Mn ratio and also tend to be higher 
in low In, Cd sphalerite, consistent with precipitation 
of lower δ66Zn sphalerite closer to the principal 
hydrothermal fluid conduits. But the lowest Cd 
Leucocratic sphalerite (a sample) has the highest 
δ66Zn values, whereas highest In and Bi are also 
enriched in it. It suggests that Leucocratic sphalerite 
which in the Weilasituo deposit could be formed in 
independent In-Zn(Cu)-Pb-Ag mineralization, and the 
W-Sn-In-Bi mineralizations in the Weilasituo deposit 
might form in same place but might come from 
different metallogentic fluids source.  
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The new progresses in analytical methods of in 
situ Sm-Nd isotope measurement of natural 
geological samples by laser ablation multi-collector 
ICP mass spectrometry (LA-MC-ICP-MS) since 2006 
have been reviewed in this paper. Based on 58 
references, the review is focusing on description of 
analytical protocol of in situ Sm-Nd isotopic 
measurement by LA-MC-ICP-MS and each research 
group has a different methodology for isobaric 
interference correction. As it suggested, the reliable 
147Sm/144Nd and 143Nd/144Nd data of light REE 
richened accessory can be obtained by LA-MC-ICP-
MS. Combined with accessory’s U-Th-Pb age and 
trace element character, we can obtain important 
geochemical constraint about its genetic evolution. It 
is prospective in situ technique for Sm-Nd isotopic 
system combined with multiple isotope system and 
for less than 500 ppm Nd concentration and HREE-
richened (e.g., xenotime) accessory in the near future.  
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Carbon is suggested to have entered into the 
Earth’s core with the core-forming alloy liquid during 
core formation (i.e., magma ocean period). The 
fractionation of carbon isotopes between metallic 
core and silicate mantle may be responsible for the 
heavier carbon isotope composition of bulk silicate 
Earth (BSE) (δ13C = −5‰) relative to chondrites and 
other planetary body (δ13C ~ −20‰). There is no 
consensus about whether the core-forming magma 
ocean was graphite/diamond-saturated or not. Thus, it 
is necessary to know isotopic fractionation factors for 
all major carbon-bearing phases existing in silicate 
and metal melts at magma ocean conditions to 
estimate the core-mantle carbon isotope fractionation. 
Until now, there is only one study focusing on the 
issue of carbon isotope fractionation during core 
formation. It experimentally determined the carbon 
isotope equilibrium fractionation factors between 
graphite/diamond and iron carbide melt at pressure of 
5 or 10 GPa and at temperature of 1200–2100 °C 
(Satish-Kumar et al., 2011). Here, we calculate the 
carbon equilibrium isotope fractionation factors at 
high temperature and pressure between silicate melt 
and iron melt using first-principles molecular 
dynamics method. The effects of depth (pressure) and 
redox state of magma ocean on the equilibrium 
isotopic fractionation factor are systematically 
evaluated. Our calculation predicts significant 
depletion of 13C in iron melt relative to silicate melt 
even at high temperature and high pressure of the 
bottom of magma ocean. At least 94% of Earth’s bulk 
carbon may have been sequestered into the core in the 
course of core-mantle differentiation. And thus the 
Earth’s core may play a role as a reservoir of 12C-
enriched carbon as previously expected.  
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Calcium carbonate mineral has formed on both 

the surface and the subsurface of Earth throughout its 
history. These minerals, both biogenic and abiogenic, 
have been studied by numerous researchers not only 
because of their ubiquity in or on Earth, but also 
because of their special importance as a mineralized 
tissue in the natural nacre of conch and pearls. 
However, until now there is no agreement about 
biomineralization mechanism of CaCO3. Here, the 
nervation of the crude Osmanthus leaves was used to 
induce and control the crystal nucleation and growth 
of CaCO3. The results show that the morphology of 
CaCO3 changed from polymorph to unitary cubic 
structure while the crystalline phase transformed 
from pure vaterite to mixture of vaterite and calcite 
with the increase of the concentration of Ca2+. 
Diffusion rate of CO2 also has an important effect on 
the morphology of the product. Increasing diffusion 
rate of CO2 will not avail to the growth of vaterite 
parallel to the (200) plane. The kinetic investigation 
of CaCO3 formation indicates the conversion of 
CaCO3 from vaterite to calcite with the time increase. 
Also, porous calcium carbonate was obtained on the 
nervation at low concentration of Ca2+. In comparison 
to previous reports, this study develops a green 
strategy for fabricating CaCO3 crystals.  

This work was financially supported by the 
Natural Science Foundation of China (No. 21171001, 
51372004, 21571002 and 21371003 ). 
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Exploration of Jupiter Trojans has been studied 

and proposed since 2000's, first in Japan and later 
followed by both Europe and the U.S.A.  In 
particular, recent uprising hypotheses of planetary 
migrations such as the Nice model, Grand Tack 
model, and their recent evolved versions (e.g., the 
Jumping Jupiter model) have made the strongest case 
for the need of direct exploration of structures and 
materials of the Jupiter Trojan objects ever.    
Recently, major scientific roadmaps and visions in 
Japan, Europe and the U.S.A. mention the Jupiter 
Trojans as a viable exploration target. 

The main science quest is to determine the 
originated region(s) of present Jupiter Trojans in 
order to prove or disprove these planetary migration 
theories.  To achieve this goal, various working 
theories are proposed from recent spectroscopic 
observations, orbital dynamic evolution models, 
analogous discussion from possible "relatives" like 
cometary nuclei, EKBOs, main belt comets, irregular 
and retrograde satellites of Jupiter, Centaurs, etc. 
through results of astronomical observations and 
spacecraft missions.    

This paper summarizes the past and present 
efforts of the exploration of this unique group of the 
small bodies including the Solar Power Sail mission 
and other proposals.  Also we discuss on mission 
design and observation strategies, ranging from 
multiple flybys and rendezvous to landing and sample 
returns, about how one can achieve the above goal in 
the best way of our time, particularly with 
geochemical points of view. 

 



Goldschmidt Conference Abstracts 

 

3580 

Effect of β-decay on the 
structure and stability of 

apatite-structured nuclear waste 
forms  

GE YAO, JIANWEI WANG* 
Louisiana State University, Baton Rouge, LA 70803, 

USA (*correspondence: jianwei@lsu.edu) 
 
Apatite-structured materials have been 

considered for incorporation of a number of fission 
products because of their chemical durability and 
compositional and structural flexibilities. It is 
hypothesized that the effect of β-decay on the 
thermodynamic stability can be mitigated by 
introducing appropriate electron acceptors as the 
sinking for the electrons from β-decay at the 
neighboring sites in the structure. 

Apatites with compositions of Ca10(PO4)6F2 and 
Ca4Y6(SiO4)6F2 were selected as the model systems 
for Cs and Sr incorporations respectively, where Cs 
substitutes Ca and Sr/Zr substitutes Y. Decay series 
Cs → Ba, Sr → Y → Zr were investigated. Electron 
density of states, crystal and defect structure, and 
formation energies of before and after β-decay were 
calculated using a spin-polarized DFT approach. 
Ferric iron was introduced in the structure as the 
electron acceptor. The β-decay results in an extra 
electron in the structure and a change of chemical 
species: Cs → Ba, Sr→ Y → Zr.  

Calculated electron density of states suggests that 
the ferric ion captures the electron, and changes its 
oxidation state and becomes ferrous iron. The crystal 
and defect structures were analyzed based on the 
volume, lattice parameters, radial distribution 
functions, metal to oxygen distances, and the 
metaprism twist angles of the crystal structure. There 
are minor changes in the crystal structure and defect 
structure for Ca10(PO4)6F2 with Cs and Fe3+ 
substitutions undergoing Cs � Ba transmutation, and 
for Ca4Y6(SiO4)6F2 with Sr and Fe3+ substitutions 
undergoing Sr � Y � Zr transmutations. The last 
decay change, from Y � Zr, causes larger changes of 
the local defect structure around Zr involving the 
coordination environment. The calculated total 
energy suggests that transmutations of Cs � Ba and 
Sr � Y � Zr in both apatite compositions are 
energetically favorable, consistent with minor 
structure distortions, and confirm the structural and 
compositional flexibility of apatite.  

This study suggests that apatite structured 
materials could be promising waste forms to mitigate 
the β-decay induced instability of the materials for 
some fission products, by incorporating ferric ion or 
other electron acceptors such trasition metal ions in 
the structure. The study may demonstrate a 
methodology to evaluate the structural stability of 
waste forms incorporating fission products 
undergoing β-decay.  
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Marginal seas are major repositories of organic 

carbon (OC) in the ocean. Many studies have shown 
that OC is usually concentrated in fine-grained 
sediments, thus high concentration of sedimentary 
OC (SOC) is mainly found in mud deposits along 
continental margins, where fine particles are 
deposited. Despite such efforts, the preservation 
status and controlling mechanisms of SOC in coastal 
mud deposits is poorly constrained. In this study, 155 
surface sediments from the eastern China marginal 
seas were analyzed for grain size composition, 
sediment surface area (SSA), total OC (TOC) 
contents and stable carbon isotope abundance (δ13C) 
to characterize the basic properties of sediments and 
OC, and TOC/SSA loadings were used to examine 
the role of mud deposits on preservation of SOC in 
these dynamic regions. In general, TOC and SSA had 
a similar distribution pattern in the study area, with 
high values in mud deposits and low values in sandy 
regions. The highest values of TOC (1.25%) and SSA 
(29.5 m2/g) were found in the southern Yellow Sea 
mud zone. Enriched 13C of TOC in these mud 
deposits indicated that OC was mainly derived from 
marine source, especially in the southwestern Cheju 
Island mud zone. When TOC was normalized to 
SSA, the distribution trend of TOC/SSA changed 
substantially. Distinctively low TOC/SSA loadings 
(<0.40 mg m-2) were observed in one-third of the 
sampling sites, mostly in the mud deposits, indicating 
an inefficient SOC preservation. The preservation 
status and mechanisms of SOC in different mud 
deposits are likely to be different. In the Changjiang 
Estuary and Zhe-Min coastal mud zones, low 
terrestrial OC preservation efficiency was mainly 
attributed to the mobile-mud OC reactor in spite of 
high sediment discharges of the Changjiang and high 
sedimentation rates there. While in the southern 
Yellow Sea and southwestern Cheju Island mud 
zones, terrestrial particles and associated OC have 
experienced long distance transportation before they 
settle down. The counterclockwise cyclonic eddy 
formation mechanisms of these mud deposits further 
prolong the residence time of particles, which made 
the preservation of terrestrial OC even worse.  
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Numerous living organisms can form minerals in 

nature. Among the more than 70 different biogenic 
minerals found so far, calcium carbonate most widely 
occurs. It has six structural variants including calcite, 
aragonite, vaterite, monohydrocalcite (MHC), 
hexahydrocalcite, as well as amorphous calcium 
carbonate (ACC). All of them have been found the 
biogenic counterparts except for hexahydrocalcite. 
Among these biogenic CaCO3 minerals, MHC is 
metastable with respect to calcite and aragonite. 
Nevertheless, it has been found that MHC can stably 
occur in otoliths of a tiger shark, in the gall bladder of 
a guinea pig, in the products of bacterial 
biomineralization, and in the dung of domestic 
animals, and numerous investigations have shown 
that a variety of organisms can mineralize MHC. 
Recent investigation on the calcareous corpuscles of 
Mesocestoides corti also revealed that MHC is the 
major component of these corpuscles and coexists 
with amorphous calcium carbonate and organic 
matrices. Despite its broad occurrence in organisms, 
little information about the biogenic origin of MHC is 
available. Herein, a biomimetic mineralization 
process was used to investigate the effect of 
biomineralization-associated model 
biomacromolecules and Mg2+ ions on the formation 
of MHC. Our results show that cooperation of model 
biomacromolecules and Mg2+ ions dictates the 
exclusive formation of MHC, and such cooperation 
works via changing the short-range structure of 
precursor ACC. Therefore, the current effort can 
elucidate the biogenic origin of MHC.  

This work was financially supported by the 
Natural Science Foundation of China (Nos. 41272054 
and 41372053). 
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Abstract 
Concentration, size distribution and formation of 

dimethylaminium (DMA+) and trimethylaminium 
(TMA+) in atmospheric particles were investigated 
during four cruise campaigns performed over the 
marginal seas of China, two cruises mainly over the 
northwest Pacific Ocean (NWPO) in 2012-2015 and 
three campaigns at a semi-urban coastal site. An 14-
stage Micro-Orifice Uniform Deposition Impactors 
(MOUDI) sampler was utilized for sampling 
atmospheric particles with aerodynamic diameter 
from 18 μm down to 0.010 μm in 2012-2013 and 
2015 and an 11-stage MOUDI sampler was utilized 
in 2014. For all campaigns, DMA+ and TMA+ 

appeared to be two dominant aminium ions in 
atmsopheric particles. In the coasatl atmsophere, the 
measured particulate DMA+ and TMA+ dominantly 
existed in the size range of 0.18-1.8 μm and their 
concentrations were 0.2-0.3 nmol m-3 (on average). 
DMA+ and TMA+ also had a borad mode in the 
nanometer size range and were likely associated with 
formation and growth of these particles.  In the 
remote marine atmospheres, e.g. in the Northwest 
Pacific Ocean, the obervational results of pariculate 
DMA+ and TMA+ were similar to those observed in 
the coastal atmospheres. However, much higher 
concentrations of DMA+ and TMA+ were observed in 
the marine atmospheres over the marginal seas of 
China in summer and  the meaursed concentrations of 
DMA+ and TMA+ in the <0.056 μm particles were 
generally larger than those in the 0.18-1.8 μm 
particles. The unique observations were never 
reported before, but they strongly suggested that 
aminium salts likely played an important role in 
aerosol chemistry in nanometer sized particles. The 
unique results were also observed in some low 
concentration samples collected in other cruises. 
Atmospheric implications of the observations were 
presented. 
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Although it is widely accepted that metamorphic 

fluids and melts released from the slabs play a crucial 
role in subduction zones, processes at slab/mantle 
interface remain poorly studied, so far. Laboratory 
experiments carried out at 750-900oC and 2.9 GPa 
illustrate metasomatic alteration of the mantle wedge 
rocks such as dunite, lherzolite, and websterite caused 
by infiltration of СОH fluids and acid melts released 
from the carbonate-bearing amphibolite during its 
eclogitization.  

Melt pathways are usually cryptic in the newly 
formed eclogite but often visible in ultramafic layers 
as submicron spots at grain boundaries or/and melt 
segregations near walls of the capsules. The melt 
segregations are of rheolitic composition. In the 
olivine-bearing layers, they are surrounded by 
magmatic and metasomatic mineral assemblage  
(Omp±Phl±Opx±Grt).  

Fluxes of melt/fluid into ultramafic lithologies 
produce different reaction zones at the interface with 
the metabasite: Opx+Grt+Mgs±Phl is developed after 
dunite, Omp+SiO2  - after websterite, and 
Omp+Grt+Mgs – after lherzolite. The reaction zones 
act as filters for migrating liquids. For example, the 
reaction zone in the dunite retains potassium and no 
sodium in contrast to the one in websterite, that stores 
sodium but no potassium.  

Metasomatic effects above the reaction zones 
strongly depend on the primary ultramafic medium. 
Alteration of websterite is minimal, and is expressed 
in partial replacement of augite by omphacite. 
Olivine-bearing layers are effectively modified. 
Orthopyroxene and garnet with minor magnesite are 
developed after olivine in dunite. As a result, the 
dunite turns into mineralogy of garnet harzburgite in 
which the olivine is of the different origin than the 
other minerals. Pervasive migration of the same 
melt/fluid through the lherzolite also facilitates 
growth of garnet and orthopyroxene, but is 
accompanied by the dissolution of clinopyroxene. 
Thus garnet harzburgite mineralogy is produced in 
this case from more fertile rock due to the filtration of 
silica-rich melt.  

The documented processes might be widespread 
not only in Phanerozoic but also in Precambrian 
subudction zones. 

This work was supported by RFBR grant 16-05-
00495. 
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Management of commercially valuable 
hydrocarbon resources and engineering operations 
such as CCS are dependent on our knowledge about 
interaction between rocks and fluids. Experience 
shows that fluid flow in sedimentary basins and 
reservoirs is often focused, which is evidenced from a 
large number of seismic cross-sections displaying 
chimney or pipe structures, including those from 
Sleipner area where one of the largest CO2 injection 
pilots is located. As seismic surveys are widely 
performed in many regions where the subsurface is of 
economic interest, a better understanding of the 
formation and evolution processes of these chimneys 
is vital. They should be considered when performing 
risk assessment linked to leakage within subsurface 
waste storage projects. We propose a new physical 
model that predicts the formation and the evolution in 
space and time of flow focusing due to solitary 
porosity waves. We use 2D implicit solver and 3D 
high-resolution iterative parallel GPU code to solve a 
thermodynamically consistent system of nonlinear 
equations for two-phase flow in viscoelastoplastic 
porous media. We discuss and highlight the 
importance of a proper coupling between the 
geomechanics and the reservoir fluid flow in 
subsurface fluid injection operations. 
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Deep-sea sediments have recently attracted our 

attention as a new resource for rare-earth elements 
and yttrium (REY). To elucidate the REY-enrichment 
mechanism in deep-sea sediments, we applied 
Independent Component Analysis (ICA) to a multi-
elemental data set of 3,968 bulk sediment samples 
from 101 sites in the Pacific [1] and the Indian 
Oceans [2, 3]. The result of ICA indicates that the 11-
dimensional chemical compositions of bulk sediment 
samples can be successfully expressed by seven 
statistically independent components (ICs) that 
collectively account for 97.9% of the total sample 
variance. 

Combined with sedimentary age that is mainly 
inferred from available biostratigraphic information 
and paleogeographic reconstruction, we visualized 
the spatiotemporal distributions of the geochemical 
ICs during the past 65 million years. The synthetic 
pictures of IC signal intensities during the Cenozoic 
era provide us insights on the genesis of deep-sea 
mineral resources. For example, the distribution of IC 
that can be interpreted as a contribution of 
hydrogeneous component exhibits relatively strong 
signals in the central and the eastern North Pacific 
throughout the Cenozoic, which broadly overlaps on 
the distribution of REY-rich mud with moderate REY 
concentrations (400–1,000 ppm of total REY) near 
the seafloor surface [1] and the zones of greatest 
economic interest regarding ferromanganese crusts 
and nodules [4]. Such a relationship implies a latent 
but important genetic linkage among the different 
types of seafloor mineral resources. 
 
[1] Kato, Y. et al. (2011) Nat. Geosci. 4, 535–539. 
[2] Yasukawa, K. et al. (2014) J. Asian Earth Sci. 93, 
25–36. 
[3] Yasukawa, K. et al. (2015) Geochem. J. 49, 621–
635. 
[4] Hein et al. (2013) Ore Geol. Rev. 51, 1–14. 
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When basalts undergo extreme pressure-

temperature (P-T) conditions, they tend to transform 
to anhydrous eclogites [1]. A bi-mineralic eclogite 
from Nové Dvory formed under >4GPa & 1000oC [2] 
is a natural example predicted by [1]. In this study, 
four types of amphiboles (Amp-Ia/Ib/Ma/Mb) are 
observed in the bi-mineralic eclogite based on the 
mode of occurrence. Sporadic Amp-Ia appears with 
omphacite and rutile in polyhedral inclusions in 
garnet and seems to be equilibrated with garnet and 
omphacite. Amp-Ib appears with diopside and spinel 
as secondary inclusions in garnet. Amp-Ma/Mb occur 
between garnet and omphacite. Amp-Ma is not 
adjacent to plagioclase, but Amp-Mb is. The Amp-
Ma formation is represented by an incipient 
alternation of garnet rim into a saw-blade shape 
fulfilled by Amp-Ma. The garnet rim is subsequently 
decomposed to a symplectite composed of diopside, 
spinel, and hematite. Similar symplectites occur 
occasionally on the garnet-side of Amp-Mb. Their 
boundary shapes like the saw-blade shaped rim of 
garnet, suggesting a transition of Amp-Ma to Amp-
Mb. All amphiboles are pargasitic. Amp-Ia and Amp-
Ma are K-free, while Amp-Ib Amp-Mb are K-bearing 
(<0.3pfu). Mg# ascends in the order of Amp-Ib (70-
82), Amp-Ia (77-85), Amp-Mb (80-93), and Amp-Ma 
(87-92). All Amp contain F (<0.3pfu), but Cl is 
detected only in Amp-Ib (0.1-0.3pfu). The mode of 
occurrence infers a retrograde origin of Amp-Ib, 
Amp-Ma, and Amp-Mb. Because the study sample is 
composed mainly of garnet and omphacite, K, OH, F, 
and Cl in the secondary amphiboles should be 
supplied by fluids during retrograde stage. Neither 
OH- and F-pargasite are stable at pressure conditions 
over 4GPa [4]. It indicates Amp-Ia is a prograde relic 
that meta-stably survived the peak metamorphism of 
the Nové Dvory eclogite. 
 
[1] Schmidt & Poli (1998) EPSL 163.1, 361-379. [2] 
Nakamura et al. (2004) JMG 22.6, 593-603 [3] Foley 
(1991) Geochim. Cosmochim. Acta 55.9, 2789-2694 
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We present the first oxygen fugacity (ƒO2) profile 

through the cratonic lithospheric mantle under the 
Ekati kimberlite field near Lac de Gras, central Slave 
Craton. Oxygen fugacity values for a suite of garnet 
peridotite xenoliths were calculated by combining 
conventional thermobarometry with Fe XANES and 
Mössbauer garnet Fe3+/∑Fe measurements [1] using 
the oxybarometer calibration of Stagno et al. [2]. 
Combining these data with new and existing data [3] 
from garnet peridotite xenoliths from an almost 
coeval kimberlite at the nearby Diavik diamond mine 
demonstrates that the ƒO2 of the Slave cratonic 
mantle varies by several orders of magnitude as a 
function of depth and over short lateral distances. The 
lower part of the diamond-bearing Slave lithosphere 
(>120-130 km deep) has been oxidized by up to 4 log 
ƒO2 units. This is clearly linked to metasomatic 
enrichment recorded by elevated trace element 
contents in garnet and clinopyroxene and by garnet 
REE patterns. However, despite this deep, oxidising 
enrichment event, ƒO2 levels in the lower half of the 
Slave Cratonic lithopshere are generally too reduced 
for carbonatite melts to exist. These are unlikely 
therefore to be the metasomatic agents. The coupled 
enrichment and oxidation was likely caused by 
infiltrating carbonate-bearing, hydrous, silicate melts 
in the presence of diamond. Such a process may be 
critical for “pre-conditioning” deep lithospheric 
mantle and rendering it suitable for generation of 
kimberlites, which are likely to form by partial 
melting of magnesite garnet peridotite near the base 
of the cratonic lithosphere [4]. 

 
[1] Berry, Yaxley, Woodland, & Foran (2010), 
Chemical Geology 278, 31-37. [2] Stagno, Ojwang, 
McCammon & Frost (2013), Nature 493, 84-88. [3] 
Creighton, Stachel, Eichenberg & Luth (2010), 
Contributions to Mineralogy and Petrology 159, 645-
657. 

[4] Girnis, Bulatov & Brey (2011) Lithos 127, 
401-413. 
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N and O isotope measurements were performed 

on suspended particulate matter and filtered water 
sampled along the salinity gradient of the Pearl River 
Estuary (PRE) to investigate the main N sources and 
its biogeochemical processing under the influence of 
monsoon climate. Our study revealed that domestic 
wastewaters and soil organic N are the major sources 
of DIN in freshwater during winter and summer 
respectively, whereas PN was dominated by 
phytoplankton biomass in both seasons. At low 
salinities (<5.0), nitrification represents a significant 
NO3

− source but NH4
+ sink, contributed 39.2±6.1% 

and 72.4±10.0% of NO3
− to the estuary in summer 

and winter respectively (calculated from δ18ONO3). An 
even larger contribution of nitrification to the NO3

− 
pool in winter than in summer most likely resulted 
from the seasonal difference in the relative utilization 
of NH4

+ and its relative importance to NO3
− pool. At 

salinities of >5.0, the data identify that the intense 
sediment-water interaction and resuspension of 
sediments as important N cycling processes during 
winter when the estuary is well mixed. In contrast, 
mixing of freshwater and seawater plays a key role in 
determining the distribution patterns of NO3

− and 
NH4

+ in summer. Importantly, however, an intrinsic 
coupling between assimilation, remineralization and 
nitrification might be also occurring, as indicated by 
the similarity of summer δ15N signals for NO3

−, NH4
+ 

and PN. At high salinities, the influence of 
assimilation tended to be most dominant in NO3

− 
cycling. Moreover, the greater increase in δ18ONO3 
than in δ15NNO3 (up to 15.6‰) in winter suggests that 
atmospheric deposition may exert a substantial 
influence on NO3

− cycling processes. These results 
show the importance of seasonal variability in 
physical forcing on biological N sources and its 
turnover processes in large estuaries that impacted by 
anthropogenic activities, and have direct implications 
for budget the N fluxes exported to the ocean. 
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Nanoscale zero-valent iron (nZVI) is an effective 
arsenic (As) scavenger [1]. However, spent nZVI 
may pose much higher health risks than our initial 
thought in the presence of As-reducing bacteria [2]. 
Therefore, the motivation of this study was to explore 
the As redox transformation and release in spent 
nZVI waste residue in contact with Pantoea sp. IMH. 
IMH contains arsC genes, which involved in the As 
detoxification pathway [3]. Our incubation results 
showed that Pantoea sp. IMH reduced 100% of 
dissolved As(V), though the total released As (8.3%) 
was not enhanced by IMH. No significant difference 
(p=0.53) of dissolved iron concentrations between 
abiotic controls and inoculated samples was 
observed. In agreement with our incubation results, 
XANES analysis showed that nZVI was oxidized to 
Fe3O4 and Fe2O3 in incubation and control samples, 
and As(III) content in solids kept relatively 
unchanged (14.5-19%). Further As EXAFS shell-
fitting observed the mixture of bidentate binuclear 
and mondentate mononuclear surface complexes as 
evidenced by the As-Fe atomic distances at 3.31 Å 
and 3.49 Å. Our XAS results suggested that IMH can 
not directly change the speciation and configuration 
of adsorbed As. The Mössbauer spectroscopic results 
agreed with our XANES analysis and further 
elucidated that two microstructure forms of magnetite 
existed in the abiotic control, whereas only one in the 
incubation sample. Our study implies that the arsenic-
reducing bacteria with arsC genes control the As 
speciation in the aqueous phase, but not on the solids. 
Unlike our initial assumption, no substantial As 
release occurred in the presence of arsC gene owners.   
 
[1] Fu et al. (2014) J. Hazard. Mater. 267, 194-205. 
[2] Huang et al. (2011)  Environ. Sci. Technol. 45, 
7701-7709. [3] Tian et al. (2015)  Environ. Sci. 
Technol. 49, 2140-2146. 
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129I poses a potential threat to human health due 
to its propensity to accumulate in the thyroid gland 
and its long half-life (16M years). Produced primarily 
via fission processes in nuclear reactors, elevated 
levels of 129I are often found surrounding nuclear 
facilities, and it was released into the atmosphere and 
subsequently deposited following the Cherbonyl and 
Fukushima accidents. Based on thermo-dynamic 
principles, 129I should exist primarily as iodide (I-) in 
most terrestrial environments, however using 
analytical methods designed to detect iodine at 
environmentally relevant concentrations our team has 
found that organo-iodine and iodate typically 
comprise >50% of the 129I species in soils, sediments 
and groundwater [1, 2, 3].  Factors, other than pH and 
Eh, must therefore be important regulators of 129I 
speciation in the environment. 

To evaluate the environmental relevance of these 
and other microbial processes on iodide speciation, 
we examined fungal and bacterial-mediated iodide 
oxidation at micromolar concentrations (i.e. 10-100 
μM). Thus far, we have not found that microbial 
enzymes play a prominent role in iodide oxidation at 
these concentrations. Rather, we have identified 
several indirect mechanisms whereby micoorganisms 
facilitate iodide oxidation including 1) lowering the 
pH of the local microniche, 2) formation of highly 
oxidizing peroxy carboxylic acids and 3) generation 
of extracellular superoxide [4, 5]. Biogenic 
manganese oxides, although previously implicated in 
iodide oxidation, did not support significant levels of 
iodide oxidation at pH values >5 in the laboratory. 
Overall, the results lead us to hypothesize that 
strongly oxidizing byproducts of general metabolic 
and respiratory processes, secreted by a variety of 
microorganisms, are more likely agents of I- 
oxidation in terrestrial environments than is direct 
enzymatic catalysis. 

 
[1] Zhang (2010), Environ. Sci. Technol. 44, 9042-
9048. [2] Xu (2015), J. Environ. Radioact. 139:43-
55. [3] Xu (2015), J. Environ. Radioact. 153, 156-
166. [4] Li (2014), Appl. Environ. Microbiol. 80, 
2693-2699. [5] Li (2012), Environ. Sci. Technol. 46, 
4837–4844. 
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The large landmass of felsic continental crust, 
consisting mostly of granitic rocks, is one of the most 
remarkable features of the Earth. Therefore, studies 
on granitic rocks will provide essential insight for 
understanding the chemical evolution of our planet. 
Large volume of granitic rocks occurs in southwest 
(SW) Japan, and are classified into four series based 
on temporal and spatial distribution of plutonic 
bodies, from south (rear-arc) to north (fore-arc), as 
Outer, Ryoke, Sanyo, and Sanin. Here, a new set of 
precise geochemical and geochronological data from 
these four series are presented. U-Pb zircon 
geochronology revealed that the age of granitic rocks 
becomes younger from Ryoke (96 Ma) through 
Sanyo to Sanin (40 Ma), consistent with previous K-
Ar and Rb-Sr ages [1]. The ferric/ferrous iron ratios 
in whole rocks ranges from 0.5 to 3, suggesting that 
magmatic differentiation occurred at similar redox 
condition, probably at the crustal depth. Systematic 
changes in radiogenic isotopic compositions are 
clearly noticable; (87Sr/86Sr)i and (207Pb/204Pb)i 
decrease, while, ɛNdi and ɛHfi increase from Ryoke to 
Sanin. The observed syetematic trend could be 
attributed to varaible degree of crustal protolith 
involvement, during magma formation. Major-
element compositions of the granites are similar to 
partial melts of basaltic materials [2], indicating that 
primary magma was derived from melting of 
subducted slab. However, all suites of SW Japan 
granites do not exhibit the adakitic signature such as 
high Sr/Y [3]. It is inferred that melting occurred at 
shallower depth in the absence of residual garnet. The 
possible circumstance for melting of basaltic protolith 
is subduction of migrating oceanic ridges, supplying 
heat and materials [4]. Reconstructed paleogeography 
of Eastern Asia [5] suggested that the Kula-Pacific 
ridge has subducted into SW Japan during late 
Cretaceous time, coincident in time with the granitic 
magmatism. 
[1] Nakajima, T. et al. (1990) Contri. to Miner. & 
Petr. 381-389. [2] Douce, A. E. et al. (1991) Contri. 
to Miner.& Petr. 107.2: 202-218. [3] Drummond, 
M.S et al. (1990). Journal of Geophy. Res.: Solid 
Earth 95. 503-521. [4] Anma, R. et al (2009). Lithos 
113:246-258. [5] Maruyama, S. et al (1997).  Island 
arc 6.1: 121-142. 
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The Tellus South West survey collected Airborne 

Radiometric (ARM) data over South West England. 
The Bodmin Moor Granite (BMG) forms part of a 
composite batholith. It is an area of poor exposure 
and has proven difficult to map. ARM data are 
continuously sampled and largely overcome these 
challenges. Elsewhere in the region, four principal 
granite types have been defined displaying different 
mineralogical and geochemical characteristics [1]. 
These classifications have not been applied to the 
BMG and are absent from current 1:50 000 maps. 

Data Preparation 
 ARM data measures potassium, thorium 
and uranium concentrations. The gridded 
concentration data (40x40 m pixels) were clipped to 
the current mapped surface extent of the BMG. High 
soil moisture in peat bogs attenuates ARM data. To 
overcome this, a principal component analysis was 
conducted to remove uncorrelated variance in 
problem areas. Subsequently, minima over these 
areas were removed using a ‘supervised’ 
classification and a 200 m buffer was applied to 
account for a halo effect in the gridding. 

Data Integration 
 A first-pass classification was conducted 
using the relative abundances and ratio of potassium 
and thorium, omitting the use of uranium based on 
work by Moon [2]. This demonstrated that the ARM 
data hold insufficient information to determine four 
distinct granite types. Stream-sediment data was 
divided into upstream catchment areas and rasterised 
to provide further geochemical discriminators. 
Zirconium and niobium based on [1], as well as ARM 
data, were integrated using an ‘unsupervised’ image 
classification technique. We present a revised 
classification for the BMG and discuss how this 
technique can be applied world-wide for geological 
mapping and mineral exploration. 
 
[1] Manning et al. (1996), JGSL 153, 827-838. [2] 
Moon (2015), Proc. Ussher Soc. 13, 459-470. 
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As recent analytical advances have enabled us to 

explore isotopic ordering in geochemical systems 
more broadly, the diversity of clumped isotope 
signatures and their applications is becoming 
apparent: Equilibrium clumped-isotope signatures 
can be used not only as geothermometers but also 
geospeedometers [1, 2]; kinetic clumped-isotope 
effects can be predicted from first principles and 
verified by laboratory measurements, opening the 
door to a class of isotopic reaction fingerprints that 
can complement isotopic reservoir fingerprints [3, 4]; 
combinatorial “declumping” reflects intramolecular 
isotopic heterogeneity, and can in principle be used to 
extract information about geochemical reservoirs and 
reaction pathways [5]. Yet the field is still young, and 
many of its most significant contributions lie ahead. 

Perhaps the most interesting aspect of clumped-
isotope approaches is their ability to distinguish 
process-level effects from reservoir effects. Contrasts 
in chemistry between different reservoirs (e.g., 
stratospheric vs. tropospheric ozone photochemistry) 
can be exploited within a reaction-transport 
framework to extract rates of reservoir mixing, 
material residence times, and flux budgets, 
potentially even from the geologic record. I will 
describe recent developments in the clumped-isotope 
geochemistry of O2 and N2, the basic principles 
gained from examining clumped-isotope systematics 
of these small molecules, and emerging applications 
in atmospheric and biogeochemical research within 
this context.  
 
[1] Eiler (2011) Quat. Sci. Rev. 30, 3575-3588. [2] 
Passey & Henkes (2012) Earth Planet. Sci. Lett. 351-
352, 223-236. [3] Joelsson et al. (2014) Chem. Phys. 
Lett. 605-606, 152-157. [4] Schmidt & Johnson 
(2015) Geophys. Res. Lett. 42, 3546-3552. [5] Yeung 
(2016) Geochim. Cosmochim. Acta 172, 22-38.  
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Here we report the 53Mn-53Cr age of chondrules 
extracted from the most primitive and most reduced 
EH3-type enstatite chondrite, Qingzhen. The 53Mn-
53Cr isochron gives an initial 53Mn/55Mn of 
(3.69±1.08)×10-6 and e53Cri = -0.11±0.08 (MSWD = 
0.44). Relative to the D’Orbigny age anchor with its 
U isotope-corrected Pb-Pb age (Amelin, 2008; 
Brennecka and Wadhwa, 2012) and its precise 
53Mn/55Mn (Glavin et al., 2004; Yin et al., 2009), we 
obtain a 4,564.8±1.6 Ma formation age of Qingzhen’s 
chondrules. 

Unlike Allende (CV3) chondrules (Yin et al., 
2009), the e54Cr anomaly of each individual 
chondrule in Qingzhen is uniform and Earth-like 
(with an average ε54Cr = 0.12±0.14). We argue that 
our Qingzhen chondrule 53Mn-53Cr age dates the 
Earth-like pre-planetary reservoir formation/isolation 
in the solar nebula, which is distinct isotopically from 
most materials in the inner Solar System. Isotopic 
homogeneity of this reservoir is clearly established at 
both micro- and macroscopic levels by 4,564.8±1.6 
Ma. Because our 53Mn-53Cr age precede the Moon-
forming giant impact (Yin et al., 2002; Kleine et al., 
2009) and the fact that post-impact Earth and the 
Moon are isotopically very similar to ECs and 
aubrites, the impactor Theia must also have been 
isotopically very similar to ECs and Earth.  
Otherwise, the post-giant impact Earth and the Moon 
would deviate isotopically from that of ECs.  
Likewise, the isotopic similarity of Earth and ECs 
and the Earth’s unique end-member position in multi 
isotopic space constrains the amount of any non-
enstatite-like material accreted either before or after 
core closure. 

We infer that the closure of the Earth/EC-like 
isotopic reservoir by 4,564.8±1.6 Ma represents the 
formation of Jupiter and the clearing of the disk 
immediately outside the terrestrial planet formation 
zone, as well as excitation of planetesimals. We 
suggest that the EC reservoir deviated at 4,564.8±1.6 
Ma, or shortly thereafter, from that of the Earth’s 
chemically, by SiO/SiS gas interactions with solids. 
The processes responsible for changes in EC 
chemistry must be a local phenomena, as it did not 
affect the bigger reservoir represented by the bulk 
Earth composition.  
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We carried a gold phase state research on rocks 

of expo-sure strata and typical ores in the Yangshan 
gold mining area, utilizing the phase analysis flow 
diagram as Fig. 1. The results showed that gold 
mainly lies in five phases, including water-soluble 
phase, free phase, carbonate phase, sulfide ph-ase and 
silicate phase. 

Fig. 1. The gold phase analysis flow diagram 

In the exposure strata (Proterozoic, Devonian, 
Carbon-iferous, Permian and Jurassic strata), most of 
gold exists in silicate phase, accounting for a large 
proportion of 50% to 60% (Fig. 2). The total 
proportion of gold in water-soluble phase, free phase, 
carbonate phase and sulfide phase is about 40% in the 
Devonian and Permian strata, which may explain that 
the great majority of gold deposits in Yanshan gold 
mining area are hosted by these two stratas. The ores 
of gold mainly occur in quartz vein, granite-porphyry, 
siliceous lime-stone and slate. Carbonate phase gold 
and free phase gold represent the main parts in slate 
ores, and sulfide phase gold low to only 5%; while 
sulfide phase gold has a high proportion of 35% to 
60% in other three types of ores( Fig. 3). 

Fig.2. Proportion of each phase gold  in 

stratas 

Fig.3. Proportion of each phase gold  in ores 

Through analyzing the content and 
studying character of each phase in rocks and ores, 
we could investigate the for-mation process of  
typical ores, and seek the geologic body that has a 
close relationship with mineralization in mining area. 
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Silver ion (Ag+) and silver nanoparticle (AgNP) are 
widely used in various consumer products because of 
their antimicrobial properties [1]. It is generally 
accepted that the bioavailability and toxicity of Ag+ is 
much higher than that of AgNP. However, many 
environmental factors (e.g. Cl-, Ca2+, and organic 
matter) could affect the fates of Ag+ and AgNP. 
Therefore, the fates and bioavailabilities of Ag+ and 
AgNP evaluated under controlled laboratory 
conditions (considering only one or two 
environmental factors) may not predict their 
behaviours in natural environments [2]. In this work, 
we investigated the differential distributions and 
bioavailabilities of Ag+ and AgNP in pond 
microcosmos by using isotope tracer. It was observed 
that the half-life of Ag+ (<1 h) in water column is 
much shorter than that of AgNP (~3 h), possibly 
owning to the formation AgCl precipitation. 
Accordingly, the uptake of AgNP by floating plants 
(Pistia stratiotes and Salvinia natans) was much 
higher than that of Ag+. While, for submerged plant 
(Ceratophyllum demersum), the uptake of AgNP was 
comparable with that of Ag+. Pseudorasbora parva 
can accumulate more AgNP than Ag+, with higher 
concentration in liver and brain than other tissues. 
However, the uptake of Ag+ by freshwater snail 
(Procambarus clarkia) was much higher than that of 
AgNP.  
 
[1] Chernousova et al. (2013) Angew. Chem.-Int. 
Edit., 52, 1636-1653.  [2] Furtado et al. (2015) ES&T, 
49, 8441-8450. 
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The concentrations of mercury (Hg) and Hg 
isotopic compositions were measured in three 210Pb-
dated sediment cores in the Chinese marginal seas. 
The concentrations and influxes of Hg showed 
increased Hg deposition since the 1950s and 
accelerated since the 1970s, due to the rapid 
economic development of China. Coastal regions 
have higher Hg influxes than the offshore sites. Large 
variations of both mass dependent fractionation 
(MDF; δ202Hg: -1.94 to -0.69‰) and mass 
independent fractionation (MIF; Δ199Hg: -0.16 to -
0.31‰) signatures of Hg were observed in the 
sediments. There was a clear trend of increased 
δ202Hg from the deep sediments to surface layers with 
much pronounced MIF signals in deep layers. From 
the combined MDF and MIF signatures, three major 
inputs of Hg may be identified, including the 
watershed runoff, land-based industrial emissions, 
and atmospheric deposition. Increased Hg from 
industrial inputs was clearly observed since the 
1970s.  
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It has been well doucumented that the eastern part 

of the North China Craton (NCC) has lost its Archean 
lithospheric keel, and the thick Archean refractory 
lithospheric mantle has been replaced by the newly 
accreted fertile mantle. Mantle xenolith studies also 
revealed that almost all refracotry lithospheric mantle 
has been removed though few relics of Archean 
mantle do survived. In comparison with the overall 
destruction of the lithospheric mantle, the lower crust, 
particularly those in the interior of the craton, 
however, remain intact. Seismic studies and surface 
heat flow suggest that the western part of the NCC 
still has a thick cratonic lithosphere and is less 
affected by the decratonization, which presents a 
sharp contrast to its eastern counterpart. Is the lower 
crust beneath the western part of the NCC also intact 
since its formation in Archean?  The lower crustal 
xenoliths and xenocrysts entrained in kimberlites and 
volcanic rocks in western NCC provide a key clue to 
that question. Zircons in granulite xenoliths and the 
majority of xenocrystic zircons from kimberlites 
show Archean U-Pb ages with a peak at 2.5Ga. 
Several xenocrystic zircon grains exhibit late 
Cretaceous ages suggesting that these kimberlites 
erupted no earlier than late Cretaceous. As all 
kimberlites investigated outcrop in the interior of the 
western NCC, it can be envisaged that the lower crust 
beneath the interior of the western NCC has been 
keeping stable since its formation in late Archean. 
Hower, a suite of granulite xenoliths entrained in late 
Cretaceous basalts from the northern margin of the 
western NCC show variable formation ages, apart 
from those showing late Archean ages, there are also 
many xenoliths showing phanerozoic ages ranging 
from 298 to 211 Ma, we interpret these younger ages 
as crystallization ages of underplated magma at lower 
crustal depth, Hf isotopic compositions of these 
younger zircons further support a mantle origin of the 
melts from which they crystallized. Therefore the 
conclusion that the interior western NCC still 
preserves the Archean lower crust, while the lower 
crust beneath the northern margin has been modified 
by means of magmatic underplating can be reached. 
This work was financially supported by NNSFC 
(91214203). 
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In order to estimate the concentration of 
amorphous water ice formed in the early solar nebula, 
we conducted simple experiments where water vapor 
was slowly introduced in the presence of analytical 
grade Ar at controlled pressure and temperature. A 
pressure drop of the trace gas after the amorphous ice 
formation was attributed to gas trapping. Above the 
equilibrium vapor pressures of Ar, the Ar 
concentration [Ar] in amorphous ice was proportional 
to the Ar partial pressure over a wide pressure range 
between 0.0005 and 10 microbars, over the 
temperature range between 45 and 70 K, confirming 
the results at 77K [1].    

The evolution of pressure and temperature are 
positively correlated in the early solar nebula. Based 
on the experimental [Ar]-PAr and P-T correlation of 
the solar nebula, the Ar concentration in amorphous 
water is estimated between 10–6 and 10–9 for a 
temperature range of 20K and 100K, covering 
terrestrial surface value of 6.5×10–8 [2]. Rosetta 
Orbiter Spectrometer for Ion and Neutral Analysis 
(ROSINA) mass spectrometer detected Ar in the 
coma of the Jupiter family comet 67P/Churyumov-
Gerasimenko; the reported 36Ar/H2O ratio was (0.1-
2.3)×10–5 [3]. The observed 36Ar/H2O ratios are 
significantly higher than the estimated range of 
amorphous water ice formed in the solar nebula from 
our experiments.  

The Ar and other volatiles have three possible 
routes for being incorporated in cometary ice: 
condensation, enclathration and trapping in 
amorphous water ice. The difference may suggest 
that cometary volatiles were acquired by the other 
two routes. Alternatively, the observed  36Ar/H2O 
ratio of the comet 67P/Churyumov-Gerasimenko 
could be higher than the bulk composition because of 
the fractionation caused by the difference in volatility 
during heterogeneous heating or post-formation 
evolution of the nucleus [4,5]. In the latter case, 
significant contribution of cometary materials to the 
Earth may be permissible from the standpoint of Ar 
alone.  
 
[1] Yokochi et al. (2012) Icarus 218, 760-770. [2] 
Marty (2012) EPSL 313–314, 56–66. [3] Balsiger et 
al. (2015) Sci. Adv. 1, e1500377. [4] Hassig et al. 
(2015) Science 347, #aaa0276. [5] Rubin et al. (2015) 
Science 348 232-235.  
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We determined the elemental compositions of 
monthly solid particles (air dust; > 0.2 µm) in 
rainwater samples in order to elucidate the regional 
and seasonal variations in their provenance. We 
collected rainwater samples at Kyoto city and  
Kyotanabe city in Kyoto prefecture, at Neyagawa city 
in Osaka prefecture and at Nishinomiya city in 
Hyogo prefecture from January 2010 to December 
2011, and analyze the elemental concentrations using 
ICP-MS, of dust after filtering rainwater samples. 

At the four sites, concentrations of Na, Mg, K, 
Ca, Al, Ti and Fe in the dust were less than those in 
the mean upper crust. The heavy metals, especially 
Pb, Zn and Cu,  had the  enrichment factor (EF): 
(X/Al)sample/(X/Al)crust over one. Their EF values tend 
to be high in May or June. These results suggest a 
part of the dust were originated from anthropogenic 
substances such as road dust, generally high in Pb, Zn 
and Cu,  and their influences have fluctuation.  

The dust in June contained less particles of soil 
origin than other months, suggesting that this 
seasonal variation could be attributed to the Monsoon 
rain and high humidity. The dust in spring and 
autunm contained more elements originated from soil 
than other seasons, indicating aeolian dust from 
Asian continent affected precipitation chemistry. In 
spring and autunm, the pH values of rainwater are 
slightly higher and Rb contents in dust had higher 
values than those in the mean upper crust, supporting 
the input of aeolian dust. 

The concentrations of Pb, Zn and Cu in the dust 
were high at Neyagawa and Nishinomiya during the 
construction period of builidings near the sampling 
sites. These results suggest that the construction 
works have influence on these  elemental 
concentrations. At Nishinomiya, Pb, Zn and Cu in the 
dust showed low concentrations in winter. It is 
ascribed to the contribution of soil substance 
transported by the northwest wind from the northern 
mountain area consists of granites, that dilute these 
element concentrations. 
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The behavior of Cesium desorption on 

phyllosilicates with different stacking structure was 
investigated using three types of solution. Three 
phyllosilicates were used: vermiculite (Ver), 
montmorillonite (Mont) and weathered biotite (WB), 
being the latter one chemically treated to obtain 
different staking structures with the same chemical 
composition. On the one hand, to increase the 
expandable layer, WB was treated using Na-TPB 
(TPB-WB) and alkylammonim ion (Alkyl-WB). On 
the other hand, a K-exchange treatment (K-WB) was 
carried out to decrease the expandable layer. XRD 
was used to estimate the ratio of the expandable layer 
in the samples, which showed the following order: 
Mont = Ver > Alkyl-WB > TPB-WB > WB > K-WB. 
In the sorption experiments, each sample was 
dispersed in 10-3 M CsCl solution (sample/solution = 
1/100) and the amount of adsorbed Cs was evaluated. 
In the desorption experiments, 1 M NH4Cl solution 
(SN0) and two simulated soil pore solutions, 
including Na, Ca, Mg, K and NH4 (SS1 and SS2), 
were used. Total cation concentrations of SS1 and 
SS2 were 0.073 M and 0.158 M, and the ratios of (K, 
NH4)/(Na, Ca, Mg) were 1.71 and 0.09, respectively. 
The solid phases after the sorption experiments were 
dispersed 5 times, and the total amount of desorbed 
Cs from the solid phases was estimated. 

The amount of adsorbed Cs on the samples 
followed this order: Alkyl-WB = TPB-WB ≈ WB > 
Mont > Ver > K-WB. Cs desorption on Ver and WB 
was independent of the total aqueous cation 
concentration, while it seemed to depend on the 
concentration of K and NH4. Cs in Ver and WB was 
difficult to desorb in solutions with high content of  K 
and NH4 (SN0 and SS1). Likely, it would be caused 
by the change of the stacking structure during K and 
NH4 sorption. Since the adsorption sites with high Cs 
affinity were generated by chemical pretreatments, 
desorption of adsorbed Cs on TPB-WB and Alkyl-
WB was substantially limited. Almost all adsorbed 
Cs in K-WB was desorbed regardless the type of 
solution. Desorption of adsorbed Cs in Mont was 
dependent on the total cation concentration of the 
solutions, and 70~80% of adsorbed Cs was desorbed.  
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While many numerical simulations of reactive 

transport processes have visualized pore-scale 
heterogeneities of solute distribution, it is usually not 
easy to directly observe solute distribution in pores 
by experimental approaches. In this study, a 
sequential pore water extraction technique was 
applied to experimentally obtain information of pore-
scale solute distribution. When gas pressure is 
exerted on the bottom surface of a wet rock core, pore 
water is expelled to the top surface (Fig. 1a). The 
radius of the pore (r) from which water is expelled 
can be correlated to the pressure difference between 
the top and bottom of the sample (ΔP) as follows: r > 
2γcosθ/ΔP, where γ is the interfacial tension and θ is 
the contact angle (assumed to be 0°) [1]. Hence, pore 
water is first expelled from the largest pores when ΔP 
is small, and water in smaller pores is progressively 
expelled as ΔP is increased [2]. In the experiment, 
ultrapure water was initially passed through a Berea 
sandstone core to induce dissolution in the pores 
(flow-through reaction), then pore water was 
extracted for each pore size and analyzed. Plot of 
solute concentrations vs. pore radius (Fig. 1b) showed 
that the concentrations increased with decreasing 
pore radius and that the concentration variations of 
Ca, Mg, and Na were greater than that of Si. A 
reactive transport modeling of the flow-through 
reaction suggested that the flushing efficiency of 
solute decreases with decreasing pore radius, which 
can be a major cause of the observed concentration 
variations. 
 
 
 
 
 
 
 
 
 
 
Figure 1: (a) Schematic of pore water extraction 
technique. (b) Solute concentrations plotted against 
pore radius. 

 
[1] Yokoyama & Takeuchi (2009) J. Geophys. Res. 
114, B02201. [2] Nishiyama et al. (2012) Water 
Resour. Res. 48, W09556. 
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Chronological and geochemical studies of 
carbonates, which are commonly found as fracture 
filling minerals in rocks, can provide information 
about geochemical conditions present during 
formation including in deep subsurface environments 
[1,2]. A dating technique for the carbonates using 
laser ablation-multiple collector-inductively coupled 
plasma mass spectrometry (LA-MC-ICPMS) is still 
immature partly because of a lack of a consensus 
international carbonate standard for the in-situ dating 
technique. In this study, we performed a survey on 
the carbonate standard materials that may be suitable 
for high precision U-Th-Pb dating using LA-MC-
ICPMS.  

We examined carbonate standard materials JCp-1 
and JCt-1 issued by the Geological Survey of Japan 
(GSJ) [3]. Based on solution-based bulk analysis 
using MC-ICP-MS, heterogeneities in Pb isotope 
compositions were confirmed. Nevertheless, the 
206Pb-based isotopic compositions were all within 
1.2‰ variations acceptable for a standard used for 
age determination using LA-MC-ICPMS. Additional 
tests on the heterogenities in U-Th-Pb compositions 
of the carbonate standards along with determinations 
of other trace elements using a 2D imaging LA-ICP-
MS are ongoing. Examinations on both natural 
standards and synthetic standards are ongoing for 
further efforts in determination of the standard 
suitable for U-Th-Pb dating of carbonates.   

This study was carried out under a contract with 
METI as part of its R&D supporting program for 
developing geological disposal technology. 
[1] JAEA (2015), 2014 Annual report on METI R&D 
supporting program for developing geological 
disposal technology, 229p. in Japanese 
[2] Iwatsuki et al. (2002) Appl. Geochem., 17, 1241-
1257.  
[3] GSJ Geochemical Reference samples DataBase. 
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Recent studies on high precision isotope analyses 

for bulk meteorites discovered the existence of 
planetary scale nucleosynthetic isotope variabilities 
for multiple elements (e.g., Cr, Sr, Mo, Ru), although 
some elements (Hf and Os) do not show such 
anomalies [e.g., 1-4]. The processes responsible for 
generating the isotopic heterogeneity in the early 
Solar System are not fully resolved yet. At present, 
two plausible models have been proposed to account 
for the isotopic characteristics recorded in meteorites; 
nebular thermal processing which caused selective 
destruction of presolar grains, and the injection of 
isotopically anomalous materials from a nearby core-
collapse supernova. Yb is an intriguing element 
which would provide a strong constraint on the origin 
of planetary scale isotope anomalies. The T50% for Yb 
(1487 K) is lower than those of the other heavy-REEs 
(1659 K) and is comparable to that of Sr. Thus, the 
thermal processing would lead to heterogeneous Yb 
isotope distribution in the Solar System. Here we 
report preliminary results on Yb isotope compositions 
in two meteorites (Olivenza, LL5; NWA 753, R3.9). 

The Yb isotope ratios for meteorite samples are 
reported as µYb notations which represent the parts 
par 106 deviations from the terrestrial isotope ratios. 
The ordinary and rumuruti chondrites possess large 
negative anomalies for µ168Yb (–2500 ppm) and 
µ170Yb (–130 ppm) exceeding analytical uncertainties 
of the standard material, whereas the µ171,173,176Yb 
values are indistinguishable from the terrestrial 
component. The µYb patterns for the chondrites are 
not consistent with that of the s-process deficits 
relative to the terrestrial component. Therefore, the 
negative anomalies in in µ168,170Yb are attributed 
either to the deficit of p-process nuclides, or to the 
analytical artifact due to the overcorrection of 
interferences from Er. By contrast, the absence of 
anomalies for µ171,173,176Yb is consistent with the 
marginal isotope anomalies in ordinary chondrites for 
Mo and Ru isotopes synthesized by the s- and r-
processes, which are significantly smaller than those 
observed in carbonaceous chondrites and iron 
meteorites [3-4]. 
[1] Trinquier, A. et al. (2009) Science 324, 374. [2] 
Yokoyama, T. et al. (2015) EPSL 416, 46. [3] 
Burkhardt, C. et al. (2011) EPSL 312, 390. [4] 
Fischer-Gödde, M. et al. (2015) GCA 168, 151.  
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Ice shelves are among the most rapidly changing 

elements of the modern cryosphere, due to their 
sensitivity to atmospheric warming and to melting 
from beneath by warm ocean currents. The marine-
based West Antarctic Ice Sheet (WAIS) is vulnerable 
to future climate change, but the degree to which is 
not well constrained. Obtaining a better 
understanding requires geological evidence of retreat 
history, which is complicated by the lack of proximal 
marine calcareous sediment, largely preventing 
construction of a precise chronology. Here we 
reconstruct the history of Ross Ice Shelf retreat based 
on compound specific (CS) 14C dating and meteoric 
10Be measurement [1]. Taken together with land-
based grounding line reconstructions, our results 
provide strong constraints on numerical glacial 
models. Dynamic retreat of the ice shelf edge, by as 
much as 400 km occurred between ~5,000 and 
~1,500 years ago, resulting in a maritime climate for 
inland Antarctica as recorded in ice cores from Siple 
Dome and Byrd. Modeling results indicate that retreat 
of the ice shelf resulted from combined atmospheric 
warming and warm ocean currents impinging onto 
the continental shelf. 
 
[1] Yokoyama et al. (2016) PNAS doi10.1073 
pnas.1516908113 
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 Calcium-aluminum-rich inclusions (CAIs) are 

the oldest solid materials in the early solar system 
(e.g., [1]). Although almost all CAIs has partially 
melted more than once (e.g., [2, 3, 4]), the 
petrography and isotopography considering the 
fractional crystallization with partial melting 
processes are limited. In this study, we try to estimate 
the crystallization history with petrography and trace 
elements mapping of wide area. The major elements 
mapping with FE-SEM-EDS (JSM-7001F and X-max 
150) and the trace elements mapping with LA-ICP-
MS (NWR193nm Laser and iCAPQ) at Kyoto 
University. A large perfect rounded shaped CAI, 
named KU-N-01 from NWA7865 CV3 chondrite, 
consists of about 80% melilite, and could be belong 
to compact type A CAIs. However, KU-N-01 has a 
bulk chemical compositions between type A and type 
B on the Stolper’s diagram [5], since the KU-N-01 
CAI has spinel-fassaite-rich area that is 
corresponding to the texture of type B CAIs. The 
trace elements mapping applied to the clear partial 
melting texture, which consists of fassaite, melilite 
with zoning of Åk20 to Åk70 and Åk15-20 melilite. As 
results, the REEs excepting Eu are enriched in 
fassaite, whereas Eu is depleted. In contrast the REEs 
excepting Eu are depleted in the zoning melilite, 
whereas Eu is enriched. In Åk15-20 melilite, all REEs 
are enriched. These results suggest that the area of 
fassaite and melilite with zoning are crystallized from 
the pocket of partially melted, however Åk15-20 
melilite are relict, since the REEs are enriched in the 
melt rather than that of other crystals without Eu. In 
this talk, through the survey with REEs broad area 
mapping, we will discuss about new perspective to 
estimate the partial melting history in CAI formation 
process. 
[1] Connelly et al. (2012) Science, 338, 651-655. [2] 
Yurimoto et al. (1998) Science, 282, 1874-1877. [3] 
MacPherson and Davis (1993) GCA, 57, 231-243. [4] 
Kawasaki et al. (2015) GCA, 169, 99–114. [5] Stolper 
(1982) GCA, 46, 2159–2180.  
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In order to precisely determine the trace elements 
such as rare earth elements (REE) in geological and 
geochemical samples, the selection of reference 
material is essential for the analysis. Recently, LA-
ICP-MS is often applied to the determination of REE 
in geological and geochemical samples. Laser 
sampling method enables us to conduct in-situ and 
rapid local analysis without pre-treatment. However, 
it is difficult to carry out quantitative analysis by 
standard curve method because of limited 
concentration range and heterogeneity of the 
reference materials. In practical analysis, NIST 
synthetic glasses are widely used as reference 
materials for the LA-ICP-MS analysis of the most 
geological samples. Even NIST reference materials 
are not sufficient in terms of coverage range of 
concentration and heterogeneity. In this study, as an 
initial target REE, Gd and Dy (in the range of 1260 to 
25800 ppm Gd or Dy) are selected and synthetic 
REE-doped silica glasses are synthetically prepared 
by sol-gel method.  

The prepared glass materials are characterized by 
FT-IR, TG-DTA, XRD, XAFS and LA-ICP-MS to 
evaluate the bulk and local structure of the glass as 
well as dispersion of REE in the glass. 

XAFS spectrum and radial structure function 
(RSF) of Gd L3 edge for the samples doping Gd 
shows no shoulder peak in XANES region and 
second peak  shifted to the low energy side than Gd 
oxide standard materials. The prepared silica glass 
has no peak in second coordination in RSF. The 
distance of the bonding, such as Gd-O, tend to get 
longer under the well dispersive condition. The first 
coordination peak (near 2 angstroms) in RSF shifted 
to the left side. Those suggests that Gd probably 
exists with relatively well dispersed condition. The 
result of Dy is almost the same as that of Gd. In the 
range of 1260 to 25800 ppm Gd or Dy, Gd or Dy 
doped silica gels could be prepared. Based on the 
results and discussion of data from various 
spectroscopic data, Gd and Dy in silica gels are well 
dispersed and has relatively well heterogeneity. 
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Up to 2/3 of the most contaminated territory in 

Fukushima prefecture is covered with forests, and 
understanding of the radiocesium behavior in the 
forest ecosystems is crucial for evaluation of the 
accident impacts and for planning and 
implementation of the measures aimed at 
revitalization of this territory. 

At the early stage after the accident, foliar 
interception of radiocesium and its removal from tree 
canopies with litterfall and precipitations were the 
key processes governing radiocesium redistribution in 
Fukushima forests. However, at the later stages the 
roles of other processes, such as root uptake to 
biomass and migration in soil profile will increase. 
For example, in 2014-2015 we observed significant 
redistribution of radiocesium in soil profile in the 
typical Japanese Cedar forest (Fig. 1) and changes of 
the radiocesium activity concentrations in the 
biomass compartments.  

Figure 1. Radiocesium distribution in the soil 
profile (Yamakiya distr., Kawamata town). 

 
We will present the observed dynamics of the 

radiocesium distributions in the typical Fukushima 
forests and numerical values of the biogenic fluxes 
and parameters governing its redistribution 
(infiltration rates, Kd). 
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Various fracture filling minerals and secondary 

minerals in flow-path walls were formed by fluid-
rock interaction during the formation of accretionary 
complex distributed in Japan. Each mineral formed 
under favourable geological conditions and can be 
used to estimate the conditions of accretion and 
formation of the flow-paths. Petrographic 
observations, mineralogical and geochemical 
analyses were made on fracture fillings and 
secondary minerals from boreholes of ca. 140 metres 
depth. Results reveal that the secondary minerals 
were formed in major three-stages distinguished by 
the sequential textural relationships of the minerals 
and the interpreted environment of mineral formation. 
Filling mineral assemblages show that the studies 
rock formation has been subducted to a depth of 
several km and the temperature reached was ca. 200 - 
300°C. After the subduction, the rock formation 
uplifted and most of the fractures (up to ca. 90%) are 
sealed by filling minerals due to water-rock 
interaction. Surface acidic water (redox front) 
penetrated up to 80 metres beneath the present 
ground surface thereafter. The acid water dissolved 
calcite fracture fillings to form the present 
groundwater flow-paths which allowed recent wall 
rock alteration to occur. However, still the deeper 
part of host rock remained relatively intact feature 
and less number of flow-path. The results shown here 
imply that filling mineral assemblages can be an 
effective tool to evaluate the formation process of 
flow-path within the deeper host rock and its 
longevity in the accretionary complex distributed in 
the orogenic field of Japan. 
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Closure temperature of fluid inclusion density 

Density and volume of fluid inclusions (FIs) are 
known to change during the retrogression of high-
grade metamorphic rocks. Visible evidence of the 
deformation of FIs are recognized as decrepitation or 
implosion, which are often accompanied by satellite 
inclusions. However, existence of “mystic 
deformation” of FIs are also indicated by natural 
samples [1]. Such mystic deformation is caused by a 
ductile flow of the host phase driven by a pressure 
difference between inside and outside of FIs, and 
thus, occurs at lithostatic conditions. Recent study 
investigated the modification of FIs during ductile 
deformation of the host rock, revealing the 
compression of FIs by tectonic over-pressure taken 
place at approximately greenschist facies conditions 
[2]. These previous studies suggest the existence of 
“closure temperature” of the density of FIs, where the 
host minerals behave strong enough to freeze the 
density of enclosing FIs. 
Model and results 

This study constructs the deformation model of 
FIs during the exhumation of high-grade 
metamorphic rocks on the basis of flow law and 
physical properties of representative rock-forming 
minerals. We consider the deformation process of a 
spherical fluid inclusion filled with pure water 
emplaced within a homogeneous solid phase. Only 
differential pressure between fluid and host minerals 
are considered as the driving force of the 
deformation. The deformation follows the simple 
power-flow law. Given the P-T paths passing at 
lower-P side of the isochores of FIs, stretching of FIs 
are modelled. The results clearly predict a closure 
temperature of the density of FIs for each mineral, 
which can be defined by the temperature where flow-
rate of the host mineral and expanding rate of the 
constituent fluid become similar in log-scale. Quartz 
gives a closure temperature ranging 300-400 ºC 
which is similar to the previous study [1], whereas 
garnet and olivine show the range of 700-800 ºC and 
900-1100 ºC, respectively. These results suggest a 
potential of FI-geobarometer deciphering the 
exhumation and cooling P-T trajectories of high-
grade metamorphic rocks. 

 
[1] Küster and Stöckhert (1997) Lithos 41, 151-167. 
[2] Diamond and Tarantola (2015) EPSL 417, 107-
119. 
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A substantial quantity of radionuclides was 
released to the atmosphere and discharged into the 
North Pacific Ocean in the spring of 2011 during the 
Fukushima nuclear power plant (FNPP) accident. 
Here, we present analysis of Fukushima-derived 
cesium observed from water samples collected in the 
North Pacific from oceanographic transects occupied 
from 2012 to 2015, especially focusing on the 
Oyashio-Kuroshio mixed region. The horizontal and 
vertical distributions of observed Fukushima derived 
radionuclides, specifically 134Cs and 137Cs, were 
examined to investigate the spreading of the 
radioactive plume and to shed light on the underlying 
physical processes. 

Radionuclide samples collected as part of the 
spring 2013 CLIVAR P02 at 30°N revealed that the 
Fukushima-derived 134Cs had reached a depth of 600 
m west of dateline with distinct zonal extent. Physical 
processes responsible for the deep 134Cs penetration 
in the western Pacific appear to be related to specific 
water mass subduction pathways, such as Subtropical 
Mode Water (NPSTMW) and Intermediate Water 
(NPIW). This short subduction time scale is key to 
understanding the Cs pathway spreading into the mid-
depth western North Pacific Ocean. Mixed layer 
depth (MLD) is calculated from Argo float profiles in 
western North Pacific to examine the interannual 
changes in the distinct water mass production rates. 
 

Figure 1: Colored circles represent 2013 30°N 134Cs 
concentration in Bq/m3. Circles with crosses indicate 
concentrations below the detection limit. Gray 
contours illustrate 25.0, 25.5, 26.0 and 26.5 σθ 
isopycnal surfaces. Black line denotes MLD.  
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The K-level in volcanic rocks is lowest at the 
volcanic front and highest at the back-arc side. The 
origin of the across - arc variations have been 
examined by many researchers, and Kimura and co-
authors concluded that seismic observations are 
consistent with the results of their model derived 
from the geochemical mass-balance calculation 
package called the Arc Basalt Simulator. Quaternary 
calc-alkaline andesites from NE Japan arc have 
shown a clear lateral variation in phenocryst 
assemblates (Sakuyama, 1977; Nakagawa et al., 
1986). Volcanoes that are composed of rocks without 
hornblende and biotite phenocrysts are dominantly 
distributed in the frontal volcanic zone. Those with 
hornblende and no biotite phenocrysts occur mainly 
in the back-arc side of the volcanic front, and those 
with biotite and hornblende phenocrysts mostly 
appear in the area furthest from the volcanic front. 
The most primitive frontal low-K tholeiitic basalts, 
however, have a higher water content than the frontal 
calc-alkaline andesites, that is same level to the rear-
arc primitive basalts (Kuritani et al., 2013, 2014). The 
estimated lower H2O content in the frontal calc-
alkaline andesites and higher H2O content in the 
frontal primitive basalts same with rear-arc basalts 
suggests that the mafic end-member of frontal calc-
alkaline magmas degassed before forming andesites 
by any process (Yoshida et al., 2014). Under strong 
compressional stress conditions, the excess volatiles 
(Miyagi et al., 2012) which were degassed from the 
deep-seated mafic magma reservoirs could have risen 
directly upwards, or could have escaped to the trench 
side along thrust sheets, forming seismically active 
focused deformation zones (Okada et al., 2010). 
These tectonic degassing processes could have been 
more effective at the volcanic front to the forearc 
region than in the rear-arc side, owing to the strong 
shortening deformation associated with nonlinear 
viscous flow (Shibazaki et al., 2008), and resulting 
the observed lateral variation in phenocryst 
assemblages of the Quaternary volcanic rocks in NE 
Japan arc. 
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We examined serpentinization processes in the 

Fizh mantle section of the northern Oman ophiolite 
on the basis of microscopic observation and chemical 
analysis of serpentines. The mantle section of the 
Oman ophiolite is composed of partially-
serpentinized harzburgite, dunite and minor amount 
of lherzolite. Lizardite ubiquitously occur in the Fizh 
mantle section and develops typical mesh texture 
associated with lizardite veins. Some clinopyroxenes 
are partially replaced by tremolite indicating possible 
fluid suppy at high temperature. Because no 
antigolite has been found in the Fizh mantle section 
the reaction of clinopyroxene with hydrothermal fluid 
is estimated to have occurred at 600-900 °C.  

The peridotites in the basal part of the mantle 
section contain abundant magnetites within the 
meshes and veins of serpentine. Moreover, some talc 
replaces the rim of orthopyroxenes. On the other 
hand, in the inner part of the mantle section and near 
the Moho, no magnetite occur in the meshed 
serpentine and only small amounts of magnetite occur 
in some veins that crosscut earlier meshed serpentine. 
The compositions of veined serpentines associated 
with magnetite are higher in Si+Al and lower in 
Fe+Mg relative to the magnetite-free meshed and 
veined serpentines. This is consistent with the model 
in which serpentine and magnetite formed from 
brucite under high silica activity [1]. The serpentines 
associated with magnetite in the basal peridotite are 
slightly lower in Mg# [=Mg/[Mg+Fe] atomic ratio] 
than those of veined serpentines associated with 
magnetite in the inner part. This may indicate that Fe 
difussivity was greater due to higher temperature 
during magnetite formation in the basal part. We 
consider that the fluid was liberated from 
metamorphic sole and infiltrated the basal part of the 
mantle section during oceanic thrusting. 
Subsequently serpentines and magnetites formed at 
relatively lower temperature. On the other hand, 
because the amount of serpentine is uniform in the 
innner part and has no correlation with the distance 
from the Moho Transition Zone lizardite formed at 
relatively lower temperature, probably less than 300 
°C, by infiltration of surface water since obduction of 
the ophiolite. 

 
 [1] Bach et al. (2006) GRL, 33, L13306. 
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Previous observations have revealed that there is 

an inverse relationship between seasonal δ15N and 
flux of settling particles. In winter at high latitudes, 
the settling particles have high δ15N and low flux as 
compared with other seasons. In contrast, the surface 
water nitrate in winter has the lowest δ15N in a year 
due to convective mixing. The winter settling 
particles should also have the lowest δ15N, if winter 
phytoplankton assimilates only nitrate. Previous 
studies pointed out two reasons why δ15N of settling 
particles from autumn to winter increases despite the 
decrease in δ15N of surface nitrate: (1) the increase in 
contribution of zooplankton, which have a δ15N about 
3‰ higher than that of phytoplankton; and (2) the 
winter phytoplankton assimilates not only nitrate but 
also ammonium, which has higher δ15N than nitrate 
due to nitrification. However the evidences for these 
hypothses have not been reported yet. In this study, to 
clarify the reason we applied the compound-specific 
stable isotope analysis of amino acid of settling 
particles and a marine nitrogen isotope model. 
Sediment trap experiment was conducted at 1000 m 
depth at station K2 (47°N, 160°E) from June 2014 to 
July 2015. The bulk δ15N of settling particles 
(δ15Nbulk) was determined by a sensitivity-improved 
EA/IRMS. The δ15N of glutamic acid  and 
phenylalanine of settling particles (δ15NGlu and 
δ15NPhe) were determined by GC/C/IRMS. The 
δ15Nbulk show relatively low values around 2‰ from 
July to August and increases to 5‰ from September 
to June, which is a typical seasonal variation 
observed at high latitudes. Surprisingly, the apparent 
trophic positions of settling particles estimated from 
the δ15NGlu and δ15NPhe are 2.0±0.1 both in summer 
and winter. This is the first evidence that the winter 
high-δ15N of settling particles does not reflect the 
increase in contribution of zooplankton. Our model 
result suggested that the winter high-δ15N value of 
settling particles mainly reflects the winter high-δ15N 
of ammonium due to nitrification. Although the 
winter observation of δ15N of amminim are needed to 
confirm this hyphosesis, the nitrogen isotopic 
compositions of amino acids strongly supported our 
model result. 
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Peridotitete xenoliths brought up by subduction-
zone magmas often record metasomatism in the 
mantle wedge. Amphibole-bearing peridotite 
xenoliths were observed within the Pinatubo 1991 
dacite pyroclastic flow deposits [1]. Pinatubo volcano 
is located at the volcanic front of the Luzon arc, the 
Philippines. Abundant fluid inclusions are found in 
olivine and orthopyroxene. Microthemometry and 
Raman spectroscopy of these inclusions indicate that 
they are composed mainly of saline aqueous solution 
(5.1 ± 1.0 wt% NaCl equivalent), suggesting the 
involvement of hydrous fluids as metasomatic agents 
in the mantle wedge [1]. We analyzed trace element 
compositions of olivine crystals including fluid 
inclusions of a spinel harzburgite xenolith using 
solutin mode ICP-MS to discuss the origin and 
geochemical compositions of the fluid inclusions. 

The most noteworthy features of the olivine trace 
element compositions are positive anomaly of Pb and 
enrichment of highly incompatible elements such as 
Ba, Th and La relative to heavy rare earth elements 
on the primitive mantle normalized diagram. These 
features are similar to those of trace element patterns 
of estimated fluids equilibrated with amphiboles in 
the Pinatubo harzburgite xenoliths [2]. This similarity 
suggests a genetic link between the fluids to form 
amphiboles and fluid inclusions in the olivines. Trace 
element and Sr-Nd isotopic compositions of the 
amphiboles suggested that these amphiboles were 
formed by fluids derived from subducted oceanic 
crust [2]. The halogen and noble gas compositions of 
fluid-inclusion bearing olivine of the same 
harzburgite show sedimentary pore fluids and 
serpentinite signature [3]. These oservations reveal 
that metasomatism beneath the Pinatubo volcano was 
induced by aqueous fluids released from subducted 
oceanic lithosphere. 
 
[1] Kawamoto et al. (2013) PNAS, 110, 9663-9668. 
[2] Yoshikawa et al., under review. [4] Kobayashi et 
al. (2013) MinMag, 77, 1484. 
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The combination of stable (δ88Sr) and radiogenic 

(87Sr/86Sr) strontium isotope ratio is a new tool to 
identify differences in element sources and chemical 
reaction histories [1, 2, 3]. We report strontium stable 
isotopic compositions in subsurface-dwelling 
planktonic foraminifera Globorotalia tumida picked 
from a Quaternary sediment core recovered from a 
site in West Caroline Basin (MR1402-PC01; 6.3°N, 
138.6°E), western equatorial Pacific, by a piston core 
sampler. The radiogenic Sr isotope ratios (87Sr/86Sr) 
followed a general increasing trend of the Quaternary 
seawater. Double spike-thermal ionization mass 
spectrometry (DS-TIMS) measurements of G. tumida 
show no glacial-inter glacial trend. On the time scale 
less than 105 years, δ88/86Sr is unlikely influenced by 
glacially driven increases in chemical weathering and 
carbonate accumulation rates. The average δ88/86Sr 
values of G. tumida for 0-1.0 Ma showed a 0.012‰ 
lower than for 1.0-2.9 Ma. The difference between 
pre and post 1 Ma is accounted for by enhanced rates 
of continental silicate and carbonate inputs indicating 
the possible influence of the onset of Northern 
Hemisphere glaciation at around middle Pleistocene 
transition. 

 
[1] Krabbenhöft et al. (2010) Geochim. Cosmochim. 
Acta 74, 4097–4109. [2] Vollstaedt et al. (2014) 
Geochim. Cosmochim. Acta 128, 249–265. [3] Pearce 
et al. (2003) Geochim. Cosmochim. Acta 157, 125–
146. 
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The time scales and mechanisms for the core 

formation of the planets can be quantified using the 
radioactive decay of short-lived isotopes. Hf-W 
isotope system is thought to be suited for dating the 
core formation in planetary bodies. Hayden and 
Watson (2007) studied grain-boundary diffusion of 
siderophile elements through polycrystalline MgO at 
2.5 GPa, and suggested that the diffusivities were 
high enough to allow transport of a number of 
siderophile elements over geologically significant 
length scales over the age of the Earth. Especially, the 
grain boundary diffusion of W is three orders of 
magnitude higher than the other siderophile elements. 
It means that grain-boundary diffusion of W as a 
potential fast pathway for chemical communication 
between the core and mantle. However, the dominant 
mantle mineral is not periclase but bridgmanite at the 
core-mantle boundary. In this study, grain boundary 
diffusion of W in post-spinel and bridgmanite 
aggregates was determined. 

The starting material for experiments to 
determine the grain boundary diffusion was mixture 
of San Carlos olivine or orthopyroxene and Pt 
powder (~20µm). Postspinel or bridgmanite 
aggregates with tiny amount of Pt particle were 
synthesized in a Kawai-type multianvil press at 25 
GPa and 1873K. The synthesized aggregates were 
sliced into several disks with a few hundreds of 
micrometers. The disk was sandwiched by diffusion 
source (meta foil). This mixture was placed in an 
MgO cylinder. Diffusion experiments were also 
performed using a Kawai-type multianvil press at 25 
GPa and between 1673 and 2173K. The 
concentration of W in the Pt sink was quantified 
using electron microprobe analyzer. The diffused W 
was recorded by the Pt particles behaving here as 
“sink”, which are implanted in the aggregate. A semi-
infinite model for diffusion was used to calculate D 
from the concentration profile. The effective 
diffusivities of W in post-spinel, which includes grain 
boundary effect, increase from 10e-16 to 10e-12 m2s-1 
with increasing temperature from 1873 to 2173K, 
whereas those in bridgmanite aggregates are at least 
three orders of magnitude slower than in post-spinel. 
This difference attributes to large contribution of the 
bridgmanite-ferropericlase grain boundaries to the 
tungsten grain boundary diffusion. Activation energy 
for the tungsten grain boundary diffusion in 
postspinel is found to be around 400 kJ/mol. 
Considering that temperature at the core-mantle 
boundary is 4000K, tungsten diffusivity in grain 
boundaries would be fast enough to induce chemical 
interaction at the core-mantle boundary. 
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Earth’s atmosphere is made predominantly of 

nitrogen. Marty [1] suggested that nitrogen in the 
silicate Earth is depleted by one order of magnitude 
relative to other volatiles such as carbon, water, neon 
and argon. Busigny et al. [2] showed that the total 
input flux of nitrogen into the Earth’s interior is more 
than three times higher than the output flux. These 
observations imply that in the past nitrogen in Earth’s 
surface reservoirs has been transferred into the mantle 
and that the deep nitrogen cycle has evolved over 
geologic time. Therefore, the “missing” nitrogen 
might be stored in either the mantle or core. 

Although Li et al. [3] quantified nitrogen 
solubility in upper mantle minerals, the potential of 
nitrogen storage in the transition zone and lower 
mantle reamins unclear. We synthesised key 
transition zone and lower mantle minerals 
(wadsleyite, ringwoodite, bridgmanite and Ca-
perovskite) from oxide mixture or glasses using Pt 
and PtRh capsules. We included with the mixtures 
both a nitrogen-source (15N-doped NH4NO3) and 
metalic iron, used to buffer the oxygen fugacity close 
to the Fe-FeO buffer, so as to be consistent with the 
reducing conditions of the deep mantle. Nitrogen 
content in the minerals were quantified by SIMS. Our 
results reveal that wadsleyite can contain ~150 µg/g 
nitrogen while coexisting olivine contains only ~30 
µg/g, suggesting a  DN

wadsleyite/olivine of about 5. These 
data imply that the deep, reduced mantle may be a 
major reservoir for terrestrial nitrogen; it is by no 
means certain the majority of the nitrogen on our 
planet resides in the atmosphere. Depending on the 
evolution of the deep nitrogen cycle over geologic 
time, it is quite plausible that atmospheric pressure 
may have fluctuated over the course of Earth’s 
history. 

We will present further data from other minerals 
and will also contstrain the effect of pressure and 
temperature in wadsleyite and ringwoodite to clarify 
the deep nitrogen cycle. 
 
[1] Marrty (2012) EPSL, 313-314, 56-66. [2]  
Busigny et al. (2011) Geochim. Cosmochim. Acta, 
75, 7502-7521. [3] Li et al. (2013) EPSL, 377-387, 
311-323. 
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Most compact type A calcium-alminum-rich 

inclusions (CTAs) are considered to have crystallized 
from partial melts of preexisting condensate materials 
[1]. However, there are some CTAs which show 
several distinct textural and chemical features that 
could not be readily explained by crystallization from 
a melt [1]. We focused on one CTA (R3C-01) from 
Roberts Massif (RBT) 04143 (CVred), which seems to 
be dominated by relict grains, in order to constrain 
characteristics of precursors and formation and 
thermal histories of CTAs. 

R3C-01 is an irregular-shaped CTA composed of 
five lithological units (unit 1-5), all of which are 
surrounded by a Wark-Lovering rim and further by 
an olivine rim. Unit 1 of R3C-01 (R3C-01-u1) is a 
texturally unzoned object composed of melilite, 
spinel, perovskite and Al-Ti-rich Ca-pyroxene. 
Melilite shows bimodal compositions (Åk10-15 and 
Åk20-25) with no dominant zoning pattern, suggesting 
that the CTA has never been completely molten. 
While most Al-Ti-rich Ca-pyroxene grains occur 
along with other phases, all tiny (<5 µm) davisite 
(CaScAlSiO6; [2]) grains are just isolated in melilite. 
These isolated davisite grains are enriched in Sc and 
V (5-10 wt% Sc2O3 and 1-4 wt% V2O3) with higher 
V/Sc ratios (∼0.3) and lower Zr/Sc ratios (≪0.1) than 
davisite in other compact type CAIs, most of which 
are adjacent to other phases [2–7]. Considering their 
occurrences and distribution coefficients (D) of Sc, V 
and Zr between Al-Ti-rich Ca-pyroxene and melt 
(DV>DSc>DZr [8, 9]), the relict origin of isolated V-
rich davisite in R3C-01-u1 is most preferable; the 
high V/Sc and low Zr/Sc ratios of the V-rich davisite 
might have resulted from a reaction between 
condensate V-poor davisite [e.g., 10] and a partial 
melt of R3C-01-u1. 
 
[1]  Simon et al. (1999) GCA, 63, 1233-1248. [2] Ma 
et al. (2009) Am. Mineral., 94, 845-848. [3] Davis 
(1984) Meteoritics, 19, 214. [4] Simon et al. (1996) 
MAPS, 31, 106-115. [5] El Goresy et al. (2002) GCA, 
66, 1459-1491. [6] Lin et al. (2003) MAPS, 38, 407-
417. [7]  Ivanova et al. (2012) MAPS, 47, 2107-2127. 
[8] Hart et al. (1993) Contrib. Mineral. Petr., 113, 1-
8. [9]  Simon et al. (1991) GCA, 55, 2635-2655. [10] 
Zhang et al. (2015) GCA, 163, 27-39 
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The impact of flood events on the chemical 
compositions in mountainous rivers is of interest to 
many researchers, however, only rare occasion fits to 
study directly. This work aims at understanding of 
dissolved Sr isotopic variations during a typhoon at a 
silicate-dominated catchment, characterized by high 
erosion rate and suspended particles. We present 
results of hourly monitoring major ions, radiogenic 
87Sr/86Sr, and stable δ88/86Sr in Choshui River during 
the Mindulle typhoon in 2004. Our results show 
K/Cl, Ba/Cl and Ca/Cl correlated well with the total 
suspended matter and also displayed peaks associated 
with rainfall events. Elevated Ca/Na and Ca imply 
potential carbonate weathering at the early stage of 
the rains when the discharge increased. Meanwhile, 
the short-term typhoon caused rather large variability 
in 87Sr/86Sr and δ88/86Sr, estimated up to 0.001, and 
0.1‰, respectively. Peaks of 87Sr/86Sr (up to 0.7156) 
and lighter δ88/86Sr (~0.21‰) were detected, relative 
to the normal period (0.7146±0.0005 and 
0.29‰±0.03‰, 2SD, respectively), and these signal 
remained up to 5 days. Our results indicate that flood-
derived discharge through tropical/sub-tropical 
regions could play a significant role in the Sr 
continental flux to the ocean. 
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Advances in theoretical and experimental 

determinations of equilibrium isotope fractionation 
factors are providing the foundation for using new 
isotope systems as tracers in the geological sciences.  
Even where equilibrium partitioning of isotopes 
between phases is unlikely, equilibrium fractionation 
factors are nonetheless vital for interpretations.  
Crystal chemistry provides a sound basis for gaining 
insights into the sources of fractionation between 
crystalline phases, especially where measurements or 
detailed calculations are lacking. 

Ab initio calculations provide the means to derive 
fractionation factors, but do not always convey an 
understanding of the controls on fractionation.  
Pauling’s rules have proven effective in this regard.  
Although they are based on the precepts of ionic 
structures, they remain a “useful fiction” that is 
effective in rationalizing, and in some cases even 
predicting, structures and site occupancies.  A simple 
expression for bond force constants rooted in 
Paulings rules:  
 

 
   
 
where zi (zj) refers to the valence of cations 

(anions), ro is the interionic distance, and n is a Born-
Mayer repulsion constant, is  an effective means for 
understanding and predicting fractionation factors 
between mineral phases. Because  logarithms of 
Pauling’s bond strengths, si = zi/υi where 
υi  is the coordination number, correlate with bond 
lengths, effective ionic radii can be used to estimate 
force constants, and therefore vibrational frequencies 
and fractionation.  

Fractionation fractors for various rock-forming 
isotope systems are amenable to interpretation using 
the principles outlined above. While consideration of 
the coordination of the element of interest (Mg, Si, 
Fe, etc.) is becoming more common, differences in 
nearest neighbor coordination numbers are often 
overlooked when considering the sources of inter-
mineral fractionation.  For example, these concepts 
“predict” that the Fe isotope fractionation between 
clinopyroxene and olivine should be small and 
positive based on the presence of IIIO in pyroxene and 
its absence in olivine.  Definitive experiments are 
lacking, but the prediction is consistent with natural 
data collected to date.  These and other examples will 
be examined in this presentation as a means of 
enhancing one’s stable isotope fractionation acumen.  
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We use a large-geometry gas-source isotope ratio 

mass spectrometer operating at a mass resolving 
power up to ~60,000 to measure resolved ion beams 
of CH4, including 13CH3D and CH2D2, in gases from 
around the globe and from laboratory experiments. 
Our high-precision (e.g., < 0.4 ‰ std error for 
ΔCH2D2) measurements of Δ13CH3D vs. ΔCH2D2 
show deviations from thermodynamic equilibrium in 
many gases (Fig. 1).   

 
We have identified two causes for the departures 

from equilibrium: 1) kinetic limitations on CH2D2 
formation during abiotic synthesis of methane; and 2) 
mixing.  Our simulations of the kinetics of CH4 
formation on surfaces suggest a temperature-
dependent barrier to CH2D2 formation both in natural 
samples (e.g., Kidd Creek, Fig. 1) and in CH4 
synthesis experiments; e.g., the Sabatier reaction at 
90oC produces ΔCH2D2 values of -56 ‰.  Post-
formation isotopic bond re-ordering may be an 
important process. 
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In canonical dissimilatory perchlorate reducing 

bacteria (DPRB), the first step in the perchlorate 
respiratory pathway is catalyzed by PcrA, an enzyme 
in a monophyletic sub-group of the Nar nitrate 
reductase superfamily.  To understand the 
biochemical basis for perchlorate reduction by PcrA, 
we purified, kinetically characterized, and solved the 
X-ray crystal structure of the enzyme from the model 
DPRB Azospira suillum PS.   A. suillum PcrA has a 
much lower Km for perchlorate compared to the 
homologous NarG protein from E. coli, suggesting 
that these two enzymes have adapted to either access 
(PcrA) or exclude (NarG) the low concentrations of 
perchlorate found on Earth.  Mutagenesis and 
structural analysis of PcrA suggest that key residues 
in the active site function as a “gate” that traps 
reactive catalytic intermediates. Based on our 
findings, we propose a mechanism for PcrA, refine a 
model of the genetic determinants of perchlorate 
reduction in the NarG superfamily, and discuss 
implications for the newly postulated cryptic and 
symbiotic perchlorate reduction metabolisms. 
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Removing clays from carbonate 
rocks by ultrasonic assisted 

elutriation 
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The rare earth elements（REEs） of sedimentary 

carbonate rocks are the best parameters to trace the 
redox conditions of sedimentary environment. 
However, because the REEs contents of authigenic 
carbonate minerals are much lower than that of 
terrigenous clays, a small quantity of terrigenous 
clays dissolved from carbonate rocks will affect true 
the redox implication.  

In order to achieve elimination of clays in 
carbonate rocks, the ultrasonic assisted elutriation for 
clay in multiple samples was proposed. The results 
show that the clays are washed out effectively(Fig.1). 
At the same time, the results of the elements of 
elutriation samples, especially the characteristic 
element Al of clays, were determined by ICP-AES. 
The results show that the clays are washed out 
effectively too(Fig.2). The two results show that 
ultrasonic elutriation technology can effectively 
remove the terrigenous clay from the carbonate rock 
and improve the measurement accuracy of REEs of 
carbonate minerals in carbonate rocks. 

This work was supported by the National Natural 
Science Foundation of China (41573014) and 
Construction plan of research innovation team of 
Sichuan province universities (12TD001).  

 
 
 
 

 
Fig1.The clay removal rate of different samples                   Fig2.the content of Al2O3 in different 
samples  
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Contamination of heavy metals and metalloids 
including arsenic and cadmium in paddy soils of 
South China has become a major environmental 
concern since rice is a staple food in that region. Soils 
in South China are characterized by high abundance 
of iron whose minerals and speciation are known to 
strongly interact with heavy metals and metalloids, 
reducing their mobility and bioavailability in soils.  
The goal of this study was to investigate 
intercorrelation between iron speciation in soil and 
uptake of cadmium (Cd) and arsenic (As) by rice.  
We collected 73 paired soil and rice plant samples 
from paddy fields contaminated by acid mine 
drainage containing both As and Cd. The rice plant 
samples were divided into grain, straw, and root 
fractions.  Speciations of Fe, As and Cd associated 
with the soils were quantified following a sequential 
extraction procedure.  Significantly negative 
correlations between amorphous Fe oxides-bound As 
in soil and As in rice grain were found, indicating that 
amorphous Fe oxides act a sink for As. The contents 
of Fe in the amorphous Fe oxides were negatively 
correlated with the As/Cd contents in rice grain or 
straw. Meanwhile, the concentrations of HCl-
extractable Fe(II) derived from Fe(III) reduction were 
positively correlated with the As/Cd contents in rice 
grain or straw. The results suggested that Fe(II) 
oxidation may decrease As/Cd mobility, whereas 
Fe(III) reduction may promote As/Cd mobility. 
Statistical analysis showed that the contents of 
amorphous Fe oxides and straw As may contribute 
most to the As loading in rice grain, whereas soil pH 
value and the content of amorphous Fe oxides may be 
the most important factors affecting the Cd content in 
rice grain. It appears that red paddy soils may have 
elevated Fe redox reactivities due to alternate wetting 
and drying cycles during growth of rice. Such Fe 
redox cycling play unique roles in the 
biogeochemical activities of As and Cd in the paddy 
soil of our study area. Engineering such iron redox 
cycling may be necessary for control of heavy metal 
pollution in paddy soils.  
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During rice-growing period in paddy soils, 

seasonal flooding and drying processes dominate 
redox conditions, elemental transportation, and 
mineral evolution in soils. Copper isotopes can be 
used to investigate the behaviour of Cu in paddy soils 
because they can be fractionated during adsorption, 
secondary mineral precipitation, and redox reactions.  

Soil samples in this study were collected from a 
2.6m vertical paddy soil profile from Suzhou, located 
in the lower reaches of the Yangtze River of China. It 
includes an anthrostagnic epipedon (0-28cm), a 
hydragric horizon (28-205cm), and a gley horizon 
(205-260cm). Samples were intensively collected 
every 3-5 cm through the profile to monitor Cu 
concentrations and isotopic variations along the 
profile. Copper isotopes were analysed by MC-ICP-
MS, and the precision is better than ±0.05‰ (2sd). 

Except the two top samples containing the rice 
roots which likely uptake light Cu isotopes [e.g. 1-2], 
δ65Cu of soils above 70cm vary slightly from 0.15 to 
0.25‰, decrease from 0.15‰ to -0.20‰ at 70-100 
cm, keep constant (~ -0.05‰) at 110-190cm, and 
then decrease again from -0.05‰ to -0.35‰ at 200-
250cm. δ65Cu are not strongly correlated with Cu 
concentrations, Eh, and total organic carbon (TOC) of 
the soil profile, but they show a nice negative 
correlation with δ56Fe. This indicates that the 
variation of δ65Cu in the paddy soil profile was 
affected by redox processes which also controlled Fe 
isotope fractionations (Cu2+ + Fe2+ = Cu+ + Fe3+).  It 
possible that 65Cu is enriched in aqueous phase while 
63Cu prefers to precipitate in secondary minerals as 
immobile Cu (I) species [e.g. 3-4]. 

 
 [1] Jouvin, D., et al., 2012. Environ. Sci. Tech. 46, 
2652-2660. [2] Weinstein., C. et al., 2011. CG 286, 
266-271. [3] Mathur, R., et al., 2005. GCA 69, 5233-
5246. [4] Mathur, R., et al., 2009. J. Geochem. 
Explor. 102, 1-6. 
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Although extreme environment, such as Artic and 

Antarctica, has been known for the lack of chemical 
weathering but severe physical weathering, it is 
unclear how and to what extent lithium isotope 
fractionation may occur during chemical weathering. 
Here, we collected 4 different types bedrocks (i.e., 
granodiorite, basaltic andesite 1 & 2, tuff, and the 
Sejong Fm.) and soil samples in the Barton 
Peninsula, King George Island, West Antarctica. We 
measured elemental and lithium isotope compositions 
of samples, and corrected the contribution of the dust 
input to soils using elemental ratios. The result shows 
that the dust input contributes max. 40% of total Li in 
soils. Lithium isotope compositions (δ7Li) of 
bedrocks are various, on average, according to rock 
type, ranging from 0.6‰ in the Sejong Fm. to 11.7‰ 
in basaltic andesite 2. Likewise, δ7Li values of soils 
are also various, ranging from -2.5‰ in the Sejong 
Fm. to 6.9‰ in granodiorite. The result that soils 
have lower δ7Li values compared to the bedrocks 
indicates that Li isotope fractionation occurs during 
the soil formation because 6Li is incorporated into 
secondary minerals.  
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During ice ages, the global ocean sequestered a 

large quantity of carbon from the atmosphere and 
land biosphere. Current explanations focus on the 
mechanisms that helped to limit the outgassing of 
CO2 from the deep ocean to the atmosphere via the 
Southern Ocean. Field measurements and modeling 
studies suggest that the North Atlantic Ocean has 
been an important sink of CO2 during preindustrial 
and modern times, but the role of the North Atlantic 
in sequestering atmospheric CO2 in the past largely 
remains unconstrained. Here, we use a suite of 
geochemical proxies to reconstruct nutrient and 
carbonate ion concentrations of both surface and deep 
waters in the North Atlantic during the last ~25 kyr. 
We determine that carbon sequestration through 
North Atlantic air-sea exchange was more efficient 
during the Last Glacial Maximum than during the 
Holocene. This indicates that North Atlantic CO2 
uptake variations played a critical role in glacial-
interglacial atmospheric CO2 changes.  Therefore, we 
infer that, in addition to changes in the Southern 
Ocean, processes in the North Atlantic Ocean 
enhanced the uptake of CO2 and synergistically 
contributed to the low atmospheric CO2 during ice 
ages. 

 
 



Goldschmidt Conference Abstracts 

 

3630 

Microgranular enclaves in the 
Late Mesozoic Tonglu granitoid 
pluton, SE China: Implications 

for magma mixing and 
assimilation 

KAIZHANG YU1, YONGSHENG LIU1* , QINGHAI 
HU1 AND SHAN GAO1123 

1 Faculty of Earth Sciences, China University of 
Geosciences, Wuhan, 430074, China 
(*correspondence: yshliu@hotmail.com) 

 
Mafic microgranular enclaves (MMEs) are 

ubiquitous in granitoids. Although the origin of 
MMEs have been a matter of debate, exact studies of 
them can well constrain the detailed processes of 
magma formation and evoluiton. 

MMEs and their host granitoids from Tonglu, SE 
China formed coevally at ~130 Ma. Similar trace 
element and Sr-Nd compositions imply that 
geochemical equilibration between MMEs (ISr = 
0.7083; εNd(t) = -4.7) and granitoids (ISr = 0.7085; 
εNd(t) = -5.4) may have been obtained. However, the 
mineral-scale variations of isotope and element 
compositions of plagioclase  record magma mixing 
and assimilation.  

Fig.1 Variations  of An values and Sr isotopic 
compositions of one plagioclase 

 
Plagioclase is featured by reverse zonation in An 

value. The albitic cores suggest an origin from felsic 
magmas.  Increasing An from the core to the mantle 
implies mixing with mafic magmas (Fig.1a). In situ 
Sr analyses of reversely zoned plagioclase show that 
albitic cores have more radiogenic Sr isotopic ratios 
(up to 0.7086) than the An-rich mantle (low to 
0.7075), and the An-poor rims have the highest 
87Sr/86Sr ratio (0.7117) (Fig.1b). These variations 
indicate that plagioclase crystallization initiate in a 
relative high radiogenic Sr felsic magma, which was 
mixed subsequently with a low radiogenic Sr mafic 
magma, and finally assimilated by ancient crustal 
material with high 87Sr/86Sr ratio. The occurrence of 
felsic microgranular enclaves with evolved Sr - Nd 
isotopic compositons (ISr = 0.7129; εNd(t) = -10.2 ) 
agrees well with assimilation of ancient continent 
crustal material.  

In conclusion, it was acknowledged that the in-
situ analytical techniques provide effective ways to 
reveal the detailed magmatic processes. 
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The impacts of aerosols on cloud and 
precipitation properties are one of the greatest sources 
of uncertainty in quantifying the anthropogenic 
impacts on climate change, especially over China 
where the heavy air pollution makes this reach acute 
dimensions.  Understanding the poorly quantified 
aerosol-cloud-precipitation interactions (ACPIs) is 
hampered by limited capabilities of observations and 
models. In this work, we use the newly-developed 
two-way coupled WRF-CMAQ model, which 
includes both direct and indirect aerosol effects, to 
simulate aerosols, cloud properties and CCN 
concentrations at a regional scale over China.   The 
anthropogenic emissions of SO2, NOx, CO, 
NMVOC, NH3, PM10 and PM2.5 were estimated on 
the basis of Emissions Database for Global 
Atmospheric Research. Biogenic VOC were 
estimated on the basis of MEGAN. We use a nested 
grid configuration with an outer grid encompassing 
the mainland China (12 km grid resolution) and the 
inner grid covering the Central China (4 km grid 
resolution) with Mt. Hua as the domain center.  The 
cloud related microstructure properties (cloud base 
temperature, height, drop number concentration, 
updraft, CCN concentrations) and precipitation 
forming processes in convective cloud (height of 
initiation of rain, ice and glaciation temperature) 
retrieved on the basis of the NPP/VIIRS satellite will 
be used to evaluate the model peroformance.  In 
addition, evaluations of model performance on PM2.5, 
PM10, O3, SO2, NO2, CO, AQI and aerosol optical 
depth (AOD) are also carried out by comparing to 
satellite observation data such as MODIS and surface 
monitoring networks over the China.  The results will 
shed light on the physical relationships between the 
various aerosols and their impacts on cloud and 
precipitation properties under various meteorological 
and topographical conditions. 
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Silver nanoparticles (AgNPs) are mutable in the 
water column. As the oxidation of AgNPs to release 
Ag+ and reduction of Ag+ to regenerate AgNPs co-
existed in certain compartments [1], it is very difficult 
to monitor the reaction kinetics. In this work, 
isotopically enriched 107AgNPs and 109AgNO3 were 
synthesized to trace the transformation of AgNPs and 
Ag+ in aquatic environments, and evaluate the 
impacts of environmental factors on the 
transformation. We found that the oxidation of 
AgNPs dominated the reaction in simple waters 
containing both 107AgNPs and 109Ag+. Sunlight 
significantly accelerated the dissolution of 107AgNPs, 
triggered aggregation of 107AgNPs and therefore 
reduced the reaction rate at long irradiation. In the 
presence of DOM, the reduction of 109Ag+ played the 
leading role. Elevated pH could even completely 
inhibit the oxidation of 107AgNPs. Except for the 
dissolution of 107AgNPs under solar irradiation, all the 
reactions seemed stalled at low temperature. 
Although the presence of divalent cations induced 
agglomeration of 107AgNPs, it did not significantly 
affect the reduction of 109Ag+. These findings 
suggests that the transformation between AgNPs and 
Ag+ is rather complex and greatly depended on the 
external conditions. Considering that Ag+ is much 
more toxic than AgNPs, the speciation change could 
dramatically impact the final toxicity and 
bioavailability, which calls a strong request for 
assessing environmental risks of AgNPs under more 
realistic conditions.  
 
[1] Yu et al. (2014) Environ. Sci. Technol., 48, 403-
411.  
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The archaea phylum Bathyarchaeota which is 
composed of a large number of diverse lineages, are 
widespread and abundant in marine sediments. The 
environmental factors controlling the distribution and 
evolution of this largely diversified archaeal 
phylumare currently unknown, also our 
understanding on its biogeochemical roles are still 
limited. In this study, a novel pair of specific primers 
targeting the major marine subgroups of 
bathyarchaeotal 16S rRNA genes was successfully 
designed and evaluated to investigate the distribution 
and abundance of Bathyarchaeota in marine 
sediments. The abundance of Bathyarchaeota in two 
sediment gravity cores from South China Sea 
(Dongsha and Shenhu area, each) was shown to 
strongly correlate with the TOC content. Sediment 
depth was identified as one of the key environmental 
factors shaping the community structure of the 
members of Bathyarchaeota. Subgroups Bathy-2, 
Bathy-8 and Bathy-10 were dominant 
bathyarchaeotal members in the SCS sediments, and 
Bathy-8 was found predominantly within the 
reducing and deeper sediment layers, while Bathy-10 
occurred preferentially in the oxidizing and shallower 
sediment layers. Our study indicates that members of 
Bathyarchaeota may play important roles in organic 
carbon remineralization in marine subsurface 
sediments and support the hypothesis that different 
subgroups of the phylum may have distinct ecological 
niches and physiological properties. 
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Isotope systematics of continental flood basalts 

are the keys to understanding the genesis of these 
large-scale mantle-derived magmatism. Nonetheless, 
due to crustal contamination, it is hard to evaluate 
whether these basalts record primitive isotopic 
signals of their mantle sources. Here we examined 
radiogenic isotopic compositions (Sr, Nd, Hf, Pb) of 
basalts from one late Cenozoic small-scale 
continental flood basaltic field in southeastern China. 
We found unusual positive correlations of 87Sr/86Sr 
versus 143Nd/144Nd and negative correlations of 
143Nd/144Nd versus 176Hf/177Hf ratios for basalts 
undergoing magmatic recharge, deviating from 
normal arrays generated by crustal contamination. 
These lava samples with elevated magmatic recharge 
recorded obvious signals of recycled sediments in 
mantle sources characterized by moderate Ba/Th 
(91.9-106.5), excess 208Pb/204Pb relative to 206Pb/204Pb 
and excess 176Hf/177Hf relative to 143Nd/144Nd. These 
observations suggest magmatic recharge buffers the 
isotopic compositions of magmas against the crustal 
contamination, providing a valid route for utilizing 
the isotope systematics of continental flood basalts to 
trace their mantle sources. 
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Dissolved neodymium (Nd) concentrations and 
εNd values have been investigated on 90 seawater 
samples (10-15 litres) collected at 6 stations from 
∼17°N to ∼8°N along the 89°E meridian in the Bay 
of Bengal (BoB) during the R/V Marion Dufresne 
MONOPOL Cruise (May 2012) in order to assess the 
impacts of Ganges-Brahmaputra river systems 
sediments input on seawater Nd isotopic 
compositions. Dissolved Nd concentrations and 
isotopic compositions of seawater were analysed on 
on-board filtered and acidified samples following the 
analytical procedures described in detail by Wu et al. 
(2015).  

The Nd concentration in the water column along 
the 89°E transect of the BoB covers a wide range, 
from 13.2 to 51.6 pmol/kg. The concentration of Nd 
in surface waters of the BoB decreases from north to 
south, while the subsurface value exhibits a minimum 
at a water depth of around 100 m. εNd in the Bay of 
Bengal displays large variability, from -14.4 to -9.5. 
Surface and intermediate waters of the northern and 
central BoB have lower εNd compared to waters 
from similar depths of the southern BoB. 

These new results have been compared with those 
obtained in BoB on nearby water stations but 
collected in November, 2008 (Singh et al., 2012). 
This comparison reveals for the first time an 
important seasonal variability of up to 2 εNd units for 
surface and intermediate water masses of the BoB. 
The seasonal fluvial sediments discharge variability 
of the Ganges-Brahmaputra river system contributes 
and dominates the seasonal changes of dissolved Nd 
budget of the BoB. We suggest that coastal/shelf 
sediments release followed by subsequent lateral 
transport from coastal to offshore regions is the main 
contributor for Nd to the BoB. The seasonal seawater 
εNd values are probably induced by the release 
process of a huge quantity of sediment in summer 
when sediments are transported from river mouth to 
the deep-sea fan by turbidity currents. 
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With self-interest optimization consideration, the 
mining companies always ignore the mining 
environment’s protection in their own exploration 
and production, which contaminates the land 
resources, water resources and the air. The 
government also neglects local citizens’ legitimate 
right to survive and develop with the same thought. 
On the basis of humanism and sustainable 
development of the economic society, the thesis 
analyzes current situation  in the mining 
environmental protection, the deep reasons why 
mining area had so many problems, and proposes the 
subsequent legislative measures, such as specifying 
the legal hierarchy of "Mining Resources Law", 
which should be the basic and most important law of 
mining resources,  adding "mining environment 
treatment and recovery" in the revised edition of 
"Mining Resources Law", stating the social 
responsibility of  Mining Companies , protecting  
local citizens' basic rights with public attending the 
law enforcement system, and establishing public 
interest litigation on mining environment in the 
revised "Mining Resources Law" as well. 
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Objectives and Methods 

 Many pluvial lakes in the Great Basin of 
the southwestern United States contain sulfate-
bearing sediments. Sulfur and oxygen isotopic 
analyses of these sedimentary sulfates may provide 
additional clues about climatic and environmental 
changes during the Late Quaternary. A pre-requisite 
for such paleoclimatic and environmental 
assessments is, however, a better understanding of the 
complexity of sources, transfer, and cycling of sulfur 
in the basin today. As initially inspired by the early 
work of Longinelli and Craig [1], we revisited some 
of their study sites and carried out a suite of chemical 
(pH, Cl, and SO4) and isotopic (δ2H, δ18O, δ18OSO4, 
and δ34SSO4) analyses on water samples from the three 
states of California, Nevada, and Utah during a 
reconnaissance survey in December 2014.  
 
Results and Discussion 

 All the water samples were alkaline 
(pH=8.2-10.5) and, except for a few samples from 
alpine lakes or reservoirs, non-freshwater ([Cl]=0.4-
168.2 g/L; [SO4]=0.3-49.3 g/L). δD and δ18O values 
ranged from -116 to -9‰ (V-SMOW) and from -15.2 
to 4.9‰ (V-SMOW), respectively. The averaged d-
excess value was -27‰, with a range from -63 to 
5‰, indicating varying degrees of evaporative 
enrichments of oxygen-18 and deuterium in these 
surface waters. δ18OSO4 and δ34SSO4 values from these 
pluvial lakes ranged from 5.4 to 21.1‰ (V-SMOW) 
and from 6.3 to 19.5‰ (V-CDT). We found that 
δ18OSO4 and δ34SSO4 of these closed-basin lakes were 
considerably higher than those of lakes, reservoirs, 
and wetlands in alpine or temperate climatic settings, 
and that there was a robust correlation between 
δ18OSO4 and δ18O values. These results could be 
interpreted to indicate a strong influence of 
hydroclimatic conditions on sulfur transfer and 
cycling in enrichment of sulfur-34 and oxygen-18 in 
sulfate from pluvial lakes within the Great Basin of 
the American Southwest. Comparison with the early 
results from Longinelli and Craig [1] showed some 
differences in δ18OSO4, suggesting the presence of 
active sulfur cycling in these saline lakes. 
 
[1] Longinelli, A. and H. Craig (1967) Science 156, 
56-59. 
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An in-situ microanalysis of Pb isotopic 

compositions in sulfide minerals is carried out by 
using femtosecond laser-ablation multi-collector 
inductively coupled plasma mass spectrometry 
(fsLA-MC-ICP-MS). Both high-temperature-
activated carbon and gold coated multi-stage filter 
were used to filter Hg contained in the carrier gas and 
laser ablated aerosal, which reduced the Hg 
background signal by 98% and also lowered the 
detection limit of the analysis. Fractionation and mass 
discrimination effects existing in the ICP-MS 
analytical processes were corrected using an internal 
reference Tl in conjunction with an external reference 
NIST SRM 610. The proposed method was used to 
analyze the Pb isotopic compositions of chalcopyrite, 
pyrite, and sphalerite from the Dulong Sn-Zn-In 
polymetallic ore district. The in-situ analysis of Pb 
isotopic composition agreed well with the results 
obtained by conventional chemical methods within 2s 
measurement uncertainties, indicating that the data 
obtained by fsLA-MC-ICP-MS are reliable. The 
results showed that in this ore district, the sulfide 
minerals and different grains of the same sulfide 
mineral show a large variation in Pb content up to 
1000-fold. The studied pyrites show relatively higher 
Pb contents and homogeneous Pb isotopic 
compositions, whereas the sphalerites have low Pb 
contents but most variable Pb isotopic compositions. 
It is suggested that the large variation of Pb isotopic 
composition may reflect a late hydrothermal 
superimposition on the primary sulfide formation.  
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The granitic suites from sequential partial melting 

are rarely documented on Earth and their geneses 
harbor a key to ascertaining critical geodynamic 
controls on continental crustal formation and 
differentiation. This zircon U-Pb dating and 
geochemical study documents three contrasting early 
Permian granite suites from Erenhot of central Inner 
Mongolia, eastern Central Asian Orogenic Belt 
(CAOB) and reveals a rare occurrence of I-S-A-type 
granite trinity derived from sequential partial melting 
of distinct protoliths. The ca. 280 Ma Gancihuduge 
(GCG) suite shows a calc-alkaline I-type character, 
with initial 87Sr/86Sr ratios of 0.7035 to 0.7039, ƐNd(t) 
of +1.87 to +4.70, zircon ƐHf(t) of +8.0 to +13.2 and 
δ18O from 7.4 to 8.7‰. These features are consistent 
with partial melts of newly underplated meta-basaltic 
to -andesitic protoliths. The ca. 276 Ma Cailiwusu 
(CLS) suite is magnesian and peraluminous, with 
initial 87Sr/86Sr ratios of 0.7036 to 0.7040, ƐNd(t) of 
+1.9 to +2.4, zircon ƐHf(t) of +6.5 to +12.1 and δ18O 
from 9.7 to 10.9‰. Its petrographic and geochemical 
characters point to an affinity with S-type magmas 
and originate from partial melting of meta-greywacke 
protoliths. By contrast, the ca. 279 Ma Kunduleng 
(KDL) suite exhibits an A-type magmatic affinity, 
with typical enrichment in alkalis, Ga, Zr, Nb and Y, 
depletion in Sr and P, ƐNd(t) of +2.39 to +3.55, zircon 
ƐHf(t) from +8.3 to +12.3 and δ18O values from 6.8 to 
7.5‰. These features suggest that they stem from 
high-temperature fusion of refractory charnockitic 
protoliths. Apart from representing the firstly-
recognized occurrence of I-S-A type granite 
association within the same melting zone, the Erenhot 
granite suites could not only serve as a temporal 
marker for monitoring post-thickening extension and 
mantle upwelling in the aftermath of a retreating 
subduction zone, but also present spatial magmatic 
proxy for tracing crustal formation and differentiation 
within back-arc basin environments in the CAOB. 
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Geogas (metals in soil gas) have been tested as a 

medium for mineral exploration for over 20 years in 
China.  Significant progress has been made since the 
development of liquid collectors with an active 
sampling procedure and the ICP-MS analytical 
method. The liquid collectors are very low in trace 
metals, can be controlled with blanks and can be 
accurately and directly analyzed with ICP-MS.  

The pilot study on dozen known sulphide 
deposits covered by loess, Tertiary sandstone and 
quaternary alluvium, shows that:1. The distribution 
patterns of elements in soil gas correlate well with 
those in crust. 2. Metal elements including Cu, Pb, 
Zn, Cd, Ni, Sb, Bi, Tl, Au and Ag in geogas show 
strong anomalies over almost all sulphide 
mineralizations covered by transported overburden.3. 
The highest Cu and Zn in geogas samples above 
sulphide orebodies can reach over 300ppm and 
200ppm per litre gas volume, although these metals 
in barren area are often lower than 1 ppb for Cu and 
several ppb for Zn. 4. Analysis of Pb isotopes in a 
known polymetallic deposit covered by loess and 
Tertiary sandstone shows that the Pb isotope ratios of 
nano-metals in background areas are different from 
those in any single surrounding medium, which 
includes loess, Tertiary red earth and sandstone, host 
rocks and ores. The ratios of Pb isotopes in soil gas 
above the mineralizations, which show the smallest 
variation and a distribution similar to that in 
sulphides, suggest that most metals in anomalous 
samples derive from deep orebodies.5. Metals in 
geogas thought to be in the form of nona-particles 
verified by various eletron microscope image. 

Since 2001 geogas survey has been used as a tool 
for mineral exploration in covered area and proved 
successful in prospecting for gold, porphyry Mo, 
Copper and Pb-Zn-Ag polymetallic covered by 
overburden in several case studies. However, the 
authors can not be over-optimistic about geogas 
future because of geogas inherent weakness for gas 
geochemistry including poor reproductivity, 
complicate operation and low effeciency. Some 
failure case using geogas survey in mineral 
exploration were also recorded because it is hard to 
distinquish the anomalies from comodity metal 
deposits with that from barren pyrite sulphide. 
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Previous studies have reported both mass-

dependent fractionation (MDF) and mass-
independent fractionation of odd and even Hg 
isotopes (odd-MIF and even-MIF) in natural samples, 
and demonstrated the potential of Hg isotopes in 
investigating atmospheric Hg sources, transport and 
deposition. Prior studies on Hg isotopic compositions 
of the precipitation samples (collected in weeks to 
months) from the North America and China largely 
improved our knowledge on the sources and 
transformation of Hg in the atmosphere. To be noted, 
these samples were all integrated samples collected 
from at least one entire precipitation or from multiple 
precipitation events, due to the low Hg concentration. 
This would obscure some key and detailed 
information about physiochemical transformation and 
dynamic deposition of Hg (and its isotopes) 
encountered in the intra precipitation event. 

In this study, the sequential rain samples were 
collected in three single rainfall events in Guiyang, 
China, and Hg isotoic compositions were analyzed, 
together with other geochamical parameters, for both 
the “dissolved” (HgD) and for the first time the 
particulate phases (HgPM) of precipitation. For all 
samples, the total Hg concentration and also HgD 
decreased progressively from the beginning to the 
end of each rainfall event. The acquired Hg isotopic 
composition of high temporal resolution in single 
events showed large variation of both MDF and MIF 
and was consistent with those previously reported for 
the same region. Our data suggested that the large 
variation was triggered by variable contribution from 
different sources, due to the change of the 
meteorological condition, rathern than the 
atmospheric precesses. While the HgD was primarily 
a mixture of local sources and long-range transport 
Hg, HgPM with relatively lower odd-MIF was inclined 
to be derived from the local anthropogenic emissions. 
Moreover, our study demonstrated that Hg isotopic 
composition in precipitation was very sensitive to the 
feedback of momentous anthropogenic activities, as 
demonstrated for examples by the rapid response of 
MDF and odd-MIF to the incense burning in Tomb 
Sweeping Day. 



Goldschmidt Conference Abstracts 

 

3642 

Production of hydroxyl radicals 
from oxygenation of 

mackinawite 
SONGHU YUAN*, DONG CHENG, PENG ZHANG 

State Key Laboratory of Biogeology and 
Environmental Geology, China University of 
Geosciences, Lumo Road 388, Wuhan, China, 
4300784 (*correspondence: 
yuansonghu622@cug.edu.cn) 

 
Iron cycling plays an important role on the 

transport and fate of contaminants as well as the 
biogeochemical cylcing of elements. Fe(II) in mineral 
structure is known to reduce a range of contamiants 
under anoxic conditions due to the higher reducing 
ability than Fe2+. When the redox condition fluctuates 
from anoxic oxic, Fe(II) can be oxidized by O2. We 
recently reported that oxygenation of Fe(II) in 
sediments can produce abundant hydroxyl radicals 
(•OH), leading to the concurrent oxidation of 
contaminants [1]. To suppliment the mechanisms of  
•OH production, herein we measured the production 
of •OH using mackinawite (FeS) as a representative 
of Fe(II) minerals because FeS is effective in 
reducing chlorinated organics and inorganic elements 
[2]. Moreover, the concurrent oxidation of As(III) 
and U(IV) has been noted in recent years during the 
course of FeS oxygenation [3,4], although the 
reactive species contributing to the oxidation is not 
clear. Using the hydroxylation of benzoic acid by 
•OH as a probe reaction, we found that the 
cumulative •OH concentration produced upon 
oxygenation of 1 g/L FeS reached 117.2 μM within 4 
h under dark conditions. With the increase of FeS 
from 0.1 to 3 g/L, the cumulative concentrations of 
•OH elevated from 13.74 to 166.04 μM, showing a 
good linar dependence on FeS dosage and Fe(II) 
concentration. Quenching experiments proved that 
surface-mediated oxidation of structural Fe(II) by the 
two-electron reduction of O2 to H2O2 predominated. 
We further found that the •OH produced from FeS 
oxygenation greatly contributed to the oxidation of 
As(III) to As(V). Due to the widespread of FeS 
minerals and nanoparticles in subsurface 
environments, we suggest that the •OH produced 
from FeS oxygenation due to redox flucturation must 
be taken into accout for the transformation of 
contaminants and redox-active elements. 

 
[1]Gong, Tang and Zhao (2016) Water Res. 89, 309-
320. 
[2]Tong, Yuan, Ma, Jin, Liu, Cheng, Liu, Gan and 
Wang (2016) Environ. Sci. Technol. 50, 214-221. 
[3] Jeong, Han, Park and Hayes (2010) Geochim. 
Cosmochim. Acta 74, 3182-3198. 
[4]Bi, Stylo, Bernier-Latmani and Hayes (2016) 
Environ. Sci. Technol. DOI: 
10.1021/acs.est.5b04281. 
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The dominant source of H2O2 in natural waters 

has long been thought to be photo-dependent 
processes, yet recent studies have indicated that dark 
production of H2O2 in deep seawater, principally 
biological production, is potentially on par with 
photochemical generation. Here, we present evidence 
for the unrecognized and light-independent 
generation of H2O2 in groundwater in an alluvial 
aquifer adjacent to the Colorado River near Rifle, 
CO. In situ H2O2 concentrations were determined 
using a sensitive chemiluminescence-based method. 
Our results suggest H2O2 concentrations ranged from 
lower than the detection limit (< 1 nM) to 54 nM 
along the depth profile of several groundwater wells 
across the Rifle site, which were comparable to the 
concentrations presented in sunlit waters. Such 
detected H2O2 patterns in Rifle groundwater suggest 
the existence of a balance between H2O2 sources and 
sinks, which potentially involves a cascade of 
biogeochemically significant processes, including the 
generation of highly reactive species (such as 
hydroxyl radical), the interconversions between 
ferrous and ferric species, significant biological 
production and decomposition, and further 
transformation of natural organic matter and other 
chemical pollutants. More importantly, our results 
also suggest that reactive oxygen species (ROS) 
production is not only widespread in oceanic and 
atmospheric systems, but also in the subsurface 
domain, the large but probably the least-understood 
component of the biogeochemical cycles. Occurance 
of ROS in the subsurface system could potentially 
have high impact on metal/nutrition cycling on 
groundwater-dependent ecosystems, such as wetlands 
and springs.  

 
[1] Shaked, Y.; Rose, A., (2013). science, 340, 1176-
1177. 
[2] Zhang, T.; Hansel, C. M.; Voelker, B. M.; 
Lamborg, C. H., (2016) Environ. Sci. Technol.  
[3] Wu, M.; Wong, G. T. F.; Wu, Y.; Shiah, F.-K.; 
Dai, M., (2015) Deep Sea Research Part II: Topical 
Studies in Oceanography, 117, 143-154. 
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Riparian zone is a buffer zone of nutrients and 

other contaminants from highland to watercourse. 
Properties of riparian soils can regulate the 
geochemical behavior of nutrient elements. 
Characteristics of distribution, mobilization and 
transformation were investigated for nitrogen in 
different riparian profiles(woodland, grassland, 
cropland and bareland) and correlations between 
nitrogen forms and soil properties were discussed. 
Results showed the woodland riparian profile had a 
higher nitrogen concentration and drastic spatial 
variations, and the bareland riparian profile had a 
lower nitrogen concentration and narrow spatial 
variations. Total nitrogen and nitrate nitrogen in soils 
decreased significantly and ammonia nitrogen 
decreased gently along the highland-watercourse 
section. Nitrogen concentrations in surface soils were 
significant higher compared to subsurface and deep 
soils in vertical profiles, which indicated surface soils 
accumulated most nitrogen. But nitrogen distributions 
in groundwater differ from riparian soils. Nitrogen 
components in groundwater of cropland profile had 
the highest concentrations, woodland and bareland 
riparian zones showed the lower nitrogen 
concentrations. Nitrate nitrogen fluctuated 
remarkably in riparian groundwater, especially for 
cropland profile. Denitrification potential and 
mineralization potential of soil nitrogen showed a 
similar order of cropland > woodland > grassland > 
bareland, which indicated land use took a important 
role in nitrogen transformation. The correlation 
analysis showed organic matter, clay fraction and 
microbial biomass can affect significantly the 
nitrogen mobilization and transformation. 
Meanwhile, soil compositions also showed apparent 
effects on nitrogen changes in riparian zone. 
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Selenium nanoparticles (Se NPs) 

biomineralization has been extensively reported, yet 
selenide formation and biogenic process remained 
poorly studied. Here we present lab simulation of iron 
selenide biomineralization by adding moderate 
ferrous ion (Fe(II)) at effective conditions, based on 
mineralization of Se NPs by Bacillus licheniformis 
SeRB-1.   

Dark grey precipitations occurred in cultures 
during the mineralization.TEM images showed that 
fine granules (10- 100 nm) were first regularly 
present along the cell envelopes at early phase; and 
then they increased to larger particles (about 150- 360 
nm) at middle phase when plasmolysis and cell 
vacuolation appeared in most cells. At late phase, 
cells were further decomposed to debris, to which 
particles attached and finally formed larger 
aggregates. Though SAED showed the minerals were 
amorphous, EDS illustrated that Se and Fe were the 
main components of the minerals and XAFS further 
confirmed iron selenide present.  
 

 
Figure. 1 XAFS spectrum of Se, FeSe and 
selenide biominerals 

This study demonstrated cell membrane was the 
main position of ion nucleation, and the generation 
process of selenide biominerals. It may shed light on 
biomineralization from mesoscopic perspectives. 
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Suboxic waters and sediments are complex 

hotspots of nutrient recycling, metal mobilization and 
sequestration of organic carbon. Moreover, modern 
suboxic/anoxic basins are analogs of the ancient 
global ocean that presumably had a pelagic redox 
gradient. In this context, comparative analyses of 
redox processes in geographically distinct basins 
could provide new insights on the drivers of anoxic 
ocean processes. Here we present high-resolution 
benthic geochemical profiles (voltammetric analyses 
and discrete measurements) along a redox gradient in 
Baltic and Black Seas, both being coastal productive 
seas with pelagic anoxia.  Our results point to a 
unique benthic sulfur cycling in Baltic Sea (Gotland 
Basin) chemocline where sulfide accumulation was 
limited to the uppermost 100-150 mm of the sediment 
and moderated by bacterial oxidation at the surface 
(sulfide consumption 2.7 to 3.4 mmol  m-2 d-1) and 
FeS precipitation in deeper layers. In contrast, a 
similar transect encompassing a benthic redox 
gradient in the western Black Sea indicated little 
sulfide accumulation in suboxic sediment porewaters. 
Instead, high mobility of iron and manganese were 
detected, with manganese effluxes to the water 
column. We propose that the different suboxic 
geochemical pattern is due to the different dynamics 
of the chemoclines of the two basins: the Baltic Sea is 
subjected to a stronger atmospheric forcing which 
results in a more dynamic pelagic redox interface 
(frequent overlap of O2 and H2S) while the Black Sea 
has a more stable and thicker chemocline without an 
overlap of O2 and H2S. This results in the 
development of coupled iron-manganese cycling in 
the Black Sea with the gradual accumulation of solid 
state metal oxides to sustain the benthic metal shuttle. 
On the other hand, the Gotland Basin suboxic 
sediments are less enriched in metals, yielding an 
excess of sulfide the flux of which provide a suitable 
niche for benthic sulfide oxidizing community. 
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Turbidite process is one of the most important 
ways by which sediments are transferred from 
shallow to deepwater. Due to significant terrestrial 
organic carbon input and high accumulation rate, 
turbidites have a higher source rock potential than 
normal deepwater background sediments. OM 
(organic matter) type of deepwater turbidites varies 
between a mixed Type II and III and mainly has gas-
prone potential, this is due to the fact the turbidites 
receive both pelagic and terrigenous inputs.   

TOC of deepwater turbidites varies between 0.1-
50 wt.%, with most of them in the range of 1-2 wt.% 
and a small part of them in the range of 0.1-1 wt.%. 
Heterogeneity of source rock potential exists in 
different turbidite systems, different geological 
periods, different architectural elements of turbidite 
systems and turbidites with different grain sizes and 
different divisions of turbidites. The excessive 
heterogeneity is the main factor that make it difficult 
to evaluate accurately their source rock potential and 
restrict them to be the prominent targets of 
hydrocarbon exploration.  

OM in the turbidites can be divided into 
mesoscopitically visible OM (including leaf- and 
wood derived particles) and silt-size organic grains 
(dominated by very fine vitrinite and amorphinite). 
So, the terrestrial contribution, especially the 
mesoscopitically visible terrigenous OM, has a 
crucial contribution to the heterogeneity 

Terrigenous OM delivery are mainly controlled 
by activities of canyon-channel systems, which are 
influence by the tectono-morphologic character of 
margin (e.g., narrow shelves) and climatic forcings 
(e.g., subglacial meltwater and monsoon )[1]. For 
most fluvial controlled turbidite system, when fluvial 
systems can reach canyon heads, there tend to be 
turbidites with high frequency and high organic 
content, which can be treated as favourable organic 
matter sink.  

The organic matter contents of different divisions 
of turbidites were investigated in Lingshan Island, 
which is charactered by deepwater turbidite sequence 
in the Late Mesozoics and located in East Shandong 
Province, China. TOC content of fine-grained rocks 
in turbidites mainly depends on the contribution of 
silt-sized material, while the organic matter content 
of turbidite sandstones are affected greatly by the 
content of large plant remains. 

The survey and analysis of organic matter content 
variation of deepwater turbidite systems would have 
implication for assessing their source rock potential. 

References: 
[1] Covault J A et al (2010). Geology, 38,939-

942. 
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This paper uses the highly compressed methane 

gas mass model to interpret and explain the 
occurrence of great earthquakes at subduction fault 
with long recurrence intervals[1]. The gas model can 
be described as follows with the reference to Figure 
below. The subduction faults are weak zones and can 
become gas reservoirs generated in deeper rocks. 
With time t, the mass M(t), volume V(t), pressure P(t) 
and temperature T(t) of the reservoir gas can change 
and increase.  At the fault rupturing of great 
earthquakes (t = 0), a huge amount of highly 
compressed gas mass ΔM(0) with the pressure P(0) 
escapes the reservoir trap at the focus A. It rapidly 
flows and expands into upper and adjacent rock 
masses along the weakest fault zones, generating 
seismic waves. It jets into the seawater inducing 
tsunami.  It jets and flows into atmosphere, causing 
temperature drop, pressure fluctuations, clouds, rains 
and/or snows. The arc crust subsides and moves 
seaward due to the loss of the gas mass in the fault 
zones. The highly compressed gas masses in various 
reservoirs induce numerous aftershocks. With time, 
the aftershocks become less and less, showing the 
gas-rock gains compatible and equilibrium. The fault 
reservoirs re-collect new gas masses from deep and 
surrounding rocks, taking time, which is consistent 
with great earthquakes of long recurrence intervals. 
The arc crust would gradually reverses direction to 
move landward as the gas mass in the subduction 
fault has collected and accumulated enough, which 
indictes the occcurrence of next great earthquakes. 

  
[1] Yue Z.Q., 2014. On cause hypotheses of 
earthquakes with external tectonic plate and/or 
internal dense gas loadings, Acta Mechnica 225(4), 
1447–1469 
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UGS Convergence R&D program from Korean 
Government began in Dec. 2014 to address important 
social and scientific issues. The project entitled to 
“Development of Internet of Things (IoT)-based 
Urban Underground Utility Monitoring and 
Management System”, shortly, UGS project is aiming 
to prevent artificial road collapse and urban sinkhole 
events in the urban areas (e.g. Seoul, Daejeon, and 
Busan). The consortium of four government-funded 
research institutes (ETRI, KICT, KRRI and KIGAM) 
is actively seeking solution for efficient underground 
monitoring and management system, and for securing 
safety from the unexpected subsurface events. This 
presentation will mainly focus on the geological 
aspects of research performed by KIGAM.  

During the last year, we exerted efforts on the  
understanding road collapsing mechanism by various 
field and in-lab techniques, such as instantaneous 
groundwater geochemical monitoring, sand box 
simulations both in field and in-lab scales, and 
electromagnetic surveying. In this year, we plan to 
establish a pilot underground facility monitoring 
system in Daejeon area with IoT-equipped real-time 
groundwater geochemical monitoring and a central 
database platform. Additional geographical 
information from InSAR imaging, geophysical 
surveying and well logging, and drone-taking 
roadside thermal imaging will also be added to the 
database for further comprehensive risk analysis. 
Besides the geological aspects, the UGS Convergence 
Research Group is also working on civil engineering 
aspects of the problem, focusing on detecting failures 
in the urban railroad, water supply, and sewage 
systems. Collected big data from the above methods 
will be used for generating an underground safety 
map, which alerts possible road collapse and/or 
sinkhole risk to local municipalities. 
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Arctic Alaska is one of the world’s largest 

hydrocarbon-rich provinces. It has been widely 
recognized that crude oil accumulations in the North 
Slope of Alaska commonly represent a mixture of 
oils derived from several source rocks, however the 
Triassic Shublik Formation is considered to be the 
major source rock for oil in the North Slope and main 
contributor in the giant Prudhoe Bay field [1,2]. 

The Shublik Formation is a laterally and 
vertically heterogeneous unit that has been described 
both in outcrop and in the subsurface. Its sediments 
are characterized by carbonatic, glauconitic, 
phosphatic, and organic-rich lithofacies interpreted to 
have been deposited under fluctuating oceanic 
upwelling conditions [3]. Recent studies of Arctic 
Alaska oils by Peters et al. [4] and Wang et al. [5] 
used decision-tree chemometrics of selected source- 
and age-related biomarker ratios that helped to 
classify Shublik oil samples into two different genetic 
families linked to carbonatic and shaly organofacies 
of the Triassic Shublik source.  

This work focuses on Shublik source rock 
geochemistry and oil-source rock correlation. 
Organic geochemical studies involve source rock 
screening methods, analyses of biomarkers and 
diamondoids [6] that include quantitative diamondoid 
analysis, quantitative extended diamondoid analysis, 
and compound specific isotope analysis of 
diamondoids.  Biomarker ratios of the source rock 
extracts provide core-based understanding of the 
Shublik source rock environment of deposition, and 
lithofacies distribution, while diamondoid-based 
methods reveal essential information for high-
maturity source rock extracts as well as oil-source 
rock correlation. Knowledge of Shublik organic 
facies and source rock properties distribution is 
essential for future exploration and development of 
the Arctic Alaska region. 

 
[1] Masterson (2001) PhD thesis, 222 p. [2] 

Peters et al. (2008) Org. Geochem. 39. [3] Parrish et 
al. (2001) SEPM Core Workshop 21, 89–110. [4] 
Peters et al. (2007) AAPG Bulletin 91, 877–913. [5] 
Wang et al. (2014) AAPG Bulletin 98, 1235–1267. 
[6] Moldowan et al. (2015) J. Pet. Sci. & Eng. 126, 
87-96.   
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The Late Triassic (ca. 237-201 Ma) is 

characterized by complex and extreme 
environmental, climatic and biotic changes, such as 
the break-up of the supercontinent Pangaea, the End-
Triassic mass extinction, and emplacement of  CAMP 
volcanics. A global δ13Corg curve for the Late Triassic 
could provide new clues on this perturbed time 
interval. In particular, the Norian (ca. 228.0-205.7 
Ma) has been defined as a “chaotic carbon interval” 
in the North America realm, characterized by rapid 
oscillations of carbon isotope values paired with 
faunal turnovers. In order to reconstruct a global 
δ13Corg profile for the late Norian, three sections 
belonging to the Lagonegro Basin (southern Italy, 
originally located in the western Tethys) have been 
investigated. The obtained δ13Corg profiles show four 
negative shifts correlatable with those of the North 
American record, suggesting a widespread 
occurrence of carbon cycle perturbations. These 
perturbations also are associated with 87Sr/86Sr 
negative excursions, indicating the onset of a Large 
Igneous Province (LIP) could be the primary cause. 
The incompatible ages of the CAMP and Wrangellia 
Late Triassic magmatic provinces lead us to ascribe 
these recorded isotopic perturbations to the 
Angayucham province, a large oceanic plateau active 
ca. 214 Ma ±7 Ma, originally located in the 
northeastern Panthalassa Ocean, and now cropping 
out in Alaska (North America). 
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The study was attempt to investigate the 

geochemical baseline and heavy metal concentration 
in the surrounding soils of Barapukuria open coal 
mine area. Total 42 soil samples were collected and 
the concentrations of metals (Cu, Zn, Pb, Cd and 
Cr) were determined by using an AAS after 
digestion with aqua regia. The average metal 
concentration in soil samples and geochemical 
baseline values of Cu, Zn, Pb, Cd and Cr in the study 
area were 28.42, 44.36, 19.63, 0.18 and 55.09 µg g-1, 

and 20.40, 32.80, 20.47, 0.12 and 42.69 µg g-1, 
respectively. Out of 42 sampling stations, 27, 34, 33, 
32 and 12 locations had the values higher for Cu, Zn, 
Cd, Cr and Pb, respectively than that of the 
geochemical baseline value of the study area. The 
deposition of outlet fly ash may responsible to 
increase heavy metal concentrations in surface soils 
around the study area. The overall order of soil 
environment hazard of various metals was Zn > Cr > 
Cu > Pb > Cd. Most of the cases, contamination 
factor for Zn, Cu, Cd and Cr were higher than 1.0, 
which indicates that these were the major pollutants 
in the surrounding soils of Barapukuria. The 
calculated Igeo values also revealed moderate 
pollution level by the same metals. The study results 
inferred that the soil of the area has not so far 
polluted yet, but if it is continued, the concentration 
of metals will increase to intolerable limits and this 
may have severe impacts on the soil environment as 
well as the food chain.  
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Due to its simple production and transport in the 

terrestrial environment, 81Kr (half-life = 230,000 yr) 
is the ideal tracer for old water and ice with mean 
residence times in the range of 105-106 years, a range 
beyond the reach of 14C [1]. In recent years, 81Kr-
dating has been made available to the earth science 
community at large thanks to the development of 
Atom Trap Trace Analysis (ATTA) [2], an efficient 
and selective laser-based atom counting method. 
Further upgrades and improvements to the ATTA 
technique have now allowed us to demonstrate 
81Kr/Kr measurements with relative uncertainties of 
1%.  

In order to assure the usefulness of 81Kr as an 
environmental tracer at this high level of precision, 
we have measured atmospheric samples collected in 
the 1940s, prior to the advent of the nuclear era, and 
compared them to modern air. We do not observe a 
significant difference in 81Kr abundance and place a 
1% limit on the anthropogenic contribution to 81Kr 
relative to its natural abundance. The instrumental 
upgrades that have permitted this measurement also 
benefit radiokrypton analysis in environmental 
samples, e.g. allowing for routine measurements at < 
3% precision level and being able to handle samples 
as small as 1µL of Kr gas (STP). This work is 
supported by Department of Energy, Office of 
Nuclear Physics, under Contract No. DEAC02-
06CH11357. 
 
[1] Du et al. (2003) Geophys Research Lett. 30, 2068. 
[2] Jiang et al. (2012) Geochim. Cosmochi. Acta 91, 
1. 



Goldschmidt Conference Abstracts 

 

3654 

Geochemistry at interfaces: In 
search of a new modelling 

approach 
MAVRIK ZAVARIN1* 

1 Glenn T. Seaborg Institute, Physical & Life 
Sciences, Lawrence Livermore National 
Laboratory, Livermore CA 94550, USA 
(*correspondence:  zavarin1@llnl.gov) 

 
The migration of pollutants, nutrients, and carbon 

in earth systems is often controlled by reactions at 
solid-water interfaces.  Accurate prediction of their 
migration is critical to nuclear forensics, climate 
modelling, environmental remediation, nuclear waste 
disposal, and various other fields. Each of these fields 
relies on sophisticated reactive transport codes to 
simulate the fate and transport of relevant 
constituents (e.g. metals, organic compounds, etc.) in 
earth systems.  These codes, in turn, rely increasingly 
on mechanistic rather than empirical models to 
describe constituent interactions.  Large databases are 
used to parameterize these interactions within the 
simulated domains.  These databases often take the 
form of thermodynamic databases focused on 
aqueous speciation and mineral precipitation 
reactions. However, most of these databases have 
focused on a narrow set of constituents that are 
relevant to particular fields.  Globally, no databases 
exist that integrate aqueous speciation, mineral 
precipitation, and reactions at solid-water interfaces 
(i.e. surface precipitation, surface complexation, ion 
exchange).  As a result, the databases are limited in 
their applicability to problems requiring the 
prediction of transport in earth systems.  

Development of solid-water interface reaction 
databases is essential to making progress in 
simulating reactive transport in earth systems.  Their 
development is hindered by at least three key issues:  
(1) unidentified processes and limited data for 
reactions at interfaces (2) a lack of consensus on how 
to describe solid-water interface reactions and (3) 
inconsistent parameterization of models used to 
describe those reactions.  As a result, simple 
compilation of reaction equations from the literature 
is not possible.  Instead, (1) development of a new 
modelling paradigm for reactions at interfaces, (2) 
compilation of raw data from the literature, and (3) 
refitting of data within the context of a new 
modelling framework are necessary.  In this paper, 
we describe our approach for the case of uranium 
sorption to quartz.   
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Inclusions in sublithospheric (superdeep) 

diamonds represent an unique samples showing 
chemical heteregeneity of deep levels of upper 
mantle, transition zone and lower mantle [1]. It may 
be due to subductuon of lithosphere, oceanic crust 
and carbon-bearing metasedimets and their 
interaction with primary mantle rocks [2]. 

The inclusions of CaSiO3 are unexpectedly 
common in superdeep diamonds. Most of them have 
low amount of impurities. In some rare cases the 
associated retrograde phases of Ca2SiO4 (larnite) and 
CaSi2O5 (titanite) are observed. Combined inclusions 
of CaSiO3 and CaTiO3 phases have also been formed 
in result of retrograde decopmposition of primary 
perovskite-structured Ca(Ti,Si)O3 phase. 

Reconstructed composition of the inclusions of 
Ca-bearing majoritic garnets suggest their formation 
at depths 300-500 km. Most of these garnets belong 
to metabasic assemblage. The variations of major and 
trace elements of majoritic garnets reflects either 
different compositions of their protoliths or re-
enrichment during interaction with metasomatic 
agents. 

The reports of such inclusions as mervinite and 
CAS in superdeep diamonds are suggested to indicate 
intaeraction of ultrabasic or basic mantle substrates 
with carbonatitic melts. It is additionally testified by 
the presence of carbonates as primary inclusions in 
superdeep diamonds. 

The wide range of carbon isotopic composition 
(δ13C -25 to +2.7 ‰) which has been observed in 
superdeep diamonds with inclusions of CaSiO3 and 
Ca-majoritic garnets [3]. This range significantly 
expands the fields of mantle reservoirs involved in 
deep carbon cicle and diamond formation.  

[1] Harte (2010) Miner. Mag. 74, 189-215. [2] 
Walter et al. (2011) Science 334, 44-47. [3] 
Zedgenizov et al. (2014) Chem. Geol. 363, 114-124. 
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Multi-million-year proxy records (d13C, d18O, 
%CaCO3, Fe, etc.) show prominent variations on 
orbital time scale during the Paleocene and Eocene. 
The cycles have been identified at various sites across 
the globe and preferentially concentrate spectral 
power at eccentricity and precessional frequencies. It 
is almost certain that these cycles are an expression of 
changes in global climate and carbon cycling paced 
by orbital variations. However, little is currently 
known about (1) the driving mechanism linking 
orbital forcing to changes in climate and carbon 
cycling and (2) the amplitude of atmospheric CO2 
variations associated with these cycles. We have used 
simple and complex carbon cycle models to explore 
the basic effect of different orbital forcing schemes 
and noise on the carbon cycle by forcing different 
carbon cycle parameters. For direct insolation forcing 
(opposed to eccentricity - tilt- precession), one major 
challenge is understanding how the system transfers 
spectral power from high to low frequencies.We will 
discuss feasible solutions to this problem, including 
insolation transformations analogous to electronic 
AC-DC conversion (DC'ing). Our results show that 
high-latitude mechanisms are unlikely drivers of 
orbitally paced changes in the Paleocene-Eocene 
Earth system. Based on a synthesis of modeling and 
proxy data analysis, we present the first estimates of 
orbital-scale variations in atmospheric CO2 during 
the Paleocene and Eocene. 
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The ~ 2.5 Ga Closepet granitoids of Dharwar 
craton shares many characteristic features of the 
Archean Sanukitoids. However, the Closepet 
granitoids evolve to monzogranitic compositions, are 
potassic and HFSE enriched. We compare the 
amphibole chemistry of Closepet granitoids and Rio 
Maria sanukitoid for delineating 
similarities/differences, if any, between the 
crystallization conditions of the two magmatic suites. 
Closepet and Rio Maria amphiboles are Mg-
hornblende with minor edenite and Mg-hornblende 
with minor pargasite and Mg-hastingsite, 
respectively. The Rio Maria amphiboles are zoned 
implying two stage amphibole crystallization at ~200 
MPa and between 600 to 900MPa, whereas Closepet 
amphiboles lack zoning and imply crystallization at 
~400/500 MPa. The Mg# of Closepet and Rio Maria 
amphiboles are 0.52 to 0.64 and 0.64 to 0.83, 
respectively. Accordingly, fO2 conditions in the 
Closepet were less oxidizing (NNO -0.9 to NNO 
+1.2) compared to Rio Maria sanukitoids (NNO +0.5 
to NNO +2·5). Similarly, Closepet parental magmas 
had 6.5 to 4 wt % dissolved water at 750 to 830 °C, 
whereas Rio Maria sanukitoid had > 7 wt % dissolved 
water at 950 to 680 °C. In summary, Closepet magma 
shares the water-rich oxidizing conditions of modern 
arc magmas that was less oxidizing and had lesser 
dissolved water in magmas compared to sanukitoids. 
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 Miller Range (MIL) 13317 is a 32-g lunar 
meteorite collected during the 2013-2014 ANSMET 
(Antarctic Search for Meteorites) field season. It is 
the seventh lunar meteorite to be recovered from the 
Miller Range icefields: MIL 05035, MIL 07006, MIL 
090034, MIL 090036, MIL 090070, and MIL 
090075. Here we present the detailed petrography 
and geochemistry of MIL13317, and examine its 
pairing relationships with  other MIL stones and the 
lunar meteorite collection as a whole.  

MIL 13317 has a fine-grained glassy matrix 
containing abundant lithic and mineral clasts. Basalt 
clasts are the most common lithic clast, but large 
feldspathic impact-melt breccia clasts and small 
granulitic and symplectite clasts are also found. The 
most common mineral clasts are pyroxene and 
plagioclase, with less abundant olivine, ilmenite, 
silica, and glass clasts. FeNi metal and FeS clasts are 
rarely observed. A HASP glass clast (up to 55 wt% 
Al2O3) was found. Shock-melt veins are observed 
within the sample; much of the plagioclase has been 
partially or completely shocked into maskelynite. 
Vesicular glassy fusion crust is observed (0.8 wt% 
TiO2, 10.5 wt% FeO, Mg’ = 52, 0.5 wt% Na2O).  

Compositionally, MIL 13317 is distinct from any 
other lunar meteorite [1], making it the fifth distint 
lunar meteorite from MIL (only MIL 090034/70/75 
are paired). Unlike Calcalong Creek and NWA 
4472/4485 (which have broadly similar 
compositions), subsamples of MIL 13317 increase in 
Sm and Na concentration with increasing Sc and Fe. 
This suggests that MIL 13317 it is a mixture of (1) a 
regolith which itself is a mixture of mare basalt and 
some KREEPy lithology (similar to the Apollo 12 
soils), and (2) a feldspathic material (e.g., the 
observed melt breccia and granulite clasts) with 
compositions similar to MIL 07006 and paired stones 
MIL 090034/70/75. The mafic component cannot be 
just mare basalt because extrapolation of the FeO-
Na2O trend in MIL 13317 subsamples to 20% FeO 
(typical of lunar basalt) leads to a absurdly high Na2O 
concentrations (>1.0%). [1] Korotev RL and Irving 
AJ (2016), LPSC, abstract # 1358. 
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The biogeochemical cycle of metals in the 
environment can be considerably influenced by the 
role of vegetation. Several Ni accumulating plants are 
able to enrich Ni composition up to 5% in dry leaf 
matter [1]. Some recent studies have reported a 
significant Ni isotopic fractionation in 
hyperaccumulating plants between roots and storage 
organs, until the maximum absorption is reached (-
0.18‰) [2], therefore, the use of stable isotopes can 
allow to understand the dynamics of trace elements 
and tracing Ni fate in the soil-plant system and in the 
environment. 

Several organic acids are present in plant roots, 
such as citric or malic, that are involved in soil-plant 
processes, including metal mobilization and uptake, 
and plant detoxification [3]. However, up to now, no 
specific investigations were performed about the 
potential Ni isotopic fractionation due to 
complexation with organic acids present in plant 
roots, or due to adsorption to organic matter in soils.  

To investigate the potential mechanisms 
responsible for Ni isotopic fractionation in the soil-
plant system, the complexation by two different 
organic acids, citric and oxalic, with increasing 
complexation constants, was studied at pH=5 and 
pH=7. In addition, Ni adsorption onto purified humic 
acid (PHA) [4] from peats collected in São Paulo 
State, Brazil, an analog of organic matter, was 
investigated at pH=7 with PHA concentration of 
40mg L-1 and 80mg L-1. According to Visual-MinteQ 
modeling, in these conditions, free Ni2+ in solution 
represents 63% and 40% of the total Ni, respectively, 
which is coherent with the measurements. The 
Donnan Membrane device (DMT) was used to 
separate complexed Ni from free Ni2+ after reaching 
equilibrium. The obtained results revealed that Ni 
complexation with citric and oxalic acids did not 
induce any significant isotopic fractionation, 
whatever the pH considered. On the contrary, in both 
PHA experiments, Ni complexed with PHA is 
slightly enriched in heavier isotopes compared to free 
Ni2+, inducing a Δ60 Nicomplexed-free ranging from 0.1 to 
0.2 ‰.  
 
 [1] Baker A.J.M. (2000), Phytoremediation of 
contaminated soil and water, Lewis Publishers, 85-
107. [2] Estrade et al. (2015), EPSL, 423, 24-35. [3] 
Jones D.L. (1998), Plant and Soil, 205, 25-44. [4] 
Swift, R.S. (1996) Methods of soil analysis. D.L. 
Sparks et al. (eds), 35, 1018-1020. 
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Sulfide-silicate immiscibility plays a key role in 
the formation of Cu-Ni-PGE deposits, but later 
processes obscure compositions of incipient sulfide 
liquids and conditions of segregation. Numerous 
micron-sized Cu-Ni-PGE-rich sulfide globules were 
trapped in olivines (up to 6,000 droplets in 1 mm3 of 
a crystal) and ejected intact in magnesian arc basalts 
of Tolbachik volcano, Kamchatka. This allowed us to 
study key features of early sulfides just after their 
segregation: 

- They formed from volatile-rich high-Mg basalt 
(9% MgO, 3200 ppm S in MI) at an early stage of the 
melt evolution together with chrome spinel, Mg-
olivine (Fo89-91) and magmatic anhydrite that suggests 
T~1250°C,  fO2 ~ NNO and locally ≥1 wt% S. 

- Even the finest (0.5-5 μm) sulfide droplets 
contain up to 30-40% Ni and Cu. This can be 
explained by low degree of supersaturation of S2– in 
the melt, in which case growth rates of sulfide 
droplets are low and they have time to equilibrate 
with Cu and Ni having high affinities to the sulfide 
liquid. 

- Sulfides contain up to 300 ppm Pd, 115 ppm Pt 
and 37 ppm Au, which is comparable with prominent 
Au-PGE-rich ore deposits. At the same time, large 
variations in the PGE content within 4 orders of 
magnitude and lack of correlations between metals 
imply that PGEs were captured from the melt by 
growing sulfide globules as micron-sized solid 
“nuggets” rather than by virtue of diffusion. Such 
“primary PGE nuggets” were also found in sulfide 
droplets and in melt inclusions in olivines. Gold has a 
different pattern that suggests a diffusive mechanism 
of its concentration in sulfides. 
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The Trans-Mexican Volcanic Belt (TMVB) is 

known for the chemical diversity in its erupted 
products. We have analyzed the olivine, pyroxene 
and plagioclase mineral chemistry of30 
geochemically well-characterized mafic eruptives 
from Isla Maria at the western end of the arc to Palma 
Sola in the East. The mineral major oxide data 
indicate the dominance of open system processes 
such as antecryst uptake, and the scarcity of mineral-
mineral and mineral-melt equilibria suggest that 
erupted melts do not significantly crystallize during 
ascent. A combination of plagioclase antecryst 
chemistry and MELTS thermodynamic modeling of 
H2O-saturated isobaric fractional crystallization is 
employed to develop a pressure sensor that allows 
determination of ponding depths of the co-genetic 
magmas from which the erupted plagioclase crystal 
assemblage originates. We show that the depth of 
magma-mush reservoirs increase eastwards along the 
TMVB.  

We suggest that magma ponding is triggered by 
degassing-induced crystallization during magma 
ascent, and that the pressure sensor can also be 
regarded as a degassing sensor, with more hydrous 
melts beginning to degas at greater depths. Modeled 
initial magma H2O contents at the Moho range from 
~4 to ~9 wt%. Magma ponding depth variations fully 
explain the observed westward increase of average 
surface heat flux along the TMVB, supporting a new 
model of mafic arc magma ascent, where rapidly 
rising, initially aphyric melts pick up their antecrystic 
crystal cargo from a restricted crustal depth range, in 
which small unerupted batches of co- genetic 
magmas typically stall and solidify. This implies that 
globally, mafic arc magmas may be used to constrain 
the depths of degassing and mush zone formation.  
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Evolved alkaline granites are important hosts for 

economically exploitable deposits of high field 
strength elements (HFSE), including Zr, Y, Nb, Ta 
and REE. Investigating the evolution of alkaline 
granitic magmas throws light upon the enrichment 
mechanism of mineralization process of REE. Zircon 
is a common accessory mineral in granitic rocks 
especially in alkaline granite. It is chemically 
resistant relatively insoluble and refractory, and can 
withstand weathering and recycling.  

The Xiangshan complex is located in the 
Yanshan area, at the North margin of the North China 
Craton. Detail analyses on the variations of zircons, 
with different morphology, structure and 
composition, were carried by using Raman spectrum, 
XRD, EMPA and LA-ICPMS. Our results show that 
the zircon grains originate from early- to late-stage 
have distinctive structures and compositions. The 
prismatic and oscillatory zoned zircon grains (Type-
1A) have low U and Hf contents, indicating they 
crystallized from hypersolvus granitic stages with 
high temperature and volatile-undersaturated 
environment. The prismatic and altered zircon grains 
(Type-1B) have obviously high Th, U, Hf, La, Pr, Nd 
contents, and numerous thorite and xenotime 
inclusions, indicating they formed in the late-stage of 
crystallization under condition of volatile-saturated 
and existence of the F-rich fluid. The pyramidal 
zircon grains (Type-2 ) have the highest Hf, REE, Y, 
Th, P contents, which commonly occur in the graphic 
texture with quartz and alkali feldspar, indicating that 
they crystallized from subsolvus granitic system with 
relatively low temperature in volatile-oversaturated 
environment. 

The occurrence of three zircon types in the 
Xiangshan arfvedsonite-bearing granite is interpreted 
to reflect progressive fractionation of the alkaline 
granitic melt from hypersolvus to subsolvus 
condition. During the evolution the alkaline granitic 
melt enrich in Th, U, Hf, Y, P and REE. Therefore, 
the evolution of zircon types in both texture and 
composition can be identified and that can also be 
recognized as an efficient index for the differentiation 
and evolution of alkaline granitic system. 
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Rock varnish is a glossy, yellowish to dark brown 

coating that in arid lands covers geomorphically 
stable, aerially exposed rock surfaces and landforms. 
It represents the initial stage of pedogenesis in the 
critical zone. In warm deserts, rock varnish consists 
of clay minerals and Mn-Fe oxides/hydroxides, 
occasionally containing sulphates, phosphates and 
organics. In Antarctica, rock varnish has been 
described being mostly formed of Si, Al, Fe, 
sulphates, whereas Mn/Fe rich coatings are rare. 

We investigated rock coatings developed on 
sandstones outcropping at different localities of the 
Dry Valleys of Antarctica. In the most of our 
samples, rock varnish is extremely complex and 
multi-layered. Optical microscope evidenced the 
occurrence of highly birefringent material, 
occasionally thinly laminated (corresponding to Si 
and Al) interlayered by few micron-thick dark lenses 
and layers. The latter are well evident under the SEM 
and chemical analysis confirmed that they consists of 
different kinds of sulphates, which mostly belong to 
the jarosite-alunite series, but gypsum crystals were 
also found. Fe-rich crusts and coatings were also 
detected, sometimes preserving the shape of the 
hyphae they have replaced. Samples collected from 
small weathering pits are rather different and rarely 
display a very thin Si/Al-bearing rock varnish. These 
samples show a yellowish brown rind around the 
external quartz grains, which are often coated by an 
amorphous, dark Mn/Fe-rich rock varnish. 
Preliminary data suggest that the formation of rock 
varnish in the Dry Valleys is a complex process, 
which required the accretion of airborne dust of 
variable composition and subsequent recrystallization 
of some constituent, possibly promoted by 
microorganisms. On the contrary, the formation of 
Mn-rich varnish should be in relation with the 
occurrence of higher environmental humidity within 
weathering pits. Rock varnish in the Dry Valleys 
represents a potential tool to reconstruct past water 
availability and changes in the aeolian fallout. 
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Ground deformation observed using near-real 

time geodetic methods, such as InSAR and GPS, can 
provide critical information about the precursory 
uplift caused by the injection of new magma prior to 
volcanic eruption. With the advancement of 
numerical modeling capabilities, a number of finite 
element models have been developed to understand 
the connection between ground deformation 
associated with magma injection and the potential for 
volcanic eruption. However, without robust model-
data fusion techniques, the array of data volcano 
monitoring observations cannot be fully utilized for 
improving modeling approaches. In this study, we 
conducted a series of sensitivity tests to optimize the 
Ensemble Kalman Filter (EnKF) sequential data 
assimilation strategies for combing synthetic geodetic 
observations with geodynamic models to investigate 
volcanic unrest. The results show that (1) applying 
additional iterations of the EnKF step between the 
observation time series results in a faster convergence 
and more accurate model predictions, (2) the number 
of ensembles has little effect on the accuracy and 
convergence speed of the results, (3) when the mean 
values of the initial ensemble parameters are closer to 
the true values, the convergence speed is faster and 
accuracy of the results increases, and (4) the standard 
deviation of the initial ensemble parameters rarely 
affects the modeling outcomes. These results indicate 
that the EnKF methods can be greatly improved by 
adding more inter-EnKF iteration steps. This strategy 
is far less computationally expensive than adding 
more finite elements in the ensembles, which requires 
100 – 1000 times more computing than conducting 
additional iterations. In addition, if the initial 
parameters, such as the depth and geometry of the 
magma chambers, can be better constrained by other 
observations such as geochemical indicators and 
seismic tomography, the EnKF method provides a 
more accurate result faster. 
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Alternating least squares of biomarker 

concentrations (ALS-C) provides an excellent way to 
calculate the number, proportion, and compound 
compositions of the endmembers in mixed oil 
samples [1, 2]. Forty biomarker concentrations and 
whole-oil carbon isotope ratios were analyzed by 
ALS-C to de-convolute marine mixed oils from the 
Tabei Uplift. 

Crude oils recovered from the Palaeozoic 
reservoirs are mixtures of oil having different 
maturity from diverse source rocks. Three 
endmember (EM) oils were identified by ALS-C. 

EM1 is a minor contributor to the mixed oils. It 
was originated from Cambrian-Lower Ordovician 
source rocks in the early to peak oil window stage 
and experienced two phases of mixing and 
biodegradation. 

EM2 is the secondary contributor with 
proportions ranging from 10% to 40% in most oil 
samples. It was originated from Middle-Upper 
Ordovician source rocks at the early oil generation 
stage and underwent two phases mixing of and one 
stage biodegradation in the reservoirs. 

EM3 is the major contributor to most samples 
with proportions ranging from 13% to 95%. It was 
generated from Middle-Upper Ordovician source 
rocks at the late oil generation stage and combined 
with the previous residual mixtures in the reservoirs. 
The final mixtures were not biodegraded further and 
are currently produced from the Palaeozoic reservoirs 
in the Tabei Uplift. 

† Funded by CNPC-CAS strategic cooperation 
project (No. RIPED-2015-JS-255) and NSFC (No. 
41173054)  
[1] Peters et al. (2008) Organic Geochemistry 39, 
623–645. [2] Zhan et al. (2016) Organic 
Geochemistry 92, 1-15.  
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The electrical conductivity of partially molten 

KLB-1 peridotite during deformation in simple shear 
was measured at 1 GPa in a DIA type apparatus with 
a uniaxial deformation facility to evaluate origin of 
the conductivity anisotropy observed beneath the 
ocean floor. The conductivity measurements were 
performed simultaneously in two directions of three 
principal axes: parallel and normal to the shear 
direction on the shear plane, and perpendicular to the 
shear plane, by using impedance spectroscopy at 
temperature ranges of 1483-1548 K in a frequency 
range from 0.1 Hz to 1 MHz. Our results show that 
the melt fraction, the absolute conductivity values, 
and the degree of electrical anisotropy of partially 
molten KLB-1 peridotite systematically increase with 
temperature. Microstructural observations of the 
recovered samples suggest that the development of 
conductivity anisotropy was caused by the 
realignment of partial melt parallel to the shear 
direction. On the basis of the present and previous 
results, an unique layered model of partially molten 
asthenosphere comprising of horizontal melt-rich 
layers embedded in melt-poor mantle was proposed 
in this study. 1-3% of melt estimated from our 
horizontal layered model can well explain a sharp 
high-velocity contrast and high conductivity anomaly 
in the upper mantle.  

This work was supported by the 1000Plan 
Program for Young Talents, Hundred Talent Program 
of CAS and NSF of China (41303048) to BZ. 
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Data are presented on the hydrogen concentration 

of drill-mud gas from the WFSD (Wenchuan 
Earthquake Fault Scientific Drilling)-2,3 measured 
on-line during drilling. Hydrogen influx into the well 
at depth is mainly related to the lithology and fracture 
density. The WFSD-2, the average background level 
of H2 is lower in the granitic rock than in the 
sedimentary section, at least five major hydrogen 
influx was detected when drilling through the 
sedimentary section, but was encompassed by two 
hydrogen-rich zones (1250m and 1350-1400m) 
through the granite rock; The WFSD-3, Within the 
tectonic breccia section mud hydrogen are larger 
between 600m and 1000m, whereas it was 
comparably low below 1000m.The lack of H2 in the 
center of the fault and the high concentration of H2 in 
the fractured zones are consistent between WFSD-2 
and WFSD-3 drilling. 

The hydrogen concentrations of the WFSD-2 and 
WFSD-3 drilling display significant vertical 
heterogeneity, and positive correlation with the core 
fracture density. The hydrogen likely derives from 
interaction of  

water with fresh silica mineral surfaces generated 
by tectonic activities and mantle, fault and fracture 
zones are the main channel of migration. The 
difference of background level of H2 relate to the 
porosity and permeability. Two hydrogen-rich 
zones(the 642.36�676.22m and 1383.5�1405m) 
possible are caused by around earthquake and far 
field strong earthquake triggering in during the 
WFSD-2 drilling. The results of this study provide 
geochemical observation data of gas for the 
remodeling of the fault activity levels. It is also 
important to consider the relationship of hydrogen 
with the earthquake gestation and occurrence and to 
interpret the seismic precursor formation mechanism. 
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Previous studies showed that atmospheric 

depositon of nutrients to oligotropic coastal seas and 
open oceans can stimulate phytoplankton growh. 
However, the dynamics of phytoplankton growth in 
these regions after atmospheric nutrient addition are 
poorly understood.  

In this study, five on-board microcosm 
experiments were carried out in seawater from 
oligotrophic regions of the Northwest Pacific 
(NWPO, open ocean) and Yellow Sea (YS, coastal 
sea of China) to investigate the responses of 
chllorphyll a (chl a, an indicator of phytoplankton 
growth) to added nutrients and Asian dust. We found 
that pico-phytoplankton was the dominated algae at 
all stations and phytoplankton growth were mainly 
under nitrogen (N) and phosphorus (P) colimitation 
or N, P and iron (Fe) colimitation at most stations 
except the G6 station (in YS) which is limited by P 
alone. Based on the maximum chl a concentration 
and N and P usage in various nutrient addition 
cultures, we estimated the uptake of N/P for 
phytoplankton to be 18-19 in YS and 15-18 in 
NWPO, all of which are close to the Redfield ratio. 
Although the dissolved P from dust was at 
nanomolar-level in the cultures, the combination of N 
and P from dust supported chl a increases at most 
stations except the G7 station (in NWPO), which is 
likely N, P and Fe limited.  

Our results suggested that the fertilization effect 
of dust on phytoplankton growth is greater in 
oligotrophic oceans limited by multiple nutrients than 
those by a single nutrient.      
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   Clay minerals distribute widely in soils and 
sediments, and play crucial roles in transport and 
retention of toxic heavy metal cations. Because of the 
large surface areas and porosities, clays are widely 
applied as adsorbent materials in environmental 
engineering and as backfill materials in geological 
disposal sites for nuclear wastes. In recent years, lots 
of experiments have focused on the complexations of 
cations on clay minerals. However, owing to many 
factors these studies cannot give atomic-scale 
information of the complexes, which greatly limits 
the understanding of relevant interfacial processes. 
Therefore, it is imperative to uncover the underlying 
adsorption mechanism by theoretical methods. 

In this study,  in the pursuit of a microscopic 
understanding of the effects of temperature on the 
adsorption of heavy metal cations on clay edges, we 
conducted first principles molecular dynamics 
(FPMD) simulations to investigate Ni(II) complexes 
adsorbed on (010) surfaces of 2:1-type phyllosilicates 
at 300K and 423K. Two types of surface binding sites 
(i.e. ≡SiO and octahedral vacant sites) are studied. In 
order to obtain the desorption free energies of Ni(II) 
complexes at both temperatures, a series of 
constrained FPMD simulations were performed.  

The derived microscopic complexing structures 
and free-energy values provide physical basis for 
understanding the complexations of divalent heavy 
metals in environments at elevated temperature, such 
as geological repository for nuclear wastes. These 
results are useful in future experimental and modeling 
research, e.g., in interpreting experimental 
observation and predicting the surface complexation 
of cations.  
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Bacterial mineralization plays a very important 
role in the geochemical cycle of metal elements. 
Under the action of Mg2+, the micro-environment for 
the formation of carbonate minerals would change 
significantly, and the differences of minerals species 
and morphology might be obvious. We conducted a 
series of culture experiments for 50 days using 
Arthrobacter sp. strain MF-2 in M2 culture medium 
with diferrent Mg/Ca molar ratios.  

Experimental results show that: (1) Mg2+ can 
effectively activate the carbonic anhydrase activity 
and promote carbonate mineralization; (2) With the 
increasing of Mg2+ concentrations in medium, the 
MgCO3 content in minerals increased significantly. 
Properly increasing of Mg2+ concentrations is not 
only conducive to aragonite formation, but also 
promotes the transformation of rich-Mg ACC or high 
magnesium calcite to calcium- dolomite. (3) Mg2+ 
can change the morphology of minerals by changing 
the growth rate, growth orientation and mineral cell 
parameters. The mechanism of Mg2+ to change the 
mineral morphology is a process of interaction 
between chemical process and biological process. (4) 
It is interesting in our study that amorphous calcium 
carbonate can be stable for a long time in high Mg2+ 
concentration and calcium-dolomite formed after 
high magnesium calcite. These information might be 
helpful for interpreting the origin of dolomite. In 
addition, a large number of bacteria died and no 
calcium-dolomite formed in experiment with Mg/Ca 
molar ratio of 12. Thus, in order to get the rich-Mg 
dolomite, even ordered dolomite, maybe we can 
futher improve the concentrations of Mg2+ and ensure 
the normal activity of bacteria at the same time. This 
work was supported by the National Natural Science 
Foundation of China (grant No: 41172308). 
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The Ediacaran Shuram Excursion (SE) represents 
the largest negative carbon isotope excursion in Earth 
history. Its genesis, global extent, and 
biogeochemical implications are actively debated [1]. 
To explore the environmental drivers and 
consequences for this event, we measured U isotopes 
(δ238U) in two widely separated carbonate sections 
that captured the SE – the Jiulongwan section in S. 
China and the Bol’shoy Patom section in Siberia. The 
Jiulongwan section records low δ238U values 
(−0.75±0.17‰, n=16) prior to the SE, whereas both 
sections record higher δ238U values (−0.26±0.29‰, 
n=72) during the SE. Identical δ238U from both 
sections support the primary authenticity of these 
records and provide direct evidence for a global 
episode of increased ocean oxygenation during the 
SE. We are currently testing this interpretation by 
analysing additional samples from the lower 
Bol’shoy Patom section to capture U isotope 
variations before and during the transition into the 
SE. This study may deepen our understanding of the 
biological innovations shortly after the SE. 
 
 [1] Grotzinger, et al. (2011), Nature Geoscience 4, 
285–292 (2011). 
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The distribution of impurities in minerals can 

provide important clues to thermal and chemical 
processes occurring in the Earth’s mantle over 
geological time. Lithium (Li) is increasingly used as a 
geochemical tracer as its two isotopes (6Li and 7Li) 
have a large relative mass difference and thus 
fractionation can lead to compositional variations at 
low temperatures. At higher temperatures, isotopic 
fractionation is less pronounced, although high 
temperature diffusion can lead to variations in 
observed isotopic signatures in mantle minerals. The 
importance of this cooling driven process is 
increasingly recognized.  

Knowledge of point defect chemistry and 
diffusion is critical for the interpretation of Li 
distribution in minerals. In this work,  we are using 
quantum mechanical methods to investigate the 
details of the Li diffusion and its isotopic fraction in 
Olivine.  

We found that in forsterite Li will be incorporated 
as bound interstitial–substitutional pairs. 
Furthermore, there will be temperature dependent 
fractionation of its two isotopes between the different 
sites. The fractionation decreases dramatically from 
87.1 ‰ at 300 K to 1.0 ‰ at 3000 K. Diffusion is 
predicted to occur via two inter-related mechanisms: 
Mg–Li exchange, and a second, vacancy assisted 
interstitial mechanism. This behaviour is complex, 
facilitates migration of the heavier isotope and offers 
insights into observations of Li mobility and zoning 
in olivine, the most volumetrically important upper 
mantle mineral.  

The results enhance our knowledge of the 
behaviour of chemical exchange, material transport 
and electrical con- ductivity in the Earth’s upper 
mantle, and to interpret ob- served isotopic variations 
in real rocks.  
 
Feiwu Zhang and Kate Wright, Geochimica et 
Cosmochimica Acta 91 (2012) 32–39 
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The Qinling orogen was ultimately formed by the 

suturing of the South Qinling and Yangtze blocks, but 
timing of the final amalgamation is still in dispute. 
Here we report U-Pb age and Hf isotopic composition 
of zircons of migmatites and leucosome of the Foping 
dome in South Qinling. Zircon grains of the 
migmatites occur as anhedral forms and variable sizes 
and have complex geochemical feature in trace 
elements. On the basis of zircon U-Pb ages, 
migmatites from the dome can be subdivided into two 
groups: Group one mainly retains Triassic zircons 
with U-Pb ages of 214-211 Ma and Hf model ages of 
~1.46 Ga both in the cores and the rim domains; 
zircons of Group two record both Triassic ages of 
about 210 Ma and Neoproterozoic ages, analogous to 
igneous rocks of the Neoproterozoic Wudang and 
Yaolinghe Groups exposed in South Qinling. The 
similar model age of Mesoproterozoic and U-Pb age 
with Triassic granitoids of the South Qinling orogen 
point to a comparable genesis. In combination of 
zircon ages and isotopic data, it is proposed that 
protoliths of Group one migmatites are deformed 
Triassic diorites, while the Group two migmatites 
came from Neoproterozoic igneous rocks being the 
major basement rocks of South Qinling. Partial 
melting of the orogenic crust took place in ~214-210 
Ma, nearly consistent with retrograde metamorphism 
of granulites exposed in the boundary between the 
South Qinling and Yangtze blocks. We suggest the 
collision time of these two blocks prior to ~215 Ma 
and the Foping dome resulted from rapid depression 
coupling with ductile flowing of thicken crust, partial 
melting and upwelling of asthenospheric mantle. 
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Most temperate forest ecosystems appear to be N-

limited, while many humid subtropical and tropical 
forests may be naturally N-enriched. The N status 
of relatively young temperate soils may differ 
markedly from that of highly weathered subtropical-
tropical ecosystems. Humid subtropical and tropical 
forest soils are generally characterized by rapid N 
cycling rates and high N availability. However, to 
date, the mechanisms underlying the retention of 
inorganic N in humid subtropical forest soils have not 
been quantitatively investigated in detail based on N 
transformation dynamics. In this study, five typical 
temperate forest sites located in northern China 
(defined as northern soil) and four typical subtropical 
forest sites located in southern China (defined as 
southern soil) were selected (Lat. 47°35'N to 19°04'N 
and Long. 109°31'E to 133°31'E, Table 3). All sites 
were located in nature reserves. We used a 
combination of 15N tracing experiments and full 
process-based N cycle models to quantify process-
specific and pool-specific N transformation rates. Our 
results showed that compared to northern soils, the 
humid subtropical acidic forest soils of southern 
China had significantly higher gross rates of N 
mineralization  
(3.04±1.03 mg N kg-1 d-1 vs 1.80±0.50 mg N kg-1 d-1; 
p<0.05) and a significantly higher turnover rate 
(554±307 d vs 2519±1419 d; p<0.01) (Fig. 1). 
However, southern soils had a much higher capacity 
for retaining inorganic N than northern soils, as 
indicated by their significantly lower (p<0.05) 
autotrophic nitrification rates (0.14 ± 0.17 mg N kg-1 
d-1 vs 1.07 ± 1.57 mg N kg-1 d-1) and significantly 
higher (p<0.01) rates of NO3

- immobilization into 
organic N  
(0.65±0.41 mg N kg-1 d-1 vs 0.04±0.11 mg N kg-1 d-1), 
which afforded them protection against N loss from 
leaching, runoff, and denitrification. We proposed 
that the mechanisms for retaining inorganic N in 
acidic forest soils in southern China is a combination 
of higher N production and much stronger capacities 
for the immobilization of inorganic N. 
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Open magmatic processes, including magma 

mingling, fractionation or assimilation, are commonly 
responsible for much of the diversity of magma and 
crystal compositions commonly seen at subduction 
zones. There is increasing evidence that mid- to deep-
crustal fractionation of hydrous mafic magmas is an 
important factor in generating the intermediate to 
silicic rocks that are typically erupted at the surface. 
This process may involve crystallisation of pyroxene 
and/or amphibole and generation of abundant mafic 
cumulates.  

Amphibole is a common mineral phase in water-
bearing arc magmas. Its stability is a complex 
function of temperature, pressure, oxygen fugacity 
(fO2), and melt and volatile compositions. Even 
where amphibole is not observed in the erupted 
magmas, it is commonly implicated in earlier periods 
of fractionation [1]. We have therefore developed a 
new multiple regression analysis of published trace 
element partitioning data between calcic amphibole 
and melt. We are able to retrieve statistically 
significant relationships for REE, Y, Sr, Pb, Ti, Zr 
and Nb. We also present new pressure-independent 
and temperature-independent empirical chemometric 
equations to predict melt major element chemistry 
from amphibole crystal compositions.  

This enables us to reconstruct melt chemistry in 
detail from in situ analyses of amphibole in magmas 
and plutonic xenoliths. Linking these inverted melt 
compositions to the observed crystal textures allows 
us to make robust interpretations of magmatic 
processes throughout the volcanic system. We 
demonstrate the potential of this approach using 
examples from Mangakino volcano, Taupo Volcanic 
Zone; Mt Lamington, Papua New Guinea; and 
Grenada, Lesser Antilles.  
 
[1] Davidson et al. (2007) Geology, 35, 787-790 
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Water mass, as the material transporting carrier, 

its analysis is important but difficult since water 
masses often have various origins with complicated 
structures especially in marginal seas and open-ocean 
interaction dominated areas. To characterize and 
analyze the water mass structures and to quantify the 
contributions with high-resolution, multiple trace 
elements and isotopes are used. Together with 
salinity and temperature, typical elements for water 
mass analysis are the heavy rare earth elements 
(HREEs) with their relative long residence times 
(thousands of years) in seawater. The effect of 
dissolution/desorption between suspended particle 
and seawater is small so they can be considered 
conservative tracers. In this study, the data sets are 
selected from the central shelf towards the edge of the 
East China Sea (ECS) including the adjoining 
Kuroshio area. Water mass sources are defined by 
multiple tracers, including salinity, potential 
temperature and REEs, etc. These sources include 
mixed shelf water (MSW), Kuroshio surface water 
(KSW), Kuroshio tropical water (KTW) and 
Kuroshio intermediate water (KIW), with only the 
latter enriched in nutrients. High-nutrient water mass 
was observed in the central shelf bottom water (100-
130 m) and considered mainly a mixture of MSW, 
KTW and KIW. The mixing ratios of the three water 
sources are calculated using both conventional tracers 
(salinity and potential temperature) and four HREEs 
by the least squares method. Comparable estimations 
were obtained suggesting HREEs, like temperature 
and salinity, are conservative and perform as useful 
tracers to characterize the various water masses. 
Using HREEs together with salinity and temperature, 
fractions of four possible water masses, MSW, KSW, 
KTW and KIW, were calculated in the entire vertical 
water column on the central shelf. The estimated 
KIW accounts for 12–63% of the bottom water, 
which supplies 63±32% of NO3+NO2 and 46±20% of 
phosphate. It indicates that the KIW is the major 
nutrient source in the bottom water of the ECS shelf. 
Approximations using global rare earth element data 
sets for several other study areas where connecting 
marginal seas and basins are also acceptable. 
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Dehydration of subducting slabs can generate 

hydrous fluids to metasomatize mantle wedge and 
cause the formation of hydrous minerals (serpentine, 
chlorite, amphibole, etc) in subduction channels. 
These hydrous minerals are of great importance for 
understanding the physical mixing and exhumation 
processes in subduction channels. Here we report 
petrofabrics of antigrite, chlorite, and amphibole 
within the ophilolite complex from the Monviso area 
of Italy and the San Francisco complex from the 
central coast area of California, USA. Our results 
show that hydrous minerals are strongly shear 
deformed with strong preferred orientations. 
Antigorite develops strong fabrics with the (001) 
planes parallel to foliation and the [010] axes parallel 
to lineation. Chlorite develops the strongest fabrics 
with the (001) planes parallel to foliation and a great 
girdle for the [100] and [010] axes in the foliation 
plane. Amphibole develops fabrics of an intermediate 
strength with the (100) planes parallel to foliation and 
the [001] axes parallel to lineation. These results are 
consistent with experimentally deformed samples. 
Chlorite has the highest bulk rock and shear wave 
anisotropy while amphibole has the lowest 
anisotropies. Our results imply that: 1) The low 
mechanical strengths of hydrous minerals provide 
lubrications and channelized network for the 
exhumation of HP/UHP blocks in subduction zones; 
2) The low densities of hydrous minerals provide the 
buoyancy required for exhumation in the subduction 
channel; 3) The trench parallel faster shear wave 
polarization in front of the continental and oceanic 
subduction zones can be best explained by the 
deformation of serpentine and chlorite in low 
temperature subduction channel with high subduction 
angles (60-90o) and by the deformation of amphibole 
in high temperature subduction channel with low 
subduction angles (<60o), respectively. 
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Due to the large number of terrigenous sediments 

input, the continental shelf plays an important role in 
the global material cycle. It’s crucial to make clear 
the sediments distribution, transport pathways and 
their seasonal variations in the continental shelf to 
further understanding the marine environmental 
change over geological time and the impacts on 
coastal morphology and ecosystem nowadays[1]. 

The surficial sediment grain size distribution in 
the  East China Sea presents apparent spatial 
characteristics and seasonal variations. The 
granularity characteristic of surficial sediment 
changed significantly in the Yangtze River estuary, 
the coastal area off the Fujian and Zhejiang 
provinces, the southwest of Cheju Island and the area 
that effected by the CPF.  Sediment grain size 
distribution also indicates the trend that fine-grained 
sediments transport crossing the continental shelf in 
the northern part off Zhejiang coast.  

 
 

Figure 1: Distributions of mean grain size in East 
China Sea continental shelf surface 

sediments(a:summer;b:autumn) 
The seasonal variations of the surficial sediment 

grain size distribution and it’s effect factors have 
been discussed.A clear seasonal variation can be seen 
in the above graph. Previous studies suggest that 
there have obvious cross-shelf penetrating 
fronts(CPFs) in the East China Sea[2]. Through the 
above research we found that the sediment fronts 
extend to the east  has the same position with the 
CPFs. Further works are necessary to do more 
contrast between seasons and different years, 
especially in winter and summer contrast.  
[1]Wang et al. (2014) CONT SHELF RES, 90: 17-32. 
[2] Yuan et al. ( 2008) J MARINE SYST,70: 134–
149. 
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Iron is an important redox-active element in clay 

minerals and Fe(II) can reside in structural octahedral 
site, edge site, and basal plane in phyllosilicate such 
as smectite. Using two types of smectite, iron-poor 
montmorillonite SWy-2 and iron-rich nontronite 
NAu-2, Fe(II) was adsorbed onto basal plane and 
edge-site when pH was < 4.5 and > 7, respectively 
[1]. An experiment was set up to couple oxidation of 
adsorbed Fe(II) with nitrate reduction catalyzed by 
metal oxidizing bacterium, Pseudogulbenkiania sp. 
strain 2002. Our results showed that for SWy-2 the 
edge-Fe(II) was more reactive than the basal-Fe(II) 
towards nitrate reduction, but the trend was not clear 
for NAu-2. Multiple lines of evidence including wet 
chemistry, X-ray diffraction, electron microscopy, 
and Mössbauer spectroscopy support the oxidation of 
edge-Fe(II) by octahedral Fe(III) in NAu-2, thus 
passivating its reactivity. Basal-Fe(II) should be more 
difficult to donate electrons to octahedral Fe(III) and 
should have remained as Fe(II). However, this 
electron transfer was unlikely to occur for iron-poor 
SWy-2, and as a result, the intrinsic reactivity of 
Fe(II) on edge site was similar to that on basal 
surface.  

 
[1] Neumann, Anke, Tyler L. Olson, and 

Michelle M. Scherer. "Spectroscopic evidence for Fe 
(II)–Fe (III) electron transfer at clay mineral edge and 
basal sites." Environmental science & 
technology 47.13 (2013): 6969-6977.  
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It has been estimated that dissolved organic carbon 
(DOC) is the largest pool of reduced carbon in the 
ocean with an estimated mass of 700 gigatons of 
carbon, equivalent to the carbon content of carbon 
dioxide in the atmosphere. However, we still do not 
know much about the chemical structure and 
composition of oceanic DOM and how the chemistry 
of DOM varies with depth in the oceans. In this 
study, water samples were collected at depths of 500, 
800, and 1500 meters at three stations in the South 
China Sea (SCS) in 2012. A custom-built 9.4 Tesla 
(T) FT-ICR mass spectrometer, located at the 
National High Magnetic Field Laboratory in 
Tallahassee, Florida was used for molecular 
characterization of dissolved organic matter in the 
SCS water samples. The FT-ICRMS produces mass 
accuracy of approximately +0.2 ppm up to m/z ~800, 
with average resolving power (m/∆m50% ) > 700,000 
at 400 Da. Our results suggest that DOM in the SCS 
water samples is (1) very similar in composition, 
regardless of depth, as suggested by elemental ratios 
(H/C and O/C) of formulas identified in the DOM; 
and (2) composed primarily of molecules with high 
H/C and moderate O/C ratios. Similarities in the 
composition of marine DOM at these sites are also 
evident based on the relative abundance of double 
bond equivalents in each molecular formula and 
comparison of formulas elemental content, including 
heteroatoms N and S. Taken together, these data 
suggest that DOM in these South China Sea samples 
is largely refractory and composed primarily of 
refractory carboxyl-rich alicyclic molecules, which 
likely represent a molecular "island of stability", or 
bioreactivity, of marine DOM. Further, our data 
address the chemistry “wing” of the PDPMC model 
(POM-DOM-Piezophilic Microorganism Continuum) 
(Fang et al., 2015, Science China (Earth Sciences), 
doi: 10.1007/s11430-014-4985-2). 
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Hydrous minerals play a important role in the 

transprotion and storage of water in Earth’s deep 
mantle. The hydrous phase [AlOOH-MgSiO2(OH)2] 

was found stable and coexisting with the dominant 
lower mantle minerals, bridgmanite or post-
perovskite, under equilibrium P-T condtions to the 
deepest lower mantle [1]. In this study, we have 
synthesized AlOOH-MgSiO2(OH)2 coexisting with 
both bridgmanite and post-perovskie at 107 GPa and 
2300 K.  Individual grains of each phase, AlOOH-
MgSiO2(OH)2, aluminous bridgmanite,  and 
aluminous post-perovkiste, were sorted out using the 
multigrain approach [2]. Recent deveopment has 
allowed in situ crystal structure determination of a 
minor phase in a multiphase assemblage contained in 
a diamond anvil cell (DAC) [3]. In situ single-crystal 
structure of AlOOH-MgSiO2(OH)2 can be obtained 
by merging several grains having arbitrary 
orientations for structure determination and 
refinement. The detailed crystal chemistry of 
AlOOH-MgSiO2(OH)2 is essential for understanding 
the hydration mechanism in the deep mantle. In 
addition, the phase relations between the hydration 
phase AlOOH-MgSiO2(OH)2 and bridgmanite and 
post-perovskite will be discussed.  

 
[1] I. Ohira, E. Ohtani, T. Sakai, M. Miyahara, N. 
Hirao, Y. Ohishi, and M. Nishijima, Earth and 
Planetary Science Letters 401, 12 (2014). [2] H. O. 
Sørensen et al., Zeitschrift für Kristallographie 227, 
63 (2012). [3] L. Zhang, D. Popov, Y. Meng, J. 
Wang, C. Ji, B. Li, and H.-k. Mao, American 
Mineralogist 101, 231 (2016). 
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Gulu-Yadong rift (GYR) is the largest and 

longest extensional rift in Lhasa terrane, South Tibet. 
There are a lot of volcanic-geothermal fields in the 
rift, making it one of the strongest degassing areas in 
the India-Asia continental subduction zone. 
Following accumulation chamber method, we 
estimated soil CO2 fluxes of typical geothermal fields 
(i.e., Jidaguo, Ningzhong, Sanglai, Tuoma and 
Yuzhai from south to north) in the GYR. Average 
soil CO2 fluxes are ca. 20 g m-2 d-1, 257 g m-2 d-1, 94 g 
m-2 d-1, 32 g m-2 d-1 and 45 g m-2 d-1 from south to 
north, respectively. Combined with the other 3 
previously reported soil CO2 fluxes of volcanic-
geothermal fields (Yangying, Yangbajing and Gulu) 
in the GYR, we estimated the total soil CO2 output of 
the GYR, which is ca. 6.99×105 t a-1. These high soil 
CO2 flux suggests significant geological carbon 
degassing in continental subduction zone at present. 
Based on the geochemical charateristics of the 
volcanic-geothermal gases from the GYR, both 
3He/4He ratios (0.04–1.02 RA, RA is the 3He/4He of 
air) and δ13C-CO2 values (–14.78 ‰ to –0.10 ‰) of 
hot spring gases display progressively increasing 
tends from south to north, implying spatial variations 
in crustal rocks and tectonics mechanism along the 
GYR. In details, the progressively increasing δ13C-
CO2 values from south to north might be related with 
transition of contributing crustal lithology from 
silicate rocks in the south to the sedimentary 
carbonate rocks in the north along the GYR. 
Additionally, most of the 3He/4He are higher than 0.1 
RA, implying significant mantle volatile contribution, 
and the progressively increasing 3He/4He from south 
to north might be related with the northward 
subduction of the Indian continental lithosphere.  
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Large-scale active volcanoes, together with 

strongly modern hydrothermal activities, are located 
in the Tengchong volcanic field (TVF) of the 
southeastern margin in the India-Asia continental 
subduction zone. They provide an important 
opportunity for estimating deep carbon flux released 
by active volcanoes at the India-Asia continental 
subduction zone and probing nature of continental 
lithospheric subduction-related volatile recycling. We 
performed a soil microseepage survey using 
accumulation chamber method and calculated an 
average soil CO2 flux of ca. 280 g m-2 d-1 and a total 
soil CO2 output of 6.30 × 105 t a-1 for the Rehai 
geothermal park and adjacent region in the TVF. 
Combined with previous estimation of magma-
derived CO2 flux from hot springs (5.30 × 104 t a-1) 
and soil microseepage in other two volcanic and 
geothermal anomaly regions (3.80 × 106 t a-1), total 
magma-derived CO2 flux of the whole TVF is about 
4.48 × 106 t a-1, which should be incorporated for 
estimation of the global volcanic subaerial CO2 flux 
in future. Both bubble gas and soil gas samples from 
the TVF display enrichment in CO2 (>85%) and 
remarkable contribution from mantle components as 
suggested by 3He/4He (1.55−5.27 RA) and δ13C-CO2 
(−9.00‰ to −2.07‰). Combined with previous 
studies on Holocene volcanic rocks and seismic 
tomography, we suggest that components from both 
recycled crust and continental crust were involved in 
origin and evolution of mantle-derived magmatic 
volatiles in the TVF based on a He-C isotope 
coupling model. We suggest that mantle-derived 
volcanism at continental subduction zone can be 
important mechanism for liberation of carbon stored 
in ancient crustal carbonates, which has the potential 
to act as a complement to volatile recycling 
mechanism at subduction zones. 
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The Longmaxi formation in the southern Sichuan 

Basin shows good geological conditions for the shale 
gas reservoirs, and has produced commercial shale-
gas reservoirs. In present study, chemical 
composition,and C-He isotopic compositions for the 
Longmaxi shale gas in Weiyuan and Changning 
areas, Sichuan Basin, China were measured using an 
integrated method of GC- mass spectrometry to 
evaluate gas sources, and physical and geochemical 
processes.  

The results show that Longmaxi shale gas after 
hydraulic fracturing are dominated by methane (94.0-
98.6%) with low humidity (0.3-0.6%), and minor 
non-hydrocarbon gases, which are mainly CO2 and 
N2, and trace He. δ13CCO2 =-2.5- -6.0‰, 3He/4He 
=0.01-0.03Ra. They display reversal pattern of 
carbon isotopes with carbon number (δ13C1 >δ13C2). 
Meanwhile shale gas in the Weiyuan has lighter δ13C1 
(-34.5--36.8‰), δ13C2 (-37.6- -41.9‰) and δ13CCO2 (-
4.5- -6.0‰) than those in Changning (δ13C1=-27.2- -
27.3‰, δ13C2=-33.7- -34.1‰, δ13CCO2 =-2.5- -4.6‰). 

The Longmaxi shale was thermally high or over 
mature stage of organic matter with good seal 
condition. The shale gas after hydraulic fracturing is a 
dry gas dominated by CH4. It could be originated 
from the thermal decomposition of kerogen Type I 
and II, and the secondary cracking of liquid 
hydrocarbons which caused the reversal pattern of 
carbon isotopes. Some CO2 could be derived from 
decomposition of carbonate. The differences in 
carbon isotopes between Weiyuan and Changning 
areas could be caused by different proportion of 
mixed gas from the secondary cracking of liquid 
hydrocarbons at the specific geological and 
geochemical conditions. 
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The oxygen isotopic composition (δ18O) of land 

snail shell is regarded as a useful tool to reconstruct 
the paleo-environmental parameters such as  δ18O  
values of precipitation, rainfall amount, relative 
humidity and temperature [1, 2]. Although it has been 
widely applied in modern and paleo studies so far 
[e.g. 3, 4, 5],  the clear relations among shell δ18O 
values and its controlling factors are still not well 
understood.  In particular,  given that the direct 
observation of land snail body fluid δ18O values is 
limited, it is hard to judge whether the relationship 
between oxygen isotopic fractionations and 
surrounding temperatures during carbonate 
precipitation is same as the one observed from ocean 
animals and inorganic carbonate. 

In this study, we cultured land snails hatched 
from eggs under various environmental conditions 
and they were fed by three kind of waters with 
constant but different δ18O values. We have directly 
measured the snail body water δ18O values and 
compared them with the bulk shell δ18O values at 
each fixed temperatures. 

Based on the observations, we will discuss the 
effectiveness of flux balance model raised by 
Balakrishnan and Yapp [2]. We will also report the 
relationship between snail shell δ18O values and body 
water δ18O values at various temperatures obtained 
from lab cultivation. These observations and 
discussions will greatly improve our comprehension 
on the behaviour of oxygen isotope compositions 
during land snail shell carbonate precipitation and 
prompt its application in Quaternary studies. 

 
[1] Goodfriend (1992) Quaternary Sci. Rev. 11, 665–
685. [2] Balakrishnan & Yapp (2004)  Geochim. 
Cosmochim. Acta 68, 2007–2024. [3] Colonese et al. 
(2014) Palaeogeogr. Palaeocl. 394, 119–127. [4] 
Yanes et al. (2011) Quaternary Res. 75, 658–669. [5] 
Yanes et al. (2013) Palaeogeogr. Palaeocl. 378, 91–
102. 
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Oxidation of pyrite under neutral conditions 

controls iron and sulfur cycling and electron 
conduction in marsh sediment [1, 2], wherein the 
low-molecule-weight organic acids (LOA) widely 
exist in pore waters. Hydroxyl radicals produced 
from pyrite oxidation by O2 can lead to the oxidation 
of organics and redox sensitive elements. In this 
study, the abiotic oxidation of pyrite by O2 under 
neutral conditions were investigated for production of 
hydroxyl radicals (•OH) in the presence of LOA. 
Batch experiments were conducted at 50 g/L pyrite 
and 20 mM benzoate acid and the pH was controlled 
by buffers. We found that the cumulative •OH 
concentrations reached 7.5 μM at pH 7 within 420 
min in the absence of LOA, while increased to 14.8, 
12.0 and 11.2 μM in the presence of 1 mM EDTA, 
citrate and oxalate, respectively. With the citrate 
concentrations increased from 0.5 to 5.0 mM, the 
cumulative •OH concentrations increased from 10.3 
to 27.3 μM at pH 7. With the pH increased from 6.0 
to 8.0, in the absence of LOA the cumulative •OH 
concentrations decreased from 23.3 to 2.1 μM, while 
in the presence of 3.0 mM citrate the concentrations 
decreased from 135.0 to 8.8 μM. Abundant dissolved 
Fe(III) species were observed in the presence of 
LOA. The results of FT-IR and EXAFS showed that 
ferrihydrite as the main Fe(III) minerals existed in 
oxidized pyrite surface in the absence and presence of 
citrate. The reaction of H2O2 with Fe(II)-LOA 
contributed to •OH production in the presence of 
LOA. We conclude that the LOA chelated with 
Fe(II), limited the precipitation of Fe(III) and 
increased the rate of H2O2 production from O2 
reduction by Fe(II) and pyrite, thus facilitated •OH 
production from pyrite oxidation under neutral 
conditions. The •OH may further oxidize the LOA or 
other organics, which affects the cycling of carbon 
and the transformation of substance. 

 
[1] Luther et al. (1992) Mar. Chem. 23, 295-309. [2] 
Nielsen et al. (2010) Nature 463, 1071-1074. 
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Cr concentrations are very variable in different 

environments. It is between 0.025 to 5 mg/L in rivers 
and lakes, and is about 5 to 900 ng/L in seawaters. In 
contaminated sites, it can be 30 mg/L or higher. The 
toxicity of Cr is dependent on its concentration and 
speciation. Bacterial Cr reduction can immobilise the 
toxic Cr (VI) to a less toxic Cr (III) form. Whole cell 
bioreporters enable a rapid and sensitive detection of 
bioavailability and toxicity of contaminants, while 
isotopes can be used to trace the migration and 
reduction process of them, and here we report a novel 
combination of the two of these to monitor bacterial 
responses reducing Cr at sites of elevated Cr. In this 
study, a whole cell bioreporter Acinetobacter baylyi 
ADP-recA-lux was applied to indicate the toxicity of 
different species of Cr, over a range of initial 
concentrations. Cr isotope techniques were also 
employed to study the impact of Cr toxicity on 
microbial Cr reduction processes. The whole cell 
bioreporter Acinetobacter baylyi ADP-recA-lux was 
efficient in indicating the genotoxicity of Cr (VI) at 
low concentration levels (< 5mg/L) and cytotoxicity 
at high concentration levels (100 mg/L). Compared 
with Cr2O7, CrO4 was more toxic as indicated by the 
bioreporter. High concentration (100 mg/L) of Cr 
(III) could also strongly induce the bioluminence in 
the bioreporter, indicating it could also cause DNA 
damage at such concentration levels. Pseudomonas 
fluorescens LB 300 was found to be effective in 
reducing Cr (VI) even when the concentration was 
high; however, complete Cr (VI) reduction was only 
observed at low concentration levels (5 mg/L), 
reflecting that the toxicity of high concentrations of 
Cr (VI) impact Cr reduction processes by the 
bacteria. With its reduction, Cr isotopes fractionated 
and the δ53Cr value increased in Cr (VI) species, 
indicating a lighter isotope composition in the 
products. The calculated fractionation factor by the 
bacterial Cr (VI) reduction process was 3.1 ‰ when 
its initial concentration was low, and was 2.6 ‰ 
when the Cr (VI) concentration was high. The small 
variation of the fractionation factors indicated that the 
Cr isotope signature caused by the bacterial reduction 
was independent of initial Cr concentrations, and that 
it can be used to indicate bacterial reduction during 
bioremediation of Cr (VI) over a wide range of 
concentrations. 
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Chromium stable isotopic system has been widely 

used for tracing both low- and high-temperature 
processes[1,2]. However, chromium isotopic analyses 
can be comprimised by both direct isobaric (50Ti,54Fe) 
and polyatomic interferences on MC-ICP-MS. In this 
study, we developed a high-precision method for 
measuring Cr stable isotopic composition in natural 
rock samples. We have tested various factors that 
could cause analtical artifacts on Cr isotopic analyses. 

This method combines a double-spike (50Cr and 
54Cr) technique and a MC-ICP-MS. Dopping 
experiments showed that our method can fully 
account for Fe and Ti isobaric interferences with 
Fe/Cr and Ti/Cr ratio up to 0.05. Long-term 
reproducibility of an inter-laboratory standard (SCP) 
is 0.045‰(2SD, N=184), while the δ53Cr value of 
this standard relative to NIST 3112a is 
0.071±0.052(2SD, N=53), consistent with that 
measured on TIMS in this work(0.07±0.04). 
Systematic measurements of a set of USGS 
geological reference rocks are performed. 
Measurements of different aliquots of USGS basalt 
standards BIR-1 obtained in different analytical 
sessions show consistent values averaging at -0.13±
0.08(MC-ICP-MS), which also agrees with the TIMS 
measurement (-0.16±0.07). The dunite standard DTS-
2 yields an identical isotope composition of -
0.15±0.05 with a previous works(-0.152±0.045). 

A detailed theoretical reduction on the effect of  
the systematic bias resulting from the “double spike” 
calibration procedure on the measured Cr isotopic 
composition in the sample was also performed in this 
work. Our results show that the δ value stays 
unaffected even if the mass-fractionation calibration 
of “double spike” is inaccurate. 

 
[1] Schoenberg R. et al. (2008) Chem. Geol., 249, 
294-306. [2] Bonnand P. et al. (2011) JAAS., 26, 528-
535.  
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Phosphorus (P) species in surface sediments from 

a shallow hypertrophic lake, Lake Dianchi, China, 
were investigated by P fractionation and 31P nuclear 
magnetic resonance(NMR) spectroscopy during a 
regional algal bloom, and their potential contributions 
to the overlying water were alsoevaluated. Labile 
fractions of P extracted by NH4Cl, bicarbonate 
dithionite and NaOH ranged from 340.6 to 1725.8 mg 
kg-1, accounting for 20.5%-67.2% of total P. Atwo-
step extraction method refinement of P recovery was 
performed before 31P NMR analysis.Recovery rates 
of sedimentary TP and organic Pby combining EDTA 
pretreatment and NaOH or mixed reagents ranged 
from 31.8% to 69.3% and from 19.8% to 51.7%.31P 
NMR Results showed that ortho-P and monoester-P 
were the most abundant P components in the 
sediment extractable P of sediments, followed by 
diester-P and pyro-P.Spatial distribution of the sum 
of ortho-P, diester-P and pyro-Pdetected by31P NMR 
corresponded well with the labile Pconcentration 
determined by fractionation. Both exhibited a 
significantpositive correlation withtotal P in the water 
column, suggesting that internal loading may be an 
important source of P to the lake ecosystem. The 
release of labile P fractions fueled algal bloom, and 
the decay of organic matter following bloom events 
consumed oxygen and elevated pHvalue, thus this 
codependencemight lead to in a vicious 
cycle.Transformation mechanisms of various P 
species remain ambiguous and are worthy of further 
investigation. 
This study was supported by the National Natural 
Science Foundation of China (No. 41273151, 
41573133, 41273148). 
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To constrain the accretionary history of the 

Yangtze Craton in the Archean, a combined study of 
geochronology and geochemistry was carried out for 
the Yudongzi Complex in the northern margin of the 
Yangtze Craton. The Yudongzi Complex is 
composed of gneissic granite, gneissic tonalite, 
amphibolite gneiss and magnetite quartzite. Most of 
the rocks are enriched in sodic with Na2O/K2O ratios 
of >2.0. The gneissic granite shows positive Eu 
anomalies, high (La/Yb)cn and Sr/Y ratios, low Ybcn 
(<3) and Y (<10ppm), resembling typical TTG. The 
trondhjemite has Nb/Ta ratios of 6-23 and Zr/Sm 
ratios of 63-181, suggesting the absence of rutile in 
the residue. The amphibolite and tonalite gneiss show 
less fractionated REE patterns. SHRIMP zircon U-Pb 
dating on a gneissic trondhjemite, an amphibolite and 
a tonalite yields crystallization ages of 2667±21 Ma, 
2701±10 Ma and 2697±9 Ma, respectively. They all 
record the same metamorphic event at about 2.48 Ga, 
which is identical to the ages of the Douling TTG and 
diorite to the east of the Yudongzi Complex. The 
SHRIMP zircon O isotope analysis for a trondhjemite 
and an amphibolite gives δ18O values of 6.2±0.3‰ 
and 6.3±0.4‰, respectively. The O isotope ratios are 
higher than normal mantle values, suggesting a 
contribution from the supracrustal material to the 
source of these rocks. The laser fluoration O isotope 
analysis of bulk minerals yields δ18O values of 6.4-
8.8‰ for zircon and 12.5-15.2‰ for quartz. The 
zircon Lu-Hf isotope analysis on the trondhjemite and 
amphibolite gives similar εHf(t) values of 0.08±0.48 
and 0.07±0.63, respectively. Whole-rock εNd(t) values 
range from -1.5 to +1.0. These trondhjemite and 
tonalite are interpreted as derivation from partial 
melting of the subducted oceanic crust with a garnet-
amphibolite residue. The 2.6-2.7 Ga A-type granitic 
rocks occur in the interior of the Yangtze craton, 
indicating the operation of plate subduction in its 
northern edge. The Yudongzi trondhjemite and 
tonalite were formed in an active plate margin and the 
A-type granites formed as a response to the back-arc 
extension. The identification of 2.65-2.7 Ga 
subduction provides a possible link of the Yangtze 
Craton to the other cratons elsewhere in the world, 
such as the Superior and Tanzania cratons. This is 
also a new clue for the reconstruction of the 
Neoarchean supercontinent Kenorland. 
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The boron isotope-pH proxy has been widely 

used to reconstruct the past ocean pH values. In both 
foraminifera and corals, species-specific calibration is 
required in order to reconstruct absolute values of pH, 
due to the existence of so-called vital effects: 
interferences on environmental signals that derive 
from the physiology of the calcifying organisms. 

Shallow marine abiotic carbonate (e.g. ooids and 
cements) could potentially avoid any such calibration 
requirement and so could be a potentially useful 
archive for reconstruction in deep time. However, 
despite recent applications of the boron isotope proxy 
to ooids and cements, there has been limited work to 
test the validity of the proxy in modern settings. In 
this study, we present boron isotope measurements 
(using MC-ICP-MS) from shallow modern marine 
carbonate, specifically ooids and hardground from the 
Bahamas Band and reef cements from Belize, and 
compare them with measurements of in situ seawater 
pH values. Our B based pH estimates (7.98–8.47, 2σ 
= 0.23), with limited exception, do not match modern 
seawater (mean = 8.04). Also, most (81%) of our pH 
estimates fall out of the range of in situ pre-industrial 
seawater pH values (8.12–8.20). In short sediment 
cores from the Bahamas there we did not observed a 
correlation between in situ pH values of the pore 
water and the sediment pH estimates, suggesting B 
isotope variability was depositional rather than early 
diagenesis. The large variance of the pH estimates 
throughout the whole sample sequence argues against 
the application of the δ11B-pH proxy to such shallow 
marine carbonates. The pH variance may arise either 
from the heterogeneous sedimentation through space 
and time or the microbial-mediated pH change in the 
microenvironment of abiogenic carbonates during 
their growth. 
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The Mesoproterozoic Eon is emerging as a key 
interval in Earth history, while there is great 
controversy on the levels of atmospheric oxygen 
through the Mesoproterozoic Eon (1600 to 1000 
million years ago, Ma), generating uncertainty in 
relationships between oxygen concentrations and 
biological evolution. Through the discovery of 
ancient oxygen-minimum zone (OMZ), and the 
aerobic respiration in 1400 Ma sediments of the 
Xiamaling Formation, we constrain atmospheric 
oxygen was high enough to fuel animal respiration 
long before the evolution of animals themselves. 

The distribution and enrichments of redox-
sensitive trace metals in Unit 3 of the Xiamaling 
Formation reveal oxygenated bottom waters during 
deposition of the sediments, and biomarker results 
demonstrate the presence of green sulfur bacteria in 
the water column. Thus, we document an ancient 
oxygen minimum zone in 1.4 billion years ago[1]. 
Through a simple, yet comprehensive, model of 
marine carbon−oxygen cycle dynamics, our 
geochemical results are consistent with atmospheric 
oxygen levels >4% of present-day levels[1].  

Through the trace metal dynamics and Organic 
indicators of  Hydrogen Index (HI) in Unit 1, we 
confirmed aerobic sedimentary organic matter 
decomposition takes place in the sediment, implying 
that oxygen diffused into the sediments during the 
deposition of the grey shales of the Xiamaling 
Formation, thus through a simple model, we deduced 
the oxygen levels are in line with previous minimum 
atmospheric oxygen estimates of > 4% PAL[1], 
reinforce the previous high oxygen level results.  

 
 [1] Zhang SC, et al. (2016) Proc Natl Acad Sci USA, 
doi: 10.1073/pnas.1523449113. 
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Experiments 

Pyrophyllite is a kind of clay which is widely 
distributed in China. Previous researches also proved 
pyrophyllite has adsorption ability to metal ions[1]. 
In our work, we performed batch experiments to 
study uranium sorption behavior on pyrophyllite in 
different conditions, such as pH, temperature. The 
adsorption results at different pH  is shown in Figure 
1. 

 
Figure 1: Sorption behavior of uranium on 
pyrophyllite at different pH. Solid-liquid ratio: 5g/L; 
initial uranium concentration: C0=3.37×10-4 mol/L; 
temperature: T=25±1℃. 
 
Results and discussion 

Compare experimental results with calculated 
results performed by our self-developed CHEMSPEC 
software[2]. We can see, when pH<4, the mainly 
species of uranium is UO2

2+, and because of 
competitive effects of H+, it has low adsorption 
quantity. At pH 5~8, with the decrease of H+, 
oligomer and precipitate appear, sorption ability is 
enhanced. At pH>8, uranium species is negatively 
charged, the sorption amount declines slightly[3]. 

 
[1] Prasad & Saxena (2008) J Enviorn Manage 88, 
1273-1279. [2] Zhu J B et al. (2012) Sci China-Chem 
42, 856-864. [3] Wazne M et al. (2003) EST 37, 
3619-3624. 
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The history of the geological evolution of the 

oceanic carbon reservoir, in essence, is the history of 
the lithosphere and biosphere interactions. Life 
evolution has reformed the composition of the 
atmosphere�and the changes in the atmosphere and 
hydrosphere control the process of life evolution. All 
of these have a impact on the ocean carbon reservoir. 

The ocean carbon storage is mainly made up by 
the organic and carbonate carbon pools, Their change 
is the response of the atmospheric and oceanic carbon 
cycle�and will affect the marine environment, 
ecological environment and climate. When the high 
content of CO2 in the atmosphere is absorbed by the 
ocean, it will lead to acidification of the oceans.  
Ocean acidification and its changes in the chemical 
system of marine carbonate have a great impact on 
marine life. When the C02 concentration in the 
atmosphere increases, the temperature will rise�and 
will causes a large number of microorganisms to 
bloom.  

The Late Changhsingian microbial mounds that 
sequentially developed atop the skeletal reefs. Among 
the mounds, the most typical is the Jianshan 
microbial mound, which underwent three 
development cycles. Conodont analysis indicates that 
the microbial mound is located under the Permian–
Triassic Mass Extinction Boundary, and that its top is 
located about 7.5 m below the Hindeodus 
parvuszone. δ13C and trace element analysis show 
that the C02 concentration in the atmosphere 
increases and unstable ecological conditions occurred 
from the beginning of the Late Changhsingian, 
suggesting that such environmental deterioration is 
one of the main factors that led to end-Permian 
extinction events. The development of the Late 
Changhsingian microbial mounds reflects the carbon 
cycle and response of carbonate deposition. 
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The Great Ordovician Biodiversification Event 

(GOBE) began ~470 Ma ago in the Early Ordovician, 
and was terminated by a great mass extinction in the 
Late Ordovician. The Late Ordovician mass 
extinction was attributed to the environmental 
changes associated with the Late Ordovician 
glaciation. However, the cause of GOBE still remains 
unclear. According to oxygen isotopic thermometry 
recorded in conodonts, it is suggested that climatic 
cooling after a super greenhouse environment could 
trigger the GOBE in the Early-Middle Ordovician. If 
so, how did climatic cooling result from the 
greenhouse environment in the Early Ordovician? We 
report high-resolution carbon isotopic data from the 
Yangtze and Tarim areas, China in order to 
investigate the Ordovician global carbon cycle and 
climate changes related to the GOBE. 

The evaluation of diagenetic alternation and 
global correlation suggest that those C-isotopic data 
may record the primary carbon isotopic compositions 
in Ordovician. Four positive C-isotope excursions 
were observed in the high-resolution Ordovician 
δ13Ccarb curves from the Yangtze Block as well as the 
Tarim Basin. The positive excursions occurred in the 
Early Floian, the Early Dapingian, the Early 
Darriwilian, and the Middle-Late Katian, 
respectively. Those positive δ13Ccarb excursions 
observed in the Floian and the Dapingian indicated 
increased burial of organic carbon during the Early-
Middle Ordovician. The episodic increased burial of 
organic matter could have drawn down atmospheric 
pCO2 and led to a climatic cooling in the Early-
Middle Ordovician. The climatic cooling after the 
greenhouse period could have played an important 
role in triggering the GOBE. 

 
Acknowledgements: This study was supported by 
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Nano size pores in organic-rich shales provide 

space for gas storage and the gas that fills these pores 
can be released when the rock is crushed. Organic-
rich and Carbonate-rich Eagle Ford Formation is a 
self-sourced oil and gas reservoir with little alteration 
of gas chemistry affected by petroleum expulsion. 
The gases released from organic-rich Barnett shale 
were reported. 

Gas desorption contributes to changes in the 
CH4/CO2 ratio of gases released during rock crushing. 
The ratios decrease with longer rock crushing times 
because of the increase in the CO2-rich gas 
contribution.  The ratio is a function of selectivity, 
partition coefficients, and sorption kinetics between 
CH4 and CO2 molecules. 

Three stages of gas generation are identified from 
Eagle Ford Fm. based on gas chemistry. (1) kerogen 
and bitumen thermal cracking to crude oil, (2) 
bitumen and heavy crude oil thermal cracking to light 
oil, and (3) secondary oil cracking to gas. CH4-rich 
gas and abundance of branched butane and pentane is 
generated in oil cracking to gas. Empirical equations 
between gas compositional parameters and thermal 
maturity (Ro) are obtained for oil-prone Type II 
kerogen.  

Trends in released gas yield and gas chemistry 
during rock crushing relate to gas storage states and 
pore connectivity. The δ13C1, δ13C2 and δ13C3 values 
of gas released from particles of coarser size (> 250 
µm) are similar to values of gas produced from 
Barnett shales after hydraulic fracturing. CH4-
dominated gas appears to be stored in larger 
connected pores and is therefore released during the 
initial stages of crushing.  



Goldschmidt Conference Abstracts 

 

3697 

An Evaluation of Digestion 
Methods for Trace Elements 

Determination in Bauxite 
Materials using ICP-MS  

WEN ZHANG 1, LIANG QI 2, ZHAOCHU HU *1 
1 State Key Laboratory of Geological Processes and 

Mineral Resources, China University of 
Geosciences, Wuhan 430074, China 

2 State Key Laboratory of Ore Deposit Geochemistry, 
Institute of Geochemistry, Chinese Academy of 
Sciences, Guiyang, 550002, China 

 
The composition of trace elements in bauxite 

samples can provide useful information about bauxite 
deposits. However, the conventional bomb digestion 
method with HF/HNO3 results in a significant loss of 
REEs due to the formation of insoluble AlF3 
precipitates during the digestion procedure of the 
bauxite samples. In this study, the bauxites digesting 
capability of the following methods was investigated: 
the “Mg-addition” bomb digestion method, the 
NH4HF2 open vessel digestion method and the NH4F 
open vessel digestion method. The “Mg-addition” 
bomb digestion method can effectively suppress the 
formation of AlF3 and simultaneously ensure the 
complete decomposition of resistant minerals in the 
bauxite samples. The addition of MgO to the bauxite 
samples produces (Mg + Ca)/Al ratios ≥ 1. However, 
adding a large amount of MgO leads to significant 
blank contamination for some transitional elements 
(V, Cr, Ni and Zn). The NH4HF2 or NH4F open vessel 
digestion method can also completely digest the 
resistant minerals in the bauxite samples in a short 
period of time (5 hours). Unlike the conventional 
bomb digestion method with HF/HNO3, the white 
precipitates and the semitransparent gels present in 
the NH4HF2 or NH4F digestion methods can be 
efficiently dissolved by evaporation with HClO4. 
Based on these optimized digestion methods, 37 trace 
elements including REEs in the 10 bauxite reference 
materials were determined by ICP-MS. New trace 
elements data for the 10 reference materials are 
provided. 
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The Helix MC Plus noble gas mass spectrometer 
manufactured by Thermo-Fisher is a 350mm, 120 
degree extended geometry, high resolution, multi-
collector mass spectrometer for the simultaneous 
analysis of noble gas isotopes. The detector array 
includes a fixed axial (Ax) detector, 2 adjustable high 
mass (H1 and H2) detectors and 2 adjustable low 
mass (L1 and L2) detectors, with Faraday and CDD 
collectors equipped on each detector. The H2, Ax and 
L2 detectors installed in the Helix MC Plus at the 
Australian National University (ANU) are of high 
mass resolution, and the L2 Faraday detector is 
equipped with a 1E13 Ω amplifier with a noise level 
less than 5E-18 A. 

 Here we report the commissioning work of the 
Helix MC Plus noble gas mass spectrometer installed 
at the ANU. The performance of the mass 
spectrometer in mass resolution, sensitivity, 
reproducibility and linearity has been examined, and 
the results are presented.  Comparison of these results 
with those of conventional noble gas mass 
spectrometers is given. The application of the five 
detectors in measuring various noble gas isotopes in 
multi-collector modes is discussed. The integration of 
software drivers of devices on the noble gas 
extraction line into the controlling program Qtegra of 
the mass spectrometer is described in this paper.  

The observed high mass resolution (higher than 
1,800) and mass resolving power (higher than 8,000) 
make this mass spectrometer unique in applications in 
noble gas geochemistry. It provides the possibility to 
measure isobaric interference free noble gas isotopes. 
This renovation in noble gas mass spectrometry 
significantly improves the accuracy in determining 
the isotope ratios. In addition, the multi-collectors of 
the mass spectrometer greatly increase the efficiency 
in acquiring data for various noble gas isotopes. 
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Purified montmorillonites with trace amounts of 

quartz were subjected to different concentrations of 
Cr2(SO4)3 solutions for one week to allow cation 
exchange. The Cr-bearing montmorillonites were 
verified and tested using powder X-ray 
diffractometry (XRD), X-ray fluorescence 
spectrometry (XRF), electron spin resonance (ESR) 
spectrometry and Fourier transformation infrared 
(FTIR) spectroscopy to explore the occupation sites 
of the chromium. ESR spectra recorded before, after 
the chromium exchange and heated show clear 
differences: a strong and broad resonance with two 
shoulders at the lower magnetic field side was 
present, its intensity increased with the concentration 
of added chromium, but decreased with the rising of 
temperature. The signals introduced by the 
chromium, for example at g = 1.975 and 2.510 etc. in 
the second derivative spectrum, suggested that the 
chromium had several occupational sites. The main 
resonance centred at g = 1.975 indicated that the 
majority of Cr3+ occupied the interlayer region as 
[Cr(H2O)6]3+. This resonance decreased and shifted to  
g =1.969 as it was heated at 300 oC, formed one weak 
peak centred at g = 1.966 as the temperature higher 
than 500 oC. The substitution of Ca2+ by Cr3+ also 
greatly affected the vibration of the hydrogens 
associate to water in FTIR. Furthermore, the presence 
of two diffraction lines in the XRD results 
(specifically those with d-values of 1.52 and 1.27 nm) 
suggested the presence of two types of 
montmorillonite with different hydration cations, as 
[Cr(H2O)6]3+ and [Cr(H2O)3O3]3+, as exposed to 0.2 M 
Cr2(SO4)3. This also suggested that the species of 
hydration cation was constrained by the concentration 
of the chromium solution. 
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Rebuilding the evolutionary history of Paleo-
Tethys Ocean remains at the center of debates over 
the links between Gondwana dispersion and Asian 
accretion. Identifying the remnants of oceanic 
lithosphere (ophiolites) has very important 
implications for identifying the suture zone, unveiling 
the evolutionary history of fossil oceans, and 
reconstructing the amalgamation history between 
different blocks. Here we report newly documented 
ophiolite suites from the Longmu Co-Shuanghu 
Suture zone (LSSZ) in the Xiangtaohu area, central 
Qiangtang block, Tibet. Detailed geological 
investigation and zircon U–Pb dating reveal that the 
Xiangtaohu ophiolites are composed of a suite of 
Permian (281–275 Ma) ophiolites with nearly 
complete Penrose sequence and a suite of Early 
Carboniferous (ca.350 Ma) ophiolites remnants 
containing part of lower oceanic crust. Geochemical 
and Sr–Nd–O isotopic data show that the Permian 
and Carboniferous ophiolites in this study were 
derived from an N-MORB-like mantle sources with 
varying intensity of suprasubduction-zone (SSZ) 
signature, and characterized by crystallization 
sequences from wet magma, suggesting typical SSZ-
affinity ophiolites. Permian and Carboniferous SSZ 
ophiolites in central Qiangtang provide robust 
evidence for existence and evolution of ancient ocean 
basin. Combining with previous studies on high-
pressure metamorphic rocks, pelagic radiolarian 
cherts, and tectono-stratigraphic and paleontological 
data, we proposed that the LSSZ should represent the 
main suture of the Paleo-Tethys Ocean which 
probably existed and evolved from Devonian to 
Triassic. The opening and demise of Paleo-Tethys 
Ocean dominated the formation of major framework 
for East and/or Southeast Asian. 
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The Yalong River, one of the largest tributaries of 

the Yangtze River, drains a large portion of eastern 
Tibetan Plateau which is the highest and most 
tectonically active region in the world. The chemical 
and strontium isotopic compositions of the river 
waters are measured to obtain the knowledge of 
chemical weathering progress and their controlled 
factors. Results show that rock weathering 
contributes about 90% of the total cations and 
carbonate weathering plays a most important role. 
The major ion compositions of river waters are 
characterized by the dominance of Ca2+ and HCO3

-, 
with an extremely low F- and NO3- concentrations 
that indicating the negligible anthropogenic inputs. 
The chemical and Sr isotopic analyses indicate that 
three major weathering sources (dolomite, limestone, 
and silicates) contribute to the total dissolved loads, 
which is similar to the river waters draining karst-
dominated terrain. However, the waters of Yalong 
River have a relatively lower Sr2+ concentrations and 
higher 87Sr/86Sr ratios (0.7077–0.7198) compared 
with the karst-dominated river basins. 

This study show that runoff and PER (physical 
erosion rate) have a positive correlation with the 
carbonate and silicate chemical weathering rates of 
the Yalong River. The chemical weathering rates of 
this area are 9.3 and 44.3 ton km-2 yr- by silicate and 
carbonate weathering respectively, which is similar to 
the other main rivers draining the eastern Tibetan 
Plateau and twice higher than the world average 
value. The total CO2 consumption flux by chemical 
weathering in this area is 92.2×109 mol/yr, which 
account for more than 0.4% of the total global CO2 
consumption. 
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Carbonaceous aerosols, which comprise the large 

fractions of elemental carbon (EC) and organic 
carbon (OC), badly affect climate and human health. 
However, there is a large uncertainty about detailed 
apportionment and quantification of its sources due to 
the large number of origins and chemical compounds 
associated with the aerosols. Radiocarbon (14C) 
measurements provide a powerful tool for 
unambiguously determining fossil and non-fossil 
sources of carbonaceous particles, since 14C is 
completely depleted in fossil-fuel emissions due to its 
age, whereas non-fossil carbon sources (e.g. biomass 
burning, cooking or biogenic emissions) show a 
contemporary 14C content. Moreover, a better 14C-
based source apportionment can be obtained, when 
14C determinations are performed on EC and OC 
separately, since EC originates exclusively from 
combustion of biomass and fossil fuels. In this study, 
14C measurement combined with the Latin-Hypercube 
Sampling (LHS) model was applied to aerosol 
samples from an East Asian receptor site (Gosan 
supersite at Jeju Island, Korea) in order to obtain 
fruitful information on regionally integrated sources 
and formation processes of carbonaceous aerosols 
from China. To the best of our knowledge, this is the 
first time that 14C-based source apportionment was 
carried out on both EC and OC aerosols in East Asian 
continental outflow regions, covering a full seasonal 
cycle. We quantified source contributions including 
EC from combustion of biomass and fossil fuel, OC 
from fossil emissions including primary and 
secondary sources (as well as OC from non-fossil 
sources including primary biomass burning and all 
the other non-fossil OC. 
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The alkenone-pCO2 method is one of the most 

widely used approaches to reconstruct atmospheric 
CO2 in the Cenozoic. Based on the fractionation of 
stable carbon isotopes between dissolved CO2 and 
phytoplankton biomarkers called alkenones, this 
relationship (known as εp37:2) scales inversely with 
growth rate and cell size (collectively represented by 
the physiological parameter ‘b’), and positively with 
CO2. Alkenone-derived CO2 records for the late 
Pleistocene, however, often are poorly correlated 
with ice core CO2 records. We showed that this is 
largely due to (1) systematic overestimation of b and 
(2) low sensitivity of εp37:2 at low-growth sites to 
atmospheric CO2 variations [1].  

Here we present records from two sites with high 
εp37:2 sensitivity, one from the South China Sea (SCS) 
and one from the tropical Altantic Ocean. We back-
calculated b to determine the full range of expressed 
b over glacial-interglacial cycles, using εp37:2, ice core 
pCO2 records, and proxy-based ocean temperature 
estimates. We also assumed overall air-sea 
equilibrium of CO2 at both sites. Then, the mean 
value of b was applied to obtain pCO2 estimates. We 
also tuned the high-resolution temperature record 
from the SCS site to ice core pCO2, to eliminate age 
model descrapencies. By definition, this approach 
must yield the correct mean value for pCO2; but 
significantly it also produces a composite pCO2 
record that replicates both the amplitude and timing 
of the 800-kyr ice core data considerably well. We 
further explored the relationship between 
coccolithophore cell size and growth rate using 
coccolith size measurements and the  back-calculated 
values of b, providing a potential proxy to constrain 
phytoplankton growth rate over time and the history 
of b. 
 
[1] Zhang, Y.G., Pearson, A., Huybers, P. and 
Pagani, M, 2016, Refining the alkenone-pCO2 
method: The role of algal growth conditions, Earth 
Planet. Sci. Lett., to be submitted. 
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Birnessite is a layered manganese oxide 

characterized by large surface areas and the presence 
of cation vacancy sites. Natural birnessite plays an 
important role in many geochemical processes, such 
as transportation and adsorption of metal elements, 
oxidaton of variable valency metal ions like As or Co 
and process related to water-splitting and 
photosynthesis due to its unique surface charge, 
cation-exchange and redox properties. Therefore, the 
properties ofinterlayer species are essential for better 
understanding the interfacial processes of birnessite. 

First principles molecular dynamics (FPMD) are 
performed in this study to investigate birnessite 
containing K/Na/Mg/Ca cations. Interlayer structures 
and adsorption mechanisims are revealed from these 
simulations. The results suggest that these cations can 
form a tridentate inner-sphere complex above the 
vacancy site while bridge oxygen and ditrigonal 
cavities can also act as adsorption sites. Moreover, 
constrained molecular dynamics are employed to 
examine the stabilities of different adsorption sites 
over outer-sphere complexes. stabilities of 
coordination shells and dynamic properties like 
diffusion coefficients will also be discussed. 
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There are three most important distinct 
metallogenic provinces in South China (Low-High 
hydrothermal province): (1) the North Jiangxi W-Cu-
Au formation just the southen part of the Yangtze 
River Valley metallogenic belt(Fig. 1); (2) the 
broadly contemporaneous W–Sn province in the 
Nanling area; and (3) the Au-Sb-W formation of west 
Hunan province.  

Fig. 1. 
Schematic 
geological 

map of the 
Three 

metallogenic provinces  
Until 2015, the newly explored DHT tungsten ore 

field, which resource extent has the WO3 resource 
reach up to 1.25 Mt, North Jiangxi W-Cu-Au 
formation (Fig. 1) , situated along the northern 
margin of the Yangtze Craton, and the Jiangnan 
Massif(JNM). 

We studied REE of wolframite from the three 
province(Fig. 2), contemporary Neoproterozoic 
granodiorite and slates from JNM in order to 
understanding the hydrothermal and partial melting 
processes of the Neoproterozoic crystalline 
basement(NCB), like the JNM, integrating  with a 
crustal-scale metallogenetic evolution about south 
China. We show that REE of wolframite from DHT, 
that the Ty1  analogous to Nanling and Ty2 alike to 
Woxi. We infer that wolfram have experienced two 
processes, a process of hydrothermal leaching from 
NCB to form Ty2 and Woxi, another one is partial 
melting of NCB, then crystallization differentiation to 
produce postmagmatic hydrothermal to from Ty1 and 
Nanling deposit. A contribution to  understand of 
their geology, tectonic environment of great scientific 
and practical importance, south china.  

 
Fig. 2. Chondrite-

normalized REE 
patterns of 
wolframite from the 
Three metallogenic 
provinces (The data 
of Woxi from Zhu et 
al. [1], and data of 
Nanling from Hei. 

[2] and Zhang [3]) 
 
[1] Zhu et al.(2014) Geochemica(China).43(3): 
287‒300. [2]Hei (2012) Chang’an University master 
Thesis(China). [3] Zhang (2012) China University of 
Geosciences master Thesis(China).60p 
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The Yichun area is located in the east part of the 

Central Asian-Mongolian orogenic belt, 
Heilongjiang, NE China, where gold deposits formed 
coinciding with magmatism during Mesozoic. The 
Dong’an gold deposit is hosted by Jurassic I-type 
alkali-feldspar granite and Cretaceous volcanic rocks, 
with LA-ICP-MS zircon U-Pb ages of 
183.2±1.3~183.3±2.4 Ma and 109.1±1.2 Ma, 
respectively. The Ar-Ar age of adularia associated 
with gold-bearing quartz is 107.2±0.2 Ma (Zhang et 
al., 2010). The Gaosongshan gold deposit is hosted 
by Cretaceous volcanic rocks with U-Pb age of 
102.2±1.7 Ma. Both deposits are controlled by faults, 
with main wall-rock alterations of silicification, 
pyritization, sericitization, adularization and 
fluoritization. Their ore-forming fluids are nearly 
neutral, medium to low temperature (180~280 ℃), 
low salinity (<5.0 wt%) and are mainly derived from 
meteoric water. Geological and geochemical features 
indicate that the Dong'an and Gaogagnshan deposits 
are low-sulfidation epithermal gold deposits. The 
porphyry-type Au deposit at Tuanjiegou is hosted by 
Putaogou S-type granitic porphyry and associated 
volcanic rocks, with U-Pb ages of 
103.9±0.3~104.2±1.4 Ma and 103.9±1.4 Ma, 
respectively. The ore bodies mainly occur as veins 
and lenses within the prophyrite and its contact zones 
with schist of the Proterozoic Heilongjiang Group. 
The alteration is characterized by silification-
sericitization, argillization and propylitization zones 
outward from the prophyrite. The ore-forming fluid is 
mainly of medium-high temperature (190~350 ℃) 
and variable salinity (0.4～5.4 wt%, 30.6～58.5 
wt%) of magmatic origin. The Dong'an, Gaosongshan 
and Tuanjiegou gold deposits constitute a porphyry-
epithermal mineralization system related to the early 
Cretaceous magmatism. The recognition of this 
mineralization system has significance to the regional 
ore-prospecting and co-exploration in NE China. 

The research was funded by the National Natural 
Science Foundation of China under grants of 
41302064 and 41572062. 
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The Earth’s core is mainly composed of Fe and 

Ni with an amount of light element, such as Si, S, and 
O. The melting behaviors of Fe-Ni-light element 
alloys are very important to understand the 
temperature of the Earth, the Earth’s heat flow, the 
evolution and age of the core, and the geodynamo. 
Here, we measured the Hugoniot and melting 
temperatures for a model core composition, Fe-Ni-Si 
alloy, up to the core’s pressures under shock loading. 
The melting temperatures for the Fe/Fe-Ni alloyed 
with light elements, such as Si, O, and Si, are 
investigated and compared with each other at high 
pressures, combined the dynamic and static 
experiments. The results show that adding limited 
light elements into Fe/Fe-Ni would affect the melting 
temperature in the core, but the light elements have 
different effects on depressing the melting 
temperature of Fe/Fe-Ni at the whole core pressures. 
The Si in Fe makes relatively small effects on the 
melting temperature depressing, ~200-300 ± 200 K 
and ~600-800 ± 500 K at CMB and ICB, 
respectively, while the O follows; the S causes the 
largest melting temperature depression among Si, S, 
and O. The ICB temperature would be in the range of 
~4700 to 5600 K with different light elements in the 
core. Considering that the recently reported higher 
thermal conductivities of Fe and Fe alloys, the 
adiabatic geotherm and the heat flow across CMB 
would be constrained further based on these results. 
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The concentration of H2O in the mantle plays a 

significant role in the viscosity and partial melting 
and hence the convection and evolution of the mantle.  
Even though the composition of the primitive mantle 
(PM) is thought to be well known [1-2], the 
concentration of H2O in PM remains paradoxial 
because different methods of estimation give 
different results [3]: using H2O/Ce ratio in MORB 
and OIB and Ce concentration in PM, the H2O 
concentration in PM would be (300 ÷

× 1.5) ppm; using 
mass balance by adding surface water to the mantle 
and assuming that the mass of the degassed mantle is 
about 1/2 of the whole mantle [3-4], H2O 
concentration in PM would be (900 ÷

× 1.3) ppm [2-3].  
In this report, I explore possible solutions to reconcile 
the paradox. 

One possible solution to the above H2O paradox 
is to assume that some deep Earth reservoirs with 
high H2O/Ce ratios have not been sampled by MORB 
and OIB, meaning that the H2O/Ce ratio approach is 
not reliable.  The best candidate of such a deep 
reservoir is the D" layer.  The second possible 
solution is to assume that the entire mantle was 
degassed early during the magma ocean stage, which 
lowered H2O/Ce ratio in the whole mantle.  However, 
due to the low H2O concentration and high H2O 
solubility in the magma ocean, the amount of early 
degassed H2O is expected to be negligible.  The third 
possible solution is to assume that ocean water only 
paritally came from mantle degassing, but partially 
from extraterrestrial sources such as comets [5].  This 
scenario would work as long as the contributing 
comets and asteroids have average D/H ratio similar 
to that of ocean water [6].  In this scenario, the 
composition of the bulk silicate earth (meaning 
mantle+crust+oceans+atmosphere) would not be the 
same as PM, at least for H2O.  Extraterrestrial 
contribution is also able to reconcile difficulties in Ne 
and Ar systematics [3]. 

In conclusion, the likely solution to the H2O 
paradox is extraterrestrial contribution to ocean 
water, indicating PM contains only about (300 ÷

× 1.5) 
ppm H2O.  Another possible solution is the storage of 
materials with high H2O/Ce ratio in the D" layer, 
indicating PM contains about (900 ÷

× 1.3) ppm H2O 
but no PM is sampled by MORB and OIB.  

 
[1] McDonough & Sun (1995), Chem. Geol. 120, 
223.  [2] Palme & O’Neill (2014), Treatise on 
Geochemistry 3, 1.  [3] Zhang (2014), Treatise on 
Geochemistry 6, 37.  [4] Zhang & Zindler (1989), 
JGR 94, 13719.  [5] Chyba (1987), Nature 330, 632.  
[6] Hartogh et al. (2011), Nature 478, 218. 
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The mineral dolomite is commonly found 
throughout the geological record, but very rarely in 
modern sedimentary environments even though the 
modern sea water is highly supersaturated with 
respect to dolomite. Microbial mediation, as one 
proposed mechanism to concur the kinetics barrier 
within dolomite formation, is criticized mainly 
because only small sized non-rhobohedra shape of the 
mineral has been generated so far, which is 
apparently distinguished with the field observation. 
Though the dolomite could be formed under 
laboratorial condition in the presence of several 
microbiologically metabolic pathways, the dolomite 
crystal observed in these test appeared different in 
shape and size with the most common shape found in 
field. 

In this study, we succeeded in synthesize 
rhombohedra shaped dolomite mineral with incubate 
bacterium strain Sporosarcina psychrophila DSM 
6497 in presence of 54 mM CaCl2 and 421 mM 
MgCl2 at 15 ℃ for 4 days(7 MPa). The well-ordered 
crystal sized about 2-10 μm. Our results directly 
prove that rhombohedra type dolomite can be of 
microbial origin. Further we found that Sporosarcina 
psychrophila DSM6497, which have been reserved 
under ambient condition over decades, was 
piezophile. Under its optimal pressures (7MPa), the 
temperature and salinity ranges became wider while 
the pH range became narrower compared to those 
that under ambient condition. Preteomic analysis 
implicated that chaotropic is the key stress for 
Sporosarcina psychrophila DSM6497, high pressure 
is an important environmental factor to allevied such 
chaotropic effect. This could be the reason why 
dolomite was found widely in older statum, 
especailly those from precambrian.  
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Huining county is located in the southern of 

Loess Plateau in China. As a very typical arid/semi-
arid area in hilly and gully regions of the Loess 
Plateau, it seems to be a very significant test area for 
evaluation of Grain for Green Project. In this paper, 
MODIS NDVI was selected as the data source to 
track the variation of vegetation coverage in Huining 
from 2000 to 2010 and vegetation coverage maps 
from different periods using the two sub-pixel model. 

Vegetation coverage, which is defined as the 
projected area of aboveground vegetation part per 
unit ground area, is an important ecological 
parameter [1]. In this study, results show that the 
vegetation coverage exhibits higher in the northern 
region, but lower in the central and southern regions 
in Huining county. Since the policy of Grain for 
Green Project was put into force, the vegetation 
coverage in the county has increased and maintains 
above 20% in most years whereas it has reached to 
peak value of 36.60% in 2005. During 11 monitoring 
years, the land is dominated by low and medium-low 
vegetation coverage type with a large spatial 
variation. The increased areas of the vegetation 
coverage are about 70.60%, where the transformation 
of vegetation coverage is mainly focused on the range 
from 10% to 45%. Both human activities and climate 
changes are the main factors to induce the changes of 
vegetation coverage. Meanwhile, there shows a 
significant correlation (R2 = 0.688) between 
precipitation and vegetation coverage. 

As typical arid/semi-arid hilly and gully areas, 
the ecological recovery will be affected by scarce of 
water resources [2]. It is important to monitor the 
ecological recovery trends and assess the validity of 
Grain for Green Project practicing facing the 
challenge of increasing human intervention and 
global climate change in future. A study suggested 
that the vegetation coverage on the Loess Plateau has 
been greatly increased by China’s Grain for Green 
project since 1999, and the vegetation should be 
maintained but not expanded further as planned [3]. 
 
[1] Mu Shaojie, et al. (2013)Journal of Geographical 
Sciences, 23(2): 231-246. [2] Fu BJ, et al. 
(2000)Journal of Arid Environments, 44(3):291-303. 
[3] Chen Yiping, et al. (2015)Nature Geoscience, 
10(8): 739-741. 
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Accretionary orogens form along convergent 

plate margins due to the ongoing subduction of 
oceanic lithosphere. Based on the dips and velocities 
of subducting slabs, accretionary orogens can be 
divided into retreating and advancing type, as 
exemplified by modern SW Pacific and Andes, 
respectively. As the largest accretionary orogen in the 
world, the Central Asian Orogenic Belt (CAOB) has 
been considered to form in a way resembling modern 
SW Pacific. Hence, the retreat of downgoing slab 
(i.e., slab roll-back) could have played an important 
role in the development of the CAOB. However, 
recognition of the retreat of a subducted slab is 
difficult in an ancient orogenic belt due to the lack of 
geophysical data. One way to recognize this process 
is to identify deep-derived fluids in the forearc. Here 
we present new whole-rock B isotopic data for late 
Carboniferous dioritic dykes in the Langwashan arc 
from the Beishan area, southern CAOB, aiming to 
investigate what kinds of slab-derived fluids modify 
the mantle wedge. The dioritic dykes are calc-
alkaline and sodium-rich. Their Sr–Nd isotopic 
features (initial 87Sr/86Sr = 0.7039–0.7046; εNd(t) = 
3.0–4.3) and arc-like geochemical signatures 
(enrichments of large ion lithophile elements and 
depletions of high field strength elements) indicate 
that they were likely derived from hydrous melting of 
lithospheric mantle with significant crystal 
fractionation. The dioritic dykes have relatively lower 
δ11B values (–7.7 to –6.4‰) than that of MORB 
(δ11B ≈ –4‰), reflecting that their mantle source has 
been hybridized by 11B-poor fluids released from a 
highly dehydrated slab at deep depths. Considering 
the dykes from the forearc, it is proposed that 
metasomatism of subarc mantle by deep-derived 
fluids could be a snapshot of slab roll-back. 
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Motivation & Hypothesis Iodine-129 is a 

volatile radionuclide which is formed during nuclear 
fission. Due to its extremely long half-life and high 
volatility in environment, the immobilazation of I-
129 requires durable waste forms to retain it in 
geological settings. Understanding the iodine release 
is imperative to evaluate the long-term performance 
of waste form in a disposal environment. Vanado-
iodoapatite has been proposed as a candidate waste 
form for iodine because of its chemical durability and 
structural flexibility. Iodine release from a mineral 
material can be subjected to either dissolution 
controlled or dissolution controlled process. This 
study investigated the iodine release in detail to 
reveal how diffusion and dissolution control the 
durability of apatite waste form. 

Methodology A standard semi-dynamic leach 
test, Accelerated Leach Test protocol, was adopted in 
this study. Samples were exposed in fresh leachant 
periodically and the leachant was replaced after each 
interval. Each experiment was carried out in cap-
sealed Teflon vessels under constant temperature 
(e.g. 90 °C). Apatite sample, with a composition of 
Pb9.85 (VO4)6 I1.7, was placed on mesh stand in the 
vessel. The reacted leachates were analyzed with 
ICP-MS. 

Result & Conclusion The results show that Pb 
and V were released constantly and congruently with 
the stoichiometric ratio of Pb/V. However, iodine 
release is incongruent and time dependent. The iodine 
release rate starts significantly higher than the 
corresponding stoichiometric value, and gradually 
decreases, approaching the stoichiometric value. 
Therefore, a dual-mode mechanism is proposed to 
account for the iodine release from apatite, which is 
dominated by short-term diffusion and long-term 
dissolution processes. Additional tests show that the 
element release rates depend on a number of test 
parameters, such as sample surface to solution 
volume ratio (m-1), interval (day), temperature, and 
solution pH. This allows a quantitative 
characterization of release mechanism. The activation 
energy of iodine 22.4 kJ/mol was obtained by varying 
the test temperature. The long-term iodine release 
rate ~3.3 mg/(m2 . day) is projected by normalizing 
parameters to neutral pH, 90 °C, sample surface area 
to solution volume ratio (S/V) 1.0 m-1, and 1.0 day 
interval. These findings demonstrate i) the feasibility 
of our approach to quantify the release mechanism 
and ii) the performance of iodine apatite as a waste 
form candidate for I-129 disposal. 
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Isotopic characteristics of Iron and Calcium in 

high temperature geochemical processes have been 
proven to be important constraints on understanding 
mantle dynamics. It is already documented that lower 
iron and calcium isotopic compositions in some 
oceanic basalts from Koolau volcano in Hawaii, were 
attributed to a mafic component and recycled ancient 
marine carbonates in the mantle source [1, 2]. 
However, few investigations have been conducted on 
continental basalts so far.  

Here we present high-precision iron and calcium 
isotopic analyses on Cenozoic alkaline basalts from 
Yangyuan in the North China Craton. Notably, these 
continental basalts show limited variations in both 
δ57/54Fe and δ44/40Ca, which indicate homogeneous 
iron and calcium isotopic compositions. In the basalt 
samples, δ57/54Fe ranges from 0.24 to 0.29, 
isotopically heavier than reported δ57/54Fe in 
Yangyuan mantle peridotites (0.08 ± 0.04) [3]. And 
δ44/40Ca ranges from 0.62 to 0.68, ~0.4 per mil lower 
than reported δ44/40Ca for typical upper mantle value 
(~1.0) [1]. Apparently, the two offsets in the 
continental basalts from North China Craton are 
different with those in oceanic basalts from Koolau 
lavas, probably stem from complicated geochemical 
processess during partial melting of the mantle and 
magma evolution, and implies that the δ57/54Fe and 
δ44/40Ca values of primitive basaltic melts might not 
represent the composition of the mantle source.  

This work was supported by Natural Science 
Foundation of China (No. 41373007, 41373041, 
41490632, 91328204). 

 
[1] Huang et al., 2011. Geochim. Cosmochim. Acta. 
75, 4987-4997. [2] Teng et al., 2013. Geochim. 
Cosmochim. Acta. 107, 12-26. [3]  Zhao et al., 2015. 
Chem. Geol. 401, 96-110. 
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Damaya gold deposit is a typical quartz vein - 
disseminated-type gold deposit in the Daduhe gold 
orefield, which is located in the north of the well 
know Sanjiang ore cluster area. Wall rocks are 
amphibolite with pyrite sericite quartzalteration. The 
altered rocks have an obvious negative Eu anomaly 
compared with the wall rocks in the deposit. The δ34S 
average is 0.1‰ for pyrite and 2.3‰ for chalcopyrite. 
Fluid inclusion homogenization temperature are 
primarily 280°C-300°C; salinities are at 4-6wt% and 
densities vary between 0.79 and 0.99g/cm3. The 
source of sulfur is inferred to be the mantle, with 
mixing additional sulfur from the crust. CO2 
dominates in the compositions of some fluid 
inclusions. The date suggests that the Damaya gold 
deposit fit with its field setting as an orogenic 
deposit. 
 
 
Keywords: mineralizing fluid, Daduhe gold 
field, Damaya gold deposit 
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Sample and Measurement 

On 11 March 2011, the Fukushima Daiichi 
Nuclear Power Plant (FDNPP) accident occurred and 
a large amount of radionuclides discharged to the 
atmosphere. Nuclide activity concentrations in the 
environmental samples give us better understanding 
of the FDNPP accident circumstances. Our group has 
been operating aerosol samplings after the accident. 
Sampling spots are shown in Fig.1. Cesium-137 
asctivity of aerosol samples was measured by 
germanium detectors. Strontium-90 in aerosol 
samples was isolated by a sequential chemical 
separation method using solid-phase extraction and 
its activitiy was mesured by a low background liquid 
scintillation counter.  
 

 
 
 
 
Results and Discussion 

Strontium-90 concentration was obtained within 
order of 10-3 and 10-5 Bq/m3 and had decreased 
exponentially to the background level in December, 
2011. The daily change of 90Sr/137Cs ratios was 
determiend as shown in Fig.2. We found that the ratio 
rose from 1.2×10-3 at March to 1.3×10-1  at August in 
2011. The 90Sr/137Cs ratios were consistent with the 
simulated radioactivity ratios of the radioactivity 
discharged from Unit 2 and the Unit 3 reactors. 

 
 

Figure 1:Sampling spots Figure 2: Daily changes of 
90Sr/137Cs activity ratio within 
2011 
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Several medium-large scale iron ore deposits 

were gradually discovered in Chinese Western 
Tianshan Mountain. In this study,we carried out some 
oxygen and sulphur isotope analisis on these iron 
deposit. 

1. Oxygen isotope 
Oxygen analysis were taken for magnetites from 

Cha gangnuoer, Zhibo and Beizhan iron deposits 
respectively. Five massive and breccia ores generated 
during the magmatic phase and minerailzed andesite 
show the δ18OV-SMOW value of magnetites ranging 
from 0.6 ‰ to 5.5‰, with an average of 3.8‰. Five 
magnetites of magmatic stage have that value 
changing between 1.8‰ and 3.5 ‰, with an average 
of 2.4 ‰. The value of magnetite of nine ore samples 
from Beizhan iron deposit are between 0.6 ‰ and 
4.6‰, which closing that value distributing within 
orthomagmatic rocks, and they are similar as that 
value presented in the magmatic water. 

2. Sulphur isotope 
The δ34S value of hydrothermal are 1‰ ~ 4‰ in 

Beizhan, 6‰~8‰ in Dunde, -2‰~0‰ in Zhibo, 
5‰~7‰ in Chagangnuoer, 0‰~ 1‰ in Wuling, -3 
‰~2‰ in Songhu and -1‰ in Akesayi deposit. 
Obvious variations of δ34S value show that the 
oxygen fugacity is close or slightly higher than that of 
SO2/H2S boundary. Considering that, we consider 
that the sulphur source of these iron deposits may 
come from magma, which also corresponds to the 
close geological relationship between these iron 
deposits and the volcanic and intrusive rocks in this 
region. 

Stable isotope characteristics of these iron 
deposits show that ore forming material are derived 
from deep magma. 
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The diamond anvil cell (DAC) can be used to 

visualize the oil generation also reveal additional 
information on expulsion processes. In this study, 
DAC was used to observe the hydrocarbon generation 
and expulsion information of coal samples from 
Turpan and Kequa areas, China in high temperature 
and high pressure states. After comparison, we found 
the following phenomenon 

Coals from two areas show different expulsion 
characteristics. The main generation and expulsion 
range of Turpan coal is 440-540oC, corresponding to 
maturity range of 0.65-1.08Ro%, while the main 
generation and expulsion range of Kuqua coal is 460-
520 oC corresponding to maturity range of 0.75-
0.9Ro%. 

Oil amount generated from Tupan is much higher 
than that from Kuqua coal. And oil generated from 
Tupan looks like a kind of light oil under microscope 
while that from Kuqua coal is more likely some kind 
of oil with higher polar fractions including asphaltene 
and resin  

The migration of oil within the coal is along a 
dominant path first and a network route formed by 
dominant path connections later. The hydrocarbons 
generated in later will migrate along the dominant 
path formed by the hydrocarbons previous generated. 
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Water in nominally anhydrous minerals (NAMS) 

(e.g. olivine) is known to increase electrical 
conductivity, which is presumably caused by 
diffusion of hydrogen. To quantify its influence, total 
water content calculated from FTIR and SIMS was 
usually adopted. However, recent study implied its 
inaccuracy since hydrogen diffusion rate was site-
dependent (Padron-Navarta et al., 2014). Hydrogen 
in M site used to be the best candidate to link lattice 
hydrogen diffusion and proton conduction. Recent 
FTIR assignment indicated that hydrogen associated 
to M site in forsterite was negligibly small (Ingrin et 
al., 2013). Therefore, the other hydrogen-related 
defect is required to explain proton conduction in 
olivine. To clarify the contribution of hydrogen in 
association with different sites, we measured the 
electrical conductivity of forsterite as a function of 
water content under different buffer conditions (MgO 
buffer and SiO2 buffer).  

Forsterite aggregate with water content ranging 
from 100 to 1500 ppm were synthesized under MgO 
and SiO2 buffered conditions at 1373 K and 4 GPa in 
a multi-anvil apparatus. The electrical conductivity 
measurements were performed at the same pressure 
and various temperatures from 500 to 750 K. The 
water content of the sample both before and after 
electrical conductivity measurement was determined 
by FTIR using Paterson calibration. Absorption peaks 
of FTIR were assigned to different sites and water 
contents in each specific site were calculated.  

The maximum water content in the MgO buffered 
sample (1500 wt. ppm) was found to be nearly 10 
times larger than the SiO2 buffered sample, indicating 
its superior water storage capacity. Incorporated 
water was exclusively resided in T site (~80%) and 
interstitial site (~20%) for forsterite buffered by 
MgO; whereas for forsterite buffered by SiO2, water 
was distributed among M site (~60%), T site (~38%) 
and I site (~2%). The electrical conductivity of 
forsterite increases with increasing water content in 
both buffered condition with similar activation 
enthalpy (~0.7 eV). Because of its higher water 
content, conductivity of forsterite buffered by MgO 
was higher than that buffered by SiO2. Their 
conductivity difference might be explained by 
hydrogen on M and interstitial sites. However, high 
resistance of forsterite close to the background 
insulation prohibited us to obtain good data. 
Therefore, electrical conductivity measurement of 
forsterite with higher water content synthesized at 
higher pressure will be conducted to verify this 
speculation. 
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The origin of intraplate volcanoes in NE Asia is 
considered to be associated with upwelling of hot and 
wet asthenospheric materials in the big mantle wedge 
above the stagnant Pacific slab in the mantle 
transition zone. Among these intraplate volcanoes, 
Changbai is the largest and most active one, and very 
deep earthquakes (500–650 km depths) in the Pacific 
slab under East Asia occur ~300 km to the east of the 
Changbai volcano. Integrating the findings of 
geophysical, geochemical and petrologic studies so 
far, we suggest a link between the Changbai 
volcanism and the deep earthquakes in the Pacific 
slab. Many large shallow earthquakes occurred in the 
Pacific Plate in the outer-rise areas close to the 
oceanic trench, and sea water may enter down to a 
deep portion of the oceanic lithosphere through the 
active normal faults which generated the large outer-
rise earthquakes. Sea water or fluids may be 
preserved in the active faults even after the Pacific 
Plate subducts into the mantle. Many large deep 
earthquakes are observed that took place in the 
subducting Pacific slab under the Japan Sea and the 
East Asian margin. At least some of the large deep 
earthquakes are caused by reactivation of the faults 
preserved in the subducting slab, and the fluids 
preserved in the faults within the slab may cause the 
observed non-double-couple components of the deep 
earthquake faulting. Fluids preserved in the slab may 
be released to the overlying mantle wedge through 
large deep earthquakes. Because large deep 
earthquakes occur frequently in the vicinity of the 
Changbai volcano, many more fluids could be 
supplied to this volcano than in other areas in NE 
Asia, making Changbai the largest and most active 
intraplate volcano in the region.  For details, see:  
 
[1] Zhao, D. (2015) Multiscale Seismic Tomography. 
Springer, 304 pp. [2] Zhao, D., Y. Tian (2013) 
Changbai intraplate volcanism and deep earthquakes 
in East Asia: A possible link? Geophys. J. Int. 195, 
706-724. 
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Rice is a major dietary source of the carcenogenic 

inorganic arsenic (Asi) for populations consuming 
rice as the staple food. Arsenic accumulation in rice 
is elevated compared with other cereal crops. This is 
because the anaerobic conditions in flooded paddy 
soil lead to mobilization of arsenite and the 
inadvertent, yet highly efficient, uptake of arsenite by 
rice roots via the silicic acid uptake pathway. 
Anaerobic conditions in paddy soil also favour 
arsenic methylation mediated by microorganisms. 
Methylated As species can account for a substantial 
proportion of the total As in rice grain depending on 
the soil conditions and the geographical region of rice 
cultivation. These organic As species are derived 
from soil microoganisms. Methylated As species are 
also taken up by silicic acid transporters in rice roots 
and are preferentially transported to rice grain. Under 
aerobic conditions experienced by upland or aerobic 
rice, arsenate is the major As species taken up by rice 
roots via the phosphate transporters. Arsenate is 
reduced to arsenite by arsenate reductases; the latter 
can be extruded to the rhizosphere, complexed with 
thiol compounds or transported to rice shoots and 
grain. Rice roots release oxygen to the rhizosphere 
via the arenchyma. This process has a profound 
impact on As dynamics in the rhizosphere. Recent 
progress in the understanding of microbial As 
transformation in paddy soil and the molecular 
mechanisms responsible for the uptake and 
translocation of As species in rice will be discussed. 
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To obtain the important information on the 

history of Earth surface stored in marine carbonates, 
it needs a comprehensive understanding of the 
sedimentary environments and the diagenetic 
histories of marine carbonate sediments. In modern 
shallow-water carbonate platforms, successive 
changes of diagenetic zones were found as a result of 
a sea level drop. Although such a relationship is 
important in the identification of diagenetic 
processes, in the interpretation of global carbon 
isotope shifts and in finding the reasons for positive 
correlations between carbonate carbon and oxygen 
isotopes, it is not easily recognized in ancient marine 
carbonates because evidences for sea level change 
can be cryptic in rock record. To solve this issue, we 
carry out a combined study of rare earth elements and 
yttrium (REE+Y) and C-O isotopes of Carboniferous-
Triassic marine carbonates from the Lower Yangtze 
region in South China. 

The relationships between inter-REE+Y ratios 
such as Y/Ho vs. (Nd/Yb)PAAS of pure carbonates 
strongly indicate mixing between fresh water and 
seawater. The REE+Y patterns of pure carbonates 
show regular stratigraphic variations, reflecting 
regular changes of fresh water addition that were 
likely due to the changes of relative sea level. 
Changes of diagenetic zones indicated by the 
relationships between carbonate C-O isotopes and 
other evidences followed the changes of relative sea 
level suggested by the REE+Y patterns. Thus, 
combined REE+Y and C and O isotopic results of 
pure carbonates can provide robust constraints on the 
changes in the linked depositional environments and 
diagenetic processes of marine carbonates. 
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The Sikhote-Alin Orogenic Belt in the Russian 

Far East is an important Late Mesozoic to Early 
Cenozoic accretionary orogen related to the 
subduction of the Paleo-Pacific Ocean. In order to 
study the tectonic evolution of this accretionary 
orogen and associated felsic-dominated magmatism, 
we carried out zircon U-Pb dating, whole-rock 
geochemical and Sr-Nd isotopic analyses on 
granitoids and volcanic samples from the Primorye 
region of southern Sikhote-Alin. The zircon dating 
revealed three episodes of granitoid emplacement: (1) 
Permian in the Khanka Block, (2) Early Cretaceous in 
the middle accretionary terranes, and (3) Late 
Cretaceous to Early Cenozoic in the eastern coastal 
area. Felsic-dominated volcanic rocks that covered all 
tectono-stratigraphic terranes were deposited during 
80-57 Ma. The Cretaceous-Paleogene felsic 
magmatism represents the most important 
tectonothermal event in the Sikhote-Alin belt. Whole-
rock geochemical data indicate that most granitoids 
and volcanic rocks are I-type and likely generated in 
a supra-subduction setting. Their initial 87Sr/86Sr 
ratios range from 0.7048 to 0.7114, and εNd(t) values 
vary from +1.7 to -3.8 (mostly < 0). Thus, the 
geochemical and Sr-Nd isotopic data suggest that the 
felsic magmas were generated by partial melting of 
source rocks comprising mantle-derived juvenile 
component (subducted basalts of accretionary 
complex) and recycled crustal component. The 
geochemical and isotopic differences between 
intermediate and felsic volcanic rocks may be 
explained by crustal assimilation during magmatic 
differentiation. In addition to the Sikhote-Alin belt, 
Cretaceous to Early Cenozoic felsic magmatic rocks 
occur widely in the southern Korean peninsula, 
Japanese islands and Russian Far East, along the 
coastal regions of the Okhotsk and Bering Seas. 
These rocks constitute an extended magmatic belt 
along the continental margin of NE Asia. This belt 
can be considered as a Phanerozoic Silicic Large 
Igneous Province (SLIP), and its generation was not 
related to plume activities but was attributed to 
subduction of the Paleo-Pacific Ocean. 
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The Erguna Massif, an important tectonic unit 

within the eastern section of the Central Asian 
Orogenic Belt (CAOB), is considered to be the 
eastern extension of the Central Mongolian 
microcontinent and records important information on 
the early geological history of the CAOB. However, 
the tectonic affinity of the Erguna Massif has been a 
controversial. Here, we undertook zircon U–Pb 
dating and geochemical data for the Neoproterozoic 
to Early-Paleozoic intrusive rocks in the Erguna 
Massif, with the aim of constraining the early tectonic 
evolution history of the eastern CAOB and affinity of 
the Erguna Massif.  

Zircons from representative plutons in the Erguna 
Massif are euhedral–subhedral, and display fine-scale 
oscillatory growth zoning in CL images, implying a 
magmatic origin. Zircon U-Pb dating demonstrates 
that the Neoproterozoic to Early-Paleozoic 
magmatisms occurred in the Erguna Massif, aged 
between 851 and 439 Ma. The Neoproterozoic 
intrusive rocks with the ages of 851 ~ 737 Ma are 
dominated by A-type granites, with the presence of a 
typical bimodal igneous rock association at ca. 790 
Ma, implying an extensional environment that could 
be related to the breakup of the Rodinia 
supercontinent. These new dating results, combined 
with the published zircon U–Pb ages and Hf isotope 
data, suggest that this massif in fact represents an 
ancient microcontinent that contains Precambrian 
crystalline basement material, and was dissociated 
from the Tarim craton rather than the Siberia and 
North China cratons as a result of Neoproterozoic 
rifting. Additionally, the Early Paleozoic magmatims 
consist of a suite of granodiorite, monzogranite, 
syenogranite, and minor amounts of alkali feldspar 
granite and gabbro. Chemically, they display the 
evolutionary trend from the post-collisional calc-
alkaline series to intraplate alkaline series between 
501 and 439 Ma. Combined with the published data, 
we conclude that these Early Paleozoic intrusive 
rocks formed under a post-collisional tectonic setting 
probably related to the amalgamation of the Erguna 
and Xing’an massifs. 
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and Resources of the People's Republic of China 
(Grant 201311018). 
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1.8 ~ 1.6 Ga is a period when the planet Earth 

witnessed a critical revolution in global tectonic 
configuration, paleogeographic environment and 
biological evolution. The formation of the crystalline 
basement represents the end of the Paleoproterozoic, 
whereas the development of stable sedimentary 
covers represents the start of the Mesoproterozoic. 
The Late Paleoproterozoic (1.8 ~ 1.6 Ga) is referred 
as the “Statherian” in the international 
chronostratigraphic chart, and the Paleo-
Mesoproterozoic boundary is inferred at 1.6 Ga by 
the International Commision on Stratigraphy. In the 
North China Craton (NCC), the “Lvliang Movement” 
was known to mark the final generation of the 
crystalline basement, and underlies the platform-type 
sedimentary covers represented by the Changcheng 
System. The deposition of the Changcheng System 
has long been considered as the beginning of the 
Mesoproterozoic in China at 1.8 Ga, ~200 Ma older 
than the age proposed by the International 
Commision on Stratigraphy.  

Recent studies suggest: 1) the 1.8 - 1.6 Ga 
volcano-sedimentary records in the southern NCC are 
the most complete in the NCC; 2) the volcanic 
sequence (3-7km in thickness) above the fluviatile-
lacustrine facies sandstone-mudstone deposition (the 
1.78-1.8 Ga Dagushi Formation) at the bottom of the 
Xiong’er Group was dated at 1.78-1.76 Ga; 3) the 
volcanic rocks in the Liangxiaoling Formation and 
Hangaoshan Group in Lvliang were also dated ~1.78 
Ga; 4) the aforementioned volcanic rocks were all 
formed earlier than the Changcheng System, and thus 
are the earliest sedimentary covers after the 
cratonization of the NCC. Therefore, it is reasonable 
to infer that the Paleo-Mesoproterozoic boundary of 
the NCC is 1.78 Ga. 
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Long-range transported mineral dust from deserts 

is potentially an important source of micronutrient 
iron, which has been shown to be the main limitation 
factor for phytoplankton growth in the High Nutrient 
Low Chlorophyll (HNLC) areas. Soluble iron in 
seawater depends on dust mineralogy, particle size 
and atmospheric chemical processes. The mineral 
dust from northern Chinese deserts may play a key 
role in supplying bioavailable iron to the North 
Pacific Ocean and particularly influencing the global 
carbon cycle (mitigating the warming caused by 
rising levels of carbon dioxide). We investigate 
mineralogical species of iron in the clay-sized 
fractions (< 2 μm) from the northern Chinese deserts 
by sequential chemical extraction, X-ray diffraction 
and diffuse reflectance spectrometry. Our results 
show that Fe in amorphous phases (FeA), iron oxides, 
and chlorite are 0.81%, 2.39%, 3.15%, and 
contributed 10%, 31%, 44% for the total Fe (FeT), 
respectively. The iron oxides are mainly hematite 
(Hm) and goethite (Gt), with weight content of 0.5% 
and 3.5%, respectively. The dominant Fe species in 
clay-sized fractions from Chinese desert soils are Gt 
and chlorite. The clay-sized fractions of soils from 
Taklimakan, Qaidam, and Badain Jaran deserts in 
northwestern China show higher values of FeA/FeT 
than the others deserts from China, probably resulting 
from the unearthing of more fresh Fe(II)-containing 
minerals that derived from easily weathered silicates, 
and ultimately from the uplift-weathering of the 
Tibetan plateau. Overall, chlorite is potentially the 
main source of bioavailable Fe to the Pacific Ocean. 
About 85% of total Fe from the clay-sized fractions 
could be bioavailable Fe to the oceans. This dataset 
of the Fe species in Asian dust source areas may not 
only contribute to the ultimate goal of quantifying the 
bioavailable Fe supply to the oceans, but also provide 
insight into evaluating the continentally-derived iron 
weathering processes within marine biogeochemical 
iron cycle. 
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The health risk of groundwater radionuclides 

(uranium, radium and radon) has received much 
concern, due to their digestion as drinking water by 
human. However, few data are available for 
groundwater radionuclides in the Hetao basin, P.R. 
China. Therefore, it is necessary to investigate the 
distribution and migration characteristics of nature 
radionuclides in groundwater from the Hetao basin.  

From alluvial fans, via transition area, to flat 
plain in the Hetao basin, 111 groundwater samples 
were taken from irrigation and drinking wells, and 16 
sediment samples from two boreholes and 5 bedrock 
samples with different lithology in the langshan 
mountain were also collected. Radionuclides and 
major components and trace elements were analyzed 
in the lab. 

Results showed that 40.3% of investigated 
samples had uranium concentrations greater than 30 
μg/L (WHO drinking water standards). High U 
groundwater was mainly found in alluvial fans and 
transition area. Of analysed samples, 52 groundwater 
samples had radon activity > 11.1 Bq/L (EPA 
drinking water standards), which was mostly 
observed in alluvial fans. 

Groundwater in alluvial fans is mainly recharged 
from fracture water in mountain areas, which was 
present under oxidizing conditions. Uranium existed 
in the form of U(VI), and mainly occurred  as 
complexes with carbonate in groundwater, which was 
related to high mobility of U in this region.  

The Ra isotope in groundwater derived from 
alpha recoil process of the parent nucleus in the 
aquifer rocks and on the surface coatings of clay 
minerals and Fe/Mn oxides. Ra was readily adsorbed 
on the clay minerals neighbouring aquifers, and 
Fe/Mn oxides, which were the sinks of groundwater 
Ra. The U and Th contents in primary minerals and 
secondary minerals in aquifer solids were major 
factors controlling groundwater radium isotope. 
Reduction of Fe/Mn oxides led to release of Ra into 
groundwater. Besides, cation exchange also resulted 
in desorption of Ra. Total dissolved solids and redox 
condition affected radium isotope in groundwater.  

Adsorbed Ra produces Rn into groundwater by 
α- recoil process. The major source of Rn in 
groundwater was the sediment Ra in aquifers. In 
alluvial fans, groundwater had low TDS values and 
high Eh, where sediment Ra may be relatively higher. 
This was the reason for high activity of Rn in 
groundwater of alluvial fans. 
Keywords: groundwater; radionuclides; geochemistry 
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An eclogite has been recently identified within 

ophiolitic mélange in the western segment of the 
Bangong Co–Nujiang suture zone, at Shemalagou in 
the Gaize area of Central Tibet. The eclogite consists 
of garnet, omphacite, phengite, rutile, quartz, 
diopside, and amphibole. The omphacite, which has 
not been recognized in the suture zone until this 
study, occurs as rare relics within diopside grains in 
the eclogite. Phase equilibria modeling shows that the 
eclogite formed under P–T conditions of 22–28 kbar 
and 600–650 °C with a low geothermal gradient of 
ca. 8°C/km, suggesting that it formed during the 
subduction of oceanic crust. The protoliths of the 
eclogite and coexisting garnet amphibolites have 
geochemical characteristics similar to those of normal 
mid-ocean ridge basalt (N-MORB), confirming that 
the eclogites formed from oceanic crust. The 
presence of high-pressure (HP) retrograde eclogite 
indicates that the ophiolitic mélange in the Bangong 
Co–Nujiang suture zone underwent oceanic 
subduction and was subsequently exhumed. We 
conclude that this ophiolitic belt represents a newly 
identified HP metamorphic belt in the Tibetan 
Plateau, adding to the previously recognized Songduo 
and Longmucuo–Shuanghu eclogite belts. This 
discovery will result in an improved understanding of 
the tectonic evolution of the Bangong Co–Nujiang 
suture zone and the Tibetan Plateau as a whole.  

 



Goldschmidt Conference Abstracts 

 

3728 

The Petrology, Geochemistry 
and Geochronology of Upper 

Carboniferous Volcanic Rocks 
in the Eastern Junggar Basin, 

China 
ZHAO XIA1, YANG JUN2, WEI YANZHAO1 

1 Research Institute of Petroleum Exploration and 
Development, Petrochina, Beijing, China 

2 Chang’an University, Xi’an, China 
(*correspondence: zhaox601@petrochina.com.cn) 
 

Junger Basin is an important part of central Asia 
orogenic belt. It was located among the intersection 
of Kazakhstan, Tarim and Siberia plates during 
Palaeozoic. The research on the basin formation and 
the volcanos during this period were never stopped 
because of the complicated structural settings and 
great breakthough of gas exploration has gained in 
Carboniferous volcanos. 

The volcanic rocks from the Upper Carboniferous 
are widely distributed in eastern Junggar. Petrology 
and geochemistry of the rocks indicate that the Upper 
Carboniferous volcanic rocks are most widely 
developed, consisting of volcanic lava and 
volcaniclastic rocks. Volcanic lava have widely 
varied rock types including basalt-andesite-rhyolite 
rocks. Their petrogeochemical characteristics indicate 
that the basalts and basaltic andesites of the formation 
are high-K calc-alkaline volcanic series. The REE 
distribution plots show the volcanic rocks are 
enriched in LREE and LILE, and depleted in Nb, Ta, 
and high field strength elements (HFSE). The ratios 
of Th/Nb and Nb/Zr as well as the tectonic setting 
discrimination diagrams show that the volcanic rock 
main body is characteristic by intraplate volcanic 
rock, and formed under the tectonic setting of 
intraplate extension. The lava of this area with low 
Th/Nb, low La/Nb, slightly elevated LREE, as well as 
Nb/La-Th/Nb and La/Ba-La/Nb discrimination 
diagrams, show that Nb and Ta relative to La 
depleting was the result of subtractive component 
adding to volcanic source. The lava with above 
charcaterisctics,  similar with “post collision arc 
volcanic rock”, is generated in an extensional setting 
of the late stage of orogenesis, but the magma source 
may be influenced by earlier oceanic plate 
subduction. All these features suggest that they are 
immature back-arc basin volcanics related to 
subduction.  

Combining with the regional geologic 
characteristic, Upper Carboniferous volcanic rocks in 
eastern Junggar are the products of immature back-
arc basin�formed in an extensional rifting setting of 
the late stage of orogenesis, which is consistent with 
the region rifting function of large scale. 
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Variations in non-traditional stable isotopes in 

oceanic basalts and peridotites provide important 
constraints on mantle dynamics. For example, lavas 
from Koolau volcano at Hawaii have Ca and Fe 
isotopes lighter than typical mantle values: the light 
Ca isotopic signature is attributed to recycled ancient 
carbonate and the light Fe to a recycled mafic 
component in the Hawaiian plume[1,2]. Here we 
report Ca and Fe isotopic compositions of mineral 
separates for two suites of mantle peridotite xenoliths 
(Mg-peridotites and Fe-rich peridotites) from 
Yangyuan, North China Craton. 

The Mg-peridotites (Mg#=89.8 to 90.9) represent 
mantle melting residues with no or only moderate 
metasomatism, typical of global peridotites. Their 
δ57/54Fe ranges from 0.01 to 0.17), similar to that 
reported for typical mantle peridotites [3], and their 
δ44/40Ca from 0.86 to 0.92, similar to that reported for 
igneous rocks. In contract, the Fe-rich peridotites 
(Mg#=80.1 to 87.5) are strongly metasomatized. 
They have very light Fe and Ca isotopes, with 
δ57/54Fe as low as -0.64, among the lowest ever 
reported for igneous rocks[3], and  δ44/40Ca as low as -
0.09, compared to ~+1.0 for typical upper mantle 
value [1]. That is, these Yangyuan Fe-rich peridotites  
have the same Ca-Fe isotopic characteristics of 
Koolau lavas, but to a much larger extent. Unlike 
Koolau lavas, the coupled extremely light Ca-Fe 
isotopic signatures in these Fe-rich peridotites most 
likely reflect kinetic isotopic fractionation during 
melt-peridotite reaction. 

This work was supported by Natural Science 
Foundation of China (No. 41373041, 41173044, 
41373007, 41490632). 

 
[1] Huang et al., 2011. Geochim. Cosmochim. Acta. 
75, 4987-4997. [2] Teng et al., 2013. Geochim. 
Cosmochim. Acta. 107, 12-26. [3]  Zhao et al., 2015. 
Chem. Geol. 401, 96-110. 
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Silicification is widespread in the carbonate rocks 

overlying the cap carbonate of the Ediacaran 
Doushantuo Formation at the Xiaofenghe section in 
the Three Gorges area, Yangtze platform, South 
China. The cherts can be subdivided into five types 
(S1 to S5) based on the petrographic features: S1 is 
the microquartz in the chert nodules/bands; S2 is the 
microquartz disseminated in the matrix carbonates; 
S3 is the megaquartz in the matrix carbonates; S4 is 
quartz replacing the calcite cements;  and S5 is 
fibrous silica replacing calcite cement. The 
sedimentary structures suggest that the silica 
deposition occurred during early burial diagenesis 
and recorded diagenetic processes of the carbonates. 
The δ18O values show that most cherts and coexisting 
carbonates are out of oxygen isotopic equilibrium. 
The δ18O values of carbonate and cherts are 
controlled by the isotope composition of precipitating 
waters and temperatures. It is suffest that the surface 
seawater temperatures of the Ediacaran Period at 
Xiaofenghe sections might vary from 28 to 39ºC with 
the oceanic δ18O values buffering at values of -5 to 
0‰. The formation temperatures of cherts, from 47 to 
75ºC, are higher than those of the matrix carbonate 
but consistent with those of the carbonate nodules 
(C1) and the carbonates associated with cherts (C2 
and C3) if they equilibrated with the same fluids. The 
REE+Y patterns of cherts characterized as minor 
light REE depletions, positive La, Eu and Gd 
anomalies, negative Ce anomalies and slightly super-
chondritic Y/Ho ratios implying that the silica may 
have originated from the seawater. The formation 
temperatures of quartz probably represent the 
diagenetic temperatures of the matrix carbonates. 
Under such low temperatures, the primary 
geochemical signatures of carbonates, such as δ13C, 
δ34S and REE+Y patterns could be preserved.  
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Wulanhada is a newly discovered Quaternary 

volcanic field located in the southern margin of the 
Mongolian Plateau. It is situated in the intersection 
area between NNE-striking Greater Hinggan Mt.-
Taihang Gravity Lineament and the west-east-striking 
boundary between North China Craton and Central 
Asia Orogenic Belt (CAOB). The dominant fault in 
the Wulanhada field is the WNW-striking 
Wulanhada-Gaowusu fault (W-G fault) .Recent field 
investigations have revealed Holocene eruptions in 
Wulanhada, leading to broad interests. The 
Wulanhada volcanic field has 10 major volcanoes. 
Field investigations have identified 24 cinder cones 
and 9 lava cones. Eight cone linear alignments and 8 
eruptive fissures are identified, representing the 
location and azimuths of magma feeding fractures. 
Most of the feeding fractures near the W-G fault,  
trend WNW, subparallel to the striking orientation of 
this pre-existing fault. In contrast, the feeding 
fractures far away from the W-G fault show uniform 
ENE trending, which is parallel to the azimuth of the 
regional tectonic stress. We propose that the 
Wulanhada field is under the control of a WNW-
trending transpression stress, which results in the 
sinistral lateral movement of W-G fault and the 
opening of assumed NE trending fissure. Meanwhile, 
a rupture parallel to WNW-striking W-G fault formed 
in the bending front of upper wall in the W-G fault. 
Both of the two fissures provide the channels for 
magma ascent. 

 
This research was supported by National Natural 

Science Foundation of China (NSFC Grant No. 
41572320, 41272088) 

 
Key words: Wulanhada, volcanism, structural 

control 
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The evolution of boron isotopic composition of 
seawater throughout the Earth’s history is a key issue 
for the geochemical study of boron isotopes. The 
boron isotopic composition of marine carbonate can 
indicate the boron isotopic composition of B(OH)4

- of 
the sea water, provides a powerful proxy for seawater 
pH reconstruct and further reveals the pCO2, which 
can be indirectly acquired according to dissociation 
equilibrium between the seawater and CO2. The 
method of δ11BCC-pHSW has been successfully applied 
in studying evolution history of seawater pH and the 
pCO2 during different periods in the past 20 million 
years. From Archean to Proterozoic, boron isotopic 
compositions of the seawater have great changes in 
contrast to the modern ocean. However, it is poorly 
understood and previous studies focusing on the 
boron isotopic composition of the ancient ocean are 
rare. In this study we explored well preserved strata 
of the marine carbonate-dominated Jixian section in 
north China, which spanned from Mesoproterozoic to 
early Neoproterozoic with relatively continuous 
deposition, few major interruptions, and well 
preserved sedimentary features. Based on a 
combination study on oxygen, carbon, boron isotopic 
compositions of the marine carbonate, and their 
major and trace elemental contents, as well as a 
compilation of data all over the world, this study will 
provide basic information for the reconstruction of 
the evolution history of the Earth’s environment 
during Proterozoic, especially the oceanic and 
atmospheric evolution. 
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Fluid plays a key role in metamorphism and 

magmatism in subduction zone. Veins in high-
pressure (HP) to ultrahigh-pressure (UHP) rocks are 
the products of fluid-rock interaction, and can thus 
provide important constraints on fluid processes in 
subduction zones. We carried out an integrated study 
of zircon U-Pb and O-Hf, as well as whole rock Nd-
Sr isotopic compositions for a quartz vein, a complex 
vein, and their host eclogite in the Sulu UHP terrane 
to decipher the timing and source of fluid flow under 
HP-UHP metamorphic conditions. The inherited 
magmatic zircon cores from the host eclogite 
constrain the protolith age at c. 750 Ma, reflecting its 
protolith formed in a rift setting due to the breakup of 
the supercontinent Rodinia. The morphological and 
geochemical  features of hydrothermal zircons 
indicate they precipitated from the fluids under HP 
eclogite-facies conditions. They yielded similar 
Triassic U-Pb ages, recording the timing of fluid flow 
during the exhumation of the UHP rock. Zircon O 
and whole rock Nd isotopic compositions imply that 
the fluids might be internal and localized. For O and 
Nd are major and trace components in minerals 
involved in metamorphic reactions during HP-UHP 
conditions, they are useful to identify the source of 
fluid, On the other hand, model calculation suggests 
that the Hf was derived from the breakdown of major 
rock-forming minerals and recycling of the inherited 
magmatic zircon. The variable whole rock initial 
87Sr/86Sr ratios might be caused by subsequent 
retrograde metamorphism after the veins formation. 
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Characterizing the  Mg and its  isotopes behavior  

in river systems could  provide new  insight into  the 
geochemical  processes  and  environmental  
conditions,  due  to its  key  role  in  matter  cycling  
between rock and  water and plant.      Dissolved Mg 
in the Huanghe River shows a wide range of δ26Mg 
values, ranging from -1.53‰ to -0.11‰, with most 
values being close to -1.09‰. By comparison, most 
of the suspended loads are enriched in heavy Mg 
isotope, with δ26Mg values ranging from -2.00‰ to -
0.62‰, which is controlled by mineralogy. The Mg 
isotopic composition in the upstream is mainly 
determined by the mixture between carbonate and 
silicate sources. When the Huanghe flows through the 
Loess Plateau, the dissolved Mg decreased due to the 
dissolution of easily dissoluble phases in loess. 
Carbonates weathering and evaporites dissolution are 
the major controlling factor of the evolution of Mg 
isotopic composition in dissolved phase. In addition, 
evaporation-related precipitation of secondary 
carbonates also influences the dissolved Mg isotope 
composition in some tributaries. The strong 
relationships between δ26Mg and pH, temperature, 
and δ18O suggest that the Mg isotope system bears 
significant information about the hydrogeochemical 
characteristics and climate conditions of the Huanghe 
basin. 

This work was jointly supported by the National 
Natural Science Foundation of China (Grant No. 
401173030, 41210004) and the National Basic 
Research Program (973) of China (Grant 
No.2013CB956401). 
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Plate subduction is an important mechanism for 

exchanging the mass and energy between the mantle 
and the crust, and igneous rocks above subduction 
zones are an important carrier to investigate the 
recycling of crustal materials and the crust-mantle 
interaction. This study presents a synthesis of 
geochronological and geochemical data for 
postcollisional mafic igneous rocks from the 
Hong'an-Dabie-Sulu orogens and the southeastern 
edge of the North China Block, eastern China. The 
available results indicate two types of the crust-
mantle interaction in the continental subduction zone, 
which are represented by two types of mafic igneous 
rocks with distinct geochemical compositions. The 
first type of mafic igneous rocks exhibit arc-like trace 
element distribution patterns (i.e. enrichment of 
LILE, LREE and Pb, but depletion of HFSE) and 
enriched radiogenic Sr-Nd isotope compositions, 
whereas the second type of mafic rocks show OIB-
like trace element distribution patterns (i.e. 
enrichment of LILE and LREE, but no depletion of 
HFSE) and depleted radiogenic Sr-Nd isotope 
compositions. Both of them have variable zircon O 
isotope compositions, different from those of the 
normal mantle zircon, and contain residual crustal 
zircons. These geochemical features indicate that the 
two types of mafic igneous rocks were originated 
from the different natures of mantle sources. The 
mantle source for the second type of rocks would be 
generated by reaction of the depleted MORB mantle 
with felsic melts originated from previously 
subducted oceanic crust, whereas the mantle source 
for the first type of rocks would be generated by 
reaction of the cratonic mantle of the North China 
Block with felsic melts from subsequently subducted 
continental crust of the South China Block. It is these 
crust-derived melts that transfer these different 
geochemical signatures to the mantle sources of 
postcollisional mafic igneous rocks, and the crust-
mantle interaction in subduction channels is realized 
by the different types of source mixing. Therefore, 
there exist two types of the crust-mantle interaction in 
the continental subduction zone, and the 
postcollisional mafic igneous rocks provide 
petrological and geochemical records of the slab-
mantle interactions in continental collision orogens. 
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The Niida River in Fukushima prefecture after 

the Fukushima Daiichi accident transports 
radiocesium  from the heavy contaminated mountain 
areas of the evacuated zone of the accidental fallout 
to the flat coastal area of the watershed at 
Minamisoma city. A part of the radionuclides 
transported transported by being attached to 
sediments  in the Mizanushi River, - the right 
mountain tributary of Niida River  are trapped in the  
deep reservoir Takanokura. This watershed – river –
reservoir system, that is intensively monitored after 
since 2011  provides a good test case for the research 
of the main driving mechanism of radiocesium 
transfer in complicated freshwater system. From 
other side there are needs for the development of the 
modeling tools for the predictive modeling of 
radiucesium fluxes and fate in this and neighboring 
river basins for the prediction of radiocesium 
dynamics during future high floods and for the 
assessment of the efficiency the clean up activities 
planned and started in some places at the river 
floodplain, 

The open source distributed hydrological and 
sediment transport model DHSVM of  University of 
Washington, has been extended is studies of Niida 
river by the including of the module of radionuclide 
particulated transport and transport in solute, n=based 
on the system of the equations tested in the studies 
for the rivers contaminated after the Chernobyl 
accident. New model has been calibrated versus the 
data  measured on the  experimental plots in 
Fukushima Prefecture,  The two dimensional model 
of radionuclide transport COSTOX  was 
implemented to simulate the  dynamics of 
radionuclide in water,  sediment and bottom 
deposition of Takanokura reservoirs, Ir was studied 
the difference in the temporal dynamics of 
particulated radiocesium conversation in dry weight  
for  small tributaries – increasing during  the high 
flood and for the main river flow crossing less 
polluted areas – decreasing during the flood. The 
weak impact of the small scale cleanup activities on 
water contamination was demonstrated in the set of 
the numerical experiments.  
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Recent investigations revealed curtain anomalies 
of noble gases along some plate boundary strike-slip 
faults in the world. The Tancheng-Lujiang fault zone 
(TCLJF) is a large-scale fault zone with a trending of 
NNE-SSW and long distance for over 2400 km from 
the boundary between Russia and China in northern 
China to the Yangtze River in southern China. There 
are, many giant and damaged historical earthquakes, 
and also massive resource deposit formed along the 
TCLJF. As a result, the fault system has long been 
recognized as one of the main geological 
discontinuities of East Asia, and has attracted much 
attention from various viewpoints including mantle 
volatiles in recent years.  

In order to obtain some information about the 
regional geology of each segment of the TCLJF, hot 
spring gas samples were collected from three regions, 
the Liaodong peninsula in the north, Tancheng 
County in the middle and Lujiang area in the south of 
the TCLJF and analysed for chemical and isotopic 
compositions. The results showed clear variations in 
He-C systems among these three regions. The 3H/4He 
ratios varied from 0.1 to 1.15Ra, indicating mantle-
derived helium in the spring gases measured along 
the TCLJF. However, there is lack of mantle-derived 
CO2 in the studied areas. Such different geochemical 
properties of hot spring gases were consistent with 
local geology surroundings, especially the local 
geothermal and tectonic features. 
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Drastic changes in the Earth surface processes 
occurred in Asia and surrounding regions during the 
Cenozoic. Driven by India-Asia collision and Pacific 
plate subduction, the Tibet Plateau region gained its 
high elevation, whereas lithosphere in east China lost 
its thickness, and West Pacific margin seas opened, 
all of which led to the establishment of the present-
day topography and drainage pattern. Meanwhile, 
these tectonic-geomorphic processes also interplayed 
with physical, chemical and bio-geological processes 
on global scale, altered the northern westerly 
circulation, initiated the Asian monsoon regime, and 
intensified the aridity of Asia interior, all functioning 
together to form the deserts, loess and the dust 
system. 

Production, transportation and deposition of 
sediments are closely associated with tectonic-
geomorphic processes. From the view point of 
sediments from source to sink, Asia is divided into 
two halves: sediments in the southern and 
southeastern half are transported mainly by fluvial 
systems, whereas the northern and northwestern half 
is characterized by eolian process. Finger-printing 
sediments from source to sink provides a mean to 
understand regional tectonic-geomorphic history. In 
this paper, we take the Yangtze River [1]  and 
Taklimakan Desert [2]  as two examples to show how 
sediment provenance-based approach is applied in 
understanding the Cenozoic evolution of East Asian 
tectonic-geomorphology.  
 
[1] Zheng, et al.(2013) PNAS 110(19), 7556-7561. [2] 
Zheng, et al.(2015) PNAS 112(25), 7662-7667. 
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The Fukushima Daiichi Nuclear Power Plant 
(FDNPP) accident released large amounts of 
radionuclides into the environment. In addition to the 
atmospheric releases, the release of highly 
contaminated water from the damaged reactor 
buildings resulted in the direct discharges of 
radionuclides into the sea. It has been estimated that 
the total amount of 137Cs released from the FDNPP 
accident to the atmosphere ranged from 15-35 PBq. 
The released radioactive materials posed radiation 
threat to human society. Thus, environmental nuclear 
forensics of radioactive contamination and long-term 
environmental behavior of released radioactive 
materials have been important issues of study after 
the FDNPP accident.  

Since the FDNPP accident, intensive studies on 
the distribution of released fission products, in 
particular 134Cs and 137Cs, in the environment have 
been conducted, and the activity ratio of 134Cs/137Cs 
has been widely used as a tracer for contamination 
source identification. However, due to the short half-
life of 134Cs (2.06 y), this tracer will become 
unavailable in the near future. Thus, for studies on the 
long-term environmental behavior, such as the fate 
and transport of the released radionuclides, new 
tracers which can be used in a time scale of several 
tens- or hundred years are highly required. In this 
work, we discuss new geochemical tracer of 
radioactive Cs isotope ratios (135Cs/137Cs) for 
contamination source identification and long-term 
environmental behavior studies of Pu and Cs released 
from the FDNPP accident. To establish the feasibility 
of the proposed tracer, we identified the isotopic 
compositions of radioactive Cs and Pu isotopes 
released from the FDNPP accident, and estimated the 
released amounts of 135Cs and Pu isotopes. New 
development of mass spectrometric methodology for 
135Cs/137Cs ratio analysis and the potential 
applications of the obtained FDNPP-sourced Cs 
fingerprint in the study of long-term environmental 
behavior of the released radioactive materials will be 
discussed. 
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Trace metals in seawater have significant effects 
on marine organisms as essential trace nutrients at a 
low concentration and toxins at a high concentration. 
Trace metals are also important as tracers in 
oceanography. Recently we have developed a multi-
elemental determination method for trace metals (Al, 
Mn, Fe, Co, Ni, Cu, Zn, Cd, and Pb) 1 and been 
studying the distribution and stoichiometry of these 
metals as an activity of GEOTRACES JAPAN2. In 
this study, seawater samples were collected from the 
central Pacific Ocean along 160°W during the R/V 
Hakuho-Maru KH-05-2 cruise (August-September, 
2005) and were preconcentrated using an off-line 
automated preconcentration system (SPE-100) with 
chelating resin following determination by using a 
HR-ICP-MS (Element 2) with the calibration curve 
method. 

This study presents data on the full-depth vertical 
distributions of dissolved trace metals along 160°W 
from 54°N to 10°S, and compares them with those 
along 47°N west-east transect from 160°E to 156°W 
(KH-12-4 cruise) and those along 165°E from 51°N 
to 30°N (KH-11-7 cruise). Since some stations from 
the three cruises located almost at the same place, 
these stations are utilized as cross-over stations and 
the differences between distributions of the same 
trace metal will reflect the temporal variations of 
them. We will summarize the data of nine elements 
from the three cruises and discuss the internal cycling 
in the Pacific Ocean. The input and removal 
processes of trace metals will also be discussed.  
 
 
1 Minami, T. et al. Anal. Chim. Acta 854, 183-190, 

(2015). 
2 Vu, H. T. D. & Sohrin, Y. Sci. Rep. 3, 1745, 

(2013). 
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The transfer amount and efficiency are believed 

to be greater in active than passive margins. 
Submarine canyons serve as conduits at western 
Pacific active margin conveying terrestrial organics 
into deep sea, particularly, during episodic flood 
events. In spite of its importance, the behavior of 
ephemeral canyon transportation remains unclear. A 
sediment trap was deployed at 610 m deep in the 
Gaoping submarine canyon in 2008, during 
deployment Typhoon Kalmaegi passed. Basing on 
relations among 13C, 14C and TOC between soil and 
trap samples, we quantify the fraction of biospheric 
non-fossil (OCnf) and fossil organic carbon (OCf). 
The isotopic compositions of OCnf components for 
hyperpycnal (pM of 0.63%, d13C=-25.2 permil) and 
hypopycnal periods (pM of 0.71%, d13C=-23.8 
permil) were both pre-aged and well pre-mixed, yet 
distinguishable. Isotopic evidences suggested that 
OCnf in hyperpycnal and hypopycnal flows were 
highly likely sourced, respectively, from organics 
buried in ancient landslides and reworked shelf 
sediments with addition of marine organics. Results 
shed lights on the behavior of organics transport in 
active margin. 
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Carbonaceous aerosol, including organic aerosol 

(OA) and black carbon (BC), constitutes a substantial 
fraction of atmospheric fine particulate matter, and 
plays a critical role in air quality and aerosol radiative 
forcing. China, with abundant anthropogenic 
emissions, is experiencing serious air pollution 
problems in recent years. Carbonaceous aerosol can 
account for about one third of fine particulate matter 
mass concentration in most cities in China. It is very 
important to study sources of carbonaceous aerosol in 
China, especially in Beijing, the capital city, where 
frequent haze episodes occur. Radiocarbon (14C) 
analysis is a powerful technique and provides 
quantitative information to differentiate contributions 
from biomass/biogenic and fossil fuel source while 
stable carbon isotopes (13C) could provide additional 
information regarding sources. In this study, relative 
contributions of fossil and biomass/biogenic sources 
to OA and BC are determined and compared based on 
the source apportionment results from 14C methods 
and emission inventory, and the reasons for such 
difference are discussed. In addition, major sources of 
OA and BC are investigated with 13C fingerprints and 
emission inventory by sectors. Isotopic results of 
carbonaceous aerosol from Beijing and other cities in 
China are compared, including Shanghai and 
Guangzhou, and characteristics of carbonaceous 
aerosol in each city and their major sources are 
identified. 
 

Keywords: Carbonaceous Aerosol, Isotope, 
Source, Megacity, China 
 

* Presenter and Corresponding author: Mei 
Zheng, email: mzheng@pku.edu.cn  
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In past decade, a series of iron deposits had been 

discovered in Bulunkuole Group of Taxkorgan area 
in Western Kunlun. As the only regional barite 
deposit, the Kalaizi deposit hosted in early Cambrian 
meta-argillaceous clastic rocks is a typical sediment-
hosted stratiform Fe-Ba deposit with a small amount 
of Pb-Zn mineralization, implying a link to 
hydrothermal activity. 

The magnetite samples separated from barite ores 
display distinct positive Eu anomalies (2.1~10.3) and 
low Y/Ho ratios values (27.2~33.4), indicative of 
hydrothermal activity during mineralization. On the 
δ34S versus δ18O diagram, there is no correlation 
between δ34S and δ18O for barite and anhydrite 
samples, precluding the cold seep origin. In addition, 
the higher δ34S values (37.8~42.8‰) of sulfate 
samples relative to early Cambrian seawater, coulped 
with the δ34S values of associated sulfides 
(16.3~23.5‰), indicate a seawater origin for sulfur 
that was modified by bacteria sulfate reduction 
(BSR). The 13C-depleted (-10.0~-12.1‰) ankerite 
samples coexisting with barite and magnetite futher 
support the existence of BSR process during 
mineralization. Moreover, the slightly higher 87Sr/86Sr 
ratios (0.7086~0.7097) of barties relative to coeval 
seawater are interpreted as alteration of more 
radiogenic terrigenous sediments. 

In summary, the Kalaizi Fe-Ba deposit was most 
likely formed in a hydrothermal system which was 
affected by sulphate-reducing bacteria. The 
deposition of barite and anhydrite was accompanied 
by BSR process. Sulfides precipitated where metal-
bearing hydrothermal fluids ecountered pore waters 
containing H2S through BSR. After the H2S was 
consumed, magnetite precipitated directly by suboxic 
iron-bearing hydrothermal fluids on the seafloor. At 
the same time, the ankerite intergrown with barite and 
magnetite was also formed by mixing of these iron-
bearing hydrothermal fluids and HCO3

- released by 
BSR. 
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Introduction 

Both iron and manganese are ubiquitous elements 
in natural aquatic systems and they are important 
electron acceptors as they are highly sensitive to the 
redox state, and the change of oxidation state will 
influence the distribution and mobility of trace metals 
during early diagenesis of lake sediment. Fe, Mn, As, 
Cu, Co, Ni and Zn of porewater, sediment and 
reactive fractions were investigated to better 
understand the distribution and redox cycling of these 
heavy metals in a highly mineralized reservoir, Aha 
Lake, and a mesotrophic water system, Hongfeng 
Lake, southwest of China. 
Results 

The reactive fractions of lake sediments were 
extracted by 1N HCl and the heavy metals 
concentrations were measured with ICP-MS. 
Different patterns of Mn and Fe were clearly 
observed in both reactive fractions of sediment and 
porewaters of Aha Lake. The concentrations of Mn in 
these two fractions were higher in surface sediments 
and significant decreases occur with the increase of 
burial depth. In contrast, increases in both dissolved 
Fe and reactive Fe were observed from just the depth 
where concentrations of Mn became very low. These 
indicate that Mn oxides/hydroxides are main electron 
acceptors in surface sediments while iron 
oxides/hydroxides are more active in deep sediments. 

The mobility and distribution of As in sediments 
of Aha Lake was mainly influenced by cycling of 
manganese, while Cu was mainly influenced by iron. 
The mobility of Co�Ni and Zn were influenced by 
both iron and especially manganese. As for Hongfeng 
Lake, the mobility and distribution of trace metals 
were mainly influenced by iron. The mobility of As 
can be influenced by both Mn and Fe. However, 
when content of Mn is higher enough, As tend to 
preferentially associate with the cycling of Mn.  
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Alkenones (C37 to C40) are highly specific 

biomarkers produced by certain haptophyte algae in 
ocean and lacustrine environments and have been 
widely used for paleoclimate studies. Unusual 
shorter-chain alkenones (e.g. C35 and C36) have been 
found in environmental and culture samples but the 
origin and structures of these compounds are much 
less understood. The marine alkenone producer, 
Emiliania huxleyi CCMP2758 strain (a mutant of the 
benchmark strain NEPCC55a that was used to 
establish the widely cited, culture-based ocean 
alkenone temperature calibration) was reported with 
abundant C35:2Me (∆12, 19) alkenone when cultured at 
15 °C [1]. Here we show, when this strain is cultured 
at 4 to 10 °C, CCMP2758 produces abundant 
C35:3Me, C36:3Me and small amount of C36:3Et 
alkenones with unusual double bond positions of ∆7, 

12, 19. We determine the double bond positions of the 
C35:3Me and C36:3Me alkenones by GC-MS analysis of 
the dimethyl disulfide and cyclobutylimine 
derivatives, and provide the first temperature 
calibrations based on the unsaturation ratios of the 
C35 and C36 alkenones. Previous studies have found 
C35:2Me (∆14, 19) and C36:2Et (∆14, 19) alkenones with 
three-methylene interruption in the Black Sea 
sediment, but this is the first reported instance of 
alkenones with a mixed three and five-methylene 
interruption configuration in the double bond 
positions. The discovery of these alkenones allows us 
to propose a novel biosynthetic scheme, termed 
shorter-chain alkenone (SCA) biosynthesis pathway 
that simultaneously rationalizes the formation of both 
the C35:3Me (∆7, 12, 19) alkenone in our culture and the 
∆14, 19 alkenones in the Black Sea type alkenones 
without invoking new desaturases for the unusual 
double bond positions. In this presentation, we will 
also discuss a new alkenone unsaturation index, UK'' 
for lacustrine haptophyte species [2]. 

 
[1] Prahl et al. (2006) Geochim. Cosmochim. Acta 70, 
2856–2867. [2] Zheng et al. (2016) Geochim. 
Cosmochim. Acta 175, 36–46 
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The geochemical signature of subducted crust has 

been identified not only in oceanic arc basalts and 
continental arc andesites but also in oceanic island 
basalts (OIB). However, the nature of crustal 
components in the mantle sources of mafic volcanics 
still remains to be resolved. The lithochemical 
composition of oceanic basalts requires that 
subducted crustal rocks themselves are not directly 
incorporated into the mantle sources. Instead, they 
underwent metamorphic dehydration and partial 
melting at different depths, producing metasomatic 
agents that dominate the budget of fluid/melt-mobile 
incompatible elements and their pertinent radiogenic 
isotopes in the mantle sources. In contrast, the 
depleted MORB mantle dominates the budget of 
major elements in the mantle sources. As such, the 
composition of metasomatic agents is a key to the 
nature of mantle sources. This is primarily dictated by 
the stability of such accessory minerals such rutile 
and garnet in subduction-zone fluids. During 
subduction of an oceanic slab beneath another 
oceanic plate, aqueous solutions are produced at 
subarc depths in the stability field of rutile and 
garnet, acquiring the trace element signatures that are 
enriched in LILE and LREE but depleted in HFSE 
and HREE. The aqueous solutions metasomatize the 
overlying mantle wedge peridotite, generating the 
ultramafic mantle source regions for oceanic arc 
basalts. If the oceanic slab is subducted beneath a 
continental margin, more terrigenous sediments 
undergo partial melting at subarc depths, producing 
hydrous felsic melts that not only contain the arc-like 
trace element signatures but also are relatively 
enriched in radiogenic isotope signatures. The 
hydrous melts metasomatize the overlying mantle 
wedge peridotite to generate the less ultramafic 
mantle source regions for continental arc andesites. 
As soon as the oceanic slab is subducted to postarc 
depths, partial melting of the subducting oceanic 
crust becomes prominent with the dissolution of 
rutile, producing less hydrous felsic melts with the 
trace element signatures that are enriched not only in 
LILE and LREE but also in HFSE. Such melts 
metasomatize the mantle peridotite to generate the 
ultramafic mantle source regions for oceanic island 
basalts. Therefore, the nature of metasomatic agents 
at the slab-mantle interface is substantial to the mass 
transfer in oceanic subduction channels. This unified 
mechanism can account for the occurrence of both 
arc- and OIB-like basalts above oceanic subduction 
zones. 
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Reactive nitrogen (Nr) entering agricultural soils 

from fertilizer applications worldwide results into a 
43%~63% of global anthropogenic N2O emissions 
(EDGAR, 2014; Saikawa et al., 2014; Tian et al., 
2014). Yet the patterns, trends, and the associated 
causes of Chinese emissions remains subject to large 
uncertainty, and inventories of China’s total 
agricultural soils N2O emissions at present varied by 
~150% (Zhou et al., Environmental Sciences & 
Technology, 2014, 48: 8538-8547; Zhou et al., 
Global Biogeochemical Cycles , 2015, 29: 885-897). 
The primary sources of this uncertainty are 
conflicting estimates of emission factors, nitrogen 
inputs, and the associated environmental conditions, 
yet none of previous estimates are based upon large-
scale measurements and high-resolution activity data. 
Here, we re-quantify China’s N2O emissions from 
croplands from 1990 to 2012, including direct and 
indirect pathways, using updated and harmonized N 
input data, high-resolution environmental factors 
data, and a comprehensive dataset of global N2O 
observation networks. The spatially-variable emission 
factors are derived by empirical upscaling of ground-
based observations, but validated by ecosystem 
models and atmospheric inversions of N2O 
concentration data. Three main tasks have been 
performed in this study: i) the magnitude and 
spatiotemporal patterns of N2O emissions over China 
croplands from 1990 to 2012; ii) the attributions of 
anthropogenic causes of the spatial variations, 
interannual variability, temporal trends, and growth 
rates of China’s N2O emissions from croplands. 
Overall this study may broaden our knowledge of the 
nitrogen cycle model for agro-ecosystem, which is 
important for refining IPCC default values of 
emission factors and designing China’s N2O 
mitigation protocols. 
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Diatom is well known for the intricate design of 

its silicified cell wall (termed frustules). During the 
past decades, various biological and organic 
molecules have been successively separated and 
identified from cell-wall extracts of diatoms, and 
many efforts have focused on exploring how these 
organic components influence biosilica 
morphogenesis.  Recently, XPS and solid state NMR 
analyses on diatom cell-walls revealed the intimate 
association of  phospholipids with biosilica 
structures. Moreover, all genera of diatoms 
investigated so far can incorporate polyamines into 
their silicified cell-walls, and phase separation model 
based on the organic amines is considered to be 
responsible for the porous nanopatterning of biosilica. 
Nevertheless, some other nanometer-scale details, 
such as non-spherical siliceous structures 
differentiating in specific directions are also 
displayed in the late stages of frustule development 
and their growth mechanisms are not well 
understood. Herein, dodecylamine and phospholipid 
were selected as model organic additives, and their 
phase separation was initiated to influence silica 
deposition. The experimental results show that the 
phase separation of the organic components not noly 
leads to the appearance of asymmetrical silica 
particles, but also their aspect ratios can be well 
adjusted by altering the concentrations of 
dodecylamine and phospholipid. Therefore, our 
results may indicate that the growth differentiation of 
siliceous structures in diatoms can be genetically 
triggered through diatom secreting organic amines 
and lipids, and hence provide a new insight into 
biosilicification mechanism. 

This work was financially supported by the 
Natural Science Foundation of China (No. 
41172049). 
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Sepiolite is a type of magnesium-rich fibrous clay 

mineral. The unique fibrous structure endows it with 
various applications in many fields. Revealing the 
behavior of confined water in sepiolite nanopores is 
crucial to understand the macroscopic properties of 
sepiolite. Aiming to ascertain the distribution and 
dynamics of confined water, molecular simulations 
using grand canonical Monte Carlo and molecular 
dynamics methods have been performed. We obtain 
the water adsorption isotherm, density distribution 
profiles and dynamic information of confined waters 
in sepiolite tunnels.  

We find that zeolitic water is very hard to be 
desorbed from sepiolite under ambient conditions. 
Based on the distribution profile and trajectories of 
the water, we reveal the accurate distribution sites 
and propose a new distribution model of the confined 
water including one bound water site and four zeolitic 
water sites which are determined by sepiolite lattice. 
The zeolitic water at different sites can exchange 
freely and frequently, and thus these sites may be 
energetically similar. This model provides more 
fundamental understanding of hydration of sepiolite, 
and highlights the water behaviors in the tunnel pores 
of microporous minerals, which are thought being 
controlled by the crystallographic structure. The 
much lower mobility of zeolitic water in sepiolite 
than that in montmorillonite implies that materials 
with nano-sized tunnel pores could have more 
efficient fixation on foreign molecules or ions in 
environmental applications than those layered 
materials with slit pores. 
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Carboniferous and Permian rocks are important 
petroleum-generated source rocks in the Junggar 
basin of northwestern China. In this study, 
biomarkers, carbon isotope of total organic matter, 
and stable carbon and hydrogen isotope of n-alkanes 
from Carboniferous and Permian source rocks were 
measured in order to obtain information for their 
sedimentary environment and search potential 
features for oil-rock correlation.   

High Pr/Ph ratios 1-3 and 13C enrichment of total 
organic carbon (>-25‰)for Carboniferous source 
rocks in the northwestern and eastern region of the 
basin shows the depositional environment are partial 
oxidation of freshwater lake. Carbon isotopic values 
of individual alkanes (C13-C30) vary from -21.6 to -
32.4‰, and difference between stable carbon isotopic 
of individual alkanes and total organic matter is about 
5-8.5‰. δD values of n-alkanes from these source 
rocks range from -112‰ to -83‰ and from -156‰ to 
-120‰. 

Organic carbon isotopic values are lighter than -
26‰, Pr/Ph ratio range from 0.7 to 1.9, and β-
carotane and gammacerane are present in most 
Permian source rocks. Whereas δ13C values of n-
alkanes range from -27‰ to -37‰, Difference 
between stable carbon isotopic of individual alkanes 
and total organic matter is 3.7-7.7‰.δD values of n-
alkanes from Permian are depleted relative to 
Carboniferous source rocks. Phytane has δD values 
similar to the pristane in two kinds of source rocks 
and they are depleted in D relative to the n-alkanes. 
The differences in δD and δ13C of individual 
compounds of these two kind of source rock can be 
used for oil-oil and oil-rock correlation. 

 
This work was supported  by the National Major 

Petroleum Project of China (2016ZX05003002-4),the 
Chinese academy of sciences strategic leading 
science and technology project(XDB10010103) and 
the Chinese National Natural Science Foundation 
(40572088�41072105). 
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It has been a long-standing debate as to whether 

the origin of enriched mantle end-member EMI is 
attributed to metasomatized ancient subcontinental 
lithosphere, recycled upper and lower crust, or deep 
mantle (transition zone and/or lower mantle) mixed 
with recycled sediments. Recently, a case study with 
continental setting in NE China has been reported. A 
suite of high- ultrapostassic Pleistocene volcanic 
rocks(Xiaogulihe leucitite, XGLH) does show unique 
geochemical features as an EMI end-member.( 
Zhang, Zhou  and Zhang, 1998, Sun et al., 2014, 
2015). 

Combined with similar cases worldwide (Pitcairn 
Is., Leucite Hill, Smoky Butte, Gaussberg, W. 
Australia, Aldan Shield, mid-w. Mediterranean), it 
can be deduced into three categories of EMI type, in 
which the source, nature and age of recycled 
component, and late stage multiple metasomatism 
would play significant, but distinctive role in their 
ultimate magma genesis. In principle, with oceanic 
setting (EMI type OIB), the data would require 
recycled ancient sediment(Pb isotope), recycled 
peridotite mantle/oceanic crust(Os isotope) and 
recycled continental crust(Nd, Sr isotopes, Nb 
anomalies). Whereas with orogenic setting (mid-w. 
Mediterranean), it needs recycled young and 
carbonated pilites to match its geochemical 
signatures. However, as most cases in continental 
setting, usually connect to craton/shield,  including 
XGLH case, it would require high-K containing 
mineral stable in high T-P condition and isolated  
long time. The basic requirement is a recycled ancient 
sediments component, with/without early stage high 
U/Pb (for high and normal 207Pb/204Pb ratio cases, 
respectively), turned to low U/Pb ratio late by 
subduction fractionation. Based on above constraints, 
a deep ultimate source, such as mantle transition zone 
would be preferred. . 
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Rare metal ore reserve is an important strategic 

resource, and its metallogenic mechanism studies 
have been received widespread attention. Here we 
presented briefly discussion focused on four aspects 
of recent progress, which include deposit types, 
relationship between the magmatic rocks, carbonate 
rocks and rare metal mineralization, metallogenic 
fluids and mineralization mechanism, and 
metallogenic chronology. 

Rare metal deposits are major of granite type and 
granitic pegmatite type, with the geochemical 
composition of the ore-related rocks can effectively 
showing the metals mineralized trend. The ore-
forming rocks (e.g., very high K/Ba, low K/Rb and 
Zr/Hf ratios, with REE tetrad effect) and its accessory 
minerals (e.g., zircon with high Th/U ratio (1~10), 
Y/Ho<20, Sm/Nd>0.5, Nb/Y>0.08, and Hf>2wt%) 
often show special geochemical characteristics. Fluid 
immiscibility was commonly existed in the rare metal 
deposits, especially in mineralization fluids of the 
granitic pegmatite-type deposits, and the 
mineralization experienced multiple phases from 
magma to hydrothermal phases. Fluid composition is 
more complex, in addition to B, F elements, recently 
rare carbonate minerals were discovered, which 
shows that its metallogenic mechanism worthy of 
further study. Geochronology of rock formation and 
mineralization often affected by many factors, such 
as Ar isotopic system completely reset when 
temperature exceeds Ar closed system due to the late 
dynamic and fluid action; or high U content, 
metamictization, multiple genesis and inheritance of 
zircons from the ore-forming rocks, etc. Therefore, 
the study about the geochronology needs combing 
consideration of appropriate analytical method and 
geological background. 

Base on the understanding of the above advances 
in recent years, we propose that four aspects need 
further study in the future as follows: 1) relationship 
between the evolution of ore-forming rocks and the 
enrichment of ore-forming metal elements, and 
metallogenic specialization; 2) explore on migration, 
occurrence and precipitation conditions of rare metal 
elements, which can provide theoretical support for 
improvement of rare metal deposit mining 
technology; 3) study on the application and 
applicability of a variety of mineral isotopic dating 
methods in rare metal deposits; and 4) investigate of 
application of emerging technologies in exploration 
and evaluation in the rare metal deposits. 
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The geochemical characteristics of the earthquake 

observation wells always plays an important roles on 
earthquake reserch. In Xuzhou region, the TDS 
concentration of surface water samples around the 
observation wells remains the same as the 
geochemical characteristics of the piedmont plain 
region. However, the TDS concentration of 
observation wells (depth>300m) increases from 
<500mg/L to 500-1000mg/L. It shows a trend of 
deterioration. The hydrochemical facies of the 
observation wells are highly monotypic, which are 
HCO3-Na·Mg. The water chemical composition of 
the observation wells water in deep confined aquifers 
(depth>300m) are less affected by surface water in 
the vicinity. In Suqian region, the observation wells 
(depth<200m), shows the same TDS concentration 
character as surface water. The water chemical 
composition of shallow confined aquifers 
(depth<200m) are affected by that of surface water. 
On the contrary, for the hot springs (depth>2000m), 
the change of hydrochemical facies is from HCO3-
Na·Mg to SO4·Cl-Ca·Na, suggesting an increase of 
TDS. The water chemical composition of deep 
springs (depth >2000m) has less relationship with 
surface water. The observation 3He/4He ratios 
indicates 87% helium from crust. In the Donghai 
region, it is unexpected low TDS concentration for 
the deep hot spring (depth>2000m). The character of 
their hydrochemical facies is also similar with that of 
surface water. The observation 3He/4He ratios 
indicates that the mainly material source is the 
atmosphere. That means the water chemical 
composition of deep hot springs are affected by that 
of surface water, when the tectonic activity is low in 
this region. 

The water chemical composition of shallow 
observation wells (depth>200m) is easily affected by 
surface water. In the deep observation wells (depth 
>300m), the impact degree of surface water on the 
water chemical composition depends on the tectonic 
activity. Consequently, the TDS concentration and 
hydrochemical facies analysis between the deep 
observation wells and surface water in the vicinity 
can be one signal for the regional tectonic activity in 
Jiangsu Province, China. 
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There are a number of Fe-Cu deposits in the SW 
Yangtze Block, South China. These deposits havethe 
mineralization styles of typical IOCG deposits. They 
contain Fe-oxides (magnetite and hematite) and/or 
Cu-sulfides (chalcopyrite and bornite) as major 
components with variable amounts of Au, Ag, Co, 
and REE. Fe-oxides have low TiO2 and V2O5, 
suggesting a hydrothermal origin.  The paragenetic 
sequence includes early Na alteration followed by 
mineralization of magnetite and magnetite-
polymetallic sulfides that are overprinted by sulfide-
quartz veins and finally by barren quartz-carbonate 
veins. Magnetite mineralization was associated with 
pervasive Na-Fe alteration that formed albite, chlorite 
and actinolite. In this stage, abundant apatite is rich in 
REEs.  In a later stage, abundant Fe-Cu-Mo sulfides 
are intergrown with magnetite and minor titanite, 
allanite and REE minerals, and are associated with 
carbonate, quartz, fluorite and mica.  REEs in apatite 
were remobilized through a dissolution-precipitation 
process. On the basis of new fluid inclusion and 
mineralogical data, a new model is proposed to 
interpret the formation of these deposits in an 
involving magmatic-hydrothermal system.  
 
[1] Chen, W.T. Zhou, M.F., 2012. Economic Geology 
107, 459-480. [2] Zhao, X.F., and Zhou, M.F., 2011, 
Mineralium Deposita, v. 46, p. 731-747. [3] Zhou M.-
F., et al. 2014, Earth-Science Reviews 139, 59–82. 
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The Ediacaran period is characterized by major 
changes in the Earth’s system, including termination 
of global glaciations, increase in oxygen level in the 
atmosphere-ocean system and radiation of complex 
multicellular life. In the Weng’an area of South 
China, the Ediacaran Doushantuo Formation includes 
two phosphate-rich intervals known as the upper ore 
and the lower ore, with the upper ore hosting well 
preserved fossils including putative animal embryos, 
multicellular algae, sponges, and acritarchs. In this 
study, we report a precise Re-Os age of 591 ± 8 Ma 
for a phosphorite bed occurring in the lowermost part 
of the upper ore. The new age is more precise than 
the Pb-Pb age of 572 ± 36 Ma previously reported 
from this interval [1] .It’ s also consistent with other 
existing dates on units of close stratigraphic position 
from Weng’an, including a Pb-Pb age of 576 ± 14 Ma 
for the upper part of the upper ore [2], as well as Pb-
Pb (599.3 ± 4.2 Ma ) and Lu-Hf (584 ± 26 Ma) ages 
for the lower part of the upper ore [3]. The new Re-
Os age provides an improved age constraint for the 
Weng’an biota, and represents a minimum age for a 
subaerial exposure surface below the dated 
phosphorite, which serves as an important marker for 
correlation of the Doushantuo Formation on the 
Yangtze platform.  
 
[1] Chen et al. (2009). Chemie der Erde - 
Geochemistry 69, 183-189. [2] Chen et al. (2004). 
Precambrian Research 132, 123-132. [3] Barfod et al. 
(2002). Earth and Planetary Science Letters 201, 203-
212. 
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The potential role of liquid immiscibility in late-

stage magmatic differentiation has been debated for 
nearly a century. Here we propose a mineral-interface 
nucleation and separation (MINS) model in which the 
injection of a hot primitive magma into a cooler and 
larger magma body triggers a rapid cooling of the 
injected magma and consequently rapid crystal 
growth of plagioclase and olivine. In this model, 
nucleation of Fe-rich globules starts at the interfaces 
of plagioclase while growth of Si-rich droplets at 
interfaces of olivine (Fig.1).  

 
The MINS model highlights dynamic 

disequilibrium and diffusional processes, and has 
three main predictions. (1) Si-rich droplets can grow 
larger and rise to the top of a magma chamber due to 
their lower density. (2) Si-rich liquids are enriched in 
heavy Fe and Mg isotopes relative to the bulk magma 
chamber as a result of diffusional isotope effects 
during the growth and ascent of Si-rich liquids in a 
magma chamber. (3) Si-rich liquids are not depleted 
in incompatible elements relative to those in the bulk 
magma chamber as a result of slow diffusivities of 
these elements.  
Figure 1:The MINS Model for the origin of A-type 
granitoids in silicate melts 
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Tibet has the world’s largest and highest plateau 

and the thickest continental crust (60–80 km). When 
and how the plateau achieved these features is one of 
the most intriguing issues in the Cenozoic history of 
our planet. The surface uplift of mountain belts 
reflects the combined effects of crustal thickening 
and mantle dynamic processes (e.g., lithospheric 
delamination or slab breakoff). Understanding the 
history and driving mechanism of uplift of the plateau 
requires accurate knowledge on the crustal thickening 
over time. Here we determine spatial and temporal 
variations in crustal thickness following the method 
of Profeta et al. (2015), which involves whole-rock 
La/Yb ratios of intermediate rocks, using a large 
dataset of the intermediate intrusive rocks from the 
Gangdese arc in southern Tibet. Our results show that 
the Gangdese crust began to thicken from a normal 
thickness of ca. 37 km at ca. 70 Ma, reaching ca. 58 
km at 60−45 Ma, due to magmatic underplating as a 
consequence of rollback and then breakoff of the 
subduction Neo-Tethyan slab (Zhu et al., 2015), 
before attaining a thickness of ca. 68 km at ca. 20−10 
Ma, due to the underthrusting of India and associated 
thrust faulting. The Gangdese Mountains attained an 
elevation of over ca. 4000 m at ca. 60 Ma locally, 
became broader at ca. 54−45 Ma as a result of 
isostatic surface uplift driven by crustal thickening 
and slab breakoff, and reached their present-day 
elevation by 20−10 Ma. Our paleoelevation estimates 
are in good agreement with evolving paleoelevations 
reconstructed by stable isotopic data from Linzhou 
(ca. 4500 m at ca. 54 Ma; Ding et al., 2014), Oiyug 
(ca. 5200 m at ca. 15 Ma; Currie et al., 2005), and 
Kailas (ca. 4800 m at ca. 25 Ma; DeCelles et al., 
2011). 

 
[1] Currie, B.S., et al., 2005, Geology 33, 181–184. 
[2] DeCelles, P.G., et al., 2011, GSAB 123, 1337–
1362. [3] Ding, L., et al., 2014, EPSL 392, 250-264. 
[4] Profeta, L., et al., 2015, Sci. Rep 5, 17786, doi: 
10.1038/srep17786. [5] Zhu D.C., et al., 2015, Sci. 
Rep 5, 14289, doi: 10.1038/srep14289. 



Goldschmidt Conference Abstracts 

 

3758 

Activity of large scale 
supercritical CO2 and its impact 
on hydrocarbon accumulation 

DONGYA ZHU, QUANYOU LIU, QINGQIANG 
MENG,  

BING ZHOU 
State Key Laboratory of Shale Oil and Gas 

Enrichment Mechanisms and Effective 
Development, Petroleum Exploration and 
Production Research Institute of SINOPEC, 
Beijing, 100083 

 
Accumulation of large volumes of CO2 related to 

mantle degassing, metamorphic reactions or 
magmatic processes had been found in many 
hydrocarbon-bearing sedimentary basins around the 
world, such as the Otway Basin in Australia, Shabwa 
Basin in Yemen, Santos Basin in Braziland and 
Songliao, Bohai Bay, north Jiangsu and Pearl river 
mouth Basins in China. The entrapment of CO2 has 
impacted hydrocarbon accumulation and leads to co-
existance of CO2 and hydrocarbon in many 
reservoirs. Huangqiao reservoir, in the north Jiangsu 
Basin, is a typical one that contains supercritical CO2 
and light oil mainly in the Permian Longtan 
Formation (P2l). Howerer, how the supercritical CO2 
impact hydrocarbon accumulation has not been well 
studied. 

Calcite and quartz veins in P2l show positive Eu 
anomaly, relatively light in oxygen isotope and rich 
in radiogenic 87Sr. The maximal frequency of 
homogenization temperature of the fluid inclusions in 
calcite and quartz veins is 170°C to 180°C, indicating 
the activity of CO2 at relatively high temperature. 

The CO2 caused significantly dissolution of 
feldspar in P2l to create large amount of secondary 
pores. Consequently, the reservoir quality was greatly 
enhanced with porosity as high as 12.3%. The typical 
mineral, dawsonite, related to alteration of albite 
under high CO2 partial pressure was observed. 

The temperature and pressure of P2l are higher 
than 60°C and 17MPa, respectively, and as a result 
the CO2 shoule be in supercritical state. The 
supercritical CO2 can extract oil from hydrocarbon 
source rocks and consequently accelerate migration 
of oil to reservoir. The fluid inclusions in quartz and 
calcite veins contain oil as well as CO2, suggesting 
existence of such process. The CO2, carrying oil, 
migrates upward and accumulates in reservoir in P2l.  

The gravity of the oil in the Huangqiao reservoir 
is 0.7933 ~ 0.8255 and the abundance of saturated 
hydrocarbon is 90.1% ~ 97.4%. However, in the 
nearby Jurong reservoir without CO2, the gravity of 
the oil is 0.8696 ~ 0.9293 and the abundance of 
saturated hydrocarbon is 50.2% ~ 78.7%. The 
comparative signatures indicate the supercritical CO2 
mainly carries light oil. As a result, many wells in the 
Huangqiao reservoir produce more than 1000m3 CO2 
and 1 ton light oil. 
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There is still great controversy on the 

whereabouts of the main source kitchen within the 
Tarim Basin, western China. Whether the source rock 
is in the Cambrian or in the Ordovician, is still not 
clear.  

Recently, PetroChina organized an expedition to 
survey the basin margin areas of the Tarim Basin. We 
have located close to a dozen of excellent lower 
Cambrian outcrops in the Aksu area of Xinjiang. The 
Lower Cambrian Yuertusi Group, which is in parallel 
unconformable contact with the underlying Sinian 
strata contains high-quality source rocks in those 
outcrops. They are characterized by dark shale with 
TOC primarily in the range of 4% to 8%, and 
occasionally up to 16%. The high-quality source rock 
is 10-15 m thick and laterally extensive. The base of 
the Yuertusi Group is composed of a 2 m, grey-black 
thinly bedded, phosphorous-bearing silicate with 
internal Fe-rich concretions. The middle interval, 
having the highest TOC, is of black shale, about 6 m 
thick, interbedded with dolomite layers. The upper 
interval comprises a 4 m, interbedded black shale and 
gray thinly bedded micrite. On the basis of 
paleogeographic analysis, this high-quality source 
rock may have been deposited in the mid to lower 
gentle slope areas where the high concentration of 
organisms were controlled by ocean upwelling. It is 
postulated that such source rock may occur 
widespread along the mid to eastern parts of the 
basin.  

The discovery of the high-quality Cambrian 
marine source rock in the Tarim Basin proves the 
presence of essential petroleum system elements 
within the sub-salt dolomite strata[1][2]. It may open 
a new frontier in the deep, sub-salt strata exploration 
in the Tarim Basin. 

 
[1] Zhu Guangyou et al. (2015), Energy & Fuels, 29, 
1332-1344. [2] Zhu Guangyou et al. (2015), Marine 
and Petroleum Geology, 62, 14-27. 
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Late Ordovician-early Silurian is one of the 

geological turning points of earth history, including 
the Gondwanan “Snowball Earth” and extinction 
event. And also The Wufeng-Lungmachi black shale 
formed in Yangtze platform during this period is the 
main target for shale gas exploration and production 
in south China. The link between the shale 
characteristics namely TOC, mineral component or 
δ13Corg with the global CO2 cycle may provide us 
another way of seeing the global climate change 
during the “Snowball Earth”event. 

The TOC, δ13Corg and trace element datas are 
used to analyze the co-evolution of the 
palaeoenvironment, the atmosphere CO2 content, and 
the ocean carbon storage. Negative drift of δ13Corg is 
found both in the lower Wufeng and lower 
Lungmachi black shales and obvious positive drift in 
the Guanyinqiao member argillaceous limestone with 
Hirnantia fauna in the end of Ordovician. The 
δ13Corg drift is consistent with the evolution of 
glacial event. The positive drift occurred when the 
glacier reach its maximum and negative drift in the 
interglacial period. The consistence indicate that the 
atmosphere carbon storage was increased 
(presumably caused by volcanic activity ) during 
interglacial period leading to the greenhouse effect, 
glacier melting and then the sea level rise which 
contribute to the deposition of the black shale in the 
Yangzi platform. 

TOC data of the shale with the most 
negativeδ13Corg drift is apparently higher than the 
shale with lower or positive drift. The δ13Corg drift 
show that the atmosphere carbon storage in 
interglacial period was higher than glacial period. 
When the CO2 concentration in the atmosphere 
increases, the temperature will rise�and will causes a 
large number of microorganisms to bloom. Also the 
high CO2 concentration will lead to acidification of 
the oceans which corporately lead to the major ocean 
carbon storage in this period is organic rather than 
carbonate pools. 
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Partial melting has been considered to be one of 

the processes which could cause calcium isotopic 
heterogeneity in the mantle[1]. Mid-ocean ridge 
basalts (MORB) are formed from partial melting of 
the upper mantle peridotite and rarely influenced by 
crustal contamination. Thus, calcium isotopic 
compositions of MORB samples provide a good 
opportunity to better understand the behaviors of Ca 
isotopic fractionation during partial melting. 

In this study, we report Ca isotopic compositions 
of MORB samples from the Pacific Ocean. Our 
results indicate that δ44/40Ca of normal MORB (N-
MORB) and depleted MORB (D-MORB) samples 
range from 0.75 to 0.88, ~0.2 per mil lower than the 
reported δ44/40Ca for the upper mantle (1.05) [2]. This 
lower isotopic characteristics shouldn’t be attributed 
to fractional crystallization of olivine because  olivine 
contains very low amount of CaO. Also, it couldn’t 
come from plagioclase fractional crystallization 
because plagioclase has similar δ44/40Ca with bulk 
rock in documents. In contrast, δ44/40Ca of these 
MORB samples is negatively correlated with La/Yb 
and Nb/Y, indicating that Ca isotopic fractionation 
could occur during partial melting. Our data suggests 
that the lighter Ca isotopes are preferentially enriched 
in magma melt, and the heavier ones prefer to stay in 
the residue. Thus, partial melting might be one of the 
essential high-temperature processes that caused the 
heterogeneous Ca isotopic compositions in Earth’s 
mantle. 

This work was supported by Natural Science 
Foundation of China (No. 41373007, 41490632 and 
91328204) and State Key Laboratory of Isotope 
Geochemistry grants (SKLIG-JY-12-01, SKLIG-KF-
12-01 and SKLIG-KF-12-02). 

 
[1] Amini et al., 2009. Geostand. Geoanal. Res. 33, 
231-247. 
[2] Huang et al., 2010. Earth Planet. Sci. Lett. 292, 
337-344. 
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Carbon isotope derived from mantle rocks and 

diamonds occurring worldwide show a narrow 
interval of -8‰ to -2‰, with a very broad 
distribution to lower values (~-41‰) and higher 
values (~5‰) [1]. The process that produced the wide 
δ13C distributions in Earth’s mantle have been 
extensively debated but very poorly understood. In 
this study, we use carbonate δ13C and δ18O combined 
with petrology and geochemistry to investigate how 
the carbonates recycled in the subduction zone would 
contribute to the C isotopic heterogeneities in Earth’s 
mantle. We studied the carbonated eclogite and 
marble exhumed in the Southwestern Tianshan UHP 
metamorphic belt. The marble is mainly composed of 
calcite (>90% in volume), however, the carbonate 
minerals in the carbonated eclogite are mainly 
dolomite. The δ13C and δ18O values of the carbonate 
in the carbonated eclogites and marbles are -3.5~-
7.7‰ (VPDB), 11.3~12.4‰ (V-SMOW) and -
0.2~3.6‰ (VPDB), 14~29‰ (V-SMOW) 
respectively. Alt et al. (1999)[2] suggested that most 
of carbon in altered ocean crust is taken up as 
calcium carbonate minerals during aging of crust 
away from spreading ridge axes. Coggon et al. 
(2006)[3] indicated that the carbon isotope of the 
calcium carbonate would decrease with depth along 
the oceanic crust profile, but the carbon isotope δ13C 
> -3‰. Phase equilibria modelling indicates that 
carbonates in subducted oceanic crust undergo calcite 
→ aragonite → dolomite → dolomite + magnesite 
transitions during prograde subduction 
metamorphism. We suggest that the metamorphic 
reactions during subduction process may cause 
carbon isotope fractionation between different 
carbonate minerals and contribute to the carbon 
isotopic heterogeneities in Earth’s mantle. 

 
[1] Cartigny et al. (2014), Annu. Rev. Earth Planet. 
Sci. 42(1), 699-732. [2] Alt et al. (1999), Geochimica 
Et Cosmochimica Acta. 63(10), 1527-1535. [3]  
Coggon et al. (2006), 10. Data Report, ODP Leg 206. 
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Molybdenum(Mo) stable isotopes have been 

widely applied to indicate the evolution of marine 
and atmospheric oxygenation related with continent 
weathering processes, to estimate the spatial extent of 
past oceanic euxinia, and to trace source and forming 
pathways of some Mo ore deposits. However, since 
NIST SRM 3134 was recently suggested as an 
internationally `zero-delta`  standard reference, some 
work was still needed to evaluate the accuracy of Mo 
isotopic composion in the  different geological 
reference materials relative to NIST SRM 3134.      

Here, we used a 97Mo-100Mo(≈1:1) double spike 
whose composition was calibrated by silver isotopic 
standard(978a) rather than the Pd standard solution 
used in previous studies. The best ratio of spike (spk) 
to sample (spl) was obtained for 
100Mospk/98Mospl≈2.75(1~8 still works) based on 
double spike numerical optimization. All Mo isotopes 
measurement was determined at State Key 
Laboratory of Environmental Geochemistry, Inst. of 
Geochemistry-CAS, using Nu Plasma II HR-MC-
ICP-MS equipped with sixteen Faraday cups that 
allowed simultaneous measurement of 90Zr (L5), 
92Mo (L4) to 99Ru (H3), 100Mo (H4) in a static model, 
as well as 102Ru/Pd, 104Ru/Pd and 106Pd monitored at 
H5, H7 and H8 if needed. All samples were purified 
as suggested procedures by Dr. Skierszkan. The long-
term external reproducibility for δ98/95Mo of NIST 
SRM3134 is 0.00±0.07(2SD, n=135). δ98/95Mo values 
relative to SRM3134 for selected geological 
reference materials, Mo solution(JMC), 
seawater(IAPSO), USGS reference Materials, BCR-
2, SDO-1 and SGR-1b are -0.19±0.07‰ (2 SD, 
n=61), -2.09±0.08‰ (2 SD, n=5), -0.01±0.08‰ (2 
SD, n=6), 0.80±0.08‰ (2 SD, n=7), and 0.46±0.08‰ 
(2 SD, n=8), respectively. These results are well in 
agreement with the published values, and suggest 
SGR-1b could be as an alternative reference standard 
when SDO-1 was used up.  

The work was supported by the National Key 
Basic Research Program of China (2014CB238903) 
and the National Natural Science Foundation of 
China (41473028�41273029). 
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Sulfur isotope and X-ray absorption near edge 

structure (XANES) spectroscopy were combined to 
characterize/compare three operational organic S 
(OS) pools, i.e. fulvic acid S (FA-S), humic acid S 
(HA-S) and non-Cr reducible OS (non-CROS) in 
marine [the East China Sea (ECS) and Jiaozhou Bay 
(JZB)] vs. riverine [Yangtze River (YR) and JZB 
tributaries] sediments. The isotopic composition of 
FA-S (δ34SFA-S) and HA-S (δ34SHA-S) indicated that a 
substantial fraction of sulfides had been incorporated 
into FA via sulfurization in the marine sediments, 
whereas terrigenous OS was almost the sole 
important source of HA-S. Compared with the ECS 
sediments, JZB sediments had more depleted 34SFA-S 
and a higher fraction of highly reduced FA-S due to 
eutrophication induced sulfurization. A similar 
average fraction of the highly reduced FA-S between 
the marine and riverine sediments (i.e. ECS vs. YR, 
JZB vs. JZB tributaries) indicated that the relative 
importance of the highly reduced FA-S in the marine 
sediments had not been enhanced despite substantial 
sulfurization of FAs. It follows that the terrestrial 
systems may be much more favorable for the 
formation/preservation of highly reduced biogenic 
FA-S than the marine environments. A similar 
fraction of the highly reduced HA-S in JZB and its 
tributary sediments, but much lower fraction in the 
ECS sediments than in the YR sediments, indicated 
that the highly reduced HA-S moieties in the YR 
sediments may have been subjected to extensive 
mineralization loss during transport in the large 
riverine/estuarine systems, in comparison with a 
relatively limited catchment area in the JZB 
tributaries. Distinct differences in isotopic and 
structural composition between humic-S (FA-S + 
HA-S) and non-CROS in the ECS sediments were 
observed, indicating that a combination of S isotope 
and S-XANES is needed for characterizing the two 
operational pools for a better understanding the 
nature of OS in the ocean. 
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With 2-dimensional nano-structure, large specific 

surface area and exchangeable inorganic cations in 
the interlayer space, montmorillonite (Mt) as a low-
cost and efficient adsorbent for cationic dyes has a 
promising application in dye wastewater treatment. 
However, proper disposal of the spent Mt is still a big 
challenge hindering the application of Mt. Owing to 
the high interaction affinity between organic dyes and 
Mt, desorption of cationic dyes from the spent Mt can 
be really difficult. Traditional methods such as 
incineration and direct landfill disposal may cause 
both serious environmental problems and a huge 
waste of resources. On the other hand, Mt has been 
used as ideal template to synthesize graphene-like 
carbon materials because of the expandable interlayer 
structure and chemically inert siloxane surface. Given 
that the absorbed cationic dyes usually contain 
heteroatoms (e.g., N and S), one may propose that the 
spent Mt as precursor may be employed to synthesize 
heteroatom-doped graphene-like carbon materials.  

Herein, N and S co-doped graphene-like carbon 
materials were successfully synthesized through a 
facile method using the spent Mt after the adsorption 
of methyl blue (MB). The spent Mt was pyrolyzed in 
nitrogen to carbonize the adsorbed MB within the 
interspace of Mt. The resulting pyrolyzed carbon/Mt 
composite showed a basal spacing value of ~0.44 nm, 
close to the thickness of a single graphene layer. The 
carbon material was released from the interlayer 
space of Mt after demineralization. Transmission 
electron microscopy results directly observed the 
stacking of thin carbon sheets. X-ray photoelectron 
spectroscopy results disclosed the presence of C, S, 
and N atoms on the carbon materials. N atoms were 
doped into graphene network with three kinds of 
binding configurations (i.e., pyridinic, pyrrolic, and 
graphitic N), while S atoms were in the major form of 
thiophene-S. Finally, the obtained materials exhibited 
efficient electrocatalytic activity as metal-free 
electrocatalyst for oxygen reduction reaction. Our 
work provided a facile method that can 
simultaneously recycle the spent Mt and synthesize 
heteroatom-doped graphene-like materials. 
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The nature of ocean redox chemistry between the 
Cryogenian Sturtian and Marinoan glaciations is 
important for understanding the relationship between 
environmental conditions and the subsequent 
emergence and expansion of early animals, it is yet 
poorly understood. The Cryogenian-to-Ediacaran 
stratigraphic succession of the Nanhua Basin in South 
China provides a nearly complete sedimentary record 
of the Cryogenian, including a continuous record of 
interglacial sedimentation.The interglacial succesion 
of the Nanhua Basin is consists of predonminantly 
black shale and gray shale with Mn-ore beddings in 
the bottom part. A systematic investigation has been 
carried out using both traditional and non-traditional 
isotope tools. 

Fe and S isotope compositions are obtained from 
a drill-core through Sturtian glacial diamictites and 
the overlying interglacial sediments in the Songtao 
area. Both Fe and S isotope profiles exhibit 
significant stratigraphic variation: Interval I, 
comprising upper Tiesi’ao diamictites (correlative 
with the Sturtian glaciation), is characterized by 
modern seawater-like Fe isotope compositions and 
heavy but decreasing upward S isotope compsitions; 
Interval II, comprising uppermost Tiesi’ao 
diamictites and the basal Datangpo Formation, is 
characterized by an abrupt shift to heavier Fe and S 
isotope compositions; and Interval III, comprising the 
middle and upper Datangpo Formation, is 
characterized by the return of seawater-like Fe 
isotope compositions and lighter S isotope 
compsitions. These results indicate the increasing 
oxygenation during the Cyogenian interglacial 
period.  

Organic C isotope compsitions are obtained from 
three drill-cores from the Songtao, Minle and 
Xiangtan areas, representing for shelf, slope and 
basinal settings, respectively.  The three profiles of 
organic C isotope compsitions are different from each 
other. The basinal section shows the lightiest C 
isotope enrichment and little temporal variation in C 
isotope compositions, and shelf setting section 
exhibits heavier isotope enrichment and overall 
increasing δ13C values upward section,  whereas the 
C isotope features of the slope section are somewhere 
in between. These results illustrate the spatial and 
temperoal redox evolutions of the Nanhua Basin. 
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Shales from the Oligocene Member Es3

lower of the 
Zhanhua Sag in the Jiyang Depression (eastern 
China) and clay-sized fractions (< 2 μm) within were 
selected to study the occurrence characteristic of 
thermally released hydrocarbons on the mineral 
surface and elucidate the origin of the thermally 
released hydrocarbons in shale. Both bulk shales and 
clay-sized fractions were performed Rock-Eval 
pyrolysis to obtain TOC and the thermally released 
hydrocarbons (S1, free hydrocarbons; S2, thermally 
cracking hydrocarbons). The bulk shales and clay-
sized fractions were chemially oxidized by 6 wt.% 
NaClO, then the raw and treated samples were 
performed N2 and EGME adsorption methods to 
reveal their specific surface areas (SSAs). 
Correlations of S1 with different SSAs of raw 
samples are not clear in bulk shales and are negative 
in clay-sized fractions, while the S1 is positively 
correlated with mineral total/internal SSAs and is 
negatively correlated with mineral external SSA; for 
the S2 both in bulk shales and in clay-sized fractions, 
it is positively correlated with mineral total/internal 
SSAs and negatively correlated with mineral external 
SSA. These correlations of thermally released 
hydrocarbons with different SSAs indicate that the 
thermally released hydrocarbons (both S1 and S2) in 
shale are mainly adsorbed on mineral surface, 
particularly on the mineral internal surface.  

Furthermore, the relationships among TOC, SSAs 
prior to and after OM removal indicate that the OM 
of bulk shales and clay-sized fractions mainly occur 
on mineral internal surface. Combining with the 
thermally released hydrocarbons in shale also 
predominantly occur on the mineral internal surface, 
it can be speculated that the source of thermally 
released hydrocarbons in shale is the OM adsorbed 
on the mineral internal surface, which improves the 
knowledge of hydrocarbon generation of kerogen. 
 
This work was financially supported by the National 
Natural Science Foundation of China (NSFC) (Grant 
No. 41372130). 
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Dissolved silicon is one of the important nutrients 

in seawater and an indicator of the water mass.  
Inductively coupled plasma mass spectrometer (ICP-
MS) is a powerful instrument for elemental analysis, 
but seawter is often a challenging sample because of 
the high concentrations of salt contents, ca. 3.5 %. 

Zhang et al. (2014) have reported that hydroxide 
coprecipitation with the natual magnesium contents 
(ca. 1100 mg L-1) in seawater is an effective method 
for the separation and the enrichment of dissolved 
silicon for its measurement by ICP-MS.  In the 
present work, an automatic coprecipitant feeder was 
developed and applied to the magnesium hydorxide 
coprecipitation for the separation of dissolved silicon 
in seawater. 

Optimization of the qantity of the precipitant was 
carried out to achieve the best recovery of dissolved 
silicon.  The blank test and the recovery test were 
carried out in the same way as the seawater sample. 

In the present experiment, measurement of silicon 
isotopes were carreid out using an Agilent 8800 ICP-
QMS/QMS instrument, i.e. an ICP-MS with two 
tandem quadrupole mass spectrometers (QMSs) and 
an octapole reaction cell (ORC) system.  Spectral 
interferences with the silicon isotopes were 
effectively removed by the ORC system.  
Furthermore, standard addition was applied to the 
measurement of silicon by ICP-QMS/QMS to 
eliminate the matrix effect of magnesium.   

In the presentation, the detailed results will be 
reported as well as the mechanism and the structure 
of the automatic coprecipitant feeder. 

 
[1] A. Zhang et al. (2014) J. Anal. At. Spectrom., 29, 
2414-2418. 
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Gold-bearing hydrothermal fluids fill fractures 

both in volcanic-sedimentary basin and in ophiolitic 
mélanges in west Junggar (north Xinjiang, NW 
China), and formed quite different gold deposits due 
to different chemical reaction between fluids and 
wall-rocks[1-4].  

Two kinds of ore-bodies were recognized in the 
Hatu-Baobei region: quartz vein type at shallow and 
alteration type at depth. Native gold mainly occurs as 
inclusions and veinlets in arsenopyrite and pyrite. 
The ore-forming fluids and most elements mainly 
were derived from granitic rocks, which intruded into 
the volcanic-sedimentary basin at late Carboniferous. 
Such intrusive body provided hydrothermal fluid and 
drive fluid transporting along the Anqi fault in the 
Hatu-Baobei region, which controlled gold 
mineralization.  

The Sayi gold deposit locates in the Sartohay 
ophiolite mélange. Gold-bearing quartz veins, hosted 
in listwaenite, contain native gold, chalcopyrite, 
pyrite, siderite, fuchsite and many other minerals. 
Our study demonstrates that listwaenite was formed 
via reaction between serpentinite and metamorphic 
fluid. Magnesite samples separated from listwaenite 
have higher δ18O values (16.2‰ - 17.4‰) comparing 
with quartz (15.3‰ - 16.3‰) and calcite (14.9‰ - 
16.0‰) separated from gold-bearing hydrothermal 
veins. SIMS zircon U-Pb dating suggested that the 
youngest U-Pb ages (278-277 Ma) could be 
interpreted as the re-crystallization time, which 
recorded a late-stage shearing process corresponding 
to uplift movement from ductile shearing condition to 
brittle-fracture condition in shear zone, and thus 
could estimate the ore-formation age of the gold 
deposits the Sartohay region.     

 
[1] Zhu et al (2013) Episodes 36, 205-220. [2] Zhu et 
al (2015) Geol Mag 152, 41-69. [3] Wang & Zhu 
(2015) Ore Geol Rev 69, 243-267. [4] Qiu & Zhu 
(2015) Ore Geol Rev 70, 61–79. 
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Carbonatites host the world’s largest REE 

deposits, and have been instrumental in meeting the 
growing demand for REEs over the past decades. 
However, constraining the timing and genesis of 
carbonatites and related mineralising events has been 
challenging, and remains problematic, largely due to 
the protracted, multi-stage magmatic and 
hydrothermal history of most carbonatite complexes. 
Monazite, as one of the main REE phosphate 
minerals, is ubiquitous in carbonatites, but is 
commonly characterised by extreme depletion of U. 
We applied in situ techniques, whereby monazite 
grains are drilled from polished thin sections, and 
analysed by SHRIMP ion microprobe. SHRIMP 
geochronology of monazites from the REE-
mineralised Gifford Creek carbonatite complex in the 
Proterozoic Capricorn Orogen, Australia yielded 
robust Th–Pb age constraints for the carbonatite 
intrusion and hydrothermal events. Our study reveals 
a prolonged, multi-episode growth history of REE 
mineralisation and/or remobilisation from ca. 1.4 Ga 
to ca. 0.9 Ga. The main episodes of monazite growth 
predated the nearby ca. 1070 Ma Warakurna large 
igneous province (LIP), thus ruling out a link 
between the Gifford Creek carbonatite complex and 
REE mineralisation with emplacement of this LIP. 
Our study demonstrates the potential of in situ 
monazite Th–Pb dating by SHRIMP for unravelling 
the complicated magmatic and hydrothermal histories 
of carbonatites and associated REE mineralisation. 
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Introduction 

The Joumand fluorite deposit is located 15 Km 
northwest of Gonabad, Eastern Iran. The fluorite 
mineralization mainly occurs within metasedimentary 
rocks (Shemshak formation). The intrusive rocks 
consist of dykes with porphyry texture and  granitic 
composition crosscutting the Shemshak formation 
[1]. These dykes outcrop near the deposit. Fluorite 
veins are controled by fractures and faults.  

The most common primary (hypogene) minerals 
are fluorite, barite, galena, and quartz, with minor 
amounts of other sulfide minerals (chalcopyrite and 
pyrite).  

 
Discussion of Results 

The  samples show a pattern characterized by an 
increase from the LREE to the HREE. Fluorites 
exhibit high Y contents, strong positive Y anomalies, 
slightly positive Ce and negative Eu anomalies.  

34δ measurement (-2.7 to +0.25‰), are an 
evidence for a primary source of sulphur derived 
from magmas (Table 1). 

 
Table 1. Sulphur isotope data for sulphide minerals 

 
Microthermometic measerement, geological and 

mineralogical evidence (for example Mn oxide 
crusts) incicate epithermal environment of flourite. 

 
[1] Zirjanizadeh et al. (2015) Econ. Geol 5, 355-

360. 

δ34SH2
S 

Calculation T C δ34s  
 

Mineral 

0.25  δ34scp-δ34s H2S=0.15 
 

300 0.4 Chalco 
pyrite 

-2.2 δ34sGa- δ34s H2S = 
3.75  

168 -4.6 Galena 
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Introduction 
Zag and Monahans (1998) are H chondrite 

regolith breccias containing 4.5 GY old halite crystals 
which contain abundant inclusions of aqueous fluids, 
solids and organics [1-5]. These all originated on a 
cryovolcanically-active C class asteroid, probably 1 
Ceres [3, 4]; the halite was transported to the regolith 
of the H chondrite parent asteroid, potentially 6 Hebe. 
Detailed analysis of these solids will thus potentially 
reveal the mineralogy of Ceres. 

Mineralogy of Solids in the Monahans Halite 
Solid grains are present in the halites, which were 

entrained within the mother brines during eruption, 
including material from the interior and surface of the 
erupting body. The solids include abundant, widely 
variable organics [6] that could not have been 
significantly heated (which would have resulted in 
the loss of fluids from the halite). Our analyses by 
Raman microprobe, SEM/EDX, synchrotron X-ray 
diffraction, UPLC-FD/QToF-MS, C-XANES  and 
TEM reveal that these trapped grains include 
macromolecular carbon (MMC) similar in structure 
to CV3 chondrite matrix carbon, aliphatic carbon 
compounds, olivine (Fo99-59), high- and low-Ca 
pyroxene, feldspars, phyllosilicates, magnetite, 
sulfides, metal, carbonates, diamond, apatite and 
zeolites.  

Conclusions 
The halite in Monahans and Zag derive from a 

water and carbon-rich object that was 
cryovolcanically active in the early solar system, 
probably Ceres [3]. The Dawn spacecraft found that 
Ceres includes C chondrite materials. Our samples 
include both protolith and aqueously-altered samples 
of the body, permitting understanding of alteration 
conditions. Whatever the halite parent body, it was 
rich in a wide variety of organics and warm, liquid 
water at the solar system's dawn. 

References: [1] Zolensky et al. (1999) Science 
285, 1377-9; [2] Rubin et al. (2002) MAPS 37, 125-
142; [3] Fries et al. (2013) MAPS 48, A80; [4] 
Zolensky et al. (2013) MAPS 48, A394; [5] Zolensky 
et al. (2003) 66th MetSoc Meeting; [6] Fries et al. 
(2011) MAPS 46, A70.  
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Synthetic hybrid polymer/silica composites draw 

increasing attention of researchers due to their 
potential applications in catalysis, drug delivery, and 
light-emitting devices. Such hybrid composites are 
also grown by living organisms, e.g. by glass 
sponges, whose spicules exhibit complex hierarchical 
arrangement of stiff (amorphous silica) and compliant 
(proteins) structural components. Very recently we 
found amazingly perfect periodic structure of 
complementary protein and silica lattices within the 
slender axial filament of the giant anchor spicule in 
the marine sponge Monorhaphis chuni [1]. A 10 nm 
lattice periodicity has been detected by the focused 
beam X-ray diffraction and then confirmed by high-
resolution TEM. Systematic studies [2] revealed 
steady lattice rotation (Eshelby twist [3]) along the 
filament axis due to the presence of screw 
dislocation. As suggested by Frank [4], this mode of 
growth utilizes permanent addition of new lattice 
entities to the surface steps emerging around the 
dislocation line. This is energetically more efficient 
than the nucleation of 2D islands on a flat surface and 
is known to lead to high-quality bulk crystals. The 
obtained results allow us to better understand how 
such crystals can effectively grow up to 3m in height 
at low temperatures of deep water. 

 
[1] Zlotnikov et al. (2014) Adv. Mater. 26, 1682-
1687. [2] Zlotnikov et al. (2015) Small 11, 5636-
5641. [3] Eshelby (1953) J. Appl. Phys. 24, 176-179. 
[4] Burton, Cabrera & Frank (1949) Nature 163, 398-
399. 
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    High-pressure (HP) mafic granulites provide 
important insight into the generation and evolution of 
continental collision-related orogenic belts and the 
lower continental crust. The whole-rock 
geochemistry and Sr-Nd isotope composition of early 
Paleozoic HP mafic granulites from the Dunhuang 
block, north-eastern Tarim Craton, are the topic of 
the present study. Major and trace element 
compositions reveal a basaltic composition of the 
protolithic rock. Geochemical data such as high 
Th/Yb ratios, moderately fractionated REE patterns 
([La/Yb]N = 0.74-1.95), and the absence of negative 
Nb-Ta anomalies imply that these basalts originated 
in a back-arc basin tectonic setting. Positive εNd(0) 
values of up to +4.4 indicate that the basaltic protolith 
was derived from a depleted mantle source and the 
depleted mantle Nd model age of 2.1 ± 0.2 Ga (n=17, 
1σ) may represent the maximum protolith age. In 
accordance with the widespread occurrence of 
Archaean TTG gneisses and Paleoproterozoic 
metasedimentary rocks, we suggest that a 
Paleoproterozoic back-arc basin system formed at the 
continental margin of the Dunhuang Block prior to 
the early Paleozoic collisional orogeny between the 
north-eastern Tarim Craton and the southern Central 
Asia Orogenic Belt (CAOB). 
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The petrology, in situ major, trace elements and 

Sr isotopic compositions of spinel facies lherzolite 
and harzburgite xenoliths from the Weichang within 
the northern margin of the North China Craton 
(NCC) were firstly studied in detail to provide 
constraints on the nature and evolution of the 
lithospheric mantle. These peridotite xenoliths 
commonly have high modal orthopyroxenes (Opx) 
(25-38%) and can be subdivided into two groups. The 
Group I peridotite have slighlty compositional 
zonation and relatively higher forsterite contents (Fo) 
(89.8-91.2) of olivines (Ol).Their clinopyroxenes 
(Cpx) exhibit uniform LREE-depleted patterns and 
weakly higher 87Sr/86Sr ratios (0.7025-0.7043) in the 
cores than that in the rims (0.7025-0.7038). These 
geochemical characteristics indicate that the Group I 
peridotite was weakly metasomatized by the recent 
asthenospheric melts. The Group II peridotite are 
characterized by the sieve-textured and clear 
compositional zonations. Their Ol and Cpx have 
obviously higher Fo (86.9-91.3) and 87Sr/86Sr ratios 
(0.7035-0.7049) in the cores than that in the rims 
(76.9-90.6; 0.7021-0.7046). Three REE patterns were 
found in the Cpx: LREE-enriched, convex-upward 
and spoon-shaped. The LREE-enriched Cpx has the 
highest (La/Yb)N and lowest Ti/Eu and the spoon-
shaped REE pattern Cpx show increased LREE, Ba, 
Th and U contents from the cores to the rims. 
Therefore, the Group II peridotite could be highly 
refertilized by the recent asthenospheric silicate and 
carbonate melts. The high Opx contents and 
heterogeneous 87Sr/86Sr ratios (0.7025-0.7049) in the 
LREE-depleted Cpx reveal that the old lithospheric 
mantle could have been modified by subducted 
Paleo-Asian Ocean-derived SiO2-rich melts before 
the recent metasomatism event. We conclude that the 
lithospheric mantle beneath Weichang was multiple 
modified through different origin melts-peridotite 
reaction, which play an important role for the 
transformation of the lithospheric mantle of NCC. 
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The divergence and ecological expansion of 

marine eukaryotes throughout the Proterozoic Eon 
(2500 – 542 Mya) can be constrained with 
complementary microfossil and molecular fossil 
(lipid biomarker) records garnered from sedimentary 
rocks that have undergone a mild thermal history. 
Lipid biomarker assemblages suggest that primary 
productivity in the Mesoproterozoic and early 
Neoproterozoic ocean was dominated by 
communities rich in bacteria as revealed by a dearth 
of syngenetic sterane (eukaryotic) biomarkers. 
Reliable evidence for the earliest diverse series of 
sterane biomarkers produced by eukaryotes are found 
in pre-Sturtian (older than 720 Ma) rocks; here from 
the Chuar Gp., Grand Canyon (780-742 Ma) and the 
Visingsö Gp., Sweden (~800-700 Ma). Comparing 
the free and bound biomarker pools from the solvent 
extract and kerogen phases [1], respectively, reveals 
that eukaryotic primary producers were becoming 
ecologically prominent prior to the Sturtian glaciation 
event. A fundamental shift in the taxonomic affinity 
of the dominant marine eukaryotic phytoplankton, 
from red to green algal lineages, occurs through the 
Neoproterozoic glaciations and likely signifies major 
changes in marine chemistry and the balance of 
nutrients. 

Additionally, two unusual sterane series are 
reported; including a C28 sterane series (tentatively 
identified as 26-methylcholestane, 26-mec) from both 
locations and a C30 sterane series (unknown sterane 
compound) found only in the most thermally well-
preserved Chuar samples. It has been postulated that 
the 26-mec series may have been produced by early 
animals (sponges) or heterotrophic protists; since 
sponges have the ability to methylate the sterol side 
chain at positions other than C-24 [2], although 26-
mec is only known to be present as trace sterols from 
modern sponges. 24-isopropylcholestane, used as a 
lipid biomarker for tracking the earliest demosponges 
[1], have not yet been detected in any pre-Sturtian-
age rocks. 

 
[1] Love et al. (2009) Nature 457, 718-722. 
[2] Brocks et al. (2015) Geobio. 14(2), 129-149. 
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Geoinformatics is "the science and the 

technology which develops and uses information 
science infrastructure to address the problems of 
geography, cartography, geosciences and related 
branches of science and engineering" 
(http://en.wikipedia.org/wiki/Geoinformatics). It has 
been widely used in processing exploration 
geochemical data in support of Geographic 
information system (GIS). Weak geochemical 
anomalies could represent anomalous areas linked to 
a low magnitude concentration value compared with 
the background value. Geoinformatics here focuses 
on the spatial variations of geochemical patterns 
within small neighborhoods, and can provide less 
biased information comparing with global statistics, 
such as average and standard deviation, because 
geochemical data generally do not follow normal (or 
lognormal) distributions and contain outliers. 
Therefore, geoinformatics such neighborhood 
statistics can effectively detect weak information. The 
advantages of Geoinformatics for identifiation of 
geochemical anonalies are demonstrated using a case 
study from a covered area linked with weak 
geochemical anomalies. 
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Fe-rich concretions including spherules occur in 

the vicinity of Taihu lake, Southeast of China. Their 
formation is the key to answer the origin of Taihu 
lake basin. Many hypotheses of the basin origin were 
proposed, such as lagoon tectonics impact [1-4]. 
Abundant Fe-rich spherules were reported in the 
bottom of Taihu lake as Fe-Mn concretions [5]. Wang 
and others suggested that Fe-rich concretions 
including Fe-rich spherules were ejecta [4]. Huang 
and Liu stated these concretions were the limonite 
concretions from groundwater [6]. This paper is to 
discuss the origin of the Fe-rich spherolitic 
concretions whether it is related to an airburst fallout 
deposition, or a groundwater colloidal deposition in 
mud layer [7, 8]. The mud layer containing Fe-rich 
concretions was sandwiched between bottom hard 
loess and top modern mud, and can be found almost 
everywhere in the vicinity of Taihu lake. The C14 
age of the specific mud layer with concretions is 
about 7kyr-8kyr [7, 8].  The hard loess as lower 
sandwich slice has the age of ~11kyr- 20kyr [5]. The 
modern mud layer as upper slice has the age of 
~3kyr-4kyr [9]. The longitudinal age 
discontinuousness and lateral scattering 
continuousness of the mud layers indicate that the 
formation of the layer bearing Fe-rich concretions 
were more likely related to one event in a short time. 

The microstructure and mineralogy of the Fe-rich 
spherules are not similar to Fe-Mn concretions and 
limonite concretions. The spherules have typical sizes 
ranging from half to 3 mm with a 10-20 micron shell. 
SEM images show the spherules consist of Fe-rich 
cement, angular quartz grains and clay minerals. EDS 
data indicates the elements of the Fe-rich cement 
contain Fe, O, Si, Al and C. Powder XRD confirmed 
that minerals in spherules include quartz, siderite, 
limonite, feldspar, clay, and element carbon. HRTEM 
results are consistent to SEM and XRD results, and 
show many aggregates of several tens nanometer 
minerals and abundant sub-micron element carbons 
in spherules. Based on observation, Fe-rich spherules 
are more likely formed by accretion of small solid 
particles within an airburst vapour plume [7, 8], 
rather than groundwater colloidal deposition. 
 
[1] Chen (1959) Acta Geogr. Sin 25(3): 201. [2] 
Huang (1965) Oceanol Limnol Sin 7(4): 396. [3] 
Wang, et al. (1993) Chin. Sci. Bull. 39(5): 149. [4] 
Wang et al. (2009) Geol. J. China Univ 15: 437. [5] 
Sun and Wu (1987) Chin. Sci. Bull 12:1329. [6] 
Huang et al., 2012. Geol. J. China Univ 18(2): 379. 
[7] Xie et al. (2015)  LPSC 1754.pdf. [8] Xie et al. 
(2015) MAPS  5183.pdf. [9] Liu et al. (1996) Acta 
Palaeontol. Sin 129. 
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The high concentration and physical interconnectivity 
of fine-grained, mechanically weak minerals in brittle 
fault rocks accounts for the faults’ intrinsic 
weaknesses in the crust. Therefore, faults rarely 
express only one single, discrete deformation 
episode, but are the cumulative result of several 
superimposed slip events. This protracted history 
complicates the interpretation of multi grain-size K–
Ar illite ages from fault gouges and, if 
(micro)structural constraints are missing, may lead to 
incorrect conclusions as to the timing of fault 
initiation and possible reactivations. Here we present 
the results of an integrated structural, petrographical 
and K–Ar geochronological study of a multiply-
reactivated, Palaeozoic brittle–ductile fault in 
northern Norway. Two samples from two structurally 
distinct sites give two significantly different age 
ranges (~800–530 Ma and ~440–120 Ma, 
respectively). Our study shows that the age ranges 
and the age difference between the two samples 
reflect the localized reactivation of only selected parts 
of the fault core during at least two geologically 
distinct and significant events. We demonstrate that 
the in-depth understanding of the mechanical and 
chemical processes that control fault architecture and 
fault rock composition is key to successfully date 
faults by K–Ar illite geochronology. This includes 
also the study of how temperature and deformation 
mechanisms may vary through time during faulting, 
and of the intensity of wall–rock disintegration by 
strain accommodation, fluid–rock interaction and 
associated mineral authigenesis. 
 


